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Introduction

The Nonalcoholic fatty liver disease (NAFLD) Activity Score (NAS) has been applied as a 

method for evaluating treatment response, and a ≥ 2-point improvement in NAS has been 

commonly utilized as an accepted as endpoint in Phase 2b clinical trials in nonalcoholic 

steatohepatitis (NASH)[1, 2]. Although liver fibrosis is the strongest histological predictor 

of liver-related outcome and all-cause mortality in NAFLD[3, 4], the association between 

change in NAS and change in fibrosis stage has not been fully verified. Therefore, we 
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aimed to examine the association between change in NAS and change in fibrosis stage in 

well-characterized patients with NAFLD who had a paired liver biopsy assessment.

Methods

This is a longitudinal prospective study that includes a well-characterized cohort 

with biopsy-proven NAFLD. This study includes 123 uniquely phenotyped patients 

who underwent standardized research visit that included history, physical examination, 

biochemical testing, and paired liver biopsy assessment (using NASH CRN Histologic 

Scoring System[5]) at the NAFLD Research Center, University of California San Diego 

(UCSD) from 2006 through 2019. All patients completed written informed consent prior 

to enrollment. The study was approved by the UCSD Institutional Review Board. The 

association between change in NAS and change in fibrosis between two biopsies and 

factors associated with fibrosis progression and regression were investigated. Supplementary 

Methods shows additional methods.

Results

A total of 123 patients (62.6% female) who underwent two liver biopsies were enrolled 

in this study. The median (interquartile range) age was 54 (44–60) years, and body mass 

index was 31.8 (29–36) kg/m2. The interval between paired biopsies was 1.5 (0.7–2.7) years. 

Ninety-six patients (78.0%) were enrolled in clinical trials between the two biopsies and 

other patients were treated with standard of care. The number of patients with fibrosis stage 

0, 1, 2, 3, and 4 at the baseline assessment was 34, 44, 15, 19, and 11, respectively. Thirty 

(24.4%) patients had fibrosis progression and 24 patients (19.5%) had fibrosis regression. 

Supplemental Table.1 shows the patient characteristics and no significant difference was 

observed in biochemical data and histological findings between patients with no change in 

fibrosis, fibrosis progression, and fibrosis regression.

The relationship between changes in NAS and changes in liver fibrosis was investigated 

(Figure.1). The proportion of patients with fibrosis progression with change in NAS ≥−3, −2, 

−1, 0, 1, and 2 was 4.8%, 4.6%, 28.6%, 42.9%, 31.6%, and 60.0%, respectively. Similarly, 

the proportion of patients with fibrosis regression with change in NAS ≥−3, −2, −1, 0, 1, 

and 2 was 28.5%, 31.8%, 25.7%, 9.5%, 0%, and 0%, respectively. The proportion of patients 

with fibrosis progression and regression changed dose-dependently with a greater increase 

and decrease in NAS (p < 0.001).

Baseline characteristics and changes in clinical and histological factors were examined for 

their association with fibrosis progression and regression. In multivariable-adjusted logistic 

regression analysis (adjusted for age, gender, diabetes status, race/ethnicity, and change 

in aspartate aminotransferase), an increase in NAS (per one point) was an independent 

predictor of fibrosis progression with multivariable-adjusted odds ratio (aOR) of 1.85 (95% 

confidence interval [CI]: 1.2–2.8, p = 0.003, Supplemental Figure.1). Similarly, a decrease 

in NAS (per one point) was an independent predictor of fibrosis regression with aOR of 

2.09 (adjusted for age, gender, diabetes status, race/ethnicity, gamma-glutamyl transferase at 

baseline, and change in platelet counts, 95% CI: 1.2–3.6, p = 0.006).
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Discussion

This study demonstrated that change in NAS is associated with change in fibrosis stage 

in a dose-dependent manner. Moreover, a one-point increase and decrease in NAS were 

associated with two times higher odds of fibrosis progression and regression. In addition to 

this study, a recent study examined patients who received standard of care and underwent 

paired biopsies showed the significant association between changes in NAS and changes 

in fibrosis[6]. In our study, majority of patients were enrolled in clinical trials, hence, the 

significant association between change in NAS and change in fibrosis was demonstrated in 

these patients. These results support the findings of this seminal study and demonstrate the 

validity of using improvement in NAS as an endpoint in clinical trials. Although identifying 

noninvasive surrogate markers for evaluating changes in NAS is necessary for clinical 

practice in NAFLD[7], changes in NAS is a reasonable surrogate endpoint to evaluate the 

efficacy of therapeutic agent. In conclusion, change in NAS over time is associated with 

change in liver fibrosis, and these data provide justification of using improvement in NAS to 

assess treatment response in Phase 2b trials in NASH and may be used allow for sample-size 

estimation for fibrosis improvement response in Phase 3 trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure.1. 
The proportion of patients with fibrosis progression and regression with change in NAS

Fibrosis stage and NAS were evaluated using NASH CRN scoring system. Fibrosis 

progression was defined as ≥1 stage increase in fibrosis and fibrosis regression was defined 

as ≥1 stage decrease in fibrosis, respectively.

NAS, Nonalcoholic fatty liver disease Activity Score
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