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Planned study description
Myasthenia Gravis (MG) is an autoimmune disease characterised by weakness and fatigability [1]. It is associated with different auto-antibodies, but in 85% of patients the antibodies are targeting the nicotinic acetylcholine receptors of the neuromuscular junction (acetylcholine receptor antibodies/ACRA) [2]. The clinical course of MG is variable [3], despite recent advances in treatment [4]. Currently, thymectomy is recommended for all patients with thymoma and for patients below the age of 65 with ACRA-positive generalised MG [5].  Previous studies tried to identify the prognostic factors associated with good outcomes after thymectomy, but results were inconclusive [6, 7].
Objectives 
a) To try and identify the variables that predict the disease outcome (measured by  Myasthenia Gravis Foundation of America Post Intervention Status/MGFA-PIS) in adult patients with ACRA- positive generalized MG that underwent thymectomy and for whom we have follow up data up to at least 2 years following thymectomy. 
Based on the literature review [6-11] performed and our own clinical observations, the following variables are candidates to be possible prognostic markers:
i) [bookmark: _Hlk55641200]Age at onset
ii)  Antibody titre at diagnosis
iii) MGFA clinical classification before surgery (I, II versus III, IV)
iv) Histopathology results (thymoma versus non thymoma)
v)  Complete excision (or not) on thymoma cases
vi)  Time from diagnosis to thymectomy
vii) Prednisolone (or not taking prednisolone) before thymectomy
viii) Prednisolone dose before thymectomy 

Based on literature review and our own clinical experience, we hypothesise that MGFA clinical classification before thymectomy, steroid use/dose before thymectomy, as well as the presence of thymoma on histopathology are the best predictors of outcome in ACRA-positive generalised MG .  
b) According to the literature review, patients with thymoma versus patients with non thymoma show differences which warrant their comparative study.
Therefore, we will also compare the demographic, clinical and paraclinical characteristics of patients with thymoma versus patients with non thymomatous ACRA-positive generalised MG.
Planned data collection
Source of data
We collected the clinical data of adult patients with ACRA-positive generalised MG from Nottingham University Hospitals NHS Trust. The collection of the clinical data was approved by the Quality and Safety Committee of Nottingham University Hospitals NHS Trust (Ref 20-241C).
 Fifty three (53) adult patients diagnosed with ACRA-positive generalised MG that underwent thymectomy and for whom we have follow up data at least 2 years after surgery were identified from the clinical records and included in the study. Demographic, clinical, laboratory, treatment and outcome data were obtained from clinical records. This information included age at diagnosis, sex, comorbidities, antibody titre at diagnosis, MGFA clinical classification at diagnosis, pyridostgmine use before thymectomy, prednisolone use and dose before thymectomy, immunosuppression before thymectomy, MG crisis before thymectomy and its treatment when applicable,  age at time of thymectomy, time interval from diagnosis to thymectomy, type of surgery, days in hospital for surgery, histology results, type of thymoma when applicable,  stage of thymoma when applicable, complete excision or not in thymoma cases, MG crisis after thymectomy and its treatment when applicable, MGFA-PIS, current pyridostigmine use, current prednisolone use and its dose, current immunosuppression,  time in years that patients are on immunosuppression, time from diagnosis to last follow up, and time from thymectomy to last follow up.  
We characterise outcome by using the MGFA-PIS [1, 7] at the last follow up visit. Good outcome is considered minimal manifestations (MM), pharmacological remission (PR) or complete stable remission (CSR) [11].
We will also divide our patients into thymoma versus not thymoma, based on histopathology results.
Planned Methodology
In the present study, we will analyse our ACRA-positive generalised MG patients that underwent thymectomy in order to explore the validity of previous findings from an independent, patients’ sample. Based on the published literature, we predict for our cohort that thymoma, steroid use or not, steroid dose and MGFA clinical classification before thymectomy (III and IV) will be markers of bad outcome, as measured by MGFA -PIS at last follow up. Other possible predictors of bad outcome in our cohort will be age, ACRA titre, time from diagnosis to thymectomy and non-complete excision of thymoma. 
We will do a binary logistic regression analysis with cross validation to estimate the ability of these predictors to correctly predict the held-out sample. We plan to hold out 5 subjects, which is about 10% of the sample, drawn at random and repeat to estimate prediction accuracy.
Results will be presented as percentage accuracy, and odds ratios.
Comparisons between thymomatous and non-thymomatous MG patients will be reported as summary estimates of differences. For continuous variables means and standard deviations will be reported, for categorical data odds ratios and 95% confidence intervals will be reported, and for count data medians and ranges reported. In the absence of quantitative testable hypotheses and appropriate sample size calculations, no formal statistical hypothesis testing can be performed.
Of note, in order for the study to be open and unbiased, this protocol is produced prior to starting statistical analysis.
Results from previous studies 
A review study of prognostic factors in patients with MG after thymectomy by Mao et al highlighted the different markers that influence outcome [7]. The review included 15 studies, that used Cox proportional-hazard modelling to determine the time to remission and report hazard ratios. Three studies used the less appropriate ‘logistic regression’, which focuses only on the occurrence (or not) of the event, regardless of time, and is expressed as an odds ratio. This review comments that the statistical quality and presentation of methods and results were suboptimal in many studies [7]. Nevertheless, young age at disease onset, mild preoperative disease severity, short duration of symptoms, short time from diagnosis to operation, steroid use before surgery, and thymus histopathology were the main independent predictors of outcome. 
A more recent review of the effectiveness of thymectomy in juvenile MG identified that thoracoscopic approaches, early intervention, ACRA positivity, thymic hyperplasia and more severe disease may be associated with better outcomes, measured as percentage of patients improved after thymectomy [6]. 
Yu et al retrospectively studied 297 patients; the study used a  multivariate model analysis which revealed that the generalized type of MG was an independent factor for not achieving CSR (OR = 2.088, 95% CI 1.339–3.256, P = 0.001). The favourable predictors for clinical remission were non-thymoma, ocular type of MG, and absence of concomitant disorders (p 0.019, 0.004, and 0.022, respectively)  [8]. 
A multicentre study from Spain showed that thymoma-associated MG carries worse prognosis  (OR: 1.6, 95% CI: 1.15–2.21, p = 0.005) [2]. An Austrian study by Rath et al showed that sustained long-term clinical response of MG patients after thymectomy is significantly lower than the initial response rates would suggest; the study failed to demonstrate any clinical factor to be associated with a worse clinical outcome, but suggested that a relative decline of ACRA titres after thymectomy might be a promising prognostic factor (p 0.03) [9]. A study from China found that rapid improvement of muscle weakness after thymectomy is associated with good long term outcome in patients with ocular MG (odds ratio 16.34, 95% confidence interval 3.58–74.60, P < 0.001) [12]. Another study in patients with ocular MG found that the estimated cumulative probability of complete stable remission in the whole cohort was 41.8%  5 years after surgery (95% CI, 28.6-58.2%). Age at onset of 40 years or younger (P=0.00016), female sex (P=0.069), and thymic hyperplasia (P=0.0061) were potential predictors under univariate analysis. However, only age at onset of 40 years or younger (HR: 4.117, 95% CI, 1.177–14.399, P=0.027) remained significant after multivariable analysis [10].
Similar results were found in another study that used a multivariate Cox proportional hazards model analysis and showed that the chance of complete stable remission was increased when age was below 40 (OR: 2.623, 95% CI: 1.150–5.983, P=0.022), in non-thymomatous MG (OR: 1.078, 95% CI: 1.101–3.316, P=0.021) and with milder disease as per MGFA clinical Classification (OR: 2.024, 95%:1.164–3.523, P=0.013) [13].
A study from Finland demonstrated that patients with generalised MG and comorbidities have a worse prognosis compared to patients with generalised MG only (26.7% vs 8.3%, p = 0.004) [14]. 
Studies focusing on thymoma patients found that mild symptoms before surgery (HR 0.294 (95% CI 0.091–0.945), P 0.040) were independent predictors of long -term good neurological remission [15, 16].
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