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Performance of Plasma
Biomarkers and Diagnostic Panels
for Nonalcoholic Steatohepatitis
and Advanced Fibrosis in Patients
With Type 2 Diabetes
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OBJECTIVE

The 2019 Standards of Medical Care in Diabetes suggested that patients with
nonalcoholic fatty liver disease (NAFLD) should be evaluated for liver fibrosis.
However, the performance of noninvasive clinical models/scores and plasma
biomarkers for the diagnosis of nonalcoholic steatohepatitis (NASH) and advanced
fibrosis has not been carefully assessed in patients with type 2 diabetes mellitus
(T2DM).

RESEARCH DESIGN AND METHODS

In this cross-sectional study, patients (n = 213) had a liver MRS, and those with a
diagnosis of NAFLD underwent a percutaneous liver biopsy. Several noninvasive
clinical models/scores and plasma biomarkers were measured to identify NASH and
advanced fibrosis (NASH: ALT, cytokeratin-18, NashTest 2, HAIR, BARD, and OWLiver;
advanced fibrosis: AST, fragments of propeptide of type Ill procollagen [PRO-C3],
FIB-4, APRI, NAFLD fibrosis score, and FibroTest).

RESULTS

None of the noninvasive tools assessed for the diagnosis of NASH in patients with
T2DM had an optimum performance (all areas under the curve [AUCs] <0.80). Of
note, none of the panels or biomarkers was able to outperform plasma ALT (AUC
0.78 [95% Cl 0.71-0.84]). Performance was better to diagnose advanced fibrosis, in
which plasma PRO-C3, AST, and APRI showed better results than the other
approaches (AUC 0.90 [0.85-0.95], 0.85 [0.80-0.91], and 0.86 [0.80-0.91], re-
spectively). Again, none of the approaches did significantly better than plasma AST.
Sequential use of plasma AST and other noninvasive tests may help in limiting the
number of liver biopsies required to identify patients with advanced fibrosis.

CONCLUSIONS

Performance of noninvasive clinical models/scores and plasma biomarkers for
the diagnosis of NASH or advanced fibrosis was suboptimal in patients with
T2DM. Combination of multiple tests may provide an alternative to minimize the
need for liver biopsies to detect fibrosis in these patients.
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About 70% of patients with type 2 di-
abetes mellitus (T2DM) have nonalco-
holic fatty liver disease (NAFLD) (1,2), and
~20-30% have the more severe form of
the disease with lobular inflammation
and hepatocyte ballooning (nonalcoholic
steatohepatitis [NASH]). Although long-
term prospective studies are lacking, these
patients are also believed to be at higher
risk of disease progression to advanced
fibrosis and cirrhosis (3-5). Recent Stand-
ards of Medical Care in Diabetes (6)
suggested that patients with NAFLD
based on liver ultrasound or elevated
plasma aminotransferases should be
evaluated for liver fibrosis. Unfortu-
nately, it is still unclear what the best
strategy to accurately diagnose liver
fibrosis in these patients is. Many pa-
tientsare only diagnosed once advanced
fibrosis has already developed (7,8).
Therefore, in order to modify the natural
history of the disease, an early diagnosis
is essential in high-risk populations, such
as those with T2DM.

Many primary care physicians only
suspect NASH in the presence of elevated
plasma aminotransferases, despite am-
ple evidence that a significant number
of patients with NASH have “normal”
plasma aminotransferase levels (i.e.,
<40 1U/L) (9,10). Patients with NAFLD
may even have a negative liver ultra-
sound, as this technique cannot detect
steatosis unless it is rather significant
(11). Further, other imaging techniques
(i.e., FibroScan or magnetic resonance
elastography) may not be readily avail-
able outside hepatology clinics, and pa-
tients and clinicians shy away from
percutaneous liver biopsies (the gold
standard for the diagnosis of NASH) in
the absence of U.S. Food and Drug
Administration—approved agents.

However, due to increasing awareness
about the health risks associated with
NASH in T2DM and recent findings show-
ing that weight loss and pharmacological
treatments may induce resolution of
NASH (12,13), thereis a renewed interest
in noninvasive diagnostic tools to identify
and monitor these patients. Advanced
fibrosis (=F3) is the most relevant target
for early diagnosis and treatment be-
cause it has been associated in a number
of studies with future development of
cirrhosis and increased overall mortality
(12,13). Several clinical models/scores
and plasma biomarkers have been as-
sessed for the diagnosis of NASH or

advanced fibrosis, with mixed results
(14-18). Several of them are based on
the presence of diabetes, hyperglycemia,
or hyperinsulinemia to identify patients
with more severe liver disease (14-18).
As a result, if these models/scores were
to be applied to only patients with di-
abetes (as seen, for example, in an en-
docrinology clinic), they could potentially
overestimate the prevalence of NASH or
advanced fibrosis due to spectrum bias.
In line with this, recent studies have
reported that noninvasive models ap-
pear to underperform in patients with
T2DM (19-21).

In the current study, we aimed to
assess the performance of several non-
invasive clinical models/scores and
plasma biomarkers for the diagnosis of
definite NASH and advanced fibrosis
(stage F3 or above) in patients with
T2DM.

RESEARCH DESIGN AND METHODS

Patients

Subjects were recruited from the general
population and from hepatology and
endocrinology clinics at the University
of Florida in Gainesville, FL, and at the
University of Texas Health Science Center
at San Antonio in San Antonio, TX. Only
patients with a diagnosis of T2DM were
included in this study. The only glucose-
lowering drugs allowed were metformin,
sulfonylureas, or insulin, as long as pa-
tients were on a stable dose for at least 3
months prior to enrollment. Other
main exclusion criteriaincluded: any liver
disease other than NASH (i.e., hepatitis B
or C, autoimmune hepatitis, hemochro-
matosis, Wilson disease, or drug-induced
hepatitis), significant alcohol consump-
tion (=30 g/day for males and =20 g/day
for females), type 1 diabetes, or use of
prohibited medications (i.e., vitamin E,
pioglitazone, weight loss medications,
amiodarone, glucocorticoids, metho-
trexate, olanzapine, and protease inhib-
itors). Patients were also excluded if they
had missing information regarding re-
sults from liver proton MRS (*H-MRS) or
the liver biopsy.

The study was approved by the in-
stitutional review boards at the Univer-
sity of Florida and University of Texas
Health Science Center at San Antonio,
and written informed consent was ob-
tained from each patient prior to partic-
ipation. Patients included in this analysis
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have been previously reported on
in studies that focused on assessing
the performance of plasma fragments
of propeptide of type Il procollagen
(PRO-C3) (22), the FibroMax test (20),
and OWLiver test (19) in patients with
T2DM. In the current work, we have
compared head-to-head the perfor-
mance of the plasma PRO-C3 testing,
FibroMax test, and OWLiver test to a
variety of published algorithms to assess
the presence of NASH and to detect and
characterize fibrosis in a cohort of pa-
tients with T2DM. In addition, we ex-
plored the potential utility of combining
the results from more than one test as
an avenue to improve the performance
of individual tests.

Study Design

This is a cross-sectional study in which all
patients underwent a two-step diagnos-
tic approach for NASH, including a liver
"H-MRS and a percutaneous liver biopsy
if they were found to have NAFLD by
imaging. For the prediction of definite
NASH, we calculated/measured the fol-
lowing noninvasive approaches: 1)
plasma alanine aminotransferase (ALT);
2) plasma cytokeratin 18 (CK-18); 3)
BARD score (defined as the sum of
BMI =28 = 1 point, AST/ALT
ratio =0.80 = 2 points, and diabetes =
1 point); 4) NashTest 2 (a proprietary
score based on serum a,-macroglobulin,
apolipoprotein Al, haptoglobin, total
bilirubin, +y-glutamyl transpeptidase
[GGT], AST, cholesterol, and triglycer-
ides); 5) OWLiver (a proprietary, BMI-
dependent logistic regression algorithm
based on serum levels of a panel of
20 triglycerides); 6) HAIR score (defined
as the sum of hypertension = 1 point,
plasma ALT >40 units/L = 1 point, and
insulin resistance index [log fasting in-
sulin + log fasting glucose] >5.0 =
1 point); and 7) a model specifically
developed in our cohort from demo-
graphic, clinical, and routine biochemical
data.

For the prediction of advanced fibro-
sis, we calculated/measured the follow-
ing noninvasive approaches: 1) plasma
AST; 2) APRI (defined as [AST in units/L]/
[40 units/L as the upper limit of normal]/
[platelets in 10%/L]); 3) FibroTest (a
proprietary score based on serum ;-
macroglobulin, apolipoprotein A1, hap-
toglobin, total bilirubin, and GGT); 4)
FIB-4 (defined as [age X AST]/[platelets X
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dALT]); 5) NAFLD fibrosis score (defined
as —1.675 + 0.037 X [age in years] +
0.094 X [BMI in kg/m?] + 1.13 [all
patients had diabetes] + 0.99 X [AST/
ALT ratio] — 0.013 X [platelets in
10°/L] — 0.66 X [albumin in g/dL]); 6)
plasma PRO-C3; and 7) a model specifically
developed in our cohort from demographic,
clinical, and routine biochemical data.

For determination of the NashTest
2 and FibroTest (BioPredictive algo-
rithms), samples were blindly provided
to Quest Diagnostics (San Juan Capis-
trano, CA) to measure haptoglobin,
ap-macroglobulin, apolipoprotein Al,
bilirubin, GGT, AST, triglycerides, and
total cholesterol. Samples were also
blindly provided to One Way Liver, S.L.
(Derio, Spain), for measurement of their
specific score (i.e., OWLiver) and to Nor-
dic Bioscience (Herlev, Denmark) for
measurement of plasma PRO-C3. Rou-
tine as well as metabolic laboratory tests
(insulin, C-peptide, glucose, and free
fatty acids) were run in our laboratory
as previously reported (23,24). Sulfony-
lureas were held the morning of the
fasting tests, while basal insulin was
held the evening before and the morning
of the fasting tests.

Measurements of Intrahepatic
Triglyceride Content

Intrahepatic triglyceride content was
measured by liver *H-MRS in a 3-Tesla
MRI scanner. Three areas of 30 X 30 X
30 mm were selected in the liver, avoid-
ing any large vessel. A single experienced
observer analyzed the spectra using com-
mercial software (NUTS; Acorn NMR Inc.,
Livermore, CA). Intrahepatic triglyceride
content was calculated as fat fraction
(area under the curve [AUC] fat peak/
[AUC fat peak + water peak]). Measure-
ments were corrected for T1 and T2
relaxation using methods previously de-
scribed (11). A liver fat content of
>5.56% was considered diagnostic of
NAFLD (12,13).

Percutaneous Liver Biopsy

Liver biopsies were performed under
ultrasound guidance. Histological char-
acteristics for the diagnosis of definite
NASH were assessed using standard cri-
teria (25). Briefly, a diagnosis of definite
NASH was made if the biopsies showed
presence of zone 3 accentuation of mac-
rovesicular steatosis (any grade), hepa-
tocellular ballooning (of any degree), and

lobular inflammatory infiltrates (of any
amount). Fibrosis stages were defined as
previously established (26): stage 0 if no
fibrosis was present, stage 1 for perisi-
nusoidal or periportal fibrosis, stage 2 for
presence of both perisinusoidal and
portal/periportal, stage 3 for bridging
fibrosis, and stage 4 for cirrhosis. Advanced
fibrosis was considered as the presence
of stages 3 or 4. All liver biopsies were
read by an expert pathologist (J.L.), who
was unaware of patients’ characteristics.
Mean length of liver biopsies was 17 mm,
and only 7% of the specimens were
<10 mm. Mean number of portal tracts
was 9.

Laboratory Assays

Assays used in the calculation of the
BioPredictive algorithms were run on
routine automated platforms using stan-
dard reagents. Total cholesterol, trigly-
cerides, AST, GGT, and total bilirubin
were run on Beckman Coulter AU series
instruments (Brea, CA). Haptoglobin, a,-
macroglobulin, and apolipoprotein Al
were run on a Siemens BNII instrument
(Siemens Healthcare Diagnostics, Tarry-
town, NY). The serum lipidomic profiles
for the OWLiver test were obtained
using methods previously described
(19). Plasma PRO-C3 was analyzed using
competitive ELISAs as previously de-
scribed (27). In all cases, samples were
blindly analyzed without access to any of
the associated clinical data.

Statistical Analysis

Data were summarized as number (per-
centages) for categorical variables and as
means *+ SD for numeric variables. Sen-
sitivity, specificity, positive predictive
value (PPV), and negative predictive
value (NPV) for the biomarker panels
were assessed considering liver histology
as the gold standard reference. Patients
without NAFLD by *H-MRS, and in whom
other causes of liver disease had been
excluded, were used as control subjects
(i.e., as not having definite NASH and not
having advanced fibrosis) to assess the
specificities of tests. A biopsy was not
performed as it was considered unethical
and the chances of disease minimal
(12,13). Cohort-specific models based
on demographic and routine clinical
and biochemical characteristics (i.e.,
age, sex, BMI, HOMA of insulin resistance
[HOMA-IR], fasting plasma glucose,
hemoglobin A, fasting plasma insulin,
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triglycerides, HDL cholesterol, blood
pressure, platelets, albumin, ALT, AST,
and CK-18) were also developed by mul-
tivariate logistic regression analysis with
forward selection. A significance level
of <0.20 in the univariate analysis
was defined to allow a variable into
the model, and only significant variables
were kept in the final models. Receiver
operating characteristic (ROC) curves
were plotted and the AUC calculated
to represent their performance to pre-
dict binary outcomes (NASH and
advanced fibrosis). For the cohort-
specific models, AUCs were validated
using a bootstrap procedure to adjust
for overfitting. Two hundred bootstrap
samples were randomly generated while
setting aside “out-of-bag” samples
(~32% of subjects were not selected
in each bootstrap sample). For these,
the median of the 200 out-of-bag AUC
estimates is reported with 95% Cls. Com-
parisons between AUCs were performed
with the roccomp command (test of
equality of ROC areas) in Stata. Predictive
mean matching imputation with five
imputed data sets was used as a sensi-
tivity analysis to account for missing data.
Missing values were considered to be
missing at random, and imputed AUCs
were combined according to Rubin’s
rules. A two-tailed value of P < 0.05
was considered to indicate statistical
significance. Analyses were performed
with Stata 11.1 (StataCorp LP, College
Station, TX) and graphs with Prism 6.0
(GraphPad Software, Inc., La Jolla, CA).

RESULTS

Patients’ Characteristics

A total of 213 patients were included in
this study. Based on results from the liver
*H-MRS and liver biopsy, patients were
divided into three groups: No NAFLD, No
definite NASH, and Definite NASH. As can
be observed in Table 1, there were no
significant differences among the three
groups regarding age, sex, diabetes con-
trol (hemoglobin A;. or fasting plasma
glucose), or use of glucose-lowering
drugs. The No NAFLD group included a
higher proportion of African American
patients and a lower proportion of His-
panic patients compared with the other
two groups. Patients with NAFLD (with or
without NASH) had higher BMI than
patients without NAFLD (34.5 = 4.7
vs. 31.2 = 4.5 kg/m?%; P < 0.001), but
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Table 1—Demographic and clinical characteristics of patients

NAFLD
No NAFLD No NASH Definite NASH
(n = 51) (n = 72) (n = 90) P value

Age, years 60 = 8 579 57 = 8 0.08
Sex, male % 86 82 83 0.81
Ethnicity, n (%)

Caucasian 32 (63) 38 (53) 58 (65)

Hispanic 8 (16) 27 (37) 27 (30) 0.011

African American 11 (21) 7 (10) 4 (4)

Other 0 (0) 0 (0) 1(1)
BMI, kg/m? 312 = 45 342 * 4.7 347 = 4.7 <0.001
Total body fat, % 34 £ 6 36 7 36 =7 0.17
Hemoglobin A, % 71*13 69*11 72+ 12 0.31
Fasting plasma glucose,

mg/mL 150 *= 50 137 = 36 153 * 42 0.06
Fasting plasma insulin,

pU/mL 8*6 14 £ 10 19 = 13 <0.001
Diabetes medications, %

Metformin 75 67 79 0.25

Sulfonylurea 44 44 38 0.73

Insulin 29 31 18 0.12
Intrahepatic triglyceride content, % 3+1 12 +7 15+ 8 <0.001
AST, units/L 22 £ 7 32 £ 18 48 = 29 <0.001
ALT, units/L 24 * 11 43 + 33 64 = 41 <0.001
NAFLD activity score — 23 *09 48 * 13 <0.001

Steatosis grade = 1.2 £ 0.8 1.9 = 0.7 <0.001

Inflammation grade — 1.0 = 0.5 1.6 £ 0.6 <0.001

Ballooning grade = 0.1 £03 1.3 = 0.5 <0.001
Fibrosis stage — 0.6 = 0.9 1.8 £1.0 <0.001

Data are mean £ SD unless otherwise indicated. P values represent comparison among the three

groups with ANOVA.

we observed no differences in BMI
between patients in the No NASH and
Definite NASH groups. Fasting plasma
insulin showed a stepwise increase
among the three groups (No NAFLD
8 * 6 vs. No definite NASH 14 =+
10 vs. Definite NASH 19 *+ 13 pU/mL;
P < 0.001). Patients with NASH had
higher plasma ALT and AST, as well as
worse liver histology. Among patients
with a liver biopsy, 105 (65%) had fibrosis
stages 0 or 1 (FO to F1), 26 (16%) had
fibrosis stage 2 (F2), and 31 (19%) had
advanced fibrosis (F3 to F4).

Performance of Noninvasive Tests for
the Diagnosis of Definite NASH

In Fig. 1A, ROC curves assessing the
performance of different clinical scores
and biomarkers for the diagnosis of
definite NASH were plotted. As can be
observed, none of the noninvasive strat-
egies was successful to predict the pres-
ence of definite NASH in our cohort of
patients with T2DM (all AUCs <0.80).
Comparisons among each pair of ROC

curves were performed, and P values can
be found in Supplementary Table 1.
Plasma ALT, CK-18, and our own cohort-
specific model performed better than the
other strategies, with no significant differ-
ences among these three approaches.
Of note, the final cohort-specific model
(0.0941 X [HOMA-IR] + 0.0039 X [CK-18] —
1.8647) had an AUC after bootstrapping
(n = 200) of 0.74 (95% Cl 0.64-0.83). In
Table 2, we have summarized sensitivity,
specificity, PPV, and NPV for all of these
noninvasive tools based on their prede-
fined as well as cohort-specific cutoff
points. We observed high sensitivity for
the diagnosis of NASH when the predefined
cutoff points were used for BARD, HAIR,
and NashTest 2, but these came at the
expense of very low specificity. Plasma ALT,
CK-18, and our cohort-specific model
had modest sensitivity and specificity (all
in the ~60-80% range). Supplementary
Table 2 allows for a head-to-head compar-
ison between the specificities of the clinical
scores/biomarkers after fixing their sensi-
tivity at 95%. As can be observed, at this

sensitivity, plasma ALT had the highest
specificity of all of the predictive tools
(38% [95% CI 16-51]).

Performance of Noninvasive Tests for
the Diagnosis of Advanced Fibrosis
As can be observed in Fig. 1B, the per-
formance of noninvasive clinical scores
or biomarkers was overall better for the
diagnosis of advanced fibrosis than for
definite NASH. Plasma AST, APRI, our
cohort-specific model, and PRO-C3 per-
formed significantly better than the
FibroTest and NAFLD fibrosis score
(Supplementary Table 3). No significant
differences were observed among these
four better approaches when they were
compared with each other. FIB-4 had an
intermediate performance, being only
significantly worse than PRO-C3 (P =
0.008), but not different from AST,
APRI, or our cohort-specific model. Of
note, our final cohort-specific model was
0.0034 X (CK-18) + 0.0588 X (fasting
insulin) — 0.0116 X (platelets) — 1.3336 X
(sex) + 0.4469 X (HbA;.) — 3.82 (where
for sex, 1 = male and 0 = female) and had
an AUC after bootstrapping (n = 200)
of 0.81 (0.65-0.92). Table 3 summarizes
sensitivity, specificity, PPV, and NPV for all
of these noninvasive tools. As can be
observed, all noninvasive tests had high
NPVs (>90%). Interestingly, when prede-
fined cutoff points were used for these
scores (in several of them, creating an
indeterminate zone of patients not clas-
sified), FIB-4 showed the best combination
of PPV and NPV (80% and 94%, respec-
tively). As observed in Supplementary
Table 2, plasma PRO-C3 had the highest
specificity after sensitivity was fixed at
95% (71% [95% CI 53-85]), closely fol-
lowed by plasma AST (58% [48-79])
and APRI (57% [38-77]).

Performance of Noninvasive Tests in
Specific Subgroups of Patients and
Sensitivity Analysis

As sensitivity analyses, we assessed the
performance of all of these noninvasive
tools in different subgroups of patients.
Among females, the NAFLD fibrosis score
(AUCs: 0.83 [95% ClI 0.68-0.99] vs. 0.59
[0.46-0.72]; P = 0.016) and our own fibrosis
prediction model (AUCs: 0.96 [0.89-1.00]
vs. 0.84 [0.74-0.93]; P = 0.049) performed
significantly better than in male individuals.
In addition, plasma ALT showed a trend
toward better performance in males for the
diagnosis of NASH (AUCs: 0.80 [0.73-0.86]
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Figure 1—Performance of the different noninvasive clinical models or plasma biomarkers for the diagnosis of definite NASH (A) or advanced fibrosis
(B). Data in parentheses are 95% Cl. *AUC was 0.74 (0.64-0.83) after validation using bootstrap (n = 200); $AUC was 0.81 (0.65-0.92) after

validation using bootstrap (n = 200).

vs. 0.64 [0.45-0.84]; P = 0.13). No signif-
icant differences were observed in the
performance of these methods among
different age-groups or ethnic groups, pres-
ence or absence of obesity, or diabetes
control (data not shown). Of note, as only
one African American patient had advanced
fibrosis, the performance of these tests
for the diagnosis of advanced fibrosis
was not tested in this ethnic group. Of
note, as a sensitivity analysis, analyses were
repeated after imputing missing data for
PRO-C3 (n = 49), HAIR (n = 26), NashTest
2 (n = 19), NAFLD fibrosis score (n = 11),
OWLiver (n = 7), and CK-18 (n = 5). No
differences were observed in the overall
results after predictive mean matching
was applied, except forasmall reductionin
the performance of PRO-C3: 0.83 (95% Cl
0.76-0.90).

Use of Multiple Tests for the Diagnosis
of Definite NASH and Advanced
Fibrosis

Because none of the noninvasive models
or biomarkers individually predicted

definite NASH or advanced fibrosis with
high accuracy, we assessed whether
combining these models and biomarkers
could improve the identification of pa-
tients with NASH or advanced fibrosis.
We combined models and biomarkers
either sequentially (starting with one test
and progressing based on the results) or
using parallel testing (using all tests at
the same time).

Sequential Testing

We assessed which tool allowed for
exclusion of more patients (not defi-
nite NASH or not advanced fibrosis)
with an NPV of 100%. None of the tools
was able to exclude a significant num-
ber of patients with an NPV of 100%
for definite NASH. For advanced fibro-
sis, plasma AST <26 units/L excluded
93 (44%) patients correctly (Fig. 2
and Supplementary Fig. 1). In the re-
maining population, PRO-C3 (<10 ng/
mL) excluded an additional 19% of the
cohort with an NPV of 100% (Fig. 2A).
This resulted in only 37% of the initial

Table 2—Performance of noninvasive tests for the diagnosis of definite NASH
Predefined cutoff points

cohort requiring a liver biopsy, of whom
41% would have advanced fibrosis. No
patients with advanced fibrosis were
missed in diagnosis with this approach.
The application of this approach using
FIB-4 (<0.87) after AST was able to reduce
the number of biopsies to 48% of the
entire cohort (Fig. 2B). Results combining
the other testing algorithms with plasma
AST can be found in Supplementary Fig. 1.
As can be observed, APRI and NAFLD
fibrosis score showed results similar to
those of FIB-4, but FibroTest was not able
toexclude any additional patients after
plasma AST.

Parallel Testing

The combination of all models/biomarkers
(n = 6 different tools) for the diagnosis
of definite NASH resulted in an AUC of
0.82 (95% Cl1 0.75-0.88). If at least 4 out
of the 6 tests were positive for definite
NASH (using the cohort-specific cutoff
pointsdescribedin Table 2), the PPV was
71% (60-81). If only 0-3 tests were
positive, then the NPV was 80% (70—
88). Sensitivity and specificity were 76%

Cohort-specific cutoff points

Cutoff Sensitivity  Specificity PPV NPV Cutoff Sensitivity  Specificity PPV NPV

Cohort- <-0.941 74 (61-84) 74 (63-83) 70 (58-81) 77 (66-86) 0.255 55 (44-66) 93 (86-97) 86 (73-94) 73 (64-80)
specific >-—0.123

model*

ALT 40 units/L 66 (55-75) 72 (64-80) 63 (53-73) 74 (65-82) 31 units/L 83 (74-90) 61 (52-70) 61 (52-70) 83 (74-90)
CK-18 N/A — — — — 241 units/L 63 (52-73) 80 (71-86) 70 (59-80) 74 (66-81)
HAIR 2 96 (90-99) 12 (7-20) 47 (39-55) 81 (54-96) 3 57 (45-68) 77 (68-85) 66 (54-77) 69 (60-77)
OWLiver 0.500 34 (24-45) 87 (79-92) 64 (49-78) 65 (57-72) 0.016 66 (55-76) 69 (60-77) 60 (49-70) 74 (65-82)
NashTest 2 0.250 92 (83-96) 29 (21-38) 49 (41-57) 82 (67-92)  0.410 71 (60-80) 58 (48-67) 56 (46-65) 73 (62-82)
BARD 2 98 (92-100) 5 (2-10) 43 (36-50) 75 (35-97) 2 98 (92-100) 5 (2-10) 43 (36-50) 75 (35-97)

Data are % (95% Cl). N/A, not applicable. *Model was = 0.0941 X (HOMA-IR) + 0.0039 X (CK-18) — 1.8647.
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Table 3—Performance of noninvasive tests for the diagnosis of advanced fibrosis

Predefined cutoff points Cohort-specific cutoff points

Cutoff Sensitivity Specificity PPV NPV Cutoff Sensitivity  Specificity PPV NPV

PRO-C3 20.0 ng/mL 50 (29-71) 96 (91-98) 67 (41-87) 92 (86-96) 13.2 ng/mL 88(68-97) 80(72-86) 43 (29-58) 97 (93-100)
Cohort-specific <-—2.613, >—1.0155 88 (68-97) 86 (78-92) 57 (40-73) 97 (91-99) —1.369 80(61-92) 83(77-88) 45 (32-60) 96 (92-98)

model#
APRI <0.500, >1.500" 31 (9-61) 99 (95-100) 67 (22-96) 94 (90-97) 0.423 84(66-94) 75(68-81) 36 (25-48) 96 (92-99)
AST 40 units/L 77 (59-90) 81 (74-86) 41 (28-54) 96 (91-98) 38 units/L 84 (66-94) 79(72-84) 40 (28-53) 97 (92-99)
FIB-4 <1.450, >3.250# 33 (10-65) 99 (95-100) 80(28-100) 94 (88-97) 1.666 68(49-83) 75(69-81) 31 (21-44) 93 (88-97)
FibroTest <0.300, >0.700¥ 17 (2-48) 98 (93-100) 40 (5-85) 92 (86-96) 0.353 64 (45-81) 74(67-80) 30 (19-42) 92 (87-96)
NAFLD fibrosis

score <—1.455, >0.676* 91 (59-100) 40 (26-56) 26 (13-43) 95 (75-100) —0.053  68(49-83) 55(47-63) 21 (14-31) 90 (83-95)

Data are % (95% Cl) unless otherwise specified. *144 patients not classified. $68 not classified. ~48 not classified. #84 not classified. ¥83 not classified.
¥Model was = 0.0034 X (CK-18) + 0.0588 X (fasting insulin) — 0.0116 X (platelets) — 1.3336 X (sex) + 0.4469 X (HbA;.) — 3.82 (where for

sex, 1 = male and 0 = female).

and 75%, respectively. When the same
strategy was assessed for advanced fibrosis,
the AUC for the combination of all models/
biomarkers (n = 6) was 0.91 (0.85-0.97).
Similarly, using a cutoff point of five positive
tests (based on cohort-specific cutoff points
described in Table 3) (Supplementary Fig.
2), this provided a sensitivity of 71% (49—
87), specificity of 94% (88-97), PPV of 68%
(46-85), and NPV of 95% (89-98). Remov-
ing the two proprietary tests (FibroTest and
PRO-C3) from this approach significantly
reduced the AUC to 0.85 (0.75-0.94; P =
0.003), but NPV remained in the same
range of 94% (88-98).

CONCLUSIONS

Due to the increased risk of advanced
liver disease in patients with T2DM and

Advanced fibrosis ruled out

A <26 U/L
r") (44%)

Test plasma AST <10 ng/mL
(100%) ‘ [
Test PRO-C3
226 U/L

210 ng/mL

B

<26 U/L
(44%)

(56%)
Perform Liver Blopsy

Advanced fibrosis ruled out

NAFLD (4,28), there is an urgent need for
accurate noninvasive diagnostic tools to
identify these patients, as several glucose-
lowering medications have been shown
to be safe and effective to treat patients
with NAFLD. In the current work, we
compared head-to-head the most im-
portant noninvasive clinical scores and
plasma biomarkers for the diagnosis
of definite NASH or advanced fibro-
sis in a cohort of patients with T2DM.
Our results suggest that the most
frequently used noninvasive scores/
biomarkers for the diagnosis of definite
NASH and/or advanced fibrosis may not
be significantly better than plasma ALT or
AST concentration, respectively, to assist
in the management of patients with
T2DM.

Advanced fibrosis ruled out

(19%)

Advanced fibrosis ruled out
(22%)

(37%) g) Advanced Fibrosis

(15%)

0.87 . Advanced fibrosis ruled out

Test plasma AST Sy
(100%)\
Test FIB-4
26U/l —

(55%)&_} ——
— erform Liver Biopsy

(8%)

Advanced fibrosis ruled out
(33%)

(48%) \_> Advanced Fibrosis

(15%)

(i.e., avoiding any false negative) assessing PRO-C3 (A) and FIB-4 (B) after use of AST. Results with

Figure 2—Sequential testing for the diagnosis of advanced fibrosis optimized for an NPV of 100%

APRI and NAFLD fibrosis score were similar to FIB-4 and can be found in Supplementary Fig. 1.

Therefore, due to their low cost and
availability, it is likely that ALT and AST
are still the most important stand-alone
tests that can help health care providers
decide which patients to biopsy. Com-
plementary and more advanced diagnos-
tic imaging methods, such as transient
elastography or magnetic resonance
elastography, are not widely available.
Therefore, it is likely that unless a com-
bination of greater clinician awareness, a
multidisciplinary approach (i.e., primary
care physicians, endocrinologists, and
hepatologists), and development of
novel, noninvasive algorithms is imple-
mented, many patients with T2DM will
continue to be at risk for NASH or ad-
vanced fibrosis and go undiagnosed for
long periods of time due to the low
sensitivity of current noninvasive blood
biomarkers.

The use of sequential and parallel
multiple testing was also assessed in
our study. Unfortunately, no major sig-
nificant improvements in the overall
performance were observed when these
strategies were tested. While we ob-
served some trends toward improvement
in sensitivity and specificity when these
diagnostic approaches were combined,
larger studies are required to assess
whether these improvements are cost-
effective or if, on the contrary, we
should still rely on plasma ALT and
AST until a better diagnostic tool is
available.

Several reasons may explain their
underperformance in patients with
T2DM. First, patients with T2DM may
only represent a relatively small part of
the whole spectrum of NAFLD severity,
resulting in a potential spectrum effect.
However, this explanation is unlikely due
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to the wide range of liver disease in-
cluded in this study (from absence of
NAFLD to severe NASH with advanced
fibrosis). Second, glucose-lowering
agents may significantly affect liver fat
accumulation and/or measurements
used to calculate these scores (i.e.,
plasma ALT, AST, BMI, etc.). In order
to avoid any bias from different use of
glucose-lowering medications, only met-
formin, sulfonylureas, and insulin were
allowed. Moreover, use of these medi-
cations was similar among all groups. In
addition, this is a multiethnic cohort,
which could have also affected the re-
sults, as many of these diagnostic tools
have been developed and validated in
Caucasian populations (14-18). While
our sensitivity analyses did not observe
significant differences in the perfor-
mance of the tests among the different
ethnic groups, this study was not spe-
cifically designed to assess these differ-
ences. Therefore, it is still possible that
these noninvasive tests may perform
differently among different ethnic
groups. Finally, observational studies
such as this are always prone to some
selection bias that can affect generaliz-
ability of the study. Overall, the preva-
lence of NAFLD in our cohort was 76%,
similar to the prevalence usually re-
ported in the literature (~60-75%)
(5), with arecent meta-analysis reporting
prevalence rates from 29.6% to 87.1%
(29). The prevalence of advanced fibrosis
among these patients was 19% in our
cohort, which is similar to the 17.2%
reported by Koehler et al. (30) as well
asthe 17.7% reported by Kwok et al. (31)
in patients with NAFLD and T2DM using
transient elastography in population-
based studies. These results suggest
that this cohort of patients with T2DM
is somehow comparable to the general
population with T2DM. However, as this
study was focused on assessing nonin-
vasive tests for the diagnosis of NASH
and/or advanced fibrosis, the main em-
phasis was actually placed on having all
stages of the disease well represented,
which is the reason why patients were
recruited from different sources.

In summary, results from our work
suggest that noninvasive clinical scores
and plasma biomarkers have significant
limitations as stand-alone tests for the
diagnosis of definite NASH and/or ad-
vanced fibrosis in patients with T2DM.
While they may offer diagnostic guidance

for a small number of patients with
extreme values, they will not provide
definitive results for most of the pop-
ulation. Moreover, the use of combina-
tions of these blood-based approaches
was not shown in our study to mean-
ingfully improve the performance of
these tests or their discrimination capac-
ity. The most important implication of
these findings is that they should be used
with caution in patients with diabetes,
taking into the account the character-
istics of the target population (i.e., in
whom the prevalence of advanced fibro-
sis may be less than in hepatology clinics).
In this setting, the greatest value of the
tests may lie in ruling out advanced
fibrosis (i.e., high NPV). New, noninva-
sive, and affordable diagnostic tools for
definite NASH and advanced fibrosis are
very much needed in order to tackle this
epidemic. Future work should focus on
developing a combination of imaging and
noninvasive clinical scores and plasma
biomarkers to optimize the noninvasive
diagnosis of advanced fibrosis. Until
then, liver biopsy remains the gold stan-
dard for the diagnosis of definite NASH
and advanced fibrosis.
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