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Summary

Background and Aims: Patients with nonalcoholic fatty liver disease (NAFLD) cirrhosis
benefit from referral to subspecialty care. While several clinical prediction rules exist to identify
advanced fibrosis, the cutoff for excluding cirrhosis due to NAFLD is unclear. This analysis
compared clinical prediction rules for excluding biopsy-proven cirrhosis in NAFLD.

Methods: Adult patients were enrolled in the NASH Clinical Research Network (US) and the
Newecastle Cohort (UK). Clinical and laboratory data were collected at enrolment, and a liver
biopsy was taken within 1 year of enrolment. Optimal cutoffs for each score (eg, FIB-4) to exclude
cirrhosis were derived from the US cohort, and sensitivity, specificity, positive predictive value,
negative predictive value and AUROC were calculated. The cutoffs were evaluated in the UK
cohort.

Results: 147/1483 (10%) patients in the US cohort had cirrhosis. All prediction rules had
similarly high NPV (0.95-0.97). FIB-4 and NAFLD fibrosis scores were the most accurate in
characterising patients as having cirrhosis (AUROC 0.84-0.86). 59/494 (12%) patients in the UK
cohort had cirrhosis. Prediction rules had high NPV (0.92-0.96), and FIB-4 and NAFLD fibrosis
score the most accurate in the prediction of cirrhosis in the UK cohort (AUROC 0.87-0.89).

Conclusions: This cross-sectional analysis of large, multicentre international datasets shows that
current clinical prediction rules perform well in excluding cirrhosis with appropriately chosen
cutoffs. These clinical prediction rules can be used in primary care to identify patients, particularly
those who are white, female, and <65, unlikely to have cirrhosis so higher-risk patients maintain
access to specialty care.

Graphical Abstract
NONINVASIVE PREDICTION OF CIRRHOSIS
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1| INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is an important public health problem, affecting
an estimated 25%-30% of the world population,12 with approximately 20% of patients
having nonalcoholic steatohepatitis (NASH).3 NAFLD can be progressive, particularly if
NASH is present, with up to 30%—40% having progression of fibrosis and at risk for
cirrhosis and its complications.# The increasing burden of NASH-associated cirrhosis is
apparent, as it is the second leading indication for liver transplantation.” Fibrosis stage

in NAFLD has been identified as the most important factor associated with mortality.8-10
Identifying patients with cirrhosis due to NASH is critical so that appropriate surveillance
for hepatocellular carcinoma (HCC) and clinical decompensation be performed. Given the
NAFLD disease burden, triage of patients among primary care physicians and specialists

is essential and simple, non-invasive tools to rule out cirrhosis in NAFLD patients are
extremely useful. While noninvasive imaging studies such as ultrasound-based elastography
and magnetic resonance elastography (MRE) have excellent ability to discriminate between
cirrhosis and other stages of fibrosis with AUROC as high as =0.9,11-13 several factors
limit the ability to apply these tests to the large at-risk population: (1) the results of
ultrasound-based elastography can be affected by obesityl41° or steatosis;15 (2) testing
requires available imaging technology and adequate experience to produce reliable results.®
Liver biopsy, while considered the “gold standard” for diagnosis and staging of NAFLD,

is fraught with problems when applying to the general population, due to cost, risk and
potentially inadequate or misrepresentative specimens obtained.

Several clinical prediction rules to discriminate advanced fibrosis and cirrhosis (modified
Brunt classification F3/4) from milder fibrosis (FO-2) have been published, including APRI,
FIB-4 and NAFLD fibrosis score. Most of these rules were originally developed to assess
for advanced fibrosis in non-NAFLD patients but have subsequently been well-validated
for use in NAFLD patients.16-19 Only the NAFLD Fibrosis Score and BARD scores were
developed and validated for use in patients with NAFLD. The NAFLD fibrosis score has
been demonstrated to be cost-effective in the risk stratification of patients with NAFLD in
the primary care setting.2% How well these tools separate non-cirrhotic (FO-3) vs. cirrhotic
(F4) is also not well described. Given the myriad of clinical prediction tools available,

a comprehensive evaluation of performance characteristics would be helpful to clinicians
seeing patients with NAFLD.

Therefore, we aimed to evaluate seven clinical prediction rules in two large, well-defined,
prospective clinical cohorts to determine appropriate cutoffs to rule out cirrhosis in NAFLD
patients.

2| METHODS
2.1 | Study design and participants: US Cohort

The current study on predictive clinical rules for cirrhosis was a cross-sectional analysis
based primarily upon data collected prospectively from the large U.S. Multicenter NASH
Clinical Research Network (CRN) cohort. Data from the enrolment visit from all
participants in the NAFLD Database study and all participants enrolled up to the close
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of the analysis database on November 2015 in NAFLD Database 2 study were included.?!
The details of the inclusion and exclusion criteria and study designs have previously been
published.2! Briefly, the NAFLD Database 2 study is an extension of the NAFLD Database
1 study and uses similar inclusion and exclusion criteria, except for requiring histological
proof of NAFLD as an inclusion criterion.22 The NASH CRN studies are sponsored by

the National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of
Health, and all patients provided written informed consent for participation.

Information on demographic characteristics, medical history, clinical tests and liver biopsy
results were collected at the baseline visit, as previously described.2! All eligible adults
met the following diagnostic criteria for NAFLD: (1) histologic diagnosis of NAFLD or
histologic diagnosis of cryptogenic cirrhosis; (2) alcohol use history of <70 g/week for
females or < 140 g/week for males; and (3) exclusion of liver disease of other aetiologies,
including viral or autoimmune hepatitis, drug-induced liver disease and cholestatic or
metabolic liver disease.

2.2 | Liver histology

All liver biopsy slides were stained with haematoxylin and eosin and Masson’s trichrome,
and were reviewed and scored centrally by the NASH CRN pathology committee as
previously reported?3; the review was performed blindly without knowledge of local
pathology evaluation or clinical or laboratory characteristics of the patients.23.24 The
NAFLD activity score (NAS) was graded from 0 to 8 and is the sum of scores for steatosis
(0-3), lobular inflammation (0-3) and hepatocellular ballooning (0-2). Definite NASH was
deemed present as judged by the majority of the local NASH CRN pathologist and two
additional NASH CRN pathologists.?* Fibrosis stage was assessed according to the modified
Brunt classification; 0 = no fibrosis, 1a = mild, zone 3 perisinusoidal fibrosis (requires
trichrome), 1b = moderate, zone 3 perisinusoidal fibrosis (does not require trichrome), 1c

= portal/periportal fibrosis, 2 = zone 3 perisinusoidal and periportal fibrosis, 3 = bridging
fibrosis, 4 = cirrhosis.23:24:25.26 patients with stage F3 or F4 fibrosis were considered to have
advanced fibrosis, and those with F4 were considered to have cirrhosis. All biopsies were
taken within 1 year (NASH CRN database 1) or 90 days (NASH CRN database 2) of the
enrolment visit.

2.3 | Study design and participants: UK Cohort

This study included consecutive patients with biopsy-proven NAFLD who attended the
specialist fatty liver clinic at the Freeman Hospital, Newcastle-upon-Tyne, UK, enrolled
prospectively. The clinical data were sourced ethically following receipt of informed consent
from each patient and their research use was in accordance with the terms of the informed
consents under an IRB/EC approved protocol. All data were obtained in a similar manner

as for the US cohort. Liver biopsies were conducted as per routine clinical care for the
investigation of abnormal liver function tests (raised ALT, AST or GGT) or to stage disease
severity in patients with imaging evidence of fatty liver. Clinical and laboratory data were
collected prospectively from the time of liver biopsy. Patients with evidence of other liver
diseases (autoimmune hepatitis, viral hepatitis, drug-induced liver injury, haemochromatosis,
cholestatic liver disease or Wilson’s disease) were excluded. In addition, subjects consuming
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excessive amounts of alcohol (alcohol intake >20 g/day for women; >30 g/day for men) at
the time of biopsy or in the past were excluded. Patients with incomplete data to calculate all
the non-invasive scores based on liver enzymes and clinical data were excluded.

Percutaneous liver biopsies were performed as per unit protocol and prepared in the same
manner as in the US cohort within 90 days of enrolment, and were assessed by an
experienced local hepatopathologist. Patients with liver biopsies specimens less than 15
mm in length were excluded. Histological scoring was performed according to the NASH
Clinical Research Network criteria (CRN)23 using the same criteria as the US cohort.

2.4 | Statistical analysis plan

Seven clinical prediction rules (AST:ALT ratio, AST to platelet ratio (APRI), BMI
AST/ALT ratio diabetes (BARD) score, FIB-4 index, NAFLD fibrosis score, Bonacini
Cirrhosis discriminant score (CDS), and Lok index) were calculated using previously
published formulas (Table S1).27-33 These scores have well-validated cutoffs to predict
advanced fibrosis (bridging fibrosis or cirrhosis). In this study, new optimal cutpoints for
diagnosis of cirrhosis in seven clinical prediction rules were identified using Youden’s
index as the metric to obtain the maximum sum of sensitivity and specificity, using the
data from the US cohort. These cutoffs were then evaluated in the UK cohort. Each
clinical prediction rule was evaluated for sensitivity, specificity, positive predictive value,
negative predictive value and AUROC. The results adhere to the Standards for Reporting of
Diagnostic Accuracy (STARD) for diagnostic tests, with the STARD checklist included as
Table S2.

Data are presented as means with standard deviations or as percentages unless otherwise
specified. Variables were compared in patients with cirrhosis to those without cirrhosis using
chi-square test for categorical variables and #test for continuous variables. The data analysis
for this paper was generated using both SAS (SAS version 9.4, SAS Institute Inc.) and Stata
software (StataCorp. 2017. Stata Statistical Software: Release 15.1; StataCorp LLC).

3| RESULTS
3.1] US cohort (NASH CRN cohort)

3.1.1| Cohort characteristics—A total of 1483 patients met inclusion and exclusion
criteria and formed the US cohort. Five hundred sixty-seven patients enroled in the NASH
Database Study from July 2004 to February 2008 and 916 enrolled in the NASH Database
2 from July 2009 to November 2015. Cohort participants had a mean age of 50 years, were
predominantly female (64%), and white (83%) (Table 1). Diabetes and hypertension were
present in 37% and 57% of the cohort, respectively. Mean AST and ALT were 50 U/L (SD
35) and 68 U/L (SD 51), respectively. Most (65%) of patients had liver biopsy length of 15
mm or longer. Ten per cent (N = 147) of patients had cirrhosis on liver biopsy. Compared
to patients without cirrhosis, those with cirrhosis were older (55 vs 49 years; p < 0.0001),
more commonly white (93% vs 82%; p < 0.0008), had higher prevalence of diabetes and
hypertension (66% vs 34%, p < 0.0001 and 67% vs 56%, p = 0.008, respectively), and
higher BMI (36 vs 34 kg/m2, p=0.004). AST, AST/ALT ratio, INR were significantly
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higher and platelet count lower (all p< 0.01) in patients with vs. without cirrhosis, whereas
ALT was lower. Patients with cirrhosis had more ballooning, less steatosis and higher
proportion with definite NASH than patients without cirrhosis (all p< 0.0001).

3.1.2| Clinical prediction rule performance—The performance characteristics of
the seven clinical prediction rules in identifying cirrhosis are presented in Table 2. Using the
cutpoints derived from the use of the Youden index, sensitivity ranged from 64% to 82%,
with FIB-4 and Bonacini CDS having the highest sensitivity at 80% and 82%, respectively.
The NAFLD fibrosis score had the highest specificity (86%). All rules had low PPVs
(<35%), while NPVs were high (295%). The overall diagnostic accuracy to detect cirrhosis,
using AUROC, was highest using FIB-4 (0.86), the Lok index (0.86) and NAFLD fibrosis
score (0.84), as displayed in Figure 1. Performance of FIB-4 was significantly better than
APRI, AST:ALT ratio, BARD and Bonacini (all p< 0.001). Neither the prediction cutpoints,
nor the AUROCSs and their associated p-values were substantially changed when each rule
was assessed in patients with biopsy length =15 mm or =25 mm (Tables S3a and S3b).

Recognising that the use of the Youden index cutpoints may equally misclassify patients
having or not having cirrhosis, we further analysed each clinical prediction rule to determine
the optimal cutoff according to 90% sensitivity (“rule out” cutoff) and 90% specificity (“rule
in” cutoff). Cutoffs derived from FIB-4 and NAFLD fibrosis score to identify cirrhosis were
1.28 and -1.59, respectively, for 90% sensitivity, and 2.35 and 0.58, respectively, for 90%
specificity (Table S4). Using these cutoffs, performance was modelled according to different
disease prevalence (1%, 10% and 25%). At 1% cirrhosis prevalence and 90% sensitivity,

the NPV was >99% for all rules. When the cirrhosis prevalence was increased to 25%, the
NPV remained high (=93% for FIB-4 and NAFLD fibrosis score). The PPV when cirrhosis
prevalence was 1% and specificity 90% was very low (<7%) for all rules. When cirrhosis
prevalence increased to 25%, the PPV increased to 63% and 68%, respectively (Table S5).
Using the Youden-index derived FIB-4 cut-off of 1.67, the false-positive rate was lowest and
the false-negative rate was highest when diagnosing cirrhosis vs. diagnosing other stages of
fibrosis (Table S6).

3.2| UK cohort (Newcastle cohort)

3.2.1| Cohort characteristics—In the 494 patients included in the UK cohort, the
mean age was 53 years, 57% were male and all were white. Diabetes was present in 57%

of the cohort. Mean AST and ALT were 49 (SD 27) U/L and 71 (SD 45) U/L, respectively.
Cirrhosis on biopsy was present in 59 (12%) of the patients in the UK cohort (Table 3).
Similar to the US cohort, patients with cirrhosis were older (59 vs 53 years; p < 0.001), more
frequently diabetic (84% vs 53%; p < 0.001), and had higher BMI (37 vs 35 kg/m?; p=
0.002). Mean AST, AST/ALT ratio, INR and platelet count were significantly (all p < 0.005)
higher in patients with cirrhosis compared to those without cirrhosis, whereas mean ALT
was significantly lower (p= 0.03). Patients with cirrhosis had less ballooning, more steatosis
and more lobular inflammation than patients without cirrhosis (all p < 0.05) but similar rates
of definite NASH (41% with cirrhosis vs. 38% without cirrhosis).

Aliment Pharmacol Ther. Author manuscript; available in PMC 2023 June 01.
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3.2.2| Clinical prediction rule performance—The clinical prediction rules were
evaluated in the entire UK cohort, except for the Bonacini score and Lok index (/7= 424
due to 70 patients not having INR available). Performance of the seven clinical prediction
rules to diagnose cirrhosis in the UK cohort was similar to the performance in the US
cohort (Table 4). Using the cutpoints derived from the Youden index analysis, APRI had

the highest sensitivity to rule out cirrhosis (85%), FIB-4 still performed well, with the
sensitivity of 78%. Specificity was highest for the Lok index (95%) and was 89% for the
NAFLD fibrosis score. PPV was low in this cohort, though it had a wider range than the US
cohort (19%-52%). NPV was high for all prediction rules, though slightly lower than the US
cohort (292%). The overall diagnostic accuracy for detecting cirrhosis, using AUROC, was
numerically the highest for the NAFLD fibrosis score (0.89) and FIB-4 (0.87).

4| DISCUSSION

This study leverages data from two large multicentre, multinational studies, to evaluate the
diagnostic performance of seven clinical prediction rules to rule out cirrhosis in patients
with biopsy-confirmed NAFLD in well-characterised, predominantly white, <65-year-old
patient cohorts that included mostly patients who were white, female and younger than 65.
Among the seven different clinical prediction rules evaluated, FIB-4 and the NAFLD fibrosis
score had excellent negative predictive value to exclude cirrhosis. The high sensitivity and
NPV of both scores indicate that few patients would be misclassified as not having cirrhosis
despite its presence on liver biopsy. These results also demonstrate that the previously
well-validated cutoffs for ruling out advanced fibrosis perform well for ruling out cirrhosis
in this patient population. We propose the use of new cutoffs for FIB-4 (1.67) or the NAFLD
Fibrosis Score (0.28) to identify NAFLD patients with similar demographic characteristics
who are unlikely to have cirrhosis have similar demographics as in our cohorts. This

method facilitates the identification of patients at low risk for cirrhosis who may not need
subspecialty care and helps to preserve access for patients with cirrhosis to hepatologists,
with the aim of reducing liver-related morbidity and mortality. Because the cohort lacks
racial and ethnic diversity within the US, caution should be used in applying these novel
cutoffs in non-white patients. Earlier studies have demonstrated that higher cutoff values

are likely appropriate for older patients,34 so further validation of our novel cutoffs may be
required prior to application in patients older than 65 to ensure appropriate sensitivity is
preserved.

While prior studies have not specifically set out to identify those who may have cirrhosis,
these studies have had similar results to ours with regard to the performance of clinical
prediction rules in diagnosing advanced fibrosis. Our results are similar to what was
observed in a meta-analysis of four studies that included a total of 1038 patients, where

the NPV to rule out advanced fibrosis (F3—4) for FIB-4 and the NAFLD fibrosis scores
were 0.9-0.91.3% Moreover, our new FIB-4 and NAFLD fibrosis score cutoffs to rule out
cirrhosis maintain a similarly high level of accuracy for identification of cirrhosis.16 These
results reaffirm the use of FIB-4 and NAFLD fibrosis score cutoffs to exclude the presence
of cirrhosis in NAFLD patients and identify those who are at high risk but may need further
testing to confirm the diagnosis.

Aliment Pharmacol Ther. Author manuscript; available in PMC 2023 June 01.
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Our use of the Youden index relied upon a high sensitivity for each clinical prediction rule
(90%), with the goal of yielding robust NPV to rule out cirrhosis. Our methods yielded

a single cutoff that may better inform primary care providers about which of their fatty
liver patients are indeed at low risk for advanced fibrosis. This cutoff selection method also
assumed the risk of classifying a patient as not having cirrhosis was the same as classifying
a patient as having cirrhosis, which is not necessarily true clinically. While a false-negative
test may eliminate opportunities to reduce liver-related morbidity and mortality through
HCC and/or variceal surveillance,36 a false positive may lead to additional unnecessary
testing and cause undue anxiety to the patient. These risks have to be considered in the
context of the populations where the tests are used. Since the prevalence of cirrhosis is low
in the general population, the high negative predictive value of these new cutoffs is likely
to represent true negatives. The low specificity and positive predictive value of these risk
scores further underscore the need for additional approaches to confirm the presence of
cirrhosis if patients are suspected to have cirrhosis on the basis of noninvasive tests. Use
additional testing (eg, transient elastography, ELF, liver biopsy) will be necessary to confirm
the presence of cirrhosis in patients with FIB-4 and NAFLD Fibrosis Score values above
these cutoffs.

Although the specificity for the new cutoffs proposed for FIB-4 and NAFLD Fibrosis Score
for cirrhosis in this current study is relatively low, the high sensitivity and NPV minimise
the risk that patients will pay the price of misclassification into lower-risk groups. While
we aimed to identify patients with cirrhosis, given the sub-optimal specificity and overlap
of these new cutoffs for FIB-4 and NAFLD fibrosis scores with those previously established
for advanced fibrosis (F3), it is likely that some patients with advanced fibrosis will be
labelled as having cirrhosis. Given the high risk of liver-related events in patients with
advanced fibrosis, this potential “misclassification” may result in appropriate linkage to
subspecialty care. The other “misclassification” applies to the few patients with cirrhosis
but are assessed as not having cirrhosis due to scores below the cutoffs. Future studies are
needed to determine if repeatedly calculating FIB-4 scores and the NFS at routine follow-up
visits will eventually identify those patients.

This study does have some limitations that must be acknowledged and may limit the
generalisability of our findings. First, our cohort comprised a broad spectrum of NAFLD
severity, which parallels that seen in the general NAFLD population. Even though the
cohorts contain a relatively small number of patients with cirrhosis, it is likely that even
this proportion is greater than that in the general population as both cohorts were compiled
at highly specialised centres. If spectrum bias is present, this could affect the performance
of the clinical prediction rules evaluated and their respective derived cutoffs. While the
new cutoffs for cirrhosis for FIB-4 had excellent performance in the UK cohort, the lack
of validation in more ethnically diverse cohorts is needed, particularly since the negative
predictive value of FIB-4 will decrease in populations where the prevalence of cirrhosis

is higher.37:38 The gender of included patients was predominantly female, which may also
affect the performance of FIB-4. Additionally, the cohorts used for this study had only a
small minority of patients with age >65 years and thus the performance of these cutoffs
could not be further assessed in the older population. Finally, our cross-sectional study
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design does not account for variability in lab measurements over time. Further studies are
needed to assess the trend in FIB-4 and its association with fibrosis progression.

It is impractical to subject the 25% of the US population at risk for NAFLD? to liver

biopsy to accurately characterise disease severity, particularly since a very small proportion
of this large group will actually have cirrhosis, yet it is important to identify them for

closer monitoring. Moreover, clinical prediction rules that rely on complex formulas such

as a previous score developed using the NASH CRN cohort3? often do not gain widespread
acceptance in routine clinical care. Application of simple clinical prediction rules with a
single cutpoint may allow primary care providers to identify patients who may be at lower
risk for having cirrhosis due to NAFLD on a large scale, thereby maintaining the capacity
for higher-risk patients to be referred to gastroenterologists and hepatologists for further risk
stratification. We have shown that simple methods utilising readily available clinical data
accurately rule out cirrhosis in patients with NAFLD. These methods can be applied easily
in the primary care setting to white, younger patients to avoid speciality referral for low-risk
patients, though validation in populations who are older, non-white and male is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Performance of seven clinical prediction rules for diagnosis of cirrhosis in the US cohort
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