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Abstract

Background & Aims—The Nonalcoholic Steatohepatitis Clinical Research Network (NASH 

CRN) histologic scoring system, the gold standard NASH histology assessment for clinical 

trials, has demonstrated intrarater and interrater variability. An expert panel in a previous 

systematic Research and Development/University of California Los Angeles (RAND/UCLA) 

study determined that existing histologic scoring systems do not fully capture NASH disease 

activity and fibrosis and standardized definitions of histologic features are needed. We evaluated 

the reliability of existing and alternate histologic measures and their correlations with a disease 

activity visual analog scale (VAS) to propose optimal components for a new expanded NAFLD 

activity score (NAS).

Approach & Results—Four liver pathologists who were involved in the prior RAND/UCLA 

study underwent standardized training and multiple discussions with the goal of improving 

agreement. They were blinded to clinical information and scored histologic measures twice, ≥2 
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weeks apart, for 40 liver biopsies representing the full spectrum of NAFLD. Index intraclass 

correlation coefficient (ICC) estimates demonstrated intrarater (0.80–0.85) and interrater reliability 

(0.60–0.72). Hepatocyte ballooning items had similar interrater ICCs (0.68–0.79), including those 

extending scores from 0–2 to 0–4. Steatosis measures (interrater ICCs, 0.72–0.80) correlated 

poorly with disease activity. Correlations with disease activity were largest for hepatocyte 

ballooning and Mallory-Denk bodies (MDBs), with both used to develop the expanded NAS 

(intrarater ICC, 0.90; interrater ICC, 0.80). Fibrosis measures had ICCs of 0.70 to 0.87.

Conclusions—After extensive preparation among a group of experienced pathologists, we 

demonstrated improved reliability of multiple existing histologic NAFLD indices and fibrosis 

staging systems. Hepatocyte ballooning and MDBs most strongly correlated with disease 

activity and were used for the new expanded NAS. Further validation including evaluation of 

responsiveness is required.

Graphical Abstract

Keywords

Nonalcoholic fatty liver disease; NASH; steatohepatitis; intraclass correlation coefficients; 
hepatocyte ballooning

Nonalcoholic fatty liver disease is characterized by the presence of hepatic steatosis, defined 

by imaging or histology, in individuals who consume little or no alcohol and do not have 

secondary causes of hepatic fat accumulation.[1] Encompassing a spectrum of liver diseases, 

NAFLD ranges from nonalcoholic fatty liver (NAFL), where steatosis is present without 

hepatocyte injury, to NASH, where steatosis is typically accompanied by hepatocellular 

injury and lobular inflammation with or without fibrosis.[2,3] Given that NASH is more 

likely than NAFL to progress to advanced fibrosis, cirrhosis, and liver-related mortality, 

targeting NASH with significant fibrosis (NASH stage ≥2 fibrosis) has become a focus of 

drug development.[4] Although many pharmacologic agents are under evaluation in clinical 

trials for the treatment of NASH,[5–8] none are currently approved by the U.S. Food and 

Drug Administration (FDA) or the European Medicines Agency.[3] In the United States, 

NASH-related cirrhosis is the leading cause of liver transplantation in women and projected 

leading cause in men.[9]
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The FDA considers histologic evaluation essential for defining patient eligibility criteria and 

primary efficacy endpoints for phase 2b and 3 clinical trials in NASH.[10] Of the histologic 

measures available,[11–16] the NAFLD activity score (NAS) developed by the NASH Clinical 

Research Network (NASH CRN) is the most commonly used scale.[5] When the NAS 

was developed, understanding of the histologic features that drive disease progression 

was limited. Subsequently, two NAS items, histologic steatosis and lobular inflammation, 

were shown not to be associated with progression to cirrhosis and liver-related outcomes.
[14,17–20] Furthermore, lobular inflammation and steatosis have a wider dynamic range (0–

3) in the NAS relative to hepatocyte ballooning (0–2), an item strongly linked to fibrosis 

progression.[17,19–21] Additionally, the NAS excludes two other items of potential value, 

namely Mallory-Denk bodies (MDBs)[19,20] and portal inflammation,[22–24] which have 

been associated with NAFLD progression. Although portal inflammation has also been 

shown to increase after treatment with some otherwise effective therapies, improvements 

in this feature have been correlated with improvements in fibrosis in most studies.[19,22,25] 

Finally, the NASH CRN staging system may not capture the full spectrum of the dynamic 

range of fibrosis in NAFLD. Specifically, it has 3 levels for stage 1 fibrosis (1a, 1b, and 

1c) but does not evaluate the considerable morphologic diversity seen in bridging fibrosis. 

For example, this system regards a single delicate fibrous bridge and complex bridging with 

numerous fibrous bridges as stage 3 disease.

In a prior modified Research and Development/University of California, Los Angeles 

(RAND/UCLA) appropriateness process on standardizing interpretation of NASH biopsies 

for clinical trials, evaluation of alternate and improved methods to measure fibrosis, 

hepatocyte ballooning, MDBs, and portal inflammation were regarded by the panelists as 

appropriate.[26] The panelists did not regard the NAS as an optimal index for measuring 

NAFLD disease severity in clinical trials and rated this statement as uncertain given the 

emphasis on steatosis and lobular inflammation, limited range of ballooning scores, and 

exclusion of portal inflammation and MDBs.

Efficient conduct of clinical trials requires standardized use of validated, reliable, and 

responsive evaluative instruments. In the absence of a comprehensive evaluation of the 

reliability of existing NAFLD histologic indices, we evaluated the intrarater and interrater 

reliability of these indices, their component items, and additional histologic items identified 

through the aforementioned RAND/UCLA appropriateness process.[26] In addition, we 

aimed to determine if the intrarater and interrater reliability of existing histologic indices 

can be improved with standardized training. Given that the NAS was not rated by panelists 

as an optimal index, we also aimed to develop an exploratory expanded NAS index using 

systematic correlations between reliable histologic items and a disease activity visual analog 

scale (VAS).

MATERIALS AND METHODS

Study Design

This study included 4 experienced liver pathologists (ADC, MAV, OAA, and RKP) with 

expertise in NAFLD and more than 10 years as liver pathology subspecialists, who initially 

participated in the RAND/UCLA process. They were subsequently invited to serve as central 
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readers and to retrospectively review 40 liver biopsy slides from patients with NAFLD. 

In addition to extensive discussions during the RAND/UCLA process, the pathologists 

completed standardized training on scoring all histologic measures and met as a group 

to review numerous illustrations and discuss potential issues, with the goal of improving 

agreement in this study. For each slide, the central readers scored its quality (Supplementary 

Table 1) and completed 2 assessments of all items, with ≥2 weeks between each assessment 

to facilitate memory extinction, for a total of 320 observations. Pathologists were blinded to 

clinical information.

Study Population

We used 40 liver biopsies that had been obtained from patients with histologically confirmed 

NAFLD as per their routine care at the Mayo Clinic (Phoenix, AZ). The slides were selected 

to represent the full histologic spectrum of disease, with optimal biopsy quality, ranging 

from NAFL to NASH and included stages 0, 1, and 2, bridging fibrosis, and cirrhosis. 

The Masson’s trichrome– and hematoxylin and eosin–stained slides were scanned at 40× 

magnification using an Aperio® AT2 (Leica Biosystems; Buffalo Grove, Illinois, USA) 

and compressed using WebMicroscope® Compressor (Fimmic, Helsinki, Finland). Central 

readers viewed the slides on the Alimentiv WebMicroscope database hosted on a secure 

remote server.

Index and Item Selection and RAND Process

All NAFLD indices and items were selected for this study based on previous ratings in a 

modified RAND/UCLA appropriateness process.[26] In this process, 14 liver pathologists 

and 3 hepatologists completed 2 rounds of voting using an online survey of 130 statements 

identified through literature review and expert opinion. Survey responses from each round 

and any disagreement among the panelists were discussed, and statements classified as 

appropriate or uncertain based on the median panel rating and degree of panel disagreement 

were included for reliability testing. The reliability of existing NAFLD histologic indices 

(Supplementary Table 2), including the Brunt criteria,[11] modified Brunt criteria,[12] 

NAS,[13] Goodman classification,[14] steatosis, activity fibrosis (SAF) scoring system,[15] 

and Ishak staging of fibrosis (modification of the Knodell staging system),[16] and the 

component items of these indices was evaluated.[26] Additionally, histologic items identified 

during the previous modified RAND/UCLA appropriateness process (Supplementary Table 

3)[26] and a 100-mm VAS (0, completely normal; 100, worst disease ever seen) for 

overall NAFLD histologic disease activity and for each of 4 individual features (hepatocyte 

ballooning, lobular inflammation, steatosis, and fibrosis) were included for reliability 

assessment. Each VAS for a given feature was scored as the readers’ overall impression 

of severity immediately prior to the remaining items for that feature.

Histologic Features

Reliability was assessed for the indices overall, the individual items for hepatocyte 

ballooning and MDBs, lobular inflammation, portal inflammation, steatosis, and fibrosis, 

and for each VAS. Of all indices, only the Goodman classification has no calculation of an 

overall score. For each index, fibrosis was assessed separately from the overall histologic 

activity grade or score.
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Hepatocyte Ballooning and Mallory-Denk Bodies

Given the RAND/UCLA-identified importance of improving the measurement of hepatocyte 

ballooning in NASH, 7 hepatocyte ballooning items were assessed for reliability, including 

items from the NAS (0–2), SAF scoring system (0–2), and Goodman classification (0–3), 

a previously published expanded NAS ballooning item (0–4),[26,27] a ballooning item based 

on percent involvement of 20× fields (0–3), an alternate expanded ballooning item based on 

clusters of ballooned cells (0–4), and a ballooning VAS. The presence of MDBs is captured 

in the Goodman classification (0–3) and in a RAND/UCLA-identified alternate item (0–2).

Lobular Inflammation

Lobular inflammation assessments included multiple definitions from the NAS, SAF scoring 

system, modified Brunt criteria, Goodman classification, RAND/UCLA-identified alternate 

items, and a lobular inflammation VAS. The item from the Goodman classification uses the 

descriptors none, mild, moderate, and severe, whereas the other items assess the number 

of foci with lobular inflammation per 20× field. Focus is defined in the NAS lobular 

inflammation item as a cluster of inflammatory cells the size of a hepatocyte and in the 

SAF scoring system as ≥2 inflammatory cells. The reliability of defining a focus as a cluster 

of ≥5 inflammatory cells was also explored using 2 alternate items—one that assessed the 

number of foci per 20× field (alternate lobular inflammation #1) and the other that assessed 

percentage of 20× fields with a focus (alternate lobular inflammation #2). The reliability 

of intra-acinar neutrophils and acidophil bodies were assessed separately from other lobular 

inflammation measures.

Portal Inflammation

Portal tracts and fibrous septa can become inflamed in NASH and are not captured in the 

NAS or SAF scoring system. The portal inflammation item from the Goodman classification 

(none, mild, moderate, severe) was assessed based on the average inflammation in all portal 

tracts and the most involved portal tract.

Steatosis

The reliability of macrovesicular steatosis items from the NAS (0–3), Goodman 

classification (0–4), and SAF scoring system (0–3) and a steatosis VAS was assessed. 

Reliability was also determined for additional RAND/UCLA-identified measures of 

steatosis, including an alternate item that estimates percentage of nonfibrotic parenchyma 

replaced by steatosis evaluated at low to medium power (4×–10×), the size of steatotic 

droplets (small/mixed/large), and microvesicular steatosis.

Fibrosis

Reliability was assessed for fibrosis items from the NAS, Goodman classification, Brunt and 

modified Brunt criteria, SAF staging system, Ishak fibrosis staging system (modified slightly 

to account for fibrosis in the central areas for stages 1 and 2), 2 RAND/UCLA-proposed 

alternative fibrosis staging systems, and a fibrosis VAS. The first alternate fibrosis staging 

system uses the NAS fibrosis item but expands bridging fibrosis into 3 levels (stage 3a: one 

definite fibrous bridge connecting 2 structures; stage 3b: few fibrous bridges without nodule 
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formation; stage 3c: complex bridging with or without rare nodule formation). The second 

alternate fibrosis staging system separately measures zone 3/sinusoidal fibrosis (0–4) and 

portal fibrosis (A-D).

Exploratory Analysis

An exploratory objective was to determine if highly reliable items could be used to derive an 

optimized index. Five candidate hepatocyte ballooning, MDB, lobular inflammation, portal 

inflammation, and steatosis items were selected for preliminary development of this index, 

with the disease activity VAS used as an anchor. Items retained after a stepwise regression 

procedure were included in the final exploratory optimized index.

Statistical Analysis

Descriptive statistics were used to summarize demographics and clinical data. The intrarater 

and interrater reliability of each index and item was determined using intraclass correlation 

coefficients (ICCs), estimated using a 2-way random effects analysis of variance model 

with interaction.[28] Point estimates of ICCs are equivalent to Kappa.[29] The associated 

2-sided 95% CIs were obtained using the nonparametric cluster bootstrap method with 2000 

replicates to address the potential for data nonnormality. Correlation coefficients between 

each measure and VAS (disease activity, fibrosis) were estimated using a mixed effect model 

approach with cluster bootstrap methods used to obtain 2-sided 95% CIs[28,30–32] and were 

interpreted according to the benchmarks established by Cohen, where 0.1, 0.3, and 0.5 

indicate small, medium, and large effects, respectively.[33]

For the exploratory index, 5 candidate items with interrater ICCs of 0.41 or higher 

were selected according to bivariate relationships with the disease activity VAS. To 

avoid violating the assumption of independent observations, a single observation was 

randomly chosen for each subject. Spearman correlation coefficients and associated 95% 

CIs were determined between the candidate items and several clinical characteristics. A full 

preliminary model incorporating all 5 items was obtained, and items were then removed 

in a step-down model-building approach where P = 0.05 for the individual predictors was 

used as the criterion for item retention. Remaining items were used in the final exploratory 

model, with coefficients standardized using division by the smallest coefficient, and were 

examined for obvious violations of key assumptions for linear regression analysis, including 

homogeneity of residual variance, normality of residual distribution, and the lack of outliers. 

The ICCs of the final model were used to evaluate its intrarater and interrater reliability in an 

exploratory analysis.

All statistical calculations were performed using SAS version 9.4 (SAS Institute Inc.; Cary, 

North Carolina, USA).

Sample Size

The study sample size was based upon estimating the ICC using a one-way random effects 

model.[34] Assuming a true ICC of 0.7, evaluation of 40 histologic slides by 4 central 

readers would yield an approximate 80% chance of obtaining a 2-sided 95% lower bound 

for the ICC that is greater than 0.5, which is higher than the midpoint of the Landis and 
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Koch benchmark for moderate reliability (0.41–0.60).[35] The sample size was conservative 

to account for duplicate reading of the 40 slides by 4 central readers. This study was 

primarily powered to evaluate the reliability of existing NAFLD histologic indices and 

items, additional RAND/UCLA-identified items, and the disease activity VAS but not the 

optimized histologic index comprising selected items. Therefore, the development of this 

optimized index and related reliability assessments should be considered exploratory.

Ethical Considerations

This study was conducted in accordance with the protocol, which was written and codified 

before proceeding, and the ethical guidelines of the 1975 Declaration of Helsinki. The Mayo 

Clinic institutional review board approved the protocol, including the use of the deidentified, 

digitized histology slides of liver biopsies, and granted a waiver of the requirement to obtain 

written informed consent.

RESULTS

Patient Characteristics

The clinical characteristics associated with the histologic slides in this study are consistent 

with those of fatty liver disease (Table 1). Of the 40 patients with NAFLD (mean age, 

55.3 years; mean BMI, 35.7 kg/m2), 15 (37.5%) were men and 17 (42.5%) had diabetes. 

Mean liver enzyme values were 99.8 U/L for alanine aminotransferase (ALT), 76.1 U/L for 

aspartate aminotransferase (AST), and 91.2 U/L for alkaline phosphatase.

Reliability Study

Intrarater and interrater ICCs for existing NAFLD indices and items are shown in Table 2, 

and ICCs for the RAND/UCLA-identified items are shown in Table 3.

Intrarater Reliability—Existing disease activity indices had intrarater ICCs that ranged 

from 0.80 to 0.85. The hepatocyte ballooning items had similar intrarater ICCs, regardless 

of the scale used (0 to 2 [ICC, 0.85–0.86]; 0 to 3 [ICC, 0.87–0.88]; 0 to 4 [ICC, 0.89]). The 

MDB items had intrarater ICCs of 0.77 to 0.78. Intrarater ICCs for lobular inflammation 

ranged from 0.57 for the alternate lobular inflammation #1 item to 0.69 for the alternate 

lobular inflammation #2 item. Intrarater ICCs were 0.54 for intra-acinar neutrophils and 

0.47 for apoptotic hepatocytes. Goodman classification portal inflammation items had an 

intrarater ICC of 0.74 for the alternate item that is based on the most involved portal 

tract and 0.57 for the item that is based on the average inflammation in all portal tracts. 

Intrarater ICCs for steatosis ranged from 0.80 to 0.87. Intrarater reliability was lower for 

items measuring size of steatotic droplets (ICC, 0.44) and microvesicular steatosis (ICC, 

0.53–0.63). The intrarater ICC of the disease activity VAS was 0.86.

Fibrosis measures had intrarater ICCs of 0.86 for the pericellular/perisinusoidal fibrosis item 

from the Goodman classification to 0.94 for the fibrosis VAS.

Interrater reliability—Interrater ICCs for existing disease activity indices ranged from 

0.60 to 0.72. Hepatocyte ballooning items had interrater ICCs of 0.68 to 0.79, and expanding 
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the range of scores from 0 to 2 (ICC, 0.68–0.73) to 0 to 4 (ICC, 0.77–0.79) did not 

decrease reliability. The MDB items had interrater ICCs of 0.51 to 0.57. Items for measuring 

lobular inflammation had ICCs from 0.28 for the SAF lobular inflammation item to 0.41 

for the alternate lobular inflammation #2 item. Intra-acinar neutrophils had an interrater ICC 

of 0.48, and apoptotic hepatocytes had an ICC of 0.42. Interrater reliability of Goodman 

classification portal inflammation items was better when based on the most involved portal 

tract (ICC, 0.64) than when based on the average inflammation in all portal tracts (ICC, 

0.52). Most steatosis measures demonstrated interrater ICCs of 0.72 to 0.80. Size of steatotic 

droplets and the 2 microvesicular steatosis items demonstrated lower interrater agreement 

(ICC, 0.05–0.07), consistent with the challenges of scoring these measures. The disease 

activity VAS had an interrater ICC of 0.69.

Measures of fibrosis had ICCs of 0.70 to 0.87, with higher interrater reliability observed for 

the Ishak fibrosis staging system (ICC, 0.87) and the alternate NAS fibrosis staging system 

that expands bridging fibrosis (ICC, 0.83). The interrater ICC of the fibrosis VAS was 0.86.

Correlations Between Histologic Indices/Items and the Disease Activity/Fibrosis VAS

Correlations with the disease activity VAS and fibrosis VAS are shown in Table 2 for 

existing NAFLD indices and items and in Table 3 for the RAND/UCLA-identified items.

For the overall disease activity indices, correlations with the disease activity VAS ranged 

from r = 0.66 (95% CI: 0.52–0.71) for the SAF activity grade to r = 0.88 (95% CI: 

0.85–0.91) for the Brunt criteria necro-inflammatory grade of steatohepatitis. The largest 

correlations with the disease activity VAS were observed for the hepatocyte ballooning items 

(r = 0.88; 95% CI: 0.84–0.90 for the expanded NAS ballooning score) followed by MDBs (r 

= 0.76; 95% CI: 0.59–0.82 for the Goodman classification MDB item), lobular inflammation 

(r = 0.63; 95% CI: 0.49–0.67 for the alternate lobular inflammation #2 item), and portal 

inflammation (r = 0.51; 95% CI: 0.23–0.55 for the item that is based on the most severely 

inflamed portal tract). Correlations with the disease activity VAS were small for all steatosis 

items (r = −0.02 to 0.12).

Correlations between fibrosis items and the fibrosis VAS ranged from r = 0.77 (95% CI: 

0.70–0.88) for the cirrhosis item from the Goodman classification to r = 0.96 (95% CI: 

0.95–0.97) for the Ishak fibrosis staging system. The fibrosis correlations were largest for 

the Ishak fibrosis staging system and the alternate NAS fibrosis staging system that expands 

bridging fibrosis (r = 0.95; 95% CI: 0.94–0.96), indicating that these 2 staging systems are 

accurate for measuring the degree of fibrosis within the liver.

Exploratory Development of an Optimized Histologic NAFLD Index: Expanded NAS Index

Of the 5 candidate items with interrater ICCs ≥0.41 selected for a preliminary NAFLD 

index, the NAS steatosis item and the Goodman classification MDB item were from existing 

NAFLD indices. The remaining 3 items had been previously identified through the modified 

RAND/UCLA process: the expanded NAS hepatocyte ballooning item, the alternate lobular 

inflammation #2 item, and the Goodman classification portal inflammation item that is 

based on the most involved portal tract. Clinical correlations were strongest between the 

lobular inflammation item and both AST (rs = 0.49; 95% CI: 0.21–0.69) and ALT (rs = 0.43; 
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95% CI: 0.14–0.65) and between the hepatocyte ballooning item and AST (rs = 0.41; 95% 

CI: 0.11–0.64) ( Supplementary Table 4). Relationships between each candidate item and the 

disease activity VAS are shown in Fig. 1A, and linear regression models for the candidate 

items are shown in Supplementary Table 5.

After a step-down procedure was performed, 3 items were removed including the NAS 

steatosis item, the alternate lobular inflammation #2 item, and the Goodman classification 

portal inflammation item based upon the most involved portal tract. The remaining 2 items

—the Goodman classification MDB item and the expanded NAS hepatocyte ballooning 

item—comprised the final exploratory model for predicting the disease activity VAS. Using 

standardized coefficients (Table 4), an exploratory expanded NAS index was generated that 

can be scored from 0 to 11, with higher scores indicating more severe disease activity, and 

calculated as:

Expanded NAS = 1 × Goodman classification MDBs (4 levels) + 2 × expanded NAS 

hepatocyte ballooning (5 levels).

The R2 was similar between the full preliminary model comprising the 5 candidate items 

(R2 = 0.87) and the final 2-item model (R2 = 0.86). Diagnostic plots for the final model did 

not indicate severe violation of model assumptions (eg, homogeneity of residual variance, 

normality of residual distribution, lack of outliers) (Supplementary Fig. 1).

For the exploratory expanded NAS, the mean ± SD score among the 40 slides in this study 

was 6.00 ± 3.20. This index demonstrated an intrarater ICC of 0.90 (95% CI: 0.84–0.93). 

The interrater ICC of the expanded NAS was 0.80 (95% CI: 0.70–0.86) and numerically 

higher than that of all other indices (Table 2).

Exploratory Analysis of Fibrosis Staging Systems

The Ishak fibrosis staging system and the expanded NASH CRN fibrosis staging system that 

expands bridging fibrosis were selected based on their relationships with the fibrosis VAS 

(Fig. 1B). There is a large gap in the fibrosis VAS observed between stages 2 and 3 in the 

original NASH CRN staging system. In contrast, the increase in fibrosis VAS between each 

stage of fibrosis in both the Ishak fibrosis staging system and the expanded NASH CRN 

staging system is more uniform.

DISCUSSION

Evaluation of pharmacologic therapies for NASH is increasing in clinical trials,[5–8] with 

histologic assessment being considered essential by the FDA for defining entry criteria 

and evaluating efficacy.[10] However, histologic assessments are often inconsistent across 

trials for several reasons including variations in histologic definitions and scoring systems. 

Minimizing heterogeneity in the patient population and standardizing histologic outcomes 

are critical considerations for the conduct of efficient drug trials in NASH. To achieve 

standardization in clinical trials, fully validated and objective histologic measures of disease 

activity should be used, requiring formal evaluations of reliability and responsiveness. 

It is notable that these requirements have not been completed for currently available 
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histologic measures.[11–16] Operationalizing histopathology into clinical trials is challenging. 

Methodologies for integrating histopathology slide reading in clinical trials include use of a 

single central reader, simultaneous review by multiple readers, individual review by multiple 

readers with consensus or adjudication paradigms, duplicate reviews of screening and end-

of-study biopsies, use of digital images/glass slides, and central/local slide processing.[26] 

Each approach may impact scoring reliability. The FDA encourages the development of an 

imaging charter for use in a clinical trial to standardize specific imaging processes including 

image acquisition, quality, and interpretation, reader training, and controlling for bias and 

variability.[36] To this end, all readers involved in this study participated in a training 

session where scoring issues were discussed and a detailed scoring document with numerous 

illustrations was provided. The critical importance of central reader training and attainment 

of high interrater reliability has been underscored by Davison et al. who used a large 

clinical trial dataset of paired liver biopsies to demonstrate suboptimal reliability of biopsy 

evaluations that would have impacted histologic eligibility and outcomes during the trial.[37] 

Approximately half of the patients with NASH who were included in the EMMINENCE 

study based on qualifying readings by 1 hepatopathologist were subsequently not considered 

to fulfill the histologic inclusion criteria according to ≥1 of the 3 hepatopathologists.[37] 

This lack of interrater reliability might also be expected to diminish statistical power to 

detect potential treatment effects. In this instance, simulations have shown that low interrater 

reliability could reduce study power from >90% to as low as 40%,[37] and many studies do 

not currently incorporate known variability into the power calculation.

In this study, we evaluated the intrarater and interrater reliability of several measures of 

histologic NAFLD activity. Our key findings demonstrate intrarater and interrater reliability 

for existing histologic NAFLD activity indices that was improved with standardized training 

compared with previous findings.[37] Among the index component items and additional 

RAND/UCLA-identified items, hepatocyte ballooning and fibrosis items were most reliable. 

The disease activity VAS allowed us to determine the individual features that correlate 

most strongly with a pathologist’s global impression of disease activity, a well-accepted 

methodology used in multiple index development studies.[38,39] Among all histologic 

features, measures of hepatocyte ballooning and MDBs had the strongest correlations 

with disease activity. Moderate correlations with disease activity were observed for portal 

inflammation and lobular inflammation measures. However, negligible correlations with 

disease activity were seen for all steatosis items, an important finding given that steatosis 

is among the items assessed in most existing histologic indices of NAFLD activity 

including the NAS.[13] Steatosis is a key feature of the disease but does not always 

correlate with inflammation and hepatocellular injury. Our findings are consistent with prior 

studies demonstrating the critical importance of hepatocyte ballooning in disease activity, 

as demonstrated by the strong association between this feature and the development of 

adverse liver-related outcomes and fibrosis progression.[14,17,20,21,40] In contrast, measures 

of steatosis have shown poor correlation with these outcomes.[17,18,20,41]

We conducted an exploratory analysis to determine whether histologic scoring of NAFLD 

could be optimized or simplified using reliable items that were most strongly correlated 

with the disease activity VAS. Our final exploratory model, comprising the expanded 

NAS hepatocyte ballooning item (0–4 × 2) and the Goodman classification MDB item 
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(0–3 × 1), demonstrated intrarater and interrater ICCs of 0.90 and 0.80, respectively. This 

index could have particularly good interobserver agreement for patients with comorbid 

diabetes, which has a known association with more prominent ballooning and MDBs. The 

simplicity and reliability of this 2-item expanded NAS suggest that its ability to predict 

liver-related outcomes and fibrosis progression in clinical trials should be formally validated. 

In particular, the reliability of this index should ideally be tested by other groups of 

pathologists, and the relative responsiveness to change following effective therapy should 

be quantified.

Correlations between fibrosis measures and a fibrosis VAS were also evaluated to identify 

items that best capture the spectrum of fibrosis seen in NASH. While all fibrosis measures 

had strong correlations with the fibrosis VAS, the Ishak fibrosis staging system and the 

expanded NASH CRN fibrosis staging system that includes substages for stage 3 had 

the strongest correlations. Furthermore, visual inspection of the fibrosis VAS stratified by 

staging system demonstrated a marked difference in mean VAS scores between stages 2 and 

3 in the original NASH CRN staging system, underscoring the large diversity of fibrosis 

seen in stage 3. The Ishak and expanded NASH CRN staging systems have a more uniform 

change in VAS for each increase in stage. Given that expanding the fibrosis staging did 

not decrease interrater reliability, inclusion of these staging systems in future clinical trials 

should be considered and may be especially helpful in studies aiming to identify fibrosis 

regression. However, additional study is needed to determine the clinical significance of a 

change in fibrosis stage for these systems.

This study has some methodological strengths. To identify the most complete list of 

appropriate histologic measures of disease activity for this reliability study, we used 

the rigorous RAND/UCLA methodology that captures expert insights from a panel of 

internationally recognized liver pathologists and hepatologists and aims to minimize bias.
[26] The central readers were expert liver pathologists with expertise in NAFLD who 

were involved in the prior RAND/UCLA study and participated in multiple additional 

discussions and standardized training on scoring all histologic indices and items in this 

study. This extensive preparation may have helped to improve the reliability of existing 

histologic indices in this study in comparison with that observed previously.[37] Standardized 

definitions of features may improve agreement on scoring, as demonstrated in the SAF 

literature.[15] Additionally, most liver biopsy slides were considered good quality, another 

important factor in improving interrater agreement. Furthermore, this reliability study is 

an important step towards the goal of standardizing the use of fully validated histologic 

measures of disease activity for more efficient clinical trials of NASH, for which no 

treatments are currently approved.[3]

The limitations of this study should be acknowledged. First, slides for the study were 

acquired from a single center rather than from a randomized controlled trial that would 

have allowed for assessment of both baseline and posttreatment biopsies to further ensure 

representation of a broad range of disease activity. Reliability testing and correlations with 

disease activity should be evaluated in a larger data set involving multiple centers. Second, 

the time interval of ≥2 weeks between the 2 readings for each measure is relatively short, 

and a longer interval could have affected the performance of the measures. Third, the 
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study was powered to evaluate the reliability of existing NAFLD histologic indices and 

items, additional RAND/UCLA-identified items, and a disease activity VAS. However, 

the use of our reliability findings to investigate whether scoring tools could be optimized 

using a single histologic index comprising selected items should be regarded as exploratory 

only. The 2 items of this index are highly correlated, with MDBs often present in classic 

ballooned hepatocytes, and may reflect bias toward the existing literature.[14,17,20,21,40] 

However, these 2 distinct features were evaluated separately in prior studies and had 

independent associations with fibrosis progression and regression.[13,14,19] In addition, 

while the expanded hepatocyte ballooning item from the new index has not been formally 

validated, it has been used by the NASH CRN for several years.[27] Finally, formal 

validation of the expanded NAS requires further analysis, including validation in a larger 

clinical trial setting of medically diverse cohorts (eg, nondiabetic obese patients).

In conclusion, we showed that intrarater and interrater reliability of existing histologic 

NAFLD indices and fibrosis staging systems can be improved (vs previous findings[37]) with 

extensive training and preparation among a group of 4 experienced pathologists. Among 

component items of existing indices and the additional RAND/UCLA-identified items, 

histologic measures of hepatocyte ballooning and MDBs had the largest correlations with 

disease activity and were incorporated into a novel exploratory index, the expanded NAS. 

Further validation including analysis of the responsiveness to change after a therapeutic 

intervention is required for the histologic indices and items evaluated in this study.
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Refer to Web version on PubMed Central for supplementary material.
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ALT alanine aminotransferase

AST aspartate aminotransferase

FDA U.S. Food and Drug Administration

ICC intraclass correlation coefficients

MDB Mallory-Denk body

NAFL nonalcoholic fatty liver

NAS nonalcoholic fatty liver disease activity score

NASH CRN Nonalcoholic Steatohepatitis Clinical Research Network

RAND/UCLA Research and Development/University of California Los Angeles
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Fig. 1. 
Univariable summaries of mean disease activity VAS scores stratified by levels of candidate 

items (A) and mean fibrosis VAS scores stratified by levels of selected staging systems (B). 

Abbreviation: VAS, visual analog scale.
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Table 1.

Demographics and patient characteristics of patients represented in the histology slides

Characteristic Patients (n = 40)

Age (y), mean ± SD 55.30 ± 11.90

Male, No. (%) 15 (37.50)

Diabetes, No. (%) 17 (42.50)

Hypertension, No. (%) 23 (57.50)

Statin, No. (%) 15 (37.50)

Non-Hispanic Race, No. (%) 37 (92.50)

BMI (kg/m2), mean ± SD 35.70 ± 8.20

AST (U/L), mean ± SD 76.1 ± 46.6

ALT (U/L), mean ± SD 99.8 ± 84.9

Alkaline phosphatase (U/L), mean ± SD 91.2 ± 54.8

Total bilirubin (mg/dL), mean ± SD 0.65 ± 0.50

LDL-C (mg/dL), mean ± SD 105.1 ± 32.2

HDL-C (mg/dL), mean ± SD 46.6 ± 12.8

Triglycerides (mg/dL), mean ± SD 165.3 ± 110.7

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index.
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Table 4.

Items and weights for the candidate index

Item Full model coefficient 
(SE)

Final model 
coefficient (SE)

Standardized 
coefficient

(Intercept) −3.4 (5.3) — —

NAS steatosis grade −1.5 (1.9) — —

 0 <5%

 1 5%−33%

 2 >33%−66%

 3 >66%

Goodman MDBs 8.6 (2.4) 8.7 1

 0 None

 1 Rare

 2 Infrequent

 3 Severe/numerous

Alternate lobular inflammation #2* 3.8 (2.8) — —

 0 No foci

 1 ≥1 in <10% of 20× fields

 2 ≥1 in 10%−50% of 20× fields

 3 ≥1 in >50% of 20× fields

Goodman portal inflammation based on most severe portal tract 0.55 (2.2) — —

 0 None

 1 Mild

 2 Moderate

 3 Severe

NAS expanded ballooning score 11.9 (2.4) 13.7 2

 0 None

 1 Nonclassical ballooning

 2 Few classic balloon cells

 3 Many classic balloon cells, but not severe

 4 Severe ballooning

R 2 0.869 0.859 —

Abbreviations: MDB, Mallory-Denk body; NAS, NAFLD activity score; SE, standard error.

*
Defines a focus as 5 or more inflammatory cells within the lobule.

Hepatology. Author manuscript; available in PMC 2023 October 01.


	Abstract
	Graphical Abstract
	MATERIALS AND METHODS
	Study Design
	Study Population
	Index and Item Selection and RAND Process
	Histologic Features
	Hepatocyte Ballooning and Mallory-Denk Bodies
	Lobular Inflammation
	Portal Inflammation
	Steatosis
	Fibrosis
	Exploratory Analysis
	Statistical Analysis
	Sample Size
	Ethical Considerations

	RESULTS
	Patient Characteristics
	Reliability Study
	Intrarater Reliability
	Interrater reliability

	Correlations Between Histologic Indices/Items and the Disease Activity/Fibrosis VAS
	Exploratory Development of an Optimized Histologic NAFLD Index: Expanded NAS Index
	Exploratory Analysis of Fibrosis Staging Systems

	DISCUSSION
	References
	Fig. 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.



