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Purpose: A systematic screening for the presence of nonalcoholic fatty liver disease (NAFLD)-related advanced fibrosis is currently
recommended in patients with type 2 diabetes mellitus (T2DM) and obesity. However, real-world data of such liver fibrosis risk
stratification pathway from diabetology and nutrition clinics towards hepatology clinics are scarce. Therefore, we compared data from
two pathways with or without transient elastography (TE) performed in diabetology and nutrition clinics.

Patients and Methods: This is a retrospective study comparing the proportion of patients with intermediate/high risk of advanced
fibrosis (AF) as defined by a liver stiffness measurement (LSM) >8kPa, among patients referred in hepatology from two diabetology-
nutrition departments at Lyon University Hospital, France between November 1st 2018 to December 31st 2019.

Results: Among the two diabetology and nutrition departments using TE or not, 27.5% (62/225) versus 44.2% (126/285) were
referred to hepatology, respectively. The pathway using TE in diabetology and nutrition referred to hepatology a higher proportion of
patients with intermediate/high risk of AF compared to the pathway without TE: 77.4% versus 30.9%, p<0.001. In the pathway with
TE, the odds of patients with intermediate/high risk of AF referred to hepatology was significantly higher: OR: 7.7, 95% CI: 3.6-16.7,
p<0.001 after adjustment for age, sex and presence of obesity and T2D compared to the pathway without TE in diabetology and
nutrition clinics. However, among the patients not referred, 29.4% had an intermediate/high risk of AF.

Conclusion: A pathway-referral using TE performed in diabetology and nutrition clinics, significantly improves the liver fibrosis risk
stratification and avoids over-referral. However, collaboration between diabetologist, nutritionists and hepatologists is needed to avoid
under-referral.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is being recognized as the most common chronic liver disease worldwide,
affecting approximately 25% of the global adult population." While the majority of patients with NAFLD exhibit benign
hepatic steatosis or nonalcoholic fatty liver (NAFL) with minimal risk of progression towards cirrhosis, approximately 25
to 30% will progress towards non-alcoholic steatohepatitis (NASH). This increases the risk of progression towards
advanced fibrosis and cirrhosis.> * Furthermore, liver fibrosis portends a worse longitudinal prognosis with a long-term
increase of overall mortality, liver transplantation, and liver-related events justifying the need to detect patients with
advanced fibrosis in order to improve their management and clinical care.”® Given the large prevalence of NAFLD,
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including a majority of patients without advanced fibrosis, population-based screening is not warranted due to the lack of
cost-effectiveness which would lead to overwhelming health care systems.” However, risk stratification and case-finding
strategies, based upon risk factors in selected population at high risk for advanced fibrosis, is currently recommended by
several society guidelines.'®"?

Patient with type 2 diabetes mellitus (T2DM) and obesity are recognized as population at high risk of NAFLD-
related advanced fibrosis and are identified as priority target for these screening strategies.'® "> Recent guidelines have
reinforced the need for such screening and recommend a two-step approach based upon easily available blood-based
non-invasive tests (NIT), such as FIB-4 score as a first-line test, followed by more specific patented blood-based tests
or imaging-based tests, such as transient elastography, depending on their availability.'® '*'* Despite these guidelines,
NAFLD and advanced fibrosis are largely underdiagnosed and the implementation of the two-step screening strategy
remains challenging as it requires multidisciplinary collaboration, especially between endocrinologists and hepatolo-
gists. Furthermore, whether the second line NITs should be performed prior to the referral in hepatology or in the liver
clinics, varies across the guidelines. This pivotal point would need clarification in order to ensure a successful
implementation in clinical practice. Hence, real-world data of scenarios implementing these pathways are crucially
needed and are currently scarce.'® Indeed, providing real-world data from routinely collected clinical data have the
potential to better inform clinical care decision making that could lead to public health benefit by enabling the
development of new models of care. Therefore, we report real-world data comparing two different pathway referral
strategies implemented in diabetology and nutrition clinics for patients with NAFLD according TE availability in
diabetology and nutrition clinics.

Materials and Methods
Population and Study Design

This is a retrospective comparative study from two diabetology and nutrition departments in the Lyon University
Hospital (Hospices Civils de Lyon) which implemented distinct screening strategies for NAFLD-related advanced
fibrosis based upon availability of TE assessment in diabetology and nutrition.

Data from adult patients who underwent a screening for liver advanced fibrosis in the departments of diabetology and
nutrition at the Lyon South Hospital and at the Lyon East Hospital within Hospices Civils de Lyon between
November 1st 2018 to December 31st 2019, were systematically extracted from electronic medical records and collected
using a specifically dedicated computerized database. Clinical data including demographic, anthropometric, biological
and imaging data were extracted from electronic charts. Other causes of chronic liver diseases were excluded including:
viral hepatitis, autoimmune hepatitis, excessive alcohol consumption (defined as >30g/day for males and >15g/day for
females for a period longer than 2 years at any times in the last 10 years), hemochromatosis, Wilson disease, medications
known to produce steatosis, such as corticosteroids, high-dose estrogen, tamoxifen, methotrexate, amiodarone in the
previous 6 months or genetic lipid disorders, including hypobetalipoproteinemia.

Definition and Endpoints
Patients with intermediate/high risk of advanced fibrosis were defined as patients with a valid liver stiffness measurement
(LSM) > 8 kPa."" Patients with low risk of advanced fibrosis were defined as patients with a valid LSM < 8kPa or invalid
LSM, and other second line tests such as Fibrotest™ <0.48, according to the recent EASL guidelines.'’

The primary endpoint of the study was the proportion of patients with intermediate/high risk of AF among patients
referred in the hepatology department.

Liver Stiffness Assessment

LSM was performed using a FibroScan® (Echosens, Paris) by trained medical doctors at the fasting state of at least 4
hours using either M or XL probe when indicated and according to the manufacturer recommendations as previously
described.'®
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Ethic Statement

All the data was collected in the context of clinical care and were pseudonymized. The study was performed in strict
compliance with the French reference methodology MR-004, established by French National Commission on Informatics
and Liberties (CNIL). Patients received a written notice and had the possibility to object to the use of their data. The
study was approved by the Research Ethics Commission of Lyon-University-Hospital IRB 22 584.

Statistical Analysis

Descriptive analyses were performed using SPSS 21.0 (IBM, SPSS, Chicago, IL, USA). Continuous variables were
expressed as mean =+ standard deviation (SD) or median, IQR when appropriate and categorical variables as a percentage.
Comparisons between groups were performed using Student’s unpaired ¢-test, Mann Whitney test, Chi-Square or Fisher
exact test, as appropriate. The comparison of the proportion of patients with intermediate/high probability of AF between
the two referral pathways were performed by logistic regression in univariate and multivariable model. A 2-sided p-value
< 0.05 was considered statistically significant.

Results
Description of the Two Pathway Referrals for Risk Stratification of Patient with
NAFLD in Diabetology and Nutrition

The referral pathway 1 implemented at Lyon South Hospital had no TE assessment available on site. It applied
a systematic and standardized screening based upon the 2016 EASL-EASD-EASO clinical practice guidelines for the
Management of NAFLD.'* Patients with either T2DM or obesity with hepatic steatosis, diagnosed by abdominal
ultrasound, were systematically screened for NAFLD-related advanced fibrosis with a first line test using the NAFLD
Fibrosis Score (NFS).!” Patients with abnormal liver enzymes or with mild/moderate or high risk of advanced fibrosis, as
defined by an NFS > —1.455, were referred to the hepatology department for additional tests including TE assessment
using a FibroScan® and if needed, specialized care and follow-up.

The referral pathway 2, implemented at Lyon East Hospital, had a TE assessment available, performed on site using
a FibroScan® prior to referral to the hepatology department. Patients with T2DM or obesity and hepatic steatosis,
underwent a non-systematic and non-standardized screening for NAFLD-related advanced fibrosis. The indication for TE

assessment by FibroScan®

was not standardized, leaving it to the endocrinologist’s clinical appreciation of either
abnormal liver enzymes or NFS.!” Likewise, referral in hepatology department was not standardized and left to the

clinical appreciation of the physician.

Baseline Characteristics of the Studied Population

A total of 510 patients with either T2DM or obesity and NAFLD underwent a screening for advanced fibrosis in the two
diabetology and nutrition departments Table 1. The pathway 1 included 285 patients with a mean (£SD) age of 53.9
(£13.6) years, BMI of 39.1 (+8.0) kg/m?, 62.8% had T2DM and 87% had obesity Table 1. The pathway 2 included 225
patients with a mean age of 57.1 (+£10.8) years, BMI of 33.5 (£6.0) kg/m2, 84.4% had T2DM. Both departments included
patients with similar FIB-4 score and AST to ALT ratio Table 1. Among the studied population, 135 patients had
intermediate or high risk of advanced fibrosis. As expected, they were significantly older and exhibited a significant
higher prevalence of T2DM, hypertension and abnormal liver enzymes compared to patients with low risk of advanced
fibrosis Table 2.

Over-Referral of Patients in a Pathway Without TE Performed in Diabetology and
Nutrition Clinic

Among the 285 patients with a suspicion of advanced fibrosis referred to hepatology from pathway 1 without TE
performed in diabetology and nutrition clinics, only 44.2% (n=126) had a TE assessment in the hepatology department
due to the saturation of the pathway referral. Among the 225 patients from the pathway 2 with TE performed in
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Table | Patient’s Characteristics

Characteristics Overall Center without TE Center with TE p-value®*
n=510 Assessment n=285 Assessment N=225
Demographics
Age (years) 55.3 (12.5) 53.9 (13.6) 57.1 (10.8) 0.043
Female, n (%) 244 (48) 161 (66) 83 (34) <0.001
Clinical
Type 2 Diabetes, n (%) 369 (72.3) 179 (62.8) 190 (84.4) <0.001
BMI (kg/m2) 36.7 (7.7) 39.1 (8.0) 33.5 (6.0) <0.001
Obesity, n (%) 416 (81.6) 248 (87.0) 168 (75.3) <0.001
Hypertension, n (%) 318 (62.4) 155 (54.4) 163 (72.4) <0.001
Dyslipidemia, n (%) 320 (62.7) 151 (53.0) 169 (75.1) <0.001
Biological data
AST (U/L) 32.0 (24.042.0) 30.0 (23.0-39.7) 34.0 (26.045.5) 0.008
ALT (U/L) 39.0 (26.0-60.0) 36.0 (22.5-58.5) 42.0 (28.0-65.0) 0.008
GGT (U/L) 45.0 (30.0-83.0) 43.0 (26.0-78.5) 47.0 (33.0-91.7) 0.009
Abnormal liver enzymes n (%) 280 (54.9) 146 (52.1) 134 (47.9) 0.021
Hemoglobin Alc (%) 7.2 (6.0-8.8) 6.8 (5.8-8.6) 7.4 (6.5-9.3) <0.001
Triglycerides (mg/dL) 1.8 (1.3-2.8) 1.7 (1.2-2.5) 2.1 (1.4-3.1) 0.001
Total cholesterol (mg/dL) 4.8 (4.0-5.6) 4.8 (4.2-5.5) 4.8 (3.8-5.7) 0.246
HDL-cholesterol (mg/dL) 1.0 (0.9-1.2) 1.1 (0.9-1.2) 0.98 (0.8-1.2) <0.001
LDL-cholesterol (mg/dL) 2.7 (2.0-3.5) 2.9 (2.3-3.5) 24 (1.8-34) <0.001
Platelet count (109/L) 251.0 (206.0-294.0) 254.0 (216.0-298.0) 247.0 (193.7-288.5) 0.024
Clinical Prediction Rules
AST/ALT 0.8 (0.6-1.0) 0.8 (0.66—1.1) 0.8 (0.6-1.0) 0.127
FIB-4 1.2 (0.8-1.5) 1.1 (0.8-1.5) 1.2 (0.9-1.6) 0.175
FibroScan n=351 n=126 n =225
XL probe, n (%) 94 (26.8) 59 (48.4) 35 (15.6) <0.001
Liver stiffness, median (IQR) 7.1 (5.4-10.2) 6.5 (5.1-8.8) 7.7 (5.7-11.0) 0.170
IQR of LSM, median (IQR) 1.0 (0.6-1.7) 0.8 (0.6-1.5) 1.2 (0.7-1.8) 0.573
IQR/M 14.5 (9.8-19.6) 14.9 (9.0-19.2) 15.1 (10.7-20.0) 0.205
Reliable LSM*, n (%) 330 (94.0) 113 (89.7) 217 (96.4) 0.011

Notes: Mean values are provided with standard deviation in parentheses or median and IQR in parentheses when appropriate, unless otherwise noted
as n (%). *Reliable liver stiffness was defined as minimum of 10 valid measurements and IQR/med < 30% [16] **P-value determined by comparing
Center with TE versus Center without TE using an independent samples t-test, Mann Whitney test or a Chi-Square test as appropriate. Bold indicates

significant P-values <0.05.

Abbreviations: BMI, body mass index; HbAlc, glycated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL, High
Density Lipoprotein; LDL, Low Density Lipoprotein; TE, transient elastography; LSM, liver stiffness assessment.
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Table 2 Patient’s Characteristics Stratified by Risk of Advanced Fibrosis

Characteristics Low Risk of AF Intermediate/High p-value®*
n=216 Risk of AF n=135
Demographics
Age (years) 53.1 (11.9) 582 (11.6) 0.015
Female, n (%) 101 (46) 58 (43) 0.487
Clinical
Type 2 Diabetes, n (%) 154 (71.3) 115 (85.2) 0.003
BMI (kg/m2) 35.1 (7.2) 34.5 (6.8) 0.492
Obesity, n (%) 164 (75.9) 112 (83.0) 0.157
Hypertension, n (%) 124 (57.4) 106 (78.5) <0.001
Dyslipidemia, n (%) 144 (66.7) 91 (67.4) 0.886
Biological data
AST (U/L) 29.0 (23.0-37.0) 38.0 (27.0-54.0) <0.001
ALT (U/L) 37.0 (24.5-56.0) 49.0 (30.0-67.0) 0.005
GGT (U/L) 40.5 (27.0-71.0) 63.0 (36.5-125.0) 0.001
Abnormal liver enzymes n (%) 103 (47.7) 95 (70.4) < 0.001
Hemoglobin Alc (%) 7.1 (6.0-8.8) 7.4 (6.5-9.3) 0.131
Triglycerides (mg/dL) 1.8 (1.2-2.7) 2.1 (1.4-3.1) 0.027
Total cholesterol (mg/dL) 4.9 (4.0-5.7) 4.4 (3.8-5.3) 0.006
HDL-cholesterol (mg/dL) 1.0 (0.9-1.0) 1.0 (0.8-1.2) 0.261
LDL-cholesterol (mg/dL) 2.8 (2.0-3.5) 2.3 (1.9-3.2) 0.034
Platelet count (109/L) 258.0 (216.0-297.0) 238.0 (180.0-284.0) 0.040
Clinical Prediction Rules
AST/ALT 0.8 (0.6-1.0) 0.8 (0.7-1.0) 0.966
FIB-4 1.0 (0.8-1.4) 1.4 (1.0-2.1) <0.001
XL probe, n (%) 57 (26.4) 36 (26.7) 0413
Liver stiffness, median (IQR) 5.7 (4.9-6.8) 11.0 (9.2-14.3) < 0.001
IQR of LSM, median (IQR) 0.8 (0.6-1.2) 1.7 (1.0-2.4) < 0.001
IQR/M 14.9 (10.2-20.0) 15.0 (9.2-19.1) 0.502

Notes: Mean values are provided with standard deviation in parentheses or median and IQR in parentheses when appropriate, unless
otherwise noted as n (%). **P-value determined by comparing patients with low risk of advanced fibrosis versus those with
intermediate/high risk of advanced fibrosis using an independent samples t-test, Mann Whitney test or a Chi-Square test as
appropriate. Bold indicates significant P-values <0.05.
Abbreviations: AF, Advanced fibrosis; BMI, body mass index; HbAlc, glycated hemoglobin; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; HDL, High Density Lipoprotein; LDL, Low Density Lipoprotein; TE, transient elastography; LSM, liver

stiffness assessment.
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diabetology and nutrition clinics, the proportion of patient referred ito hepatology was lower 27.5% (n=62) and without

any over-referral.

Identification of Patients with Advanced Fibrosis in the Pathway Referral with TE

Performed in Diabetology and Nutrition Clinic

The proportion of patients with an intermediate/high risk of AF referred to hepatology was significantly higher in the
pathway referral with TE performed in diabetology and nutrition clinics: 77.4% (n=48) compared to 30.9% (n=39) in the
pathway referral without TE performed in diabetology and nutrition, p<0.001 Figure 1. The odds of patients with
intermediate/high risk of AF referred to hepatology was significantly higher in the pathway with TE performed in the
diabetology and nutrition clinic than in the pathway without TE performed in diabetology and nutrition: OR: 7.6, 95%
CI: 3.8-15.5, p<0.001. These results remained clinically and statistically significant after multivariable adjustment for
age, sex, the presence of obesity and T2DM: OR: 7.7, 95% CI: 3.6-16.7, p<0.001.

Potential Under-Referral of Patient with Advanced Fibrosis in the Pathway Referral

with TE Performed in Diabetology and Nutrition

In the pathway 2, with TE performed in diabetology and nutrition, the majority (72.4%) of the patients were not referred
to hepatology after TE assessment and, among them, 70.6% (n=115) had a low risk of AF. However, among the patients
who were not referred to hepatology, 29.2% (n=48) had an intermediate/risk of AF including 6 (3.6%) patients with
a high risk of AF with a valid LSM >12 kPa.

Diabetology-

Pathway 1 without TE : n=285 . g
Nutrition clinics

Pathway 2 with TE : n=225

NAFLD at risk of AF NAFLD at risk of AF

[ LSM by TE ] Low risk of AF
n= 115 (70,6%)

Over-referral
n= 159 (55,8%)

No-referral

n= 163 (72,4%) Intermediate/high
risk of AF

n= 48 (29,4%)

Referred in hepatology | Referred in hepatology
n= 126 (44,2%) n= 62 (27,5%)

i
1
1
1
1
1
1
1
1
1
1
1
1
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1
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1
1
1
1
1
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|
|
|
|
|
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|
|
|
|
|
|
|
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|
|
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|
|
|
|
|
|
|

(e ]

| ‘
Intermediate/high  Intermediate/high
risk of AF 5 risk of AF
n= 39 (30,9%) n= 48 (77,4%)

OR: 7.7*
95%Cl: 3.6-16.7 Hepatology clinics

p < 0.001

Low risk of AF Low risk of AF

n= 87 (69,0%) n= 14 (22,6%)

Figure | Comparison of pathway referrals for risk stratification of liver fibrosis with and without TE in diabetology and nutrition clinics.
Note: *Odd ratios after adjustment for multivariable including age, sex, the presence of DT2M and obesity.
Abbreviations: TE, Transient elastography; LSM, liver stiffness measurement; AF, advanced fibrosis.
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Discussion

The retrospective comparison of two distinct pathways for the liver fibrosis risk stratification of patients with NAFLD in
diabetology and nutrition demonstrates that a pathway with early TE assessment performed in diabetology and nutrition
improves the screening strategy for NAFLD-related AF. By reducing the risk of over-referral to hepatology, the screening
strategy is improved for NAFLD-related AF and significantly increases the proportion of patients with intermediate/high
risk of AF referred to hepatology. However, it also highlights that the lack of standardized pathway referral and education
for the interpretation of the NITs, such as threshold of LSM for intermediate/high risk of AF that warrant specialist
referral, could lead to an under-referral of these patients to hepatology. Therefore, a close collaboration between
diabetologists, nutritionists and hepatologists is needed to implement an optimal multidisciplinary pathway referral for
the risk stratification of patients with T2DM and/or obesity and NAFLD in diabetology and nutrition clinics.

Real-world data of risk stratification pathway are scarce. To our knowledge, this is the first study reporting real-world
data comparing two pathways of referral with or without TE assessment performed in diabetology and nutrition during
the same period."> A few uncontrolled studies have reported such data of liver fibrosis risk stratification and pathways of
referral of patients with NAFLD in primary care based upon other NITs such as shear wave elastography or ELF™
test.'"® 2% These real-world data studies would greatly help to disseminate and improve the multidisciplinary approaches
for case finding of patients with advanced fibrosis. These patients currently remain under-diagnosed, although they
require specialized care, follow-up in hepatology and may potentially benefit from novel pharmacological therapies in the
near future.?'"*? In addition, real world data will help to improve the accessibility of the NITs, providing a better insight
into their context of use, utility and patient’s characteristics implemented in such pathways. Overall, this will assist in
proposing a uniform model of care supported by health care policies.”!

The current study encompasses several strengths, of which comprehensive data from patients with T2DM and/or
obesity enrolled in a systematic screening performed by diabetology and nutrition departments during the same 14-month
period, is included. Patients entering the pathway were identified using a systematic extraction of electronic medical
records, minimizing the risk of missing patients. The same type device was used in diabetology and nutrition and
hepatology departments avoiding a systematic bias of measurement of the liver stiffness, and enabling direct comparison.

However, some limitations need to be considered. We were not able to determine the proportion of patients with
confirmed histological diagnosis of advanced fibrosis, as only a few patients underwent a liver biopsy in hepatology.
However, this also reflects the real-world data of the clinical care of the patients with NAFLD. Indeed, very few patients
with NAFLD underwent a liver biopsy which is a procedure performed mostly for clinical-trial purposes in very select
population.” In the lack of liver biopsy results available, we used LSM as an endpoint in order the stratify the risk of
advanced fibrosis as LSM using a FibroScan®™ has been widely studied in large cohorts of patients with biopsy-proven
NAFLD including patients with T2DM and is validated for the assessment of the risk of advanced fibrosis.''** However
the use of LSM as an endpoint whereas it was performed in diabetology in the pathway 2 remains a limitation as it
influenced the hepatology referral even though no structural approach were implemented in the pathway 2 and no
standardized thresholds of LSM were systematically used for the referral in hepatology in this pathway. Furthermore, the
generalization of our findings may not be applicable in other clinical setting using a standardized and structural approach
for the screening of NAFLD-related advanced fibrosis. In addition, the population of each center is heterogeneous with
different distribution of BMI and prevalence of T2DM. All patients included had metabolic comorbidities associated with
a higher risk of liver fibrosis and our results remained clinically and statistically significant after adjustment for these
potential confounding factors. The study was performed in a tertiary university hospital and the patient characteristics
may differ from other diabetology and nutrition departments thus, the generalization of the data requires additional
studies. Finally, we were only able to conduct the study over a 14 month period for the head to head comparison of the
two pathways, as the pathway referral 1 without TE was implemented on November 2018. Due to the over-referral in
hepatology, this pathway has been equipped with TE after December 2019. Finally, the pathways did not use FIB-4 score
as first line NITs, as proposed by the most recent guidelines, but NAFLD Fibrosis Score based upon the previous
guideline from 2016'* which may have enriched the pathway with patients with FIB-4 below 1.3. Indeed the use of NFS
in the pathway 1 may have impacted the over-referral in hepatology as it has been shown that NFS score were less
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discriminant than the FIB-4 in populations with severe obesity and T2DM.?>~° However, the accuracy of FIB-4 <1.30 in
patients with T2DM to rule out patients with intermediate/high risk of AF has been questioned and requires further
investigation.”’*® Finally, the retrospective design cannot exclude potential bias in the patient selection and medical

1.>° Such a study

decision for hepatology referral, furthering the need for prospective studies using a standardized protoco
is currently ongoing in the two diabetology and nutrition departments from Lyon University Hospital and will help to
determine the optimal pathway referral for risk stratification of patients with TD2M and/or obesity and NAFLD in

diabetology and nutrition clinics (NCT04435054).

Conclusion

This study demonstrates that a screening strategy for NAFLD-related AF using TE assessment performed in diabetology
and nutrition clinics is more efficient compared to a screening strategy without TE assessment performed diabetology and
nutrition clinics. However, it highlights the necessity of multidisciplinary interaction between diabetologists, nutritionists
and hepatologists in order to ensure optimal clinical care for the patients with NAFLD and avoid any under-referral.
Further prospective studies are needed in order to assess the implementation of liver fibrosis risk stratification strategies
in high-risk population, such as patients with T2DM and obesity.
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