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Abstract
As well as being a key risk factor for the development of 
nonalcoholic fatty liver disease (NAFLD), type 2 diabetes 
(T2D) also appears to accelerate NAFLD progression. 
Liver biopsy is the reference standard for the diagnosis of 
the severe form of NAFLD, nonalcoholic steatohepatitis 
(NASH), and there are two key, non-interchangeable, 
standardized histologic scoring systems used to evaluate 
disease features. Although fibrosis staging is not included 
as a criterion for the diagnosis of NASH, it is a key prognostic 
indicator, and (using biopsy samples), the agreement 
between pathologists concerning fibrosis staging is very 
good. Liver biopsy is an imperfect reference standard, 
with issues including its invasive nature, sampling errors,  

 
and intra- and inter-observer variability. Thus, numerous  
researchers are focussing on developing improved 
assessment tools. Studies have shown the utility of digital 
pathology and machine learning models in providing 
improved objectivity, sensitivity, and accuracy in assessing 
and quantifying morphologic features, and in classifying 
patients. Furthermore, our ongoing study in patients with 
T2D (QUID NASH) is investigating the use of non-invasive 
tools for the assessment of NAFLD, and initial results are 
encouraging.
 
Key words: digital pathology, histology, machine 
learning, NASH, type 2 diabetes
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Introduction
Type 2 diabetes (T2D) is a key risk factor for the develop-
ment of nonalcoholic fatty liver disease (NAFLD), although 
the association between the two diseases is bidirectional.[1] 
Amongst those with T2D, the estimated global preva-
lence of NAFLD is >55%,[1] which is approximately double 
the prevalence in the general population.[2] Furthermore, 
progression to severe liver disease appears to be acceler-
ated in patients with T2D.[1] Globally, in patients with T2D, 
the prevalence of nonalcoholic steatohepatitis (NASH) 
is estimated to be close to 40%, and in biopsied patients 
with both NALFD and T2D, the estimated prevalence of 
advanced fibrosis is 17%.[1]

Pathologically, NAFLD can be characterized by four main 
hallmarks. First, a diagnosis requires the presence of an 
accumulation of hepatic fat (steatosis) in more than 5% 
of hepatocytes.[3] Second, NAFLD is a complex disease 
with heterogeneous pathologic patterns, ranging from 
simple steatosis to steatohepatitis. Third, there is also 
heterogeneity in the progression of the disease, and only 
some patients will progress beyond simple steatosis and 
develop advanced fibrosis and cirrhosis. Finally, at the time 
of writing, liver biopsy is still required for the diagnosis 
of NASH, as clinical, biochemical, or imaging measure-
ments cannot currently distinguish NASH from steatosis. 
Although liver biopsy is considered the reference standard 
for the diagnosis of NASH, it is imperfect,[4] and several 
researchers are investigating possible improvements or 
alternatives to this standard.[5] This article discusses, from 
a pathologist’s viewpoint, the current systems for diag-
nosing and assessing NAFLD and NASH, and also summa-
rizes recent developments in this field.

Liver biopsy: the reference 
standard
In patients with suspected NAFLD, a liver biopsy can serve 
several purposes. A diagnosis of NASH requires three key 
histologic features: steatosis, lobular inflammation, and 
hepatocellular ballooning.[2] In addition to confirming the 
diagnosis, a biopsy can help assess the severity of NAFLD, 
in terms of inflammatory activity (disease grade based on 
inflammation and hepatocellular damage) and fibrosis 
stage. Biopsy results highlight the above-mentioned het- 
erogeneity of the disease, which is not obvious from 
currently-available noninvasive tests, and we now know 
that NAFLD is a continuous morphologic spectrum with 
many intermediates.[2] Standardized histologic scoring 
systems also offer a common language between patholo-
gists and clinicians, enable improved diagnostic accuracy 

and inter-reader agreement, aid in evaluating treatment 
responses, and support patient inclusion in clinical trials. 
Liver biopsy may also identify, or exclude, some potential 
comorbidity risk factors.[6]

Histologic scoring systems

Two key NAFLD histologic scoring systems have been devel-
oped and validated, and both provide standardized evalu-
ation of disease features that cannot be achieved by any 
available noninvasive tests. The two tests differ marked- 
ly and are not interchangeable. The NAFLD activity score 
(NAS) is a composite scoring system based on the 
unweighted sum of semiquantitative analyses of steato- 
sis (0–3), lobular inflammation (0–3), and hepatocellular 
ballooning (0–2).[7] NAS was designed as a continuous scale 
to compare disease activity in clinical trials and should 
not be used for diagnosis.[2,8] In the seminal study of NAS, 
a score of ≥5 generally correlated with a NASH diagnosis;  
a score of 0–2 was associated with a diagnosis of ‘not 
NASH,’ whereas a score of 3–4 was inconclusive.[7] NAS 
does not assess fibrosis; however, the fibrosis stage is 
generally reported alongside the NAS score. The second 
system, the Steatosis Activity Fibrosis (SAF) score, can be 
used for both grading/staging of disease severity and diag-
nosis.[9,10] Rather than a sum of scores, SAF gives separate 
semiquantitative scores for steatosis (0–3), activity (0–4), 
and fibrosis (0–4), with the activity score based on the 
unweighted sum of the scores for two features, ballooning 
(0–2) and lobular inflammation (0–2).[10] In the first study 
of this system, the activity score correlated strongly with 
a NASH diagnosis; 92% of patients with an activity score 
of ≥2 had NASH, and all patients with an activity score of 
<2 did not have NASH. The two scoring systems also differ 
in the way hepatocyte ballooning is evaluated.[8] With 
the NAS, the intensity of the ballooning is evaluated; the 
ballooning score would be 1 if only a few ballooned cells 
were observed, and 2 if there were many ballooned cells. 
When using the SAF system, the ballooning score is related 
to the size of the hepatocyte; the presence of ballooned 
cells a similar size to normal hepatocytes would be graded 
as 1, while an enlarged ballooned cell (≥2x the size of a 
normal hepatocyte) would be graded as 2.[9]

Few studies have compared both scoring systems in large 
cohorts. However, one study performed by a group in Delhi 
used both NAS and SAF systems to retrospectively evaluate 
liver biopsy samples from 1000 patients with NAFLD.[8] For 
NAS, a score of >5 was classified as NASH, 3–4 as borderline 
NASH, and <3 as non-NASH. For SAF, NASH was indicated 
by a score of ≥1 for each of the following three categories: 
steatosis, hepatocellular ballooning, and lobular inflam-
mation. As per the definition of NASH, the fibrosis stage 
was not used for diagnosis. Using NAS, the diagnosis was 
definite NASH for 618 patients, borderline/possible NASH 
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for 310, and not NASH for 72, while using SAF, 883 were 
diagnosed as definite NASH, and 117 patients as not NASH. 
Thus, of the 310 patients diagnosed as borderline/possible 
NASH using NAS, 273 (88.06%) were diagnosed as definite 
NASH using SAF. Furthermore, of those with NAS scores 
of 3, 79.4% were diagnosed as NASH using the SAF score, 
compared with 94.4% with a NAS score of 4. As mentioned 
above, the NAS system was not designed as a diagnostic 
tool, and these findings highlight the importance of 
providing individual grades for each histologic feature of 
NAFLD, to enable better interpretability for clinicians and 
pathologists, along with easier evaluation of treatment 
responses.

NASH diagnosis: should additional morphologic 
features be included? 

Based on the current definition, the diagnosis of NASH via 
liver biopsy is relatively straightforward, requiring the pres-
ence of the three above-mentioned histologic features. 
However, it is possible that this definition has been oversim-
plified, with a consequential loss of diagnostic accuracy. 
Older papers outlining pathologic criteria for the diag-
nosis of NASH consider additional features, such as peri- 
sinusoidal fibrosis and portal inflammation;[11-13] perhaps 
these additional features should be included in a new 
scoring system?
The rationale for including perisinusoidal fibrosis is that 
NAFLD is a dynamic process, in which disease activity can 
lead to fibrosis. Perisinusoidal fibrosis is an early marker 
of aggressive disease, which typically starts in the centri- 
lobular area of the liver and is triggered by lobular 
inflammation and, more importantly, by hepatocellular 
ballooning. Furthermore, the between-pathologist repro-
ducibility of perisinusoidal fibrosis scoring is far greater 
than that for lobular inflammation and ballooning. There-
fore, taking the presence of perisinusoidal fibrosis into 
account may improve the accuracy of NASH diagnoses.
Another important histologic feature, briefly discussed by 
Dominique Valla in another article in this series, is portal 
inflammation. In fact, portal inflammation was originally 
proposed to be included in the NAS system; however, due 
to the low number of patients included in the validation 
study (N=50), this feature did not reach significance.[7]

Fibrosis staging: the most relevant histologic 
endpoint

Although fibrosis is not included as a diagnostic criterion, 
it is observed in the majority of patients with NASH,[14] 

and, as outlined by Dominique Valla, it is a key prognostic 
indicator for NAFLD.[15] In the context of NAFLD, fibrosis 
staging is very specific, and takes into account sinusoidal 
fibrosis occurring within the lobule and portal fibrosis.
[10] The stages range from 0 (no fibrosis) to 4 (cirrhosis).  

As mentioned above, in contrast to grading of lobular 
inflammation or ballooning, the agreement between patho- 
logists concerning fibrosis staging is very good. However, 
the semiquantitative nature of this system means that the 
heterogeneity of fibrosis within stages is not completely 
captured.[16] The magnitude of fibrosis in stage 3 is the best 
example of this heterogeneity, with biopsies showing any 
number of fibrous septa (between one and many) without 
nodulation. 

Liver biopsy: an imperfect reference standard

Liver biopsy is associated with several challenging issues 
that make it an imperfect reference standard. It is an invasive 
procedure, with an accompanying risk of complications,[14] 
and is not suitable for screening large numbers of patients 
with T2D and NAFLD.[15] There is the possibility of sampling 
errors; even when of adequate size, a biopsy sample may 
not be representative of the overall histology of a patient’s 
liver.[16] Furthermore, although reduced by standardizing 
histologic scoring systems, intra- and inter-observer vari-
ability remains an issue, the degree of which can depend 
upon the level of a pathologist’s expertise, as well as the 
type of morphologic feature being assessed. As an example, 
for lobular inflammation, the consistency of assessment is 
only fair to good between pathologists (kappa 0.33–0.45) 
and even for different readings by the same pathologist 
(kappa 0.37–0.60).[14] 

NAFLD assessment:  
the future for pathologists
Digital pathology

Improved, objective, and reliable quantitative NAFLD 
assessment tools are required, and numerous researchers 
are working towards this goal.[5] One such improvement 
is digital pathology, in which a stained tissue section is 
converted to a digital image via a scanning device. Thus, 
pathologists use a computer rather than a microscope to 
evaluate tissue sections, allowing deeper image analy- 
sis. Dedicated software allows quantitative and qualita-
tive analysis of various morphologic features, resulting 
in improved objectivity, sensitivity, and accuracy. For 
example, algorithms have been developed to quantify the 
amount of steatosis,[17] and the area or number of inflam-
matory cells.[18] It is also possible to obtain automated 
quantification of fibrosis using conventional staining, such 
as Sirius red, or more sophisticated tools, such as dual 
photon imaging microscopy.[19] In addition, we can use arti-
ficial intelligence-based models that will help us to recog-
nize, from routine stained slides, morphologic features 
that are not accessible to the human eye, and to apply 
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computer-aided deep learning methods based on convo-
lutional neuronal networks (CNNs).[20] 

Digital pathology: experience in NAFLD 

Several papers outlining the use of digital pathology in 
NAFLD assessment have been published recently. One 
such study used data from more than 200 patients with 
biopsy-proven NAFLD.[21] Expert pathologists manually 
annotated histologic features from slides obtained from 
the first 100 patients (the derivation cohort), and these 
slides were then scanned and used to facilitate training 
of a machine learning algorithm that was able to identify 
these annotated features. Biopsy data from the remaining 
patients (the validation cohort) were used to validate the 
algorithm. In the derivation cohort, there was excellent 
concordance between the manual annotation from the 
pathologist and the automatic measurement. However, 
there was only a moderate correlation between the semi-
quantitative analyses performed by the pathologist and 
the quantitative analysis performed by the software. 
Importantly, the results showed an overestimation of stea-
tosis by the pathologist, and confirmed that as the fibrosis 
stage increases, the amount of fibrosis tissue increases in 
an exponential, not linear, fashion. 

Classification accuracy rates of >90% were achieved in a 
study that used biopsy data from 79 patients with NAFLD to 
implement and test a topological data analysis method of 
assessing hepatocellular ballooning to classify patients as 
having NASH or NAFLD.[22] Another study, which used more 
than 5000 liver biopsy samples obtained in 3 clinical trials 
involving more than 3000 patients with advanced fibrosis 
and NASH, developed and validated deep CNNs to quantify 
histologic features of NASH.[23] One important finding from 
this study was the heterogeneity of fibrosis, both within a 
single patient’s biopsy and between different patients with 
the same stage of fibrosis. For example, within a single slide 
from one patient with advanced fibrosis, in some areas the 
staging will be F0, while in other areas it will be F3 or F4. 
This study also identified morphologic parameters that 
are predictive of outcome, including the ratio of steato- 
sis to hepatocellular ballooning, and the level of portal 
inflammation.

Another study used an automated tool to quantify the 
amount and assess the architectural patterns of fibrosis.[24] 
As pathologists, we emphasize that assessing the loca-
tion and architectural organization of the fibrosis is even 
more important than evaluating the severity and extent 
of fibrosis. Although this study used biopsies from only 18 
patients, they covered the entire spectrum of NAFLD and 
fibrosis severity, and two pathologists provided almost 
1000 annotations to develop, train, and test machine 
learning models. They showed good to excellent correla-

tion between the automatic quantification of fibrosis (as 
measured by collagen proportionate area [CPA]) and the 
staging by the pathologists. However, they found a signif-
icant overlap in CPA across the different fibrosis stages; 
that is, a patient with F2 may have a similar CPA to one with 
F4, meaning that CPA alone should not be used to guide 
patient management. Importantly, the automated tool 
was also able to distinguish different patterns of fibrosis.

As a final example of the use of digital pathology, a study 
using samples from 87 patients with NAFLD (≈80% with 
NASH) aimed to evaluate the contribution of gene transcrip-
tion to disease severity.[25] RNA-scope results showed that 
the majority of patatin-like phospholipase domain-con-
taining protein 3 (PNPLA3) mRNA was in hepatocytes, while 
collagen 1α (COL1α) mRNA was predominately seen in the 
portal area, as expected, within the myofibroblast; approxi- 
mately half of the myofibroblasts also expressed PNPLA3. 
They also showed that PNPLA3 mRNA was less abundant in 
the hepatocytes located in zone one, and that the level of 
PNPLA3 transcription decreased as the severity of fibrosis 
increased (Figure 1).

Non-invasive diagnosis of NASH in T2D

Although the digital pathology studies discussed above 
represent significant advances in the diagnosis and clas-
sification of NAFLD, they rely on the use of liver biopsies. 
Considerable research is also being invested into mini-
mally or non-invasive tests for NAFLD assessment. As an 
example, our ongoing Quantitative Imaging in Diabetes- 
NASH (QUID-NASH) research study includes a large number 
of patients with T2D who require a liver biopsy as part of 
their care.[26] The ultimate goal of this study is to develop a 
‘virtual liver biopsy’ to assess the main histologic features 
of NASH, and interim results are encouraging.[4] As part 
of this ongoing study, we are performing semiquantita-
tive analyses of histologic features and developing quan-
titative algorithms for steatosis, lobular inflammation, 
portal inflammation, and fibrosis discrimination (perisinu-
soidal vs. portal). We are also investigating ductular reac-
tions within the portal tract. We will compare the standard 
semi-quantitative analyses with non-invasive approaches 
such as magnetic resonance imaging and blood tests, and 
also evaluate the correlation of histologic features with 
clinical biologic parameters and NAFLD disease severity in 
these patients with T2D.
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Conclusion
Although liver biopsy is the reference standard for the diag-
nosis of NASH, it is an imperfect standard. For biopsy analy- 
sis, there are two key histologic scoring systems available. 
They are not interchangeable, and they each have specific 
issues. Some of these issues may be resolved through 
the use of digital pathology which, as an example, allows 
objective and accurate quantification of the elementary 
morphologic features, thus enabling improved patient 
stratification and monitoring of response to therapy.  

 
Furthermore, using a machine learning approach will allow 
the development of computer-assisted classification of 
morphologic patterns, and also produce single-cell analy- 
ses that may provide powerful mechanistic insights. In 
addition, our study investigating non-invasive tools for 
the assessment of NAFLD in T2D is underway, and initial 
results are encouraging.

Medical writing assistance was provided by Toni Dando, on behalf of Springer Healthcare Communications, 
and funded by L’Institut Servier.

Figure 1: Patatin-like phospholipase domain-containing protein 3 (PNPLA3) transcription: A) in zone 1, 2, and 3 hepatocytes compared with 
mean (standard deviation [SD]) mRNA/cell in all zones, and B) per cell across different fibrosis stages. Reprinted from JHEP Rep, 1(3), Sandhu 
B, Perez Matos MC, Tran S, Zhong A, Csizmadia E, Kim M, Herman MA, Nasser I, Lai M, Jiang ZG, Quantitative digital pathology reveals 
association of cell-specific PNPLA3 transcription with NAFLD disease activity, 199-202, Copyright 2019, with permission from Elsevier.
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