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Abstract
Background: Liver biopsy has been the standard procedure for diagnosing and evaluating
the severity of non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis
(NASH); however, interobserver discordance remains a critical issue in its pathological
diagnosis.
Methods and Results: We examined the concordance rates of pathological scoring
and diagnosis between pathologists at individual institutions (local diagnosis) and two
central pathologists specialized in liver pathology (central diagnosis). A total of
150 patients with NAFLD underwent prospective liver biopsies. NAFLD activity
score (NAS) and fibrosis stage were evaluated, and NASH was determined according
to Matteoni’s classification. NAS, scores for all NAS components, and fibrosis stage
were diagnosed at a lower degree by central compared with local diagnosis. NASH
was diagnosed in 34% of the patients according to central pathologists compared with
54% according to local pathologists (P < 0.001). The concordance rates for NAS,
steatosis, inflammation, ballooning, fibrosis, and NASH diagnosis were 26.7, 62.7,
51.3, 48.7, 43.3, and 50.7%, respectively. The correlation coefficient between local
and central diagnoses was the lowest for the scoring of ballooning (ρ = 0.218).
Conclusion: Concordance rates among pathologists for the evaluation of NAFLD are
currently poor, and simple and reliable diagnostic and evaluation criteria are urgently
needed to improve the clinical management of NAFLD patients.

Introduction
Non-alcoholic fatty liver disease (NAFLD) is the most common
cause of chronic liver disease worldwide and affects about 25%
of the world population.1 NAFLD is classified as non-alcoholic
fatty liver (NAFL) or non-alcoholic steatohepatitis (NASH), of
which NASH is pathologically characterized by lobular inflam-
mation and the presence of hepatocellular ballooning with or
without fibrosis.2,3 NAFLD increases overall and liver-related
mortality, with NASH considered to be a more progressive dis-
ease associated with a greater risk of liver cirrhosis and hepato-
cellular carcinoma than NAFL.3–5 Therefore, the differential
diagnosis of NASH and NAFL has important implications in
terms of the prognosis of NAFLD. However, recent studies dem-
onstrated that fibrosis, rather than other histological features, was
indicative of all-cause and disease-specific mortality in patients
with NAFLD.6–9 These studies therefore concluded that the

severity of hepatic fibrosis was the most important pathological
finding predicting the clinical outcome of NAFLD, rather than a
diagnosis of NASH, which requires hepatocyte ballooning
according to Matteoni’s classification.2

Although histological diagnosis by liver biopsy remains
the standard procedure for the diagnosis of NASH,10 liver biopsy
is associated with numerous problems, including invasiveness,
cost of diagnosis, sampling error, and diagnostic variation among
observers.11–14 However, numerous noninvasive biomarkers and
procedures have recently been developed and evaluated for iden-
tifying NASH and determining the severity of hepatic fibrosis in
patients with NAFLD.15 In this context, it is necessary to recon-
sider the significance of liver biopsy for the diagnosis and man-
agement of NAFLD and to evaluate the reliability of the
pathological diagnosis of NAFLD/NASH and the assessment of
its severity among pathologists. We therefore conducted a
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prospective multicenter study to compare the diagnostic perfor-
mances of local and central pathologists for NAFLD.

Methods

Patients. A total of 176 consecutive patients with clinically
and pathologically diagnosed NAFLD were enrolled from three
institutions (Hiroshima University Hospital, Yokohama City Uni-
versity Hospital, and Saga University Hospital) between 2014
and 2016. This cohort was part of the clinical Comprehensive
Analysis Study of NAFLD (COMPAS NAFLD; UMIN Clinical
Trial Registry UMIN000013323). No patient had any etiology
indicative of other liver diseases, including habitual alcohol
intake (weekly ethanol consumption >140 g or daily ethanol con-
sumption >20 g), hepatitis B surface antigen or hepatitis C anti-
body positivity, or abnormal serum thyroid hormone levels, and
no patient had autoimmune liver disease, drug-induced hepato-
toxicity, hemochromatosis, or Wilson’s disease. The protocol
was approved by the clinical research ethics review committee of
each facility. Each patient gave written informed consent to par-
ticipate in the clinical study. The ethics committee of each partic-
ipating institution approved this study, which was performed in
accordance with the principles of the 1975 Declaration of Hel-
sinki, revised in 2013.

Liver biopsy procedure and pathological evalua-
tion. All patients underwent liver biopsy, and liver specimens
were obtained percutaneously using a 16-gauge biopsy needle.
Biopsies were performed in the right lobe of the liver under ultra-
sound guidance. All liver biopsy samples were at least 20 mm
long. The specimens were fixed in 10% formalin, paraffin embed-
ded, sectioned, and stained with hematoxylin–eosin and Azan or
Masson-trichrome stain for histological evaluation. All liver
biopsy specimens were evaluated by a single experienced general
pathologist in the local institution, who was unaware of the clinical
conditions and patient data and gave a local diagnosis. The same
slides were also evaluated simultaneously by two different pathol-
ogists designated by our study group (S.A. and M.K.), who were
experts in liver pathology and gave a consensual central diagnosis.
All pathologists were unaware of the clinical information and were
certified by the Japanese Society of Pathology. The samples were
scored according to the NAFLD activity score (NAS).16 Lobular
inflammation and steatosis were scored on a scale of 0–3 and bal-
looning on a scale of 0–2. Fibrosis stage was scored on a 5-point
scale (F0–F4) according to the Kleiner classification.16 NAFLD
was defined as excessive fat accumulation in the liver with more
than 5% of hepatocytes.10 NASH diagnosis was based on
Matteoni’s classification.2 In the 176 samples evaluated by the cen-
tral pathologist, 26 samples were excluded because of insufficient
data and/or pathological evaluation in local diagnosis. The scoring,
classification, and NASH diagnosis were compared between the
local diagnosis and central diagnosis (Fig. 1). Concordance rate
was calculated as the ratio of the total number of the samples
(n = 150) to the number of the samples with concordant score or
diagnosis between the central diagnosis and local diagnosis.

Statistical analysis. The local and central diagnostic assess-
ments were compared using Wilcoxon’s signed-rank test,
McNemar’s test, and Spearman’s rank correlation coefficient

analysis. Agreement of ordered categorical variables was evaluated
by weighted κ with linear weighting, which considers the proxim-
ity of categories.17 All statistical analyses were carried out using
IBM SPSS Statistics ver.25 software (SPSS Japan, Tokyo, Japan).

Results

Comparison of pathological scoring and staging
of NAFLD between local and central pathologists.
The pathological diagnoses made by the local and central pathol-
ogists are shown in Table 1 and Figure 2. NAS, individual com-
ponents of NAS, and fibrosis stage were diagnosed at a
significantly lower degree by the central, compared with the
local, pathologists. Eighty-one patients (54%) received a diagno-
sis of NASH based on Matteoni’s classification, according to
local diagnosis, compared with only 51 patients (34%) according
to central diagnosis. Central pathologists diagnosed eight patients
with non-NAFLD according to Matteoni’s classification.

Concordance between local and central diagno-
ses. The concordance rates for the diagnosis of steatosis, lobular
inflammation, and ballooning according to NAS were 62.7, 51.3,

Figure 1 Study design. A single general pathologist evaluated liver
biopsy in the individual site. All samples were collected and evaluated
by the two expert central liver pathologists.

Table 1 Comparison of pathological scoring and staging of NAFLD
between local and central pathologists

Local
(n = 150) Central (n = 150) P value

NAS (0–4/5–8) 105/45 132/18 <0.001
Steatosis (0/1/2/3) 0/67/59/24 8/80/36/26 <0.001
Lobular inflammation

(0/1/2/3)
3/100/40/7 31/105/13/1 <0.001

Ballooning (0/1/2) 69/54/27 94/48/8 <0.001
Fibrosis stage (F0/1/2/3/4) 13/66/33/32/6 45/55/30/16/4 <0.001
Matteoni’s classification

(non-NAFLD/Type1-2/
Type3-4)

0/69/81 8/91/51 <0.001†

†Comparison in distribution of NASH or non-NASH by McNemar’s test.
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and 48.7%, respectively (Table 2), with concordances of 26.7%
for total NAS and 43.3% for fibrosis stage. The diagnosis con-
cordance for distinguishing between NAFL and NASH was
50.7% according to Matteoni’s classification. The κ score was
also determined to evaluate diagnosis concordance (Table 3).
Similar to the result of concordance rates, κ score for the diagno-
sis of ballooning (0.57) was lower than that for other components
of NAS and fibrosis stage.

Correlation between local and central diagnoses.
We tested the correlations between the local and central diag-
noses and compared the correlation coefficients among the
different pathological findings. There was a significant corre-
lation between the local and central diagnoses for steatosis
(ρ = 0.709, P < 0.0001) but lower correlation coefficients for
inflammation (ρ = 0.286, P = 0.0005) and ballooning
(ρ = 0.218, P = 0.0079) (Fig. 3a–c). Correlation for fibrosis
stage was the most significant pathological finding (ρ = 0.627,
P < 0.0001) (Fig. 3d).

Discussion
The current study demonstrated a serious discordance between
pathologists in the pathological diagnosis of NAFLD. Focusing on
the individual pathological components, the lowest concordance
(48.7%) and lowest correlation coefficient (ρ = 0.218) between

Figure 2 Discordance of pathological evaluation of NAFLD between local and central pathologists. (a) steatosis, (b) lobular inflammation,
(c) ballooning, and (d) fibrosis

Table 2 Diagnosis concordance rate between local and central
pathologists

Concordance rate (%)†

NAS 26.7
Steatosis 62.7
Lobular inflammation 51.3
Ballooning 48.7

Fibrosis 43.3
NASH diagnosis 50.7

†Concordance rate was calculated as the ratio of the total number of
the samples (n = 150) to the number of the samples with concordant
score or diagnosis between central diagnosis and local diagnosis.
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local and central diagnoses was observed for the diagnosis of bal-
looning. These data suggest the existence of significant inter-
observer error in the diagnosis of hepatocyte ballooning, which is
a key finding for the diagnosis of NASH.2,10,16 Local pathologists
identified ballooning (grades 1–2) in 54% of patients, compared
with only 37.3% according to central diagnosis, suggesting that
pathologists not specialized in liver pathology might overdiagnose
ballooning. The diagnosis of inflammation showed a similar trend,
with 2% of patients diagnosed with grade 0 inflammation
according to local diagnosis compared with almost 10 times more
patients according to the central diagnosis (20.7%). These discor-
dances indicated poor reliability for a diagnosis of NASH
according to Matteoni’s classification.

Hepatic fibrosis has been strongly implicated in the long-
term prognosis of NAFLD patients.6–9 Moreover, NAFLD prog-
nosis is independent of the diagnosis of NASH/non-NASH.7,8 It
is therefore critical to identify patients at higher risk of NAFLD
with advanced fibrosis in order to optimize their management.
However, our results showed that the concordance rate for a
diagnosis of fibrosis was only 43.3%. Moreover, local patholo-
gists diagnosed stage 3 or 4 fibrosis in 25.3% of patients, com-
pared with 13.3% by central pathologists. Previous studies
showed that the liver-related mortality rate increased exponen-
tially in NAFLD patients with advanced liver fibrosis.8 An

overdiagnosis of hepatic fibrosis would increase the number of
patients with therapeutic indications, thus increasing the eco-
nomic burden in light of the upcoming availability of novel ther-
apeutic agents for fibrosis in NAFLD.

Numerous studies have investigated the interobserver
reliability for pathological diagnosis. Theodossi et al. reported a
concordance rate of final pathological diagnosis of 15% in vari-
ous liver diseases.17 In chronic viral hepatitis, agreement of
scoring and staging between the general pathologists and expert
pathologists was not adequate, and the experience level of
pathologists could affect the agreement of diagnosis.18,19 In
NAFLD, Younossi et al. identified that discrepancy in the diag-
nosis of inflammation among pathologists is more severe in
comparison with fibrosis.13 Juluri et al. reported that agreement
(κ score) between the diagnosis of two pathologists (community
pathologist and expert pathologist) was 0.62 for steatosis, 0.44
for lobular inflammation, 0.25 for ballooning, 0.40 for NAS,
0.35 for fibrosis, and 0.46 for non-NASH/NASH diagnosis,20

suggesting that interobserver reliability was the highest in the
diagnosis of steatosis and lowest in the diagnosis of ballooning.
Our study confirmed the findings of Juluri et al. that agreement
on the diagnosis of ballooning is the most difficult to obtain. In
contrast, however, the κ score for the diagnosis of fibrosis stage
in the study by Juluri et al. was only 0.35 and was lower than
for other pathological diagnoses, whereas our study showed bet-
ter agreement (κ = 0.76 in Table 2). Gawrieh et al. compared
the diagnosis of one senior pathologist with that of one junior
pathologist and demonstrated κ = 0.72 for the diagnosis of
steatosis, κ = 0.64 for the diagnosis of fibrosis stage, and
κ = 0.32 for the diagnosis of ballooning.14 According to this
evidence and the results of our study, concordance in the diag-
nosis of ballooning tends to be low for NAFLD, whereas con-
cordance in the diagnosis of fibrosis stage varies among studies.
Moreover, differences in experience between the pathologists
could be a factor that affects concordance. Indeed, training and
prior consent of scoring and diagnosis, including definitions of
detailed morphological criteria, increase the concordance of
diagnosis and scoring by pathologists.14,21

The κ score obtained in the current study was 0.53–0.79 for
the comparison between central diagnosis and local diagnoses,
which could be interpreted as “moderate” or “good.”22 However,
there are several limitations in an evaluation of interobserver reli-
ability using the κ score. It was reported that prevalence bias could
affect κ score.23 For example, a significant difference in the preva-
lence among the categories could result in either a significantly
high or low κ score. Moreover, because the scoring is quantitative,
a weighted κ score, which generally tends to be higher than a non-
weighted score, should be statistically used as we did in the cur-
rent study; however, in terms of clinical significance, a difference
of 1 point in the scoring system creates a serious discrepancy. For
example, the difference between a ballooning score of 0 and
1 could result in a diagnosis of non-NASH or NASH. Therefore,
the nonweighted κ score could also be referenced for the evalua-
tion of concordance of pathological diagnosis to determine the dif-
ference between clinically important scores. Indeed, concordance
was poor to moderate if a nonweighted κ score was used in the
current study (κ = 0.59 for steatosis score 0–1 or 2–3, κ = 0.14 for
lobular inflammation score 0–1 or 2–3, κ = 0.15 for ballooning
score 0 or 1–2, and κ = 0.47 for fibrosis stage 0–1 or 2–4;

Table 3 Diagnosis agreement between local and central pathologists

Categories (diagnosis) κ score

Steatosis (score 0–1 or score 2–3 in NAS) 0.79
Lobular inflammation (score 0–1 or score 2–3 in NAS) 0.70
Ballooning (score 0 or score 1–2 in NAS) 0.57
Fibrosis (stages 0–1 or stages 2–4 in

Kleiner classification)
0.74

NASH diagnosis (non-NASH or NASH in
Matteoni’s classification)

0.53

Figure 3 Correlation analysis between local and central diagnosis in
(a) steatosis, (b) lobular inflammation, (c) hepatocyte ballooning, and
(d) fibrosis. Dot size represents the number of patients in each score.
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data not shown). Taken together, because the κ score could mis-
lead the interpretation of agreement, the results of simple concor-
dance/discordance rate, correlation coefficient, and clinical
significance should be carefully considered for fuller comprehen-
sion of agreement.23

Liver biopsy remains the gold standard for characterizing
changes in liver histology in patients with NAFLD; however,
liver biopsy has some limitations, including its cost, the risks of
morbidity and (rarely) mortality, and the need for adequate expe-
rience to provide a pathological diagnosis.10 It has therefore been
considered that liver biopsy should only be performed in patients
most likely to benefit from the diagnosis, therapeutic guidance,
and prognostic information.24 However, the pathological diagno-
sis of NAFLD should now be reconsidered in terms of NASH,
which does not affect the clinical outcome, and in terms of the
evaluation of histological fibrosis, which is the most important
finding for predicting mortality risk in NAFLD. Novel reliable
screening and diagnostic strategies based on the evaluation of
NAFLD and fibrosis, other than liver biopsy, are thus required to
identify NAFLD patients at significant risk of mortality.25

Recent research into noninvasive biomarkers for detecting
hepatic fibrosis in NAFLD may affect the clinical significance of
liver biopsy. Serum biomarkers, including keratin 18,26,27 type
III procollagen peptide,28 and type III collagen propeptide,29 as
well as noninvasive scoring systems, including the NAFLD
fibrosis score,30 Fibrosis-4 index,31 AST/platelet ratio index,32

FibroMeter,33,34 and BARD score,35 have demonstrated high
diagnostic accuracy and reliability for evaluating liver fibrosis
and diagnosing NASH. Ultrasound, including vibration-
controlled transient elastography (VCTE), has also been well
studied and has been used clinically to predict liver fibrosis in
NAFLD. Two recent studies demonstrated the excellent diagnos-
tic performance of VCTE in patients with biopsy-proven
NAFLD.36,37 Furthermore, the imaging-based magnetic reso-
nance (MR) technique, MR elastography, showed greater diag-
nostic accuracy than VCTE for the prediction of liver fibrosis in
patients with NAFLD,38,39 as recently confirmed in a multicenter
study.40 As an alternative to liver biopsy, MR elastography could
serve as a new gold standard for the assessment of liver fibrosis
with NAFLD.41 The rate of agreement on fibrosis stage between
different radiologists reading MR elastography has been shown
to be greater than that of separate pathologists assessing biopsy
specimens.32,33,42–44 Therefore, in our opinion, MR
elastography will become a new gold standard and benchmark,
which should be used to evaluate the utility of biomarkers. MR
imaging can also be used for the noninvasive quantification of
liver steatosis by spectroscopy45 or by measuring the proton den-
sity fat fraction,46,47 as widely used in NAFLD clinical trials.48

Overall, therefore, several noninvasive procedures are available for
predicting liver fibrosis in NAFLD. Although further studies are
needed to determine whether these procedures predict clinical out-
comes, including mortality, in patients with NAFLD, they may
provide alternatives to liver biopsy in clinical practice.

In conclusion, there is significant discordance among
pathologists in relation to the diagnosis of NASH and in NAS
scoring. Discordances in the diagnosis of ballooning and fibrosis
are critical for the diagnosis of NASH and the management of
NAFLD, respectively. There is therefore an urgent need for glob-
ally agreed, simple pathological diagnostic criteria for NAFLD

or the establishment of alternative noninvasive and quantitative
methods to provide diagnostic and reference information for the
clinical management of NAFLD patients.
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