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STUDY PROTOCOL (January 11, 2020) 
 

Surgical Procedures and Long-term Effectiveness in NASH Disease and Obesity Risk (SPLENDOR) 
 

Association of Metabolic Surgery with Major Adverse Liver and Cardiovascular Outcomes in 
Patients with Biopsy-Proven Non-Alcoholic Steatohepatitis: The SPLENDOR Study 

 
Summary Non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) are 

the major cause of chronic liver disease in the US. Medical treatment for NAFLD/NASH 
is very limited. 
 
Surgical weight loss through metabolic surgery can improve NAFLD/NASH and reverse 
some histological changes associated with inflammation and fibrosis. 
 
The long-term effects of metabolic surgery on serious cardiovascular and hepatic 
endpoints in patients with NAFLD/NASH is largely unknown. 
 
The goal of SPLENDOR study is to examine the long-term incidence of serious clinical 
outcomes of patients with biopsy-proven fibrotic non-cirrhotic NASH and obesity who 
underwent surgical (metabolic surgery) versus medical treatment at the Cleveland 
Clinic Health System (CCHS). 

Background The growing pandemics of obesity and diabetes represent major global public health 
threats. NAFLD is commonly associated with obesity, diabetes, and dyslipidemia. 
NAFLD is currently the most common cause of abnormal liver function tests in western 
countries and affects 25–30% of western countries’ population and more than 80% of 
people with obesity. It refers to a spectrum of liver damage ranging from simple 
steatosis to NASH, advanced fibrosis, cirrhosis, or even hepatocellular carcinoma. 
Unfortunately, there is no FDA-approved medication for NASH. In addition, no therapy 
has been shown to be effective in reducing the risk of major adverse cardiovascular 
and hepatic outcomes in patients with NASH. 
 
There is substantial evidence that metabolic surgery can lead to significant 
improvement of components of metabolic syndrome including type 2 diabetes, 
dyslipidemia, and hypertension in patients with obesity. Furthermore, the growing 
body of evidence, derived from the observational or case-control studies, 
demonstrates that metabolic surgery in patients with NAFLD/NASH is safe and 
improves NASH-related histologic changes, including fibrosis. 

Study 
Questions 

1. In patients with NASH and liver fibrosis, is metabolic surgery associated with a 
reduction in the risk of major adverse hepatic clinical outcomes (composite 
outcome of ascites, esophageal variceal bleed, hepatic encephalopathy, 
hepatocellular carcinoma, liver transplantation, repeat liver biopsy of showing 
fibrosis stage 4, or liver-related mortality) compared with nonsurgical treatment? 
 

2. In patients with confirmed NASH and liver fibrosis, is metabolic surgery associated 
with a reduction in major adverse cardiovascular events (coronary and 
cerebrovascular events and/or mortality) compared with nonsurgical treatment? 
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Inclusion 
Criteria 

1. Liver biopsy at the CCHS between 2004 and 2016
2. Age 18-80
3. BMI ≥30 kg/m2

4. Presence of NASH in liver biopsy based on the NASH Clinical Research Network
(NASH CRN) definitions

5. Presence of steatosis, inflammation, and ballooning (all 3, any grade) in liver
biopsy

6. Liver biopsy with presence of liver fibrosis (stage 1, 2, or 3)
Exclusion 
Criteria 

1. Presence of other chronic liver disorders (drug-induced, viral hepatitis, 
autoimmune, and genetic) [codes in the eTable 1]

2. Absence of NASH (ballooning) in liver biopsy
3. Absence of liver fibrosis in liver biopsy
4. Presence of liver cirrhosis (stage 4 fibrosis) in liver biopsy
5. Presence of ascites before liver biopsy
6. Presence of esophageal varices before liver biopsy
7. History of hepatocellular carcinoma before liver biopsy
8. Diagnosis of cancer (any type) within 1-year before liver biopsy
9. History of excessive alcohol use or alcoholic-related medical conditions prior to 

liver biopsy (codes in the eTable 1)
10. History of organ transplant (heart, lung, liver, kidney, pancreas, intestine, bone 

marrow) prior to liver biopsy
11. History of severe heart failure (any ejection fraction <20%) prior to liver biopsy
12. History of dialysis prior to liver biopsy
13. Known cases of human immunodeficiency virus infection or AIDS before liver 

biopsy
14. Total parental nutrition within 6 months prior to liver biopsy

Study 
Design 

SPLENDOR is a retrospective observational study. Data of adult patients who 
underwent liver biopsy between 2004 and 2016 at CCHS will be reviewed. Only 
patients with confirmed NASH and fibrosis (stage 1-3) in liver biopsy will be included. 

Surgical group includes patients who had liver biopsy at the time of metabolic surgery 
(limited to 2 procedures: Roux-en-Y gastric bypass [GB] and sleeve gastrectomy [SG]). 
The routine practice at the CCHS is to perform simultaneous liver biopsy for all patients 
at the time metabolic surgery, regardless of preoperative LFT, liver ultrasound findings, 
or intraoperative size and shape of liver. 

Nonsurgical group includes patients who had percutaneous or trans-jugular liver 
biopsy and did not have codes for any type of metabolic surgery (GB, SG, and other 
metabolic surgical procedures) [codes in the eTable 2]. 

Eligible patients will be followed until the last follow-up available in the CCHS 
electronic health record (EHR) to identify the occurrence of one of study outcomes 
(mentioned below). 

Estimated 
Sample Size 

Based on estimates from our previous studies, we expect that we would require to 
review about 10,000 patients in each group and would eventually include about 500-
1000 patients in each study arm.   
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Outcome 
Variables 

Primary Composite Endpoints: 
• Major Adverse Liver Outcomes (MALO): first occurrence of progression to clinical 

(e.g. development of esophageal varices, ascites, or hepatic encephalopathy) or 
histologic (F4 on repeat liver biopsy) cirrhosis, development of HCC, liver 
transplantation, or liver-related mortality based on the first occurrence after the 
index date (eTable 4 for definitions and codes). 
 

• Major Adverse Cardiovascular Events (MACE): first occurrence of coronary artery 
events (unstable angina, myocardial infarction, or coronary intervention/surgery), 
cerebrovascular events (ischemic or hemorrhagic stroke, transient ischemic attack, 
or carotid intervention/surgery), heart failure, or cardiovascular mortality, 
recording the first occurrence after the index date as the event date (eTable 5 for 
definitions and codes).   

o For the composite adverse cardiovascular events, the conditions/events in 
which a patient had in their history at baseline (coronary or 
cerebrovascular events before liver biopsy) will be omitted from the 
composite definition in follow-up. 

 
Other Endpoints: 
• Depending the sample size and number of events, individual components of 

primary composite endpoints may be studied and reported (if statistically sound 
and feasible).  

• Changes from baseline in body weight and glycated hemoglobin (HbA1c, only for 
patients with diabetes at baseline) will be compared among the study groups over 
time. 

Data Source The data source for all analysis will be Cleveland Clinic’s EHR. 
Data 
Elements 

The following data elements will be extracted from the EHR and used for analysis 
(codes and definition in eTables 1-5).  
 
Note: Specific diagnosis, visit, encounter, procedure, prescription, and lab dates will be 
collected with each data element, where applicable, to track changes over time. 
 
Demographics 

• Date of birth 
• Sex 
• Race 
• Zip code income 
• Weight 
• BMI 
• Insurance 
• Smoking status 
• Alcohol use 
• CCHS location  

Medical history  
• Alcohol consumption and alcoholic-related disorders 
• Other chronic liver disorders (drug-induced, viral hepatitis, autoimmune, 

and genetic) [codes in the eTable 1] 
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• Ascites 
• Type 2 Diabetes (using the modified Kho algorithm in eTable 3) 
• Hypertension 
• Dyslipidemia 
• Coronary artery disease 
• Cerebrovascular events 
• Nonalcoholic steatohepatitis 
• Esophageal varices 
• Esophageal variceal bleed 
• Encephalopathy 
• Portal hypertension 
• Hepatocellular carcinoma 
• Liver transplant 
• Other organ transplants 
• Being on dialysis 
• AIDS 
• Charlson comorbidity index 

Laboratory and Clinical data 
• Systolic/diastolic BP 
• HbA1c 
• Creatinine 
• Platelet count 
• ALT 
• AST 
• Bilirubin level 
• Serum albumin 
• INR 
• LDL 
• HDL 
• Triglycerides 

Medication 
• Insulin 
• Non-insulin diabetes medication 
• Antihypertensive medications 
• Vitamin E 
• Cholesterol lowering medications (including statins) 

Cancer diagnosis 
• Based on the codes in the eTable 1. 

Survival and Mortality 
• If deaths are unknown (i.e. not entered into Cleveland Clinic’s EHR), the 

Social Security and State Death Indices will be searched. 
Liver biopsy data 

Grading and staging of biopsies will be based on the NASH CRN definitions. 
• Steatosis grade in liver biopsy 
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• Lobular inflammation grade in liver biopsy 
• Hepatocyte ballooning grade in liver biopsy 
• NAFLD Activity Score 
• Fibrosis stage in liver biopsy 

Statistical 
Plan 

Time-to-event analysis will be conducted and patients will be followed from time zero 
until the first occurrence of either study outcomes (mentioned above) or until the last 
known follow-up date as a censoring date (i.e. last hospital discharge date or last office 
visit, whichever was later). Time zero will be the date of liver biopsy (i.e. the same as 
date of surgery for the surgical patients). 
 
To minimize the effects of confounding factors, doubly robust estimation combining 
the overlap weighting and outcome regression will be used to compare outcomes in 
surgical and nonsurgical groups.   
 
Six a priori–identified potential confounders including age at index date, sex, smoking 
status, presence of type 2 diabetes, histologic NAFLD Activity Score, and histologic liver 
fibrosis stage will be used for overlap weighting. 
 
Subsequently, Firth's penalized method in fully-adjusted Cox proportional hazard 
framework will be utilized by adjusting models for the index date, baseline BMI, race, 
income, location (Ohio versus Florida), Charlson Comorbidity Index score, presence of 
hypertension, dyslipidemia, heart failure, coronary artery disease, cerebrovascular 
disease, baseline serum bilirubin, albumin, international normalized ratio (INR), 
creatinine levels, and use of insulin and non-insulin diabetes medication. 
 
Cumulative incidence estimates (Kaplan-Meier method) for 10-years after the index 
date and unadjusted absolute risk difference for MALO and MACE will be calculated.  
The adjusted absolute risk difference for the composite endpoints between the study 
groups and number needed to treat (NNT) at 10-years from adjusted Cox models will 
be estimated.  The 95% confidence intervals (CIs) for the difference in 10-year risk will 
be obtained by the percentile method from 2000 bootstrap iterations. 
 
Within each outcome dataset, missing values will be multiply-imputed with multiple 
imputation by chained equations to create 5 imputed datasets. Predictive mean 
matching, logistic regression, and polytomous logistic regression will be used for 
numeric, binary, and categorical variables, respectively. Imputation-corrected standard 
errors of model estimates and contrasts will be obtained by Rubin’s formula. 
 
The percent (%) of weight loss and HbA1c values will also be evaluated over time and 
compared among the surgical and non-surgical groups using a linear mixed effect 
model. 
 
Depending on number of patients and events rates, subgroup analysis between GB and 
SG may be performed (if statistically sound and feasible). 
 
A significance level of 0.05 for 2-sided comparisons will be considered statistically 
significant, and hazard ratios (HRs) and 95% CIs will be reported.   
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Sensitivity 
Analysis 

• To adjust for baseline differences, instead of overlap weighting, matching with a 
conventional propensity score method will be used as sensitivity analysis. 

• Depending on availability of control subjects, various matching ratios may be used 
as sensitivity analysis (if statistically sound and feasible). 
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AMENDMENT TO STUDY PROTOCOL (September 23, 2021) 
 

Surgical Procedures and Long-term Effectiveness in NASH Disease and Obesity Risk (SPLENDOR) 
 
In order to address the comments raised during the journal pee-review process, the following parts 
are added to the study protocol. 
Complications of 
Metabolic Surgery 

Early and late major adverse events after metabolic surgery will be 
collected and reported. 

E-value for Sensitivity 
Analysis 
 

Additional sensitivity analysis to assess the potential effects of unmeasured 
confounders will be added by the E-value methodology. The E-value is the 
minimum strength of association, on the risk ratio scale, that an 
unmeasured confounder would need to have with both the treatment and 
outcome, conditional on the measured covariates, to fully explain away a 
specific treatment–outcome association. 

 
For MALO and MACE, the E-value will be calculated and interpreted for the 
HR estimates and for their limit of 95% CI closest to the null.  
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