Title:
Asymptomatic cirrhosis is common in bariatric surgical patients, associated with adverse postoperative outcomes and can be better predicted by machine learning algorithms rather than existing non-invasive biomarkers

Background:
Non-Alcoholic Fatty Liver Disease (NAFLD) represents the hepatic manifestation of the metabolic syndrome. Bariatric surgery is an effective intervention for improving liver steatosis and inflammation, however, there are emerging reports of paradoxical hepatic decompensation in patients with pre-existing advanced liver fibrosis. Non-invasive biomarkers have been developed to predict advanced fibrotic NAFLD but their performance in individuals with severe obesity (BMI≥35kg/m2) has not been systematically evaluated. Furthermore, the utility of machine learning algorithms to improve diagnostic accuracy in these patients has not been explored.

We aimed:
1) to determine the histological prevalence and severity of NAFLD in individuals with severe obesity undergoing bariatric surgery 
2) to assess whether advanced liver fibrosis is associated with adverse postoperative outcomes
3) to determine the diagnostic accuracy of existing non-invasive biomarkers and machine learning algorithms for predicting advanced fibrosis, cirrhosis and NASH

Methods:
903 patients with severe obesity (mean BMI 50.4 ±8.7 kg/m2) were recruited prior to bariatric surgery across 2 healthcare systems (UK cohort n=309, Brazil cohort n=594). Intraoperative liver biopsies were obtained in all participants and graded histologically using the NAFLD Activity Score (NAS) and Kleiner classifications. Existing biomarkers of NAFLD severity (including the Enhanced Liver Fibrosis (ELF) test, Fib-4 and NAFLD fibrosis score (NFS)), metabolic health markers and clinical data were recorded prior to surgery in both cohorts and longitudinally for UK participants. Machine learning algorithms were trained and validated using Python software. The diagnostic accuracy of existing non-invasive biomarkers and novel machine learning algorithms for the prediction of advanced (F3/4) fibrosis, cirrhosis and NASH (defined as NAS≥5) was evaluated with ROC curve analysis. 

Results:
[bookmark: _GoBack]Advanced fibrosis was present in 10.6%, cirrhosis in 3.5% and NASH in 8.7% of biopsies, with similar histological severity in both cohorts. Liver-related postoperative complication rate was 1.2% and associated with intraoperative cirrhosis (p=0.01). Whilst NFS was the best performing existing biomarker, each suboptimally identified advanced fibrotic NAFLD (AUROC=0.53-0.74), cirrhosis (AUROC=0.65-0.82) and NASH (AUROC=0.43-0.71). However, these histological diagnoses were better predicted by novel dedicated machine learning algorithms (AUROC=0.90, AUROC=0.94 and AUROC=0.84 for predicting advanced fibrosis, cirrhosis and NASH respectively).

Conclusion:
Advanced fibrotic NAFLD is common in geographically and socioeconomically distinct bariatric patient cohorts. Intra-operative cirrhosis is associated with liver-related complications and was suboptimally predicted by existing non-invasive biomarkers. Machine learning enables dynamic biomarker development and improves the prediction of key histological diagnoses across the spectrum of NAFLD.
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