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Abstract

Nonalcoholic fatty liver disease has emerged as the most prevalent chronic liver disease.
Nonalcoholic steatohepatitis (NASH); the more severe form of NAFLD has an increased risk for
the progression to cirrhosis. Recently NAFLD has also been linked to the increased risk of
cardiovascular morbidity and extrahepatic malignancy, which further predisposes these
individuals to increased mortality from non-liver related deaths. The available data suggest a more
benign course for individuals with steatosis alone, but increased morbidity and mortality among
those with advanced histological severity such as NASH and fibrosis. However, the natural course
of NAFLD has yet to be precisely defined in large part due to the lack of universally accepted
histologic definition of NAFLD, sampling error intrinsic to liver biopsy, and inconsistency among
pathologists to diagnose the histologic findings that are essential to the diagnosis of NASH.
Despite these limitations, a few studies have identified specific histologic findings (particularly
fibrosis regardless of stage) that are able to predict NAFLD related mortality being most
important.
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(1) Introduction

Non-alcoholic fatty liver disease (NAFLD) has emerged as the most prevalent chronic liver
disease. Population based studies in the United States estimate that the prevalence of
NAFLD is between 17% to 30% in the general population and as high as 80% in obese
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individuals undergoing weight loss surgery [1, 2]. NAFLD represents a histopathologic
spectrum ranging from steatosis alone, to necroinflammation - an entity described as
nonalcoholic steatohepatitis (NASH); the latter having an increased risk for the progression
to advanced fibrosis and cirrhosis. The prevalence of NASH is between 12%-17% with the
highest rates observed in Hispanics (19%) and diabetics (22%) [3, 4]. Approximately 15% to
25% of individuals with NASH can progress to cirrhosis [5]. NASH cirrhosis is now the
third most common cause of liver transplantation in the United States [6]. It is associated
with an increased risk for hepatocellular carcinoma and mortality in patients awaiting
orthotopic liver transplant [7] and it can recur post transplant [8]. Recently NAFLD has also
been linked to an increased risk of cardiovascular morbidity, which further predisposes these
individuals to increased mortality from non-liver related deaths [9]. A number of biomarkers
and algorithms continue to be evaluated as noninvasive markers for the diagnosis and
progression of NASH [10]. Although there is ongoing extensive research in the development
of biomarkers, liver biopsy remains the gold standard in diagnosing and predicting severity
of NAFLD [10, 11]. Despite the limitations of liver biopsy [12, 13], a few studies have
identified specific histologic findings that are able to predict NAFLD related mortality.
These data suggest a more benign course for individuals with steatosis alone, but increased
morbidity and mortality among those with advanced histologic findings of NASH and
fibrosis [14-17]. Most of these studies have been limited to tertiary centers and information
from population based studies on long term outcomes in NAFLD are clearly lacking.
Despite many studies and much discussion, the natural history of this disease remains ill
defined. This chapter will review the data that have evaluated the natural history of NAFLD
and discuss the relevance of histology to predict meaningful outcomes in NASH. Although
NAFLD in children is also associated with increased morbidity and mortality [18], only
adult NAFLD will be reviewed here.

(I1) Histological Progression of NAFLD

The spectrum of NAFLD (Figure 1) begins initially with simple fatty liver (steatosis) but
can progress to necroinflammation (NASH) in a subgroup of patients. Progressive fibrosis as
a result of the necroinflammation can lead to cirrhosis, the last and most severe form of the
NAFLD spectrum. Patients with NASH develop progressive fibrosis in 25%-50% over a
period of 4 to 6 years [14, 15, 19-22]. Less then 1% — 4% of patients with simple steatosis
progress to a more advanced fibrosis [15, 23]. In contrast, 15% to 25% of individuals with
NASH can progress to cirrhosis [5]. In a cohort of biopsy proven NAFLD patients, 37% of
patients had progression of fibrosis, while 34% remained stable and 29% had some
regression of fibrosis over 3—6 years [24]. In another study with a mean follow up of 13
years, 13.3% of NASH patient with mild to moderate fibrosis (F1-F2) and 50% of patients
with stage 3 fibrosis developed cirrhosis [14].

(1) Histologic Scoring Systems

Accumulation of greater than 5% of fat, particularly in the form of triglycerides, is generally
considered to be the minimal requirement in the histologic diagnosis of NAFLD [25]. Since
the original description of Ludwig [26], the histologic criteria for diagnosing NAFLD have

evolved and several grading systems have been proposed to assess histological severity [15,
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25, 27, 28]. Based on previously validated scoring systems [29], Matteoni et al [15] in 1999
characterized histologic subtypes that correlated with clinical outcomes (Table 1). In 2005,
the NAFLD activity score was developed by the NIDDK supported NASH clinical research
network (CRN) [25]. It consists of weighted sums of each of the following: steatosis, lobular
inflammation and the presence of hepatocytes ballooning (Table 2) that comprises the
NASH activity score (NAS), There is a separate classification for fibrosis used by NASH
CRN (Table 3). Recently Younossi et al proposed a new classification to define NASH
which included steatosis with the presence of centrolobular ballooning and/or Mallory Denk
bodies or fibrosis [17]. According to these criteria (Table 4), a diagnosis of NASH was made
if there was (1) any degree of steatosis along with centrilobular ballooning and/or Mallory-
Denk bodies or if there was (2) any degree of steatosis along with centrilobular, pericellular/
perisinusoidal fibrosis or bridging fibrosis in absence of other identifiable causes [17].

The major differences between the NAFLD Scoring System [25] and the two scoring
systems that used NAFLD subtype categories [15, 17] are that the latter two incorporate
fibrosis and non fibrotic lesions into each subtype. More importantly, they provide a better
prediction of long term liver related mortality in these patients [17]. Therefore, it is
important to carefully consider the similarities and differences among the published scoring
systems, as well as, the importance of individual histological lesions when assessing disease
severity, the accuracy of biomarkers and the different imaging modalities to predict the
histologic diagnosis, and most importantly the prognosis of NAFLD patients [30].

(IV) Role of Specific Histological Features in Prognostication

There are a number of individual histologic features that are both essential in the diagnosis
of NASH as well as prediction of clinical outcomes.

(i) Ballooning

Hepatocellular ballooning is a key feature of NASH and typically denotes hepatocyte injury
from steaohepatitis and is considered a marker for apoptosis [31]. The characteristic
ballooned hepatocytes are typically large round cells with a reticulated cytoplasm [32]. More
than 99% of patients with definitive NASH have some degree of ballooning which is
considered the most import histological feature to predict steatohepatitis [33]. Therefore it is
not surprising that ballooning degeneration (= 2) was associated with an increased liver
related mortality (HR-5.32; P=0.0015) [17]. However, the findings of ballooning may be
subtle and difficult to diagnose consistently even by a trained pathologist as noted in a study
that reported a poor to fair reliability to diagnose inflammation, balloon degeneration and
Mallory-Denk Bodies (MDBs) among pathologists [34]. Additionally the irregularity in
distribution of ballooning degeneration and MDBs could lead to underreporting of NASH. A
study of 51 NAFLD patients with paired liver biopsies taken simultaneously from the right
lobe reported a low-moderate inter-biopsy agreement for various liver lesion: lobular
inflammation- 0.13 (poor), ballooning degeneration-0.45 (moderate), Mallory bodies- 0.27
(poor) and acidophilic bodies- 0.07 (poor) [35].
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(if) Mallory-Denk bodies

(iii) Fibrosis

Mallory-Denk Bodies (MDBs) also know as Mallory bodies are cytoplasmic inclusion
bodies in the hepatocyte of patients with chronic liver disease containing an abnormal
keratin protein that has been ubiquinated [36]. Both ballooning degeneration and the
presence of MDBs can trigger the development of apoptosis. MDB'’s are not specific to
NASH and can be found in a number of other diseases including chronic hepatitis C [36—
39]. The presence of MDBs is a pathological lesion that has been incorporated into various
definitions to describe the severity of steatohepatitis[15, 17, 25], and has been associated
with endoplasmic reticulum stress and oxidative stress [40, 41]. However, the clinical
significance and prognostic value of MDBs in disease progression and outcomes in NAFLD
is not completely understood. A number of studies in the past have alluded to presence of
MDB:s as being associated with disease severity and unfavorable outcomes in both alcoholic
liver disease as well as NASH [15, 42, 43]. While the presence of MDBs is associated with
the presence of ballooned hepatocytes, it can also form in their absence making them less
interchangeable. Matteoni and colleagues were the first to report the importance of Mallory
bodies in disease progression and suggest a possible prognostic role in steatohepatitis [15].
In a subsequent study comparing long term survival between patients with NASH and
alcoholic steatohepatitis, those with nonalcoholic steatohepatitis had a better survival.
However a subgroup of NASH patients with moderate to severe Mallory bodies and fibrosis
had a significantly worse survival [43]. In a recent study Younossi et al observed that in
patients with NASH who had a related Liver Related Mortality (LRM) (28%), the presence
of MDBs were noted in 89% of the biopsy samples with 56% of them having at least
moderate to severe Mallory bodies (grade = 2). The presence of Mallory-Denk bodies (grade
> 2; HR=4.21, P=0.002) was significantly associated with liver related mortality [17].

Even though there appears to be a role for MDBs in disease progression and outcomes, their
presence is not considered a prerequisite to diagnose NASH [33].The presence of MDB’s
are descriptively mentioned in the NAS scoring system but does not carry any weight in
terms of the overall score [25], and additional data will be required to determine their
prognostic importance. Apoptosis has been validated as an accurate marker for diagnosis of
NASH based on immunochemistry in liver tissue [44]. This is of particular interest since
serum levels of CK-18, a biomarker of apoptosis has been validated to differentiate NASH
from no NASH [45].

Although fibrosis predicts clinical outcomes in NASH, it is not included in all the currently
published scoring systems. While evaluating 103 sequential liver biopsies in NAFLD
subjects, Adams et al noted an interesting observation linking fibrosis progression and
pathologic lesions in NASH [24]. A significant overall reduction in steatosis, inflammation,
ballooning, Mallory hyaline and progression of fibrosis was noted between interval liver
biopsies over a period of three years. It should be emphasized that reduction in steatosis but
not the other NASH lesions correlated with fibrosis progression. It has been reported in
previous studies that upto 47% of NAFLD patients without fibrosis at baseline developed
fibrosis on subsequent follow up liver biopsy [14]. Approximately 37% to 41% of the
NAFLD subjects have fibrosis progression over 3-10 years [14, 24]. A higher BMI, the
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presence of diabetes and a low initial fibrosis stage are associated with higher rates of
fibrosis progression [24]. Based on this information, it appears that with disease progression
overtime there is a decrease in the NAS score simultaneously with the worsening fibrosis,
thereby decreasing the accuracy for diagnosing NASH (based on NAS CRN score). This
issue is illustrated in a recent study done by Soderberg et al, who reported no differences in
survival between NASH and no NASH, based on the NASH activity score [46]. An
increased presence of fibrosis (72%) was noted even in the group classified as no NASH/
borderline and additionally the presence of fibrosis (stage 1-4) was more common in
NAFLD patients who died compared to those who survived (90% vs. 75%, respectively). In
the same study, if one reclassified those patients who had any type of fibrosis as NASH and
those with steatosis and inflammation without fibrosis as no-NASH, both the over all and
the liver related mortality in the NASH group would be significantly higher than in the no
NASH group. Absence of periportal fibrosis has a high negative predictive value (100%) to
predict liver related outcomes [14]. The lack of difference in survival among the NASH and
no NASH in previous studies lacked the prognostic utility for key pathologic lesions in
NASH, as they were not adjusted for fibrosis [16, 46]. However in a subsequent study, it
was clearly shown that the presence of advanced fibrosis is the only histological lesion
shown to be associated with liver related mortality. Neither steatosis, inflammation,
ballooning, nor Mallory hyaline were associated with liver related mortality after adjusting
for the presence of fibrosis [17]. The inclusion of fibrosis could explain, in part, the reason,
why the classifications for NASH used by Younossi and Matteoni and not the NAS score,
independently correlated with liver related mortality [17]. Furthermore, fibrosis is the
histological feature in NASH with the best inter and intra agreements among pathologist
[34]. Using this observation one can make an argument that NAFLD in the presence of
fibrosis, especially those who have NASH, are at a higher risk for death.

(V) NAFLD Related Mortality
(A) All Cause Mortality

There are several hospital and community based studies comparing overall and liver related
outcomes in NAFLD patients to that of the general population (Table 5) with some studies
lacking a histologic diagnosis of NAFLD [19, 47-50]. A community based study that used
ultrasound to compare outcomes between NAFLD patients and the general population had
higher all-cause mortality in the former group (Standardized mortality ratio=1.34; P=0.03)
[47]. Similar findings were reported in females with NAFLD and no differences were
observed between males and females (Hazard ratio: 1.2 vs. 0.92) [48].More recently in a
study with a 15 year follow that used fatty liver index (FLI) as a surrogate marker for fatty
liver, the FLI was independently associated with increased all-cause mortality compared to
the general population [49]. Similar observations were also noted in studies that used
histologic criteria for diagnosing NAFLD [14, 16, 46]. In a small Swedish cohort, there was
a significantly decreased overall survival among biopsy proven NAFLD patients (78% vs.
84%) compared to the reference population [14]. Another recent study by Soderberg et al
validated these observation with higher all- cause mortality in NALFD patients followed for
at least 21 years compared to the general population (SMR=1.7; 95% C.I: 1.24-2.25) [46].
In these studies, there is an incremental increase in overall mortality rates among subjects
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with biopsy proven NAFLD from 50% in the first decade of follow-up, to as high as 70% by
the second decade [14, 46, 47]. NAFLD patients with metabolic syndrome; particularly with
diabetes mellitus and insulin resistance have more advanced fibrosis and are prone to a more
rapid progression of their fibrosis [24, 51]. NAFLD patients with type 2 diabetes mellitus
can double the risk of overall mortality compared to the general population having diabetes
without NAFLD (Hazard Ratio (HR)= 2.2) [52]. Compared to patients with alcoholic liver
disease or viral hepatitis, NAFLD patients have lower risk of death but a higher risk than
patients with autoimmune and genetic disorders [46].

Within the NAFLD spectrum, patients with histologic evidence of steatosis alone in the
absence of NASH appear to generally follow a more benign course. In a Danish cohort of
109 subjects with bland steatosis there was no difference in survival compared to the general
population [20]. These findings have been corroborated by many other histology based
studies in NAFLD [14, 16, 46, 53]. In contrast, the presence of histologic NASH is
associated with worse outcomes compared to the general population [14, 46]. In a national
registry based cohort of 129 with elevated liver enzymes and biopsy proven NAFLD
followed for 13 years [14], Ekstedt et al found a significant increase in all-cause mortality in
patients with NASH compared to the reference population. The overall survival of patients
with NASH was significantly lower (70% vs.80%, respectively, P=0.01). The poor
outcomes in this cohort were attributed more to both the presence of increased
cardiovascular morbidity and to a lesser degree liver related mortality [14]. Similarly, in
another study with a 28 year follow up, the overall mortality was higher in NASH compared
to the general population (SMR 1.9; 95%Cl, 1.19-2.76, P=0.007) [46]. In the same study all
cause mortality in NASH patient remained significantly higher even after exclusion of those
patients with stage 3 and stage 4 fibrosis.

There are only a few studies that have directly compared outcomes among those with NASH
and no NASH (Table 6). Matteoni et al were the first group to analyze the long term
outcomes of NAFLD patient in relation to their histologic subtypes [15]. A series of NAFLD
patient were divided based on their histology into four distinct subtypes: type 1&-2
(steatosis xlobular inflammation) and type 3&4 (steatosis + ballooning degeneration +
Mallory-Denk + fibrosis). In a mean follow up of 18 years, those with type 3&4 histology
(NASH) had higher rates of cirrhosis and liver related mortalities (30.8% vs. 5.6%)
compared to type 1&2 (No NASH) but the overall survival was not different between the
two groups [15]. Findings from this study pioneered the need to study liver histology for
prognostic information on long-term survival among patients with steatohepatitis. The same
group reported that the presence of diabetes mellitus decreased survival in these patients [15,
16]. In the study by Ekstedt and his colleagues, although NASH and no NASH were not
directly compared, those patients with no NASH had a better better survival than patients
with NASH compared to the general population [14]. However there were no differences in
overall mortality between the two groups in other studies [16, 17, 46]. In one study, the
presence of any fibrosis in NAFLD was associated with an increased all-cause mortality
compared to those patients without any fibrosis [46]. NAFLD related advanced fibrosis is
associated with an over all death rate of 13%—-28% (Table 7) but is lower than other chronic
liver diseases [54-57].
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(B) Cardiovascular Related Mortality

NAFLD patients have a higher risk for cardiovascular morbidity and mortality compared to
a general population controlled for age and gender [58]. Both hospital and community based
studies have established cardiovascular complications as one of the leading causes of death
in the NAFLD cohort [14-16, 19, 47, 59].The death from cardiovascular disease in NAFLD
ranges from 13% to 30% and is the most common cause of mortality followed by
malignancy (6%-28%) and liver related deaths (2.8% to 19%) respectively [14, 16, 46, 47,
60]. The prevalence of cardiovascular disease is higher in NASH compared to other chronic
liver diseases other than alcoholic liver disease [46]. Furthermore, cardiovascular deaths
remain significantly higher in patients with NASH cirrhosis (the second highest cause of
mortality) compared to patients with HCV- related cirrhosis (sixth leading cause) [54].
These findings are not surprising given that 41% to 58% of subjects who undergo coronary
angiogram have NAFLD on imaging and furthermore the presence of NAFLD was also an
independent predictor of coronary artery calcification [61, 62]. The risk of death from
cardiovascular events among the histological subtypes has shown variable results [14, 15,
46]. Ekstedt et al reported higher deaths from cardiovascular disease in patients with NASH
compared to the general population (15.5% vs. 7.5%, P=0.04) as well as those with no
NASH (15.5% vs. 8.6%) [14], a similar but not significant trend was noted in a Swedish
cohort [46].However more recent data suggest patients with NASH do not have an increased
risk of cardivascular disease compared to no NASH [63]. Several large population based
studies that have used non-histologic modalities of diagnosis have reported no difference in
cardiovascular mortality among patients with NAFLD compared to the general population
[49, 50, 52]. In a large population based cohort of patients with diabetes mellitus, NAFLD
with diabetes was associated with increased overall mortality including deaths from
malignancy but not with cardiovascular disease compared to those without NAFLD [52].
Moreover the presence of NAFLD is also an independent predictor for cardiovascular
mortality. Therefore, whether cardiovascular mortality is related to NASH independent from
the co-morbidities in the metabolic syndrome remains to be determined [59, 64]. While the
rates of cardiovascular disease is higher in both NAFLD and NASH compared to the general
population, the differences in mortality between NASH and no NASH has yet to be clearly
ascertained.

(C) Liver Related Mortality

NASH is associated with progression to advanced fibrosis and cirrhosis leading to the
development of liver related complications and deaths [65, 66]. Additionally cirrhosis can
also predispose to the development of hepatocellular cancer and need for transplantation.
While liver disease is the third leading cause of death in NAFLD patients, it is the 11t and
13 cause of death in obese patients without fatty liver and in the general population:
respectively [16, 60]. Liver related deaths are significantly higher in patients with NASH
(13%-17.5%) compared to simple steatosis and no NASH (1.3% — 2.5%) [16, 17]. Among
the causes of liver related death hepatocellular carcinoma is the most common occurrence
[14, 16, 46]. Besides NASH, the presence of NASH related fibrosis including both mild
fibrosis (F1-F2) and advanced fibrosis (F3-F4) have significantly higher liver related
mortality rates then simple steatosis [21]. The ability of the NASH subtype classification to
predict liver related mortality outcomes (LRM) in NASH was tested in a cohort of 209
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biopsy proven NAFLD patients followed for a median of 146 months [17]. The liver related
mortality was significantly higher in NASH (13%) compared to no NASH (1.3%). After
adjusting for confounding variables, the proposed scoring of NASH had a Cox adjusted
hazard ratio (aHR) of 4.43 (95% C1=0.97-20.20; P=0.05) as a predictor of LRM.
Assessment of individual components of pathological features found that advanced fibrosis
> 3 (stage3 fibrosis and cirrhosis) but not grades of steatosis, lobular inflammation or
ballooning degeneration predicted increased risk of LRM in NASH. The over all liver
related deaths in patients with NASH and advanced fibrosis is as high as 22% (Table 7) but
is lower than other chronic liver diseases [54-56]. More recently a large study with mean
follow up of 85.6 months comparing outcomes between NAFLD and hepatitis C related
cirrhosis showed a fewer liver related complications, death and transplant rates in the
NAFLD group [57]. However, most studies data comparing NAFLD cirrhosis with other
chronic liver disease are hampered by small size and variability in length of follow up.

(D) NASH Related Post-Transplant Outcomes

Liver transplantation is an effective therapy for chronic end-stage liver disease with over
90% and 70% survival at 1 year and 5 years respectively [67]. The percentage of patients
undergoing a liver transplant for NASH in the last decade has increased from 1.2% to 9.7%.
NASH is now the third most common indication for liver transplantation in the United
States behind hepatitis C and alcoholic liver disease and is the only liver related indication
that continues to increase [6]. Patients after transplantation can develop a number of well-
recognized complications, including infection, graft rejection, cardiovascular disorders,
renal insufficiency, diabetes, hypertension, chronic rejection, dyslipidemia, and certain types
of malignancies [8]. A common link in the development of cardiovascular, renal disorders
and malignancies is the presence of posttransplant metabolic syndrome (PTMS). The
prevalence of PTMS after transplant is approximately 50% and is most often associated with
development of insulin resistance in the setting of immunosupression [68]. It is not
surprising that the development of metabolic disorders after OLT can result in denovo
steatosis and NASH in up to 70% and 30 % patients respectively, with a minority of patients
developing cirrhosis [69, 70]. Recurrent nonalcoholic steatohepatitis patients did not
develop allograft failure or require retransplantation at 3 years [69]. The over-all
posttransplant survival rates of patients with NASH at 1 and 3 years are as high as 84% and
78%, respectively, compared with 87% and 78% for other indications (P=0.67) [6]. More
recently the 5 year survival was reported as 76.4% with cardiovascular mortality (26%)
being the second highest cause of death after sepsis [70, 71]. Among those transplanted for
NASH cirrhosis, a combination of older age, a higher BMI, diabetes and hypertension have
an associated mortality rate of at least 50% [72].

(VI) Histologic Features and Clinical outcomes

Data from several large population and hospital-based studies have confirmed that the
presence of NAFLD by using either histology or abnormal liver imaging is associated with
an increased all- cause and liver related mortality compared to age and sex matched general
population [14, 19, 46, 47, 52, 60]. In these studies, the all-cause mortality from NAFLD
increased by 50% in the first 10 years and peaked to 70% in the second decade [14, 46, 47,
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52]. The presence of diabetes in NAFLD patients doubles the risk of disease progression and
is prognostic for higher all-cause mortality in NAFLD patients [16, 52]. However, NAFLD
includes the presence of simple steatosis and steatohepatitis and one must use caution while
extrapolating these results to the entire spectrum of disease. The long term outcomes vary
across the disease stage and are based on histological severity among NAFLD subtypes.
While NAFLD by itself has significantly poorer outcomes than age and sex matched general
populations, studies reported to date have uniformly concluded that the presence of simple
steatosis, either alone or with minimal inflammation, in the absence of ballooning
degeneration or fibrosis are associated with similar outcomes to age and gender matched
general population without NAFLD [14, 20, 46]. However, one aspect that has clearly stood
out is the lack of difference within the spectrum of NASH with no differences in all-cause
mortality between NASH compared to no NASH [16, 17, 46]. Given that NASH is a more
histologically severe form of NAFLD, with an increased predisposition to cirrhosis, one
should have expected findings to the contrary. A number of different possibilities may
explain this discrepancy including: (1) difficulty in establishing a true definition for NASH
[73], (2) determining the exact role of pathologic features including fibrosis in NASH
outcomes and (3) limitations in the role of liver biopsy in NAFLD related outcome studies
[29].

(a) Lack of Consensus for a True Definition to NASH

The definition of NASH is still evolving. A number of different histologic definitions have
been reported, which makes it difficult to establish a universally accepted diagnosis of
histologic NASH that can predict meaningful clinical outcomes [15, 17, 25, 33, 74]. For
example, a recent study that included a cohort of 257 patients with NAFLD proposed a new
histologic definition of NASH and compared their definition interprotocol agreement with
three other existing classifications including Brunt’s classification, NAS =5 and the
Matteoni subtypes, which has been discussed earlier in this article. The reported measure of
interprotocol agreement of their definition (k statistic= 0.896) was in almost perfect
agreement with Matteoni classification to distinguish NASH. The agreement between the
proposed definition and the now widely used NAS> 5 and Brunt’s classification was
moderate (k=0.511) and at best fair (k=0.365) respectively. Lowering NAS=4 resulted in
better agreement between the NAS and the new NAFLD subtype classification [17]. The
results are not surprising as both the NASH definitions that had the best interprotocol
agreement have some key similarity in their definitions [15, 17]. This study also compared
the association of liver related mortality (LRM) with the existing NASH definitions in 209
NAFLD patients followed over a median period of 12 years. After adjusting for various
confounders, the diagnosis of NASH using the Younossi and Matteoni definitions showed
significant associations with LRM. However, NASH defined by the NAS> 5 and the original
Brunt’s criteria did not reach statistical significance [17]. However as recently emphasized,
the NAS CRN scoring system was developed as a tool for descriptive purposes to measure
changes in NAFLD during therapeutic trials- not to diagnose NASH [33]. The diagnosis
should not be made based on an NAS calculated number, but rather on the pathologist’s
overall evaluation of histological patterns and individual lesions on the liver biopsy. Using
934 biopsies taken from the NASH CRN network database, the use of NAS cutoffs (=5 vs.
< 4) for histological diagnosis of steatohepatitis versus borderline/no NASH did not provide
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sufficient sensitivity and specificity to support their use for NASH diagnosis [33]. These
results do not in any way suggest a superiority of one definition over another but rather
emphasizes the need for uniformity across studies especially concerning outcomes related
studies in NAFLD.

(b) Variability in diagnosing individual pathologic lesions in NASH

Another possible reason for the lack of differences in mortality within the NAFLD spectrum
could be explained in part by the heterogeneity in distribution of individual pathologic
lesions in the liver and intraobserver variability using these lesions to define NASH on a
biopsy. By far the highest variability in intra and inter observer agreement has been for
lobular inflammation, ballooning degeneration and presence of certain intracytoplasmic
inclusion [29, 34, 35] that are central to the diagnosis of histologic steatohepatitis [25] that
were discussed above.

(c) Limitations of Liver Biopsy in Outcome Studies

NAFLD is essentially an asymptomatic disease, discovered incidentally by the presence of
elevated liver enzymes during routine blood work and abnormal imaging done for a variety
of reasons [75]. Liver biopsy continues to remain the gold standard to assess severity in
NAFLD, making it logistically difficult to utilize this method in the general population due
to the invasive nature of the procedure and related complications [76]. Furthermore, the
chronicity of NAFLD would require many years of follow up to reach the hard end points of
cardiovascular and liver related morbidity/mortality, resulting in the paucity of population
based data to elucidate the natural history of NAFLD [77].In addition, regardless of the
scoring system used, the presence of sampling error, adequacy of sample size for grading
and staging (Table 8) and interobserver variability among pathologists to diagnose NAFLD
remains an important limitation for both clinical care, investigative trials and outcome
studies [13, 35, 78, 79].

(V1) Conclusion

Unfortunately, the natural course of NAFLD has yet to be precisely defined due in large part
to the difficulty in establishing the exact disease burden of NAFLD in the general population
and identifying those NAFLD patients at risk for increased morbidity and mortality. Based
on the data available and review of the current literature, particularly in general population
studies, it appears that NAFLD, including NASH but not simple steatosis, is associated with
worse outcomes compared to the general population. However, in spite of these
observations, the differences in all cause mortality between no NASH and NASH are not
significantly different. Recently, there also has been increasing interest in the association
NAFLD and cardiovascular disease [9]. While histologic severity in NAFLD was associated
with an increased LRM, cardiovascular mortality did not significantly differ between the
NAFLD despite it being a leading cause of death in NAFLD. Potential explanations for this
include (1) early deaths from liver disease and cancer, (2) overlapping co-morbid risk factor
for heart disease, and (3) most studies had small sample sizes have investigated this issue. In
addition, the relevance of histological severity to predict outcomes are also confounded by
the presence of certain metabolic derangements especially diabetes mellitus and
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dyslipidemia. Therefore, additional large, prospective, randomized, multicenter trials are
needed to determine the precise role of NAFLD histology on the morbidity and mortality for
both liver related and cardiovascular outcomes. Given the recent evidence supporting the
importance of fibrosis in disease progression, prospective studies are required to compare
the outcomes among NASH patients with and without fibrosis to identify the 25% patients
with NASH who will progress to advanced liver disease. Additional work is also required to
(1) form a consensus of the histologic diagnosis of NASH, (2) increase the accuracy of
among pathologists to identify the key pathologic lesions in NASH, (3) clarify the role of
fibrosis across the spectrum of NAFLD, and (4) identify biomarkers that can accurately
stage NAFLD and obviate the need for repeat liver biopsy in these patients. Until such data
are available, it seems reasonable to consider that the stage of disease is a critical
determinant in the overall prognosis of NAFLD. The presence of NASH on liver biopsy
especially among those having any degree of fibrosis should necessitate enhanced
surveillance for cardiovascular disease and malignancies, aggressive management of
comorbidities and referral (if possible) to a medical center with expertise in NAFLD.
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Unfortunately, the natural course of NAFLD has yet to be precisely defined due in large
part to the difficulty in establishing the exact disease burden of NAFLD in the general
population and identifying those NAFLD patients at risk for increased morbidity and
mortality.

Based on the data available and review of the current literature, particularly in general
population studies, it appears that NAFLD, including NASH but not simple steatosis, is
associated with worse outcomes compared to the general population. However, in spite of
these observations, the differences in all cause mortality between no NASH and NASH
are not significantly different.

Given the recent evidence supporting the importance of fibrosis in disease progression,
prospective studies are required to compare the outcomes among NASH patients with
and without fibrosis to identify the 25% patients with NASH who will progress to
advanced liver disease.

The presence of NASH on liver biopsy especially among those having any degree of
fibrosis should necessitate enhanced surveillance for cardiovascular disease and
malignancies, aggressive management of co-morbidities and referral (if possible) to a
medical center with expertise in NAFLD.
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Figure. 1.
The spectrum and the natural progression of nonalcoholic fatty liver disease

Clin Liver Dis. Author manuscript; available in PMC 2014 September 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Pagadala and McCullough

Classification of Non-alcoholic Fatty Liver Disease by Subtypes- Matteoni et al [15]

Table 1

NAFLD-subtype | Pathology Clinicopathological correlation
Type 1 Simple Steatosis alone No NASH

Type 2 Steatosis + lobular inflammation only No NASH

Type 3 Steatosis + hepatocellular ballooning NASH without fibrosis

Type 4 Steatosis, ballooning, Mallory bodies or fibrosis | NASH with fibrosis
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Table 2
Classification of Non-alcoholic Fatty Liver Disease by NAFLD Activity Score (NASH CRN) [25]

Histologic Finding Grade

« Steatosis 0-3

« Lobular inflammation 0-3

« Hepatocellular ballooning 0-2
Maximum Score 8

NASH requires a score of = 4 with at least 1 point from ballooning injuryT

TUsed in some clinical studies to diagnose NASH. However, it was developed as a scoring system to be used in clinical trials not to diagnose
NASH based on a number. [33]
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Classification of Fibrosis in Non-alcoholic Fatty Liver Disease by NASH CRN [25][25]

Table 3

Fibrosis Type*

Score

* None
Perisinusoidal Zone 3
-Mild
- Moderate

« Portal/Periportal

« Bridging

« Cirrhosis

« Perisinusoidal and Portal/Periportal | 2

1A
1B
1C

*

- Not a prerequisite for diagnosis of NASH in this scoring system
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Table 4

Classification of Non-alcoholic Fatty Liver Disease by Subtypes- Younossi et al[17]

Pathology Clinicopathological correlation
Simple Steatosis alone No NASH

Steatosis + lobular inflammation only No NASH

Steatosis with centrilobular ballooning and/or Mallory-Denk bodies NASH

Any Steatosis with centrilobular pericellular/perisinusoidal or bridging fibrosis | NASH
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Pagadala and McCullough

Liver Biopsy in NAFLD with Minimum Criteria for Size of Biopsy

Table 8

Study Year | Size Portal Tract | Aim

(mm) (n)
Goldstein [78] | 2005 | =16 Stage
Arun [79] 2007 | 225 8 Diagnosis
Merriman [13] | 2006 | =28 18 Grade/ Stage
Ratziu [35] 2005 | =40 33 Grade/ Stage
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