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eAppendix. Model Parameters, Assumptions, and Calibration  

 

Model Parameters and Assumptions 

 

Progression and Regression Among Fibrosis Stages F0–F4 

Most of the fibrosis progression and regression rates were extracted from published studies and 

clinical trial reports. The parameters that were not available were estimated through calibration. 

eTable 1 presents values and the ranges of the annual fibrosis progression rates. We assumed 

that patients may progress/regress at most one stage in a single year. In the following, we use 

F4 and compensated cirrhosis (CC) interchangeably. Once patients progress from F4 to a 

higher disease stage, they cannot regress. 

 

NASH Resolution and Relapse  

We assume that patients could experience NASH resolution in fibrosis stages F0–F3 but not F4. 

We assumed that NASH in stages F1–F3 resolves with an annual probability of 8% (1). When 

NASH is resolved, fibrosis will not progress but may regress to a lower stage. For patients in the 

F0 stage, NASH resolution is modeled as regression to the NAFL stage. Patients in a non-

NASH state can undergo NASH relapse with an annual probability of 5% (1). Relapsed patients 

may progress to a higher fibrosis stage. NASH status can change at most once in a year 

alongside fibrosis progression and regression.  

 

Liver Transplantation 

Patients with decompensated cirrhosis (DCC) and hepatocellular carcinoma (HCC) are eligible 

for liver transplantation. Liver transplantation probabilities are presented in eTable 1.  

 

Mortality 

We considered three different causes of mortality: 1) liver-related mortality (LRM), i.e., death 

from liver failure; 2) non-liver-related mortality (NLRM), i.e., deaths resulting from comorbidities 

such as cardiovascular disease; 3) background mortality (BM), i.e., deaths from any other 

causes.  

 

We assumed that in a single year, patients can die from liver-related causes only if they have 

cirrhosis (compensated or decompensated) or had HCC. The annual risk of LRM in F4 was not 

available from published studies and was therefore calibrated, assuming that the annual risk of 

LRM in F4 was no greater than that in DCC, as described below.  

Let MRRCC/DCC
LRM  denote the liver-related mortality risk ratio (MRR) of CC to DCC, i.e., the relative 

risk of LRM in F4 to the same in DCC. Then LRM in F4 is calculated as follows:  

 

LRMCC = 1 − (1 − LRMDCC)MRRCC/DCC
LRM

. 

 

Non-liver-related mortality was assumed to be a risk for patients at any fibrosis stage (F0–F4) 

as well as DCC and HCC. Moreover, non-NASH F1–F3 patients were assumed to have the 

same annual NLRM risk as their NASH counterparts (2). We further assumed that patients’ 

NLRM risk after transplantation is the same as their annual NLRM risk prior to transplantation. 
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The NAFL state was not associated with additional NLRM (3, 4). NLRM for F0–F4 were not 

available from published studies. These were calibrated to be increasing with worsening liver 

fibrosis. To do this, we calibrated MRR parameters for all unknown NLRM rates for F0–F4. For 

example, let MRRCC/DCC
NLRM  denote the risk of NLRM in F4 relative to the same in DCC, and 

MRRF3/CC
NLRM denote the risk of NLRM in F3 relative the same in F4, and so on. Using MRRs, we 

calculated NLRM for F0–F4 at age 49 as follows: 

 

NLRMCC
49 = 1 − (1 − NRLMDC

49 )
MRRCC/DCC

NLRM

, 

NLRMF3
49 = 1 − (1 − NLRMCC

49 )
MRRF3/CC

NLRM

, 

NLRMF2
49 = 1 − (1 − NLRMF3

49)
MRRF2/F3

NLRM

, 

NLRMF1
49 = 1 − (1 − NLRMF2

49)
MRRF1/F2

NLRM

, 

NLRMF0
49 = 1 − (1 − NLRMF1

49)
MRRF0/F1

NLRM

. 

 

The calibrated values of the MRRs are presented in eTable 1. We assumed that the risk of 

NLRM changes with age and is proportional to background mortality at that age. Then, using the 

the NLRM rate at age 49 as baseline, we calculated LRM at age 𝑎 as follows: 

 

NLRM𝑎 = 1 − (1 − NRLM49)
BM𝑎

BM49. 

 

Background mortality data were taken from the US life tables, which include mortality rates for 

yearly ages up to 100 (5). However, data from the Swedish life tables were used instead during 

calibration to replicate conditions in Sweden where the observational study by Hagstrom et al. 

was conducted (2). In addition, we used the Swedish life tables for the year 1990 as both 

Swedish calibration cohort observed and the median year of the observations was 1990 (2, 6). 
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Model Calibration  

 

Calibration Targets 

We aimed to match model-predicted patient survival at different fibrosis stages with the reported 

values in a large observational study by Hagstrom et al. (2). We used a total of five survival 

targets (one for each fibrosis stage at diagnosis). For each survival target, we simulated a 

cohort with population characteristics (i.e., median age, male/female ratio) matching that from 

the observational studies.  

 

Goodness-of-Fit Measure 

For each survival target, we recorded the time points (years) for which our model-predicted 

survival fell inside or outside of the confidence interval. For any time point where our prediction 

was outside of the confidence interval, we assumed an error defined as the absolute distance 

between our prediction and the closest endpoint of the confidence interval. For time points 

where our predictions were inside the confidence interval, we assumed the error is zero. Let 𝐿𝑖
𝑡 

and 𝑈𝑖
𝑡 denote respectively the lower and the upper bounds of the confidence interval for 

survival target 𝑖 in year 𝑡. Let 𝑆𝑖
𝑡 denotes the model-predicted survival for survival target 𝑖 in year 

𝑡. The error at time t for survival target 𝑖 is: 

 

𝛾𝑖
𝑡 = {

0,                                                if 𝐿𝑖
𝑡 ≤ 𝑆𝑖

𝑡 ≤ 𝑈𝑖
𝑡 

min{|𝐿𝑖
𝑡 − 𝑆𝑖

𝑡|, |𝑈𝑖
𝑡 − 𝑆𝑖

𝑡|} ,   otherwise          
 

 

Then, we calculated overall goodness-of-fit as the summation of model errors over the survival 

targets and years. 

 

Calibration Procedure 

We used simulated annealing to search for sets of parameter values that minimize total error 

(7). The simulated annealing algorithm starts with an initial guess of the parameter set and 

updates the guess in subsequent iterations (7). Because the initial value affects the search 

outcome, we started with 1,000 sets of initial values, where each parameter was sampled from 

a clinically plausible range. Then, after obtaining 1,000 sets of calibrated parameters, we 

updated the range for each parameter using the lower and upper 25th quartile of the sampling 

distribution and rerun the simulated annealing algorithm to obtain 500 sets of calibrated 

parameter values.  

 

Calibration Results  

We collected the results from 500 replications of simulated annealing search with different sets 

of initial values. These results were, as a collection, considered the calibrated parameter values. 

As opposed to a point estimate, a collection describes the inherent uncertainty in the calibration 

process. 

 

Validation 
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We also visually compared model-predicted 20-year patient survival by fibrosis stage at 

diagnosis with the reported values by Hagstrom et al. (2). We found that the model predicted curves 

closely overlapped with the reported values. 
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eTable 1. Input Parameters Used to Simulate the Natural History of NAFLD in the NAFLD Simulator  

Parameter Low Base High Source 

Fibrosis progression or regression (annual) 

NAFL to F0 0.1095 0.1438§ 0.1848  (8) 

F0 to NAFL 0.0600 0.1000* 0.1400 Calibration 

F0 to F1 0.1000 0.1336* 0.1700 Calibration 

F1 to F0 0.0593 0.0810† 0.1095 (9) 

F1 to F2 0.1000 0.1352* 0.1700 Calibration 

F2 to F1 0.0593 0.0810 0.1095 (9) 

F2 to F3 0.1000 0.1413* 0.1800 Calibration 

F3 to F2 0.0593 0.0810 0.1095 (9, 10) 

F3 to F4 0.1000 0.1420* 0.1800 Calibration 

F3 to HCC 0.0003 0.0004 0.0005 (11) 

F4 to F3 0.0860 0.1428 0.1861 (10) 

F4 to DCC 0.0410 0.0411 0.0795 (12) 

F4 to HCC 0.0062 0.0141 0.0378 (11, 13-15) 

DCC to HCC 0.0529 0.0711 0.0864 (16, 17) 

From DCC to liver transplant  0.0173 0.0230 0.0288 (18-20) 

From HCC to liver transplant 0.0300 0.0400 0.0500 (20, 21) 

Mortality 

Liver-related mortality (annual) 

DCC 0.0835 0.0858 0.2395 (12) 

HCC 0.4794 0.4860 0.5532 (22) 

First-year after liver transplant (previously DCC) 0.0951 0.1046 0.1141 (23) 

First-year after liver transplant (previously HCC) 0.1082 0.1232 0.1401 (24) 

Non-liver-related mortality (annual) 

DCC 0.0224 0.0526 0.1297 (12) 

HCC 0.0760 0.0800 0.1196 (22) 

Liver transplant (previously DCC) 0.0224 0.0526 0.1297 (12) 

Liver transplant (previously HCC) 0.0760 0.0800 0.1196 (22) 

Mortality risk ratios 

Non-liver-related mortality risk ratio: F0/F1 0.2700 0.5117* 0.7500 Calibration 

Non-liver-related mortality risk ratio: F1/F2 0.2400 0.4936* 0.7600 Calibration 

Non-liver-related mortality risk ratio: F2/F3 0.2400 0.4931* 0.7500 Calibration 

Non-liver-related mortality risk ratio: F3/ F4 0.2400 0.4957* 0.7500 Calibration 

Non-liver-related mortality risk ratio: F4/DCC 0.2400 0.4821* 0.7400 Calibration 

Liver-related mortality risk ratio: F4/DCC 0.2500 0.4959* 0.7400 Calibration 
§ The study reported 44-64% of the NASH patients regress to NAFL over in 3-7 years. We assumed that 
54% NASH patients regress to NAFL over 5 years to calculate the transition probability from F0 to NAFL.  
† We used “improvement in fibrosis with no worsening of NASH” statistic reported in the study as the 
estimates of improvement in fibrosis by one stage. Although the study cohort included only F2 and F3 
patients, we assumed that same rate applies to the F1 patients.  
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* For calibrated parameters, the base value denotes the median of all values collected from 1,000 
replications of simulated annealing search. 
 Weighted average of HCC incidence values reported by (11, 13-15) 
 
Note: Calculation of annual transition probabilities: If a transition probability is not directly reported as 
annual probability, we used exponential conversion to calculate the annual probability by solving the 

following equation: 𝑝𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑  =  1 – 𝑒𝜆𝑡𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 and 𝑝𝑎𝑛𝑛𝑢𝑎𝑙  =  1 – 𝑒𝜆 where 𝑝𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 is the transition 

probability for the given period 𝑡𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑, 𝑝𝑎𝑛𝑛𝑢𝑎𝑙 is the annual transition probability,  and 𝜆 is the rate of the 

underlying exponential distribution. 
 
Abbreviations: NAFLD, nonalcoholic fatty liver; F0 through F4, fibrosis stage 0 through 4 (NASH Clinical 

Research Network system); DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma   
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eFigure. Cumulative Incidence of NAFLD-Associated Advanced Sequelae in Patients Aged 49 Years 

With NAFLD-Related Fibrosis Stages F0 to F4 

 

 

The predicted 10-year cumulative incidence of decompensated cirrhosis (DCC) was 0.08% (0.05-0.1%) in 

F0, 0.15% (0.1-0.25%) in F1, 0.7% (0.5-1.0%) in F2, 2.7% (2.1-3.4%) in F3, and 17.2% (15.9-18.6%) in 

F4 patients. Compared with F3, the cumulative incidence of DCC from the F4 stage is 6.4 times larger. 

The 10-year cumulative incidence of hepatocellular carcinoma (HCC) was 0.03% (0.02-0.05%) in F0, 

0.06% (0.03-0.09%) in F1, 0.3% (0.2-0.4%) in F2, 1.1% (0.9-1.4%) in F3, and 7.9% (7.4-8.7%) in F4 

patients. Compared with F3, the cumulative incidence of HCC from the F4 stage is 7.2 times larger. 

Abbreviations: F0 through F4, fibrosis stage 0 through 4 (NASH Clinical Research Network system).  
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eTable 2. Mortality and Clinical Outcomes in Patients with NAFLD by NAFLD Fibrosis Stage 

Abbreviations: UI, uncertainty interval that defines the range of outcomes based on the calibration of 

unknown model parameters; NAFL, non-alcoholic fatty liver; F0 through F4, fibrosis stage 0 through 4 

(NASH CRN system); DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma.  

 

 

 

NAFLD 
stage 

Mortality, % Cumulative incidence 
Survival, % 

(UI) 

Liver-related 
(UI) 

Non-liver-
related (UI) 

All-cause 
(UI) 

DCC (per 100 
person-years) 

HCC (per 100 
person-years) 

 

10-year results 

NAFL 
0.009 

(0.003-0.02) 
0.7 

(0.2-2.2) 
5.9 

(5.4-7.3) 
0.007 

(0.003-0.01) 
0.002 

(0.0003-0.005) 
94.1 

(92.7-94.6) 

F0 
0.1 

(0.05-0.2) 
1.8 

(0.6-5.0) 
7.1 

(5.9-10.2) 
0.08 

(0.05-0.1) 
0.03 

(0.02-0.05) 
92.9 

(89.8-94.1) 

F1 
0.2 

(0.1-0.4) 
2.4 

(0.8-6.3) 
7.8 

(6.1-11.6) 
0.15 

(0.10-0.25) 
0.06 

(0.03-0.09) 
92.2 

(88.4-93.9) 

F2 
1.0 

(0.6-1.7) 
5.2 

(2.0-11.9) 
11.3 

(8.1-17.7) 
0.7 

(0.5-1.0) 
0.3 

(0.2-0.4) 
88.7 

(82.3-91.9) 

F3 
4.0 

(2.5-5.9) 
9.7 

(4.3-18.1) 
18.6 

(13.1-27.1) 
2.7 

(2.1-3.4) 
1.1 

(0.9-1.4) 
81.4 

(72.9-86.9) 

F4 
29.3 

(21.8-35.9) 
15.6 

(10.1-21.7) 
48.7 

(40.6-55.8) 
17.2 

(15.9-18.6) 
7.9 

(7.4-8.7) 
51.3 

(44.2-59.4) 

20-year results 

NAFL 
0.3 

(0.2-0.6) 
4.6 

(1.7-11.6) 
20.4 

(17.5-26.9) 
0.2 

(0.1-0.4) 
0.09 

(0.05-0.2) 
79.6 

(73.1-82.5) 

F0 
1.0 

(0.6-1.9) 
7.4 

(2.9-16.8) 
23.5 

(19.2-32.2) 
0.7 

(0.4-1.1) 
0.3 

(0.2-0.5) 
76.5 

(67.8-80.8) 

F1 
1.1 

(0.7-2.0) 
8.1 

(3.3-17.9) 
24.4 

(19.8-33.3) 
0.8 

(0.5-1.1) 
0.3 

(0.2-0.5) 
75.6 

(66.7-80.2) 

F2 
3.2 

(2.0-5.1) 
14.0 

(6.4-28.1) 
31.7 

(24.7-44.0) 
2.0 

(1.4-2.7) 
0.9 

(0.6-1.3) 
68.3 

(56.1-75.3) 

F3 
8.0 

(5.4-11.5) 
22.2 

(11.0-37.7) 
43.4 

(33.4-56.9) 
4.9 

(3.7-6.1) 
2.3 

(1.8-2.9) 
56.6 

(43.1-66.6) 

F4 
37.0 

(28.8-44.7) 
27.2 

(17.9-37.2) 
72.2 

(63.5-80.1) 
20.0 

(17.9-22.8) 
10.2 

(9.3-11.7) 
27.8 

(19.9-36.5) 
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eTable 3. 10-Year Mortality and Clinical Outcomes in Patients With NAFLD Aged 40 Years or 65 Years 

by NAFLD Fibrosis Stage 

Abbreviations: UI, uncertainty interval that defines the range of outcomes based on the calibration of 

unknown model parameters; NAFL, non-alcoholic fatty liver; F0 through F4, fibrosis stage 0 through 4 

(NASH CRN system); DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma.  

 

NAFLD 
stage 

Mortality, % Cumulative incidence 
Survival, % 

(UI) 

Liver-
related (UI) 

Non-liver-
related 

(UI) 

All-cause 
(UI) 

DCC (per 100 
person-
years) 

HCC (per 100 
person-years) 

 

Age 40 

NAFL 
0.006 

(0.002-0.02) 
0.4 

(0.1-1.2) 
2.9 

(2.6-3.7) 
0.005 

(0.001-0.01) 
0.002 

(0.000-0.005) 
97.1 

(96.3-97.4) 

F0 
0.1 

(0.05-0.2) 
0.9 

(0.3-2.5) 
3.6 

(3.0-5.3) 
0.09 

(0.05-0.1) 
0.03 

(0.02-0.05) 
96.4 

(94.7-97.0) 

F1 
0.2 

(0.1-0.4) 
11.2 

(0.4-3.3) 
4.0 

(3.1-6.1) 
0.16 

(0.10-0.24) 
0.06 

(0.03-0.09) 
96.0 

(93.9-96.9) 

F2 1.1 (0.6-1.8) 
2.7 

(1.0-6.2) 
6.4 

(4.6-9.6) 
0.8 

(0.5-1.1) 
0.3 

(0.2-0.4) 
93.6 

(90.4-95.4) 

F3 
4.3 

(2.8-6.2) 
5.0 

(2.2-9.5) 
12.0 

(8.5-16.5) 
2.9 

(2.2-3.5) 
1.2 

(0.9-1.5) 
88.0 

(83.5-91.5) 

F4 
31.6 

(23.7-38.0) 
8.2 

(5.3-11.5) 
41.8 

(33.6-47.9) 
17.9 

(16.8-19.4) 
8.6 

(8.1-9.2) 
58.2 

(52.1-66.4) 

Age 65 

NAFL 
0.006 

(0.002-0.01) 
2.4 

(0.7-7.6) 
20.2 

(18.5-25.1) 
0.005 

(0.002-0.01) 
0.002 

(0.000-0.005) 
79.8 

(74.9-81.5) 

F0 
0.08 

(0.03-0.2) 
6.0 

(2.0-16.5) 
23.5 

(19.8-33.1) 
0.06 

(0.03-0.1) 
0.02 

(0.01-0.04) 
76.5 

(66.9-80.2) 

F1 
0.2 

(0.1-0.3) 
8.1 

(2.8-20.0) 
25.5 

(20.7-36.4) 
0.1 

(0.07-0.2) 
0.04 

(0.03-0.07) 
74.5 

(63.6-79.3) 

F2 
0.8 

(0.4-1.4) 
16.7 

(6.7-35.0) 
34.0 

(25.0-50.4) 
0.6 

(0.4-0.8) 
0.2 

(0.1-0.3) 
66.0 

(49.6-75.0) 

F3 
3.0 

(1.8-4.6) 
28.8 

(13.6-48.2) 
47.0 

(33.9-63.8) 
2.1 

(1.6-2.7) 
0.8 

(0.6-1.1) 
53.0 

(36.2-66.1) 

F4 
21.9 

(15.4-28.7) 
40.8 

(28.0-52.6) 
73.7 

(63.3-82.5) 
14.2 

(12.6-16.1) 
6.0 

(5.3-6.7) 
26.3 

(17.5-36.7) 
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