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| The ANTICIPATE-NASH models stratify better the risk of clinical events than histology in cACLD MASLD patients
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BACKGROUND & AIMS: The reference for risk stratification
and clinical trial selection of metabolic dysfunction-associated
steatotic liver disease (MASLD) patients is fibrosis degree by
histology. The noninvasive ANTICIPATE-NASH models have
been validated for risk prediction of clinically significant portal
hypertension (CSPH) and liver-related events (LRE). We
assessed whether these models provide better risk stratifica-
tion of events than histology. METHODS: A multicenter cohort
1, including 699 biopsy specimen-proven F3-F4 patients with
MASLD was evaluated. The end point was LRE (hepatic
decompensation, hepatocellular carcinoma, transplantation, or
liver-related death). We assessed (Cox regression) whether
histology provided added value to ANTICIPATE-NASH and
whether model predictions differed in F3/F4 patients. Results

were validated in cohort 2 (1396 F3-F4 patients) from 4
clinical trials using the clinical regulatory end point. RESULTS:
In cohort 1, F3 and F4 were equally distributed. There were 56
LREs (8.0%) during follow-up, concentrated in F4 (51 LREs).
The ANTICIPATE-NASH model showed excellent discrimina-
tion (C statistic, 0.93) for LRE, higher than histology (C sta-
tistic, 0.67). Model calibration was excellent. Adding histology
did not improve model prediction. Thresholds of ANTICIPATE-
NASH above which F3 patients developed LREs and below
which F4 patients did not were identified. Results were
reproduced in cohort 2 with the regulatory end point, with
higher model discrimination (C statistic, 0.84) compared with
histology (C statistic, 0.64). CONCLUSIONS: In MASLD patients
with F3/F4, the noninvasive ANTICIPATE-NASH models
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provide better risk stratification of clinical events than histo-
logic classification. These models could be very useful for
clinical trials by selecting patients at risk of clinical events and
patients with higher chances of observed cirrhosis regression.

Keywords: Predictive Models; Clinical Events; Steatotic Liver
Disease.

P redicting the risk of having a clinical condition or
clinical events related to that condition is essential
for clinical practice. Very often, patients are classified in
subgroups with different risks of presenting events (risk
stratification) based on characteristics or parameters
related to the disease." Then these subgroups, frequently
based on numerical thresholds, provide an average esti-
mate of the risk of events. The lower the number of sub-
groups, the less accurate is the prediction for an individual
patient.” By contrast, predictive models can provide indi-
vidual prediction for the whole spectrum of the disease
condition. These models to be successful should be vali-
dated, easy to use, clinically sound, and if possible, applied
to a clinical situation in which interventional or therapeutic
decisions must be taken.

Metabolic dysfunction-associated steatotic liver disease
(MASLD)? is one of the most common causes of chronic
liver diseases, currently affecting ~30% of the worldwide
adult population.” It has emerged as one of the leading
causes of cirrhosis and hepatocellular carcinoma in middle-
and high-income countries.” MASLD includes a continuum
of hepatic lesions from steatosis, with or without inflam-
mation, to fibrosis and ultimately, cirrhosis. A liver biopsy
specimen has served as the primary tool for risk stratifi-
cation and selection of patients for clinical trials in MASLD
patients. It has been established that only fibrosis stages F3
and F4 are associated with death due to liver disease.’
However, histologic classification is invasive, with a high
degree of misclassification,” and importantly, very inaccu-
rate in predicting an individual risk, because the variability
of risks inside each subgroup (F3 or F4) is considerable.

The development of clinically significant portal hyper-
tension (CSPH) is a key driver and a surrogate marker of
decompensation and liver-related events (LREs) in patients
with compensated advanced chronic liver disease
(cACLD),*? including MASLD patients.’” The development
of CSPH and LREs in cACLD MASLD patients seems to
follow a more subtle and slow progression than with other
etiologies,”"" complicating predictions regarding disease
outcomes and clinical trial design.'?

Among the noninvasive tests to predict the presence of
CSPH, liver stiffness measurement (LSM), alone or com-
bined with other markers, has been proposed as a
preferred tool to identify patients at risk of LRE. The
ANTICIPATE model, based on LSM by transient elastog-
raphy and platelet count, is a validated tool for predicting
CSPH in cACLD patients of different etiologies."*™' By
adding body mass index (BMI) to the model, the
ANTICIPATE-NASH model was constructed and validated
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

Stratification of the risk of clinical events and selection of
patients for clinical trials with clinical end points in
metabolic dysfunction-associated steatotic liver disease
patients is usually done by assessing fibrosis degree by
histology. Validated predictive models for assessing the
risk of clinically significant portal hypertension and
clinical events could potentially provide better and more
granular risk stratification.

NEW FINDINGS

In  metabolic dysfunction-associated steatotic liver
disease patients with advanced fibrosis (F3 and F4
fibrosis degree), the ANTICIPATE-NASH models that
include liver stiffness, platelet count, and body mass
index, stratify the risk of clinical events much better
than liver biopsy specimen. Once prediction of events
by the model was known, histology was unable to
improve it.

LIMITATIONS

The cohorts used were retrospective and partially used in
prior studies. Central liver biopsy specimen reading was
not available in all patients. The number of clinical
events was low.

CLINICAL RESEARCH RELEVANCE

The use of the ANTICIPATE-NASH models for risk
stratification and clinical trial selection of metabolic
dysfunction-associated steatotic liver disease patients
could facilitate risk assessment at point-of-care and
reduce sample size and duration of clinical trials with
clinical endpoints.

BASIC RESEARCH RELEVANCE

Liver fibrosis and portal hypertension can be reliably
assessed by noninvasive methods sparing direct liver
tissue analysis.

for predicting CSPH in MASLD patients.'* Both models are
currently recommended in daily clinical practice according
to Baveno VII guidelines.'" Finally, the ANTICIPATE-NASH-
LRE model was a subsequently validated adaptation of the
original model to predict 3-year risk of LREs in MASLD
patients.16

We hypothesized that by using the ANTICIPATE-NASH
models, a more accurate prediction of LREs compared
with liver histology (F3 vs F4) would be achieved in MASLD
patients, providing better risk stratification and an

* Authors share co-first authorship.

Abbreviations used in this paper: BMI, body mass index; cACLD,
compensated advanced chronic liver disease; CSPH, clinically significant
portal hypertension; LRE, liver-related event; LSM, liver stiffness mea-
surement; MASLD, metabolic dysfunction-associated steatotic liver dis-
ease; NASH, nonalcoholic steatohepatitis.
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improved patient selection for clinical trials. Further, we
hypothesized that once ANTICIPATE-NASH is known, his-
tology does not provide additional refinement in risk pre-
diction. Finally, we aimed at testing whether ANTICIPATE-
NASH predictions have a different interpretation when
coming from patients with F3 and F4. To this end, 2 large
cohorts of MASLD patients with F3/F4 fibrosis were
consecutively evaluated.

Materials and Methods
Study Cohorts

The first cohort (cohort 1) was a multicentered retro-
spective cohort composed of MASLD patients from Vall d'He-
bron University Hospital in Barcelona and patients from a
multicenter international cohort from different European
centers, plus 1 each from China and Canada, that had been
published before.!” The patients from Barcelona were part of
MASLD patients enrolled from January 2016 to December
2021 and monitored to July 2023 as outpatients, as previously
published.’® During this period, 358 MASLD patients under-
went a liver biopsy, and 149 showed F3/F4 fibrosis
(Supplementary Figure 1). All patients had MASLD based on
current criteria, no decompensation, LSM, and blood tests
obtained within 3 months of the liver biopsy.

The multicenter international patients of cohort 1 were
MASLD patients with F3/F4 fibrosis on histology or LSM >10
kPa.'” In this study, LSM was obtained within 6 months of the
histology assessment. The initial cohort included 1039 patients
recruited in the different centers from 2004 to 2019, of which
550 with a liver biopsy specimen showing F3/F4 fibrosis were
selected. All patients in these 2 studies were monitored at 6-
month intervals with laboratory tests and abdominal ultra-
sound imaging; LREs were recorded during follow-up visits.
These 2 sets of patients were merged due to similar origin,
composition, and clinical characteristics.

The second large cohort (cohort 2) was used to validate the
results obtained by using a slightly different definition of LREs.
This cohort was built with F3/F4 biopsy specimen-proven
MASLD patients included in 4 different trials already re-
ported in several publications (GS-US-321-0105; GS-US-321-
0106; GS-US-384-1943/Safety and Efficacy of Selonsertib in
Adults With Nonalcoholic Steatohepatitis [NASH] and Bridging
[F3] Fibrosis [STELLAR-3]; GS-US-384-1944/Safety and Effi-
cacy of Selonsertib in Subjects with Compensated Cirrhosis
due to Nonalcoholic Steatohepatitis [NASH] STELLAR-4).'%1 A
summary of the main characteristics of these 4 trials is
described in Supplementary Table 1.

The 4 trials accounted for 2153 patients, from which 1396
could be included in the present analysis because they had
LSM available to calculate the ANTICIPATE-NASH models.
Length of follow-up and clinical end point rates were similar
between patients with or without LSM (Supplementary
Table 2). Additional information regarding cohort composi-
tion and overlapping is in the Supplementary Material.

Study Design and Definitions
We aimed to demonstrate the superior capability of the
ANTICIPATE-NASH models to predict LREs and the higher
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accuracy to stratify the risk of LREs in MASLD patients
compared with liver histology. Specifically, we wanted to show
that once the risk of LREs by the ANTICIPATE models is
known, the information of whether the patient presents F3 or
F4 in the liver biopsy specimen is irrelevant.

The first cohort with 699 F3/F4 patients from 2 different
studies was used to again validate the ANTICIPATE-NASH-LRE
model in this histology-driven population and compare the
performance of both the model and fibrosis degree for pre-
dicting LREs and classifying subgroups of patients at different
risk of LRE. For this, we used the LREs definition that was used
in the original publication of the model,’® a composite of liver
decompensation (ascites, portal hypertensive bleeding, and
hepatic encephalopathy) and hepatocellular carcinoma. Liver
transplantation and liver-related death are also included, but
they rarely present as primary events. In every case, only the
first LRE was considered.

The second cohort with 1396 F3/F4 patients from the
clinical trials was used to prove that the same results could be
achieved in a very selected population of MASLD patients with
a different follow-up time and by using a different clinical
event definition. The United States Food and Drug Adminis-
tration regulatory composite end point was used, defined as
hepatic decompensation (as previously defined), liver trans-
plantation, worsening liver function with qualification for
transplantation (Model for End-Stage Liver Disease >15), or
all-cause mortality. The use of a similar but different end point
or definition of clinical events was intentional to prove the
adaptability and high predictability of the ANTICIPATE-NASH
models.

Also, to demonstrate the ability of the models to reclassify
F3 and F4 patients based on the predicted (and observed) risk
of clinical events, we used the median values of ANTICIPATE-
NASH of F3 and F4 patients to analyze F4 and F3 patients,
respectively.

Finally, we explored the ANTICIPATE-NASH values of the
following subgroups of the STELLAR 3 and 4 trials: (1) 84 F3
patients who improved >1 fibrosis stage at the 48-week
follow-up liver biopsy specimen; (2) 88 F3 patients who pro-
gressed to F4 at the 48-week follow-up liver biopsy specimen;
and (3) 122 F4 patients who improved >1 fibrosis stage at the
48-week follow-up liver biopsy specimen.'® Comparisons were
made with F3 and F4 patients who changed fibrosis stage.

Assessments

Transient elastography by FibroScan (Echosens, Paris,
France) was performed by using the standards of quality and
the devices and procedures described in each of the different
publications.'®*° LSM values from all studies were optimized
by assuring a <30% (interquartile range/median ratio) vari-
ability among the different measures. Test-retest variability
was not assessed in the present study.

Histology assessments were performed according to the
usual standards, being also extensively described in the
different publications.’” ' For the Barcelona patients, histol-
ogy was reviewed by our expert liver pathologist, and patients
were classified as F3 or F4 according to the NASH Clinical
Research Network. Liver biopsy specimens from patients from
the multicenter cohort!” were not centrally assessed, and the
histologic information was based on the report from each
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participating center. Specimens from patients from the 4
clinical trials of cohort 2 were centrally read as is usually
performed in these studies.

The ANTICIPATE-NASH and ANTICIPATE-NASH-LRE
values were calculated by using the original formulas as
described in the publications,”’16 also available as online
calculators (https://www.bcn-liverhuvh.com/resources).

Statistical Analysis

Analysis in cohort 1 was conducted in R (R Foundation for
Statistical Computing) using the packages rms (Harrell Jr FE
[2022] rms: Regression Modeling Strategies. R package 6.3-0)
and Hmisc (Harrell Jr F [2022]. Hmisc: Harrell Miscellaneous. R
package 4.7-1). We used Cox regression to develop risk-
prediction models for LREs. We used a time horizon limit of
3 years as in our previous study.'® The added value of fibrosis
to ANTICIPATE-NASH was tested by quantifying the contri-
bution of each variable to the model with the x? test and by
comparing models with and without the fibrosis stage with the
likelihood ratio, as previously described (https://www.
fharrell.com/post/addvalue/).

To assess whether fibrosis stage modifies ANTICIPATE-
NASH predictions, we tested the interaction of both vari-
ables. Discrimination of the models, which reflects how pre-
dictions separate high-risk from low-risk patients (patients
with an earlier LRE time should exhibit a higher risk and those
with later LRE time or no event a lower risk) was assessed
with the C statistic, that was derived from the Somers’ Dxy
rank correlation (for a censored response variable) computed
with the formula C statistic = Dxy/2 + 0.5. Calibration of the
model was tested graphically by plotting a smooth calibration
curve of the observed event rates against the predicted risks at
3 years. Predicted risk was calculated based on the formulas
provided in Pons et al.'® To quantify calibration we provide (1)
the integrated calibration index (mean absolute difference
between smoothed observed proportions and predicted
probabilities) and (2) the E50 and E90 (median and 90th
percentile absolute difference between observed and pre-
dicted probabilities of the outcome), using methods and code
described in McLernon et al.*°
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The analysis of cohort 2 was conducted in-house by the
Gilead statistical team, following a similar strategy. Calibration
could not be assessed in this cohort, because follow-up was
much shorter than 3 years, and definition of the end point was
more inclusive in cohort 2 than the one used to construct
ANTICIPATE-NASH-LRE.

Results
Cohort 1 Evaluation

The main characteristics and LRE prevalence during
follow-up for the 699 MASLD patients in cohort 1 are
shown in Supplementary Table 3. The proportion of F3 and
F4 patients was 46.5% vs 53.5%, respectively. As expected,
F3 patients were different from F4 patients in many
epidemiologic and clinical characteristics. LREs developed
during follow-up in 56 patients. Most LREs occurred in F4
patients (51 of 56). Figure 1 shows the distribution of LSM
values in F3 and F4 patients. F4 patients presented higher
mean LSM values, but with considerable overlap with F3
patients. Accordingly, the predicted risk of CSPH by the
ANTICIPATE-NASH model was higher in F4 patients
(Supplementary Table 3), but also with high overlap with
F3 patients (Figure 1).

Finally, the 56 patients who developed an LRE during
follow-up compared with patients who did not, presented
higher LSM (34.4 kPa vs 18.1 kPa, P < .001), and higher
predicted risks of CSPH (62.6% vs 23.32%, P < .001) and 3-
year LREs (17.7% vs 3.43%, P < .001). Figure 2 shows the
distribution of ANTICIPATE-NASH in patients with and
without LRE within 3 years of follow-up, showing a mark-
edly different distribution of ANTICIPATE-NASH values in
patients with and without LREs.

Cohort 1 ANTICIPATE-NASH Models

Performance and Added Value of Fibrosis Stage
The ANTICIPATE-NASH-LRE model showed excellent

discrimination (C statistic, 0.93) (Table 1) and calibration

Distribution of ANTICIPATE-NASH score in
F3/F4 patients
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Figure 1. Distribution of (leff) LSM and (right) ANTICIPATE-NASH model values (probability of CSPH) in F3 and F4 patients

from cohort 1.
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Distribution of ANTICIPATE-NASH score in patients with or without LRE
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Figure 2. Distribution of the ANTICIPATE-NASH values (probability of CSPH) in patients with and without clinical events (LRE)

during follow-up from (left) cohort 1 and (right) cohort 2.

for LRE at 3 years (Supplementary Figure 2). In contrast,
the C statistic for fibrosis stage (F4 vs F3) was 0.67.
Supplementary Figures 3, 4, and 5, respectively, show that
the model performs well in the subgroup of patients with
BMI >35 kg/m? equally in men and women, and better
than other noninvasive tests, although the sample size was
limited.

We then tested the added value of fibrosis stage to the
ANTICIPATE-NASH model by including both in a Cox
regression model and comparing them with a model
including only ANTICIPATE-NASH. Fibrosis stage did not
add relevant information to the ANTICIPATE-NASH model
(likelihood ratio tests for the comparison, P = .55). Table 1
summarizes the relative contribution of fibrosis stage and
ANTICIPATE-NASH to the model.

Next, we tested whether predictions of ANTICIPATE-
NASH were affected by fibrosis stage (ie, whether the as-
sociation between ANTICIPATE-NASH and LREs would

change by knowing if it comes from a patient with F3 or F4
stage), by testing the interaction of both in a Cox regression
model. Again, neither fibrosis stage (P = .77) nor its
interaction with ANTICIPATE-NASH (P = .63) added value
to ANTICIPATE-NASH predictions (Table 1).

Finally, F3 patients with an ANTICIPATE-NASH value
of >25% (68 of 324 [20%]), that was the median value of
F4 patients, accounted for the 5 LREs seen in F3 patients
(Figure 3). By contrast, F4 patients with an ANTICIPATE-
NASH value of <12% (104 of 375 [28.5%]), that was the
median value of F3 patients, presented no LREs during
follow-up. In summary, the ANTICIPATE-NASH model was
able to reclassify, based on outcomes, an important
number of F3 patients who behaved as F4 patients and
reclassify F4 patients who behaved as F3. Supplementary
Table 4 compares patients reclassified by the model with
patients not reclassified based on ANTICIPATE-NASH
values and LRE.

Table 1.Cox Regression Models for the Prediction of Liver-Related Events Up to 3 Years in Cohort 1

Information contributed

Variable C statistic Variables by each variable (x?)? P value

ANTICIPATE-NASH 0.93 ANTICIPATE-NASH 39.8 <.0001

ANTICIPATE-NASH and fibrosis stage 0.93 ANTICIPATE-NASH 35.0 <.0001
Fibrosis stage 0.4 .55

ANTICIPATE-NASH and fibrosis stage 0.93 ANTICIPATE-NASH 35.2 <.0001
(model with interaction) Fibrosis stage 0.5 77
Interaction 0.2 .63

Fibrosis stage 0.67 Fibrosis stage 7.52 .0061

NOTE. The added value of fibrosis stage (F3/F4) to the noninvasive ANTICIPATE-NASH score was tested. An additive model

and a model with interaction were both tested.

aThe ¥? statistic quantifies the contribution of information to each parameter in the model.
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Cohort 1:
F3 F4
n=305 n=366
<25% >25% <12% >12%
n= 237 n=68 n=107 n=259
(77.7%) (22.3%) (29.2%) (70.8%)
LRE LRE LRE LRE
n=0 n=5 (7.3%) n=0 n=51 (19.7%)
Cohort 2:
F3 F4
n=663 n=773
<25% >25% <12% >12%
n=527 n=136 n=155 n=618
(79.5%) (20.5%) (20%) (80%)

Clinical endpoint Clinical endpoint
n=0 n=6 (4.4%)

Clinical endpoint
0.6%)

Clinical endpoint
n=1 (0. 26 (4.2%)

n=26 (4.

Figure 3. Risk stratification for clinical events of both cohorts, divided by the fibrosis degree (F3 and F4 fibrosis), based on
ANTICIPATE-NASH thresholds expressed as the risk (percentage) of having CSPH. Clinical end point: the United States Food
and Drug Administration regulatory end point for clinical events.

Cohort 2 Validation

Cohort 2 included 1396 MASLD patients enrolled in the
4 clinical trials. As shown in Supplementary Figure 6, the
composite end point developed in 33 patients (2.3%). The
median follow-up of this cohort was 16.1 months (inter-
quartile range, 13.8-18.7 months). The distribution of F3
and F4 patients was similar to cohort 1 (47.5% F3 vs 52.5%
F4).

Similar to cohort 1, most end points concentrated in F4
patients (27 of 33). The distribution of LSM and
ANTICIPATE-NASH values between F3 and F4 patients
(Figure 4) was similar to that of cohort 1 (Figure 1). The
ANTICIPATE-NASH values were very different between
patients with and without the composite end point
(Figure 2).

The ANTICIPATE-NASH model also showed a high
discrimination for the composite end point in this cohort (C
statistic, 0.84), although the C statistic for fibrosis stage (F4
vs F3) was lower (0.64). Similar to what was observed in
cohort 1, adding fibrosis stage to the ANTICIPATE-NASH
model did not improve performance (C statistic, 0.84).

In addition, as presented in Figure 3, by using the same
ANTICIPATE-NASH thresholds for cohort 1, F3 patients
with a value >25%, concentrated the 6 clinical events
observed in F3 patients, whereas F4 patients with a value
<12% developed only 1 of the 27 events in this group.

Finally, Table 2 summarizes the median ANTICIPATE-
NASH values of patients from the STELLAR trials accord-
ing to the occurrence of fibrosis stage changes at the 48-
week follow-up liver biopsy specimen. As seen, patients
with F3 at baseline who progressed had higher baseline
ANTICIPATE-NASH values than patients who remained F3
or who improved to FO-2 in the follow-up biopsy specimen.
On the other hand, in patients with F4 at baseline, those
regressing to F3 or lower, had a much lower ANTICIPATE-
NASH score than those that showed again an F4 biopsy
specimen in the follow-up.

Discussion

The results of the present study confirmed our original
hypothesis showing that by using the ANTICIPATE-NASH
models, a more accurate prediction of LRE compared
with liver histology can be achieved in MASLD patients.
These models, therefore, could be considered a preferred
tool for risk assessment and candidate selection for clinical
trials in the setting of cACLD with clinical outcomes as the
main end point. Also, our results have shown robustness,
considering that they were reproduced in 2 different large
cohorts, with different lengths of follow-up, and by using 2
comparable but slightly different end point definitions.
Hepatocellular carcinoma was part of our LREs definition
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Distribution of ANTICIPATE-NASH score in
F3/F4 patients
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Figure 4. Distribution of (leff) LSM and (right) ANTICIPATE-NASH model values (probability of CSPH) in F3 and F4 patients

from cohort 2.

used in cohort 1,'® whereas it was absent in the regulatory
outcome used in cohort 2. Similarly, the regulatory end
point included Model for End-Stage Liver Disease >15 and
all-cause mortality, excluded in our LREs definition. This, in
our opinion, reflects the adaptability and versatility of the
ANTICIPATE-NASH models in predicting clinical events in
cACLD MASLD patients.

The increasing use of noninvasive tools in the assess-
ment and monitoring of chronic liver disease is causing a
profound change in its management. Many different
noninvasive tools have been developed and applied to
assess the stage and prognosis of MASLD patients.”’

Table 2. ANTICIPATE-NASH Median Values of the Risk of
Clinically Significant Portal Hypertension in F3 and

F4 Patients
ANTICIPATE-NASH values

Patient group No. (%)
STELLAR-3 619 9.2 (3.9-22)

(a) F3 to FO-2 84 5.5 (2.6-10.9)

(b) F3 unchanged 412 9.3 (4-19.4)

(c) F3to F4 88 20.9 (8.1-43.4)
STELLAR 4 693 36.8 (15.3-60.2)

(a) F4 to F0-3 122 16.4 (5.6-34.3)

(b) F4 unchanged 507 39.6 (18.8-63.9)

NOTE. Data are presented as the median (25th-75th per-
centiles). Patients are from the Safety and Efficacy of
Selonsertib in Adults With Nonalcoholic Steatohepatitis
(NASH) and Bridging (F3) Fibrosis (STELLAR 3) and Safety
and Efficacy of Selonsertib in Subjects with Compensated
Cirrhosis due to Nonalcoholic Steatohepatitis (NASH)
(STELLAR 4) studies. Subgroups indicate improved, un-
changed, or progressive fibrosis stage. STELLAR-3: a vs b,
P =.0001; bvsc, P < .0001; STELLAR 4: avs b, P < .0001.
All P values were obtained using Wilcoxon’s rank sum test.

Although most of them were originally built to stage the
liver disease, trying to identify patients with steatohepatitis
and fibrosis of different degrees, many have also been
adapted to evaluate the risk of clinical events. The Fibrosis
4 (FIB-4) score, nonalcoholic fatty liver disease fibrosis
score, and Aspartate Aminotransferase to Platelet Ratio
Index score showed good accuracy for predicting LREs in a
systematic review including 13 studies,*” and these results
have been repeated in other series. Agile 3+ and Agile 4 are
a combination of noninvasive parameters®*** developed to
detect advanced fibrosis or cirrhosis in MASLD patients,
having demonstrated similar accuracy compared with LSM
alone to predict LREs. The enhanced liver fibrosis panel has
demonstrated a good accuracy for predicting LREs in
different etiologies”; the <9.8 cutoff identifies a subgroup
of patients with a very low risk of LREs.

The ability of LSM for predicting LREs is known since
2011, when Robic et al>® showed a similar performance of
LSM compared with the hepatic venous pressure gradient.
Since then, LSM by transient elastography has been vali-
dated as a very useful tool to assess prognosis in patients
with chronic liver disease.”’ >’ The risk of LREs increases
in parallel to LSM; however, as shown in 2 meta-ana-
lyses®**! and by Pons et al,'® the relationship between LSM
and the risk of LREs is not linear, and the slope of the risk
of LREs flattens above LSM values of 20 kPa. This indicates
that the discriminative capacity for LREs decreases but
does not completely disappear, as shown by recent
studies.*”

The ruling-in and ruling-out thresholds of the Baveno
VII recommendations for detecting CSPH have also been
explored for predicting the risk of LREs with good per-
formance.***° Spleen stiffness measurement alone can also
be used for predicting liver decompensation, and by
combining Baveno VII criteria with spleen stiffness mea-
surement, it was possible to better classify all the decom-
pensation events in the rule-in group.***° Another
approach using the VITRO score (von Willebrand factor/
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platelet count), in combination with the Baveno VII criteria,
achieved an adequate classification of patients at risk of
decompensation.®’

As explained, risk prediction models might explain
better what could be expected for an individual patient
based on a parameter or a combination of them rather than
subgroups of risk strata. Examples of prognostic models for
MASLD patients, include the ABIDE (albumin, bilirubin,
international normalized ratio, diabetes, and esophageal
varices), that uses varices by endoscopy as a variable and
the NAFLD outcomes score (NOS).***° The NOS is a vali-
dated model in MASLD patients that showed a good accu-
racy (area under the curve, 0.90) for predicting LREs at 5
years.

In this regard, our ANTICIPATE-NASH model is a vali-
dated tool with good accuracy that can predict both CSPH
and LREs at 3 years in MASLD patients. One of the prop-
erties of the model is its simplicity, with only 3 easy-to-
obtain variables that can be calculated by a nomogram or
an online tool. Indeed, one of the important findings of the
present work was the ability of the ANTICIPATE-NASH
model to reclassify patients. By simply using a binary
stratification with certain ANTICIPATE-NASH value
thresholds in both F3 and F4 patients and based on clinical
events, ~30% of F4 patients behaved as F3, and 20% of F3
might be classified as F4. The low accuracy and reproduc-
ibility of liver biopsy specimen is also evidenced by
showing that patients who changed fibrosis stage during
follow-up possessed a very different baseline risk of CSPH.

Those who improved fibrosis stage (either F3 or F4)
presented lower risk than those who did not change or
progressed, whereas patients progressing from F3 to F4
already showed higher risk of CSPH. This probable
misclassification of liver biopsy specimen both at baseline
and during follow-up might explain why patients from
these trials with baseline F4*° who had cirrhosis regression
at follow-up presented many fewer clinical events than
patients who maintained F4 stage. Our results suggest that
those patients were already different at baseline, with a
much lower risk of CSPH and therefore much earlier in the
natural history of the disease.

Our study has several strengths. It includes 2 large co-
horts of biopsy specimen-proven F3/F4 MASLD patients
and results from cohort 1 were reproducible in cohort 2,
despite differences in follow-up and clinical end points. We
provide enough evidence to demonstrate the superior ca-
pacity of the ANTICIPATE-NASH models over liver biopsy
for risk stratification, considering, in addition, the easiness,
availability, and repeatability of the model compared with
the invasiveness of liver biopsy. Although in unselected
cACLD MASLD patients, the risk of LREs at 3 years of
follow-up is low, ANTICIPATE models may identify a sub-
group of patients with higher-risk LREs at 3 years. Indeed,
this tool could be used instead of histology to better select
patients for the evaluation of clinical events in phase 3
MASLD clinical trials, sensibly decreasing sample size and
length of follow-up by entering patients at higher risk of
events. An example of the effect on sample size of using the
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model to enrich patients at higher risk of events is shown
on Supplementary Table 5. On the other hand, it could
serve to select the F4 patients in whom observing regres-
sion to F3 is more likely.

Limitations of our study include that our cohorts have
been retrospectively analyzed and recruited from other
studies or from ongoing databases not specifically designed
for the present study. In most of the cohort 1 patients,
central biopsy specimen reading was lacking, and infor-
mation regarding portal hypertension data (esophageal
varices and portal pressure) was not available. The number
of events is relatively low. The use of LSM is always an
inconvenience for settings or countries lacking this tool,
requiring adequate training and dedicated personnel.

Patients from cohort 2 were enrolled in clinical trials for
MASLD treatments that were considered ineffective,
although a possible effect on the natural history of the
disease cannot be excluded. Future studies are needed to
prospectively evaluate the use of the ANTICIPATE-NASH
models for risk prediction in relation to changes in BMI
or the other parameters included in the model. Adaptability
in repeated assessments to changes after interventions is
an important part of the process of clinical validation of a
model.

Conclusion

The ANTICIPATE-NASH model is a noninvasive, point-
of-care, accessible method for individual LRE prediction
in cACLD-MASLD patients. Knowledge of fibrosis stage (F3
vs F4) does not add relevant prognostic information to
ANTICIPATE-NASH. This model could be considered a
valuable tool for risk assessment in daily clinical practice
and for patient selection or risk stratification in clinical
trials.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://dx.doi.org/10.1053/
j.gastro.2025.08.020.
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Supplementary data
Study cohorts overlapping

The ANTICIPATE-NASH model for CSPH was developed in a multicenter cohort
(Pons, et al. Am J Gastro 2021-Ref 17) without any of the patients included in the
present study. This model was subsequently validated in many studies (including
Rabiee, et al. Hepatol Commun 2022-Ref 16). Then the ANTICIPATE-NASH model
was shown to predict 3-year LRE (Pons, et al. Clin Gastro and Hepatol 2024-Ref 18).
Of note, the ANTICIPATE-NASH model was used as it was previously developed,
without any model re-fitting. What we called ANTICIPATE-NASH-LRE was the
formulation to predict LREs. That study included in a large sample of MASLD patients
(2638 patients) from Spain-Vall d’Hebron University Hospital (348 patients), Canada-
University of Alberta (72 patients) and from a Chinese/French cohort previously
published (Shili-Masmoudi, et al. Liver Int 2020-2218 patients).

In the present study, 106 patients of 149 from Vall d’Hebron University Hospital
overlap with the ones used in the Clin Gastro Hepatol paper.

For the validation cohort of the study, 679 cACLD MASLD patients of the total of 1039
patients from the multicenter cohort of Petta, et al. (Ref 19) were used. In the present
study, 332 patients of the 550 from Pettta, et al. study overlap with the ones used in the
Clin Gastro Hepatol paper.

In total, in the present study 261 are new patients and 438 were used before in the Pons
2023 study. Again, we emphasize that none of the patients in the present study were
used in the development of ANTICIPATE-NASH.

Tables and figures



Table 1 — Main characteristics of the 4 clinical trials included in the validation cohort

Patients
. . I included
Study Endpoint Inclusion criteria N in the
analysis*
GS-US- 18—65 years old. Bridging fibrosis (stage 3) or marked 218 45
321-0105 | Change in hepatic Body mass index of at least 18 kg/m? bridging fibrosis (stage 4) based on a
(Simtuzu | collagen content Chronic liver disease due to NASH, defined as modified Ishak classification.
mab) (study 105) and macrovesicular steatosis involving > 5% of
change in HVPG hepatocytes on a liver biopsy with associated Compensated cirrhosis, defined 256 39
(106) + Event free | lobular inflammation. histologically as Ishak fibrosis stage 5
GS-US- | survival: Time to Aspartate and alanine aminotransferase < 10 x (early or incomplete cirrhosis) or 6
321-0106 | progression to Central Laboratory Upper Limit of Normal. (established or advanced cirrhosis). Or
(Simtuzu | cirrhosis in study Serum creatinine < 2.0 mg/dL. cirrhosis without these histologic features
mab) 105 and the first but with at least 1 clinical feature
liver-related clinical suggestive of NASH (eg, diabetes mellitus,
event in study 106 overweight or obesity, dyslipidemia).
GS-US- 18 - 70 years old. Bridging fibrosis (F3 fibrosis according to 802 619
384- Histologic diagnosis of NASH (NAFLD activity | the NASH Clinical Research Network
1943/ST | >1 stage score [NAS] of > with at least each of grade 1 | [CRN] classification)
ELLAR- | improvement in steatosis, hepatocellular ballooning, and lobular | Child-Pugh score <6
3 fibrosis on liver inflammation).
(Selonser | biopsy without Alanine aminotransferase levels no more than 8
tib) worsening of times the upper limit of normal, creatinine
GS-US- | NASH + Time to clearance as estimated by the Cockcroft-Gault | Compensated cirrhosis (F4 fibrosis). 877 693
384- first clinical event + | equation of at least 30 ml/min, hemoglobin Alc | Child-Pugh score <7
1944/ST | Progression to (HbAc) of no more than 9.5%, a platelet count
ELLAR- | cirrhosis in of at least 100,000 per pul, and an international
4 STELLAR 3 normalized ratio (INR) of no more than 1.4.
(Selonser A Model for end-stage liver disease score <12
tib)

*Patients excluded from the analysis had some data missing, and the ANTICIPATE-NASH was not able to be calculated.
Patients from the simtuzumab trials were recruited between 2013 and 2014 and STELLAR patients between 2017 and 2018.




Table 2- Comparison of length of follow-up and rate of LRE in patients from the
simtuzumab and STELLAR trials who could be included in the present study or not.

Simtuzumab trials Stellar trials
N=474 N=1679
Included Excluded Included Excluded
N=84 N=390 N=1312 N=367
Follow-up 27.5 29 15.8 15.7
(months)
Clinical 6 (7.1%) |42 (10.7%) |27 (2%) 5(1.3%)
endpoint

Differences between included and excluded patients are not significant



Table 3- Cohort 1 baseline characteristics.

F3 fibrosis F4 fibrosis .
(N=324) (N=375) p-value

Male, n (%) 175 (54) 190 (51) 0.377
Age, years 57.6 (9.9) 60.17 (9.8) 0.001
BMI, kg/m? 31.5(5.1) 31.8 (5.4) 0.427
Arterial hypertension, n (%) 209 (64.5) 276 (73.6) 0.009
Diabetes Mellitus, n (%) 187 (57.7) 247 (65.9) 0.027
Dyslipidemia, n (%) 210 (64.8%) 220 (58.5%) 0.095
Cardiovascular events during the
follow-up, n (%) 13 (4.0) 19 (5.1) 0.50
Neoplasia (excluding hepatocelular
carcinoma), n (%) 14 (4.3) 27(7.2) 0.106
Follow-up, months 46.55 (35.1) 54.08 (35.3) 0.005
Liver stiffness, kPa 15.8 (8.4) 22.7 (13.3) <0.001
Platelet count, x10%/L 211 (69) 192 (75) 0.001
INR 1.04 (0.3) 1.07 (0.2) 0.195
Bilirubin, mg/dL 0.74 (0.4) 0.75 (0.4) 0.829
Albumin, g/dL 4.3 (0.4) 4.2 (0.4) <0.001
Liver-related event, n (%) 5(1.5) 51 (13.5) <0.001
Hepatocellular carcinoma, n (%) 2 (0.6) 14 (3.7) 0.006
Death, n (%) 9 (2.8) 36 (9.6) <0.001
Liver-related death, n (%) 3(0.9) 19 (5.1) 0.002
Risk of CPSH, % 12 (5.2-22.7) 26.2 (9.6-52.3) | <0.001
Risk of LRE, % 0.8 (0.5-1.4) 1.7 (0.7-6.4) <0.001

BMI: Body mass index; INR: International normalized ratio. Liver-related event: hepatic
decompensation, hepatocellular carcinoma, transplantation and liver-related death.
Variables are expressed as mean (standard deviation) or median (P2s-P7s).

*Comparisons between groups for continuous variables were performed using Student’s
T test and for categorical variables using chi-square test or Fisher’s test, when
appropriate.



Table 4- Comparison of different parameters between F3 patients from cohort 1 who
behave as F4 patients with F4 patients (upper table) and F4 patients who behave as F3
patients with F3 patients (lower table). With the data available, we show that F3 patients
with ANTICIPATE-NASH >25% are more similar to F4 patients than F3 patients with
ANTICIPATE-NASH <25% and that F4 patients with ANTICIPATE-NASH <12%
resemble more F3 patients than F4 patients with ANTICIPATE-NASH >12%.

F3 CSPH>25% F4 CSPH>12% P value
(n=68) (n=259)
Age, years 59.8 (10.1) 60.2 (10.4) 0.748
Male, n (%) 35(51.5) 134 (51.7) 0.969
Body mass index, kg/m? 31.7 (5.5) 31.7 (5.5) 0.948
Liver stiffness, kPa 22.6 (10.3) 26.2 (13.3) 0.038
Platelet count, x10°/L 142.4 (44.2) 163.8 (53.2) 0.001
Albumin, g/dL 4.2 (0.4) 4.2 (0.4) 0.600
Bilirubin, mg/dL 0.9 (0.5) 0.8 (0.5) 0.257
INR 1.1(0.3) 1.1(0.2) 0.757
Variables expressed as mean (standard deviation)
F3 CSPH<25% F4 CSPH<12%

(n=237) (n=107) P value

Age, years 57.1 (9.7) 59.6 (57.8) 0.024
Male, n (%) 129 (54.4) 50 (46.7) 0.187
Body mass index, kg/m? 31.5(5.0) 32.5(5.3) 0.093
Liver stiffness, kPa 13.3(3.9) 13.1 (3.0) 0.711
Platelet count, x10°/L 231.9 (62.3) 260.9 (76.7) <0.001
Albumin, g/dL 4.4(0.4) 4.3(04) 0.029
Bilirubin, mg/dL 0.71 (0.3) 0.6 (0.4) 0.081
INR 1.0 (0.3) 1.0 (0.1) 0.971

Variables expressed as mean (standard deviation)



Table 5- Theoretical projection of how many patients would be needed for a clinical trial
with 2 arms using a therapy with a hypothetical effect of 30% decrease in LRE depending
on the selection criteria used (alpha 0.05, power 0.8)

Selection criteria Observed LRE Expected LRE | Sample size per arm
Liver biopsy F4 51/375 (13.5%) 11.5% 4300
ANTICIPATE>25% 52/263 (20%) 14% 615
ANTICIPATE>50% 36/120 (30%) 21% 365

Observed LRE in cohort 1



Figures

Figure 1- Flowchart of patients from the cohort 1. Patients from Barcelona all had a liver
biopsy.

Barcelona Vall d'Hebrén Multicentric cohort
n= 358 n=1039
___| 204 patients excluded: | | 494 patients excluded:
F1 or F2 in the biopsy no biopsy
F3-F4 F3-Fa4
n=149 n=550

n =699




Figure 2- Calibration of the ANTICIPATE-NASH-LRE model in cohort 1. The red
dashed line represents the perfect calibration (identity between predicted and observed
probabilities). The black solid line represents the smooth calibration curve of the
observed liver-related event rates at 3 years of follow-up against the predicted risks.
Calibration was assessed by the integrated calibration index (ICI) (mean absolute
difference between smoothed observed proportions and predicted probabilities) and b)
the E50 and E90 (median and 90th percentile absolute difference between observed and
predicted probabilities of the outcome). Results were excellent, showing ICI 0.010, E50

0.009 and E90 0.016.
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Figure 3- Subgroup analysis of the discrimination of the ANTICIPATE-NASH-LRE
model for predicting liver-related events (LRE) at 3 years of follow-up in patients with
BMI >35 kg/m2 from cohort 1. In cohort 1, 163 of the 699 patients presented a BMI
>35 kg/m?2 and presented only 4 LRE during a 3-year follow-up. The performance of
the ANTICIPATE-NASH-LRE was very good, with a c-statistic of 0.994. Please, see
below the graphic representation of the ROC curve.
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Figure 4- Discrimination analysis for the ANTICIPATE-NASH-LRE model and liver
biopsy for predicting LRE at 3 years of follow-up in cohort 1, separating male from
female patients. The results show that there are no differences in the performance of the
model between men and women. Also, the superiority of the model to liver biopsy is
maintained.
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Comparison of AUC of the model according to sex (men/women)

ROC -Asymptotic Normal--
Sex Obs Area Std.Err. [95% Conf. Interval]
Men 348 0.9268 0.0279 0.87211 0.98156

Women 323 0.9500 0.0263  0.89841 1.00000



Comparison of AUC of histology according to sex (men/women)

ROC -Asymptotic Normal--
Sex Obs Area Std.Err. [95% Conf.Interval]
Men 365 0.6702 0.0538 0.56487 0.77560

Women 334 0.7277 0.0138 0.70058 0.75481

chi2(1)=1.07  Prob>chi2 = 0.3006

Comparison of AUC of the model (ANTICIPATE-NASH-LRE) and histology in
men
ROC -Asymptotic Normal--
Obs Area Std.Err. [95% Conf. Interval]
Model 348 0.9268 0.0279 0.87211 0.98156
Histology 348 0.6577 0.0578 0.54442 0.77106

chi2(1)=17.42  Prob>chi2 = 0.0000

Comparison of AUC of the model (ANTICIPATE-NASH-LRE) and histology in
women.
ROC -Asymptotic Normal--
Obs Area Std.Err. [95% Conf. Interval]
Model 323 0.9500 0.0263 0.89841 1.00000
Histology 323 0.7238 0.0140 0.69631 0.75131



Figure 5- Discrimination analysis of the performance of the ANTICIPATE-NASH-
LRE model for predicting LRE at 3 years of follow-up in patients from cohort 1
compared to other non-invasive parameters. Unfortunately, we did not have all the
parameters to calculate MELD score in the 699 patients from cohort 1. We are showing
below the performance of baseline MELD score compared to the ANTICIPATE-
NASH-LRE score in the 149 patients from Barcelona, and albumin, LSM alone, platelet
count and ALBI score in the 699 from the whole cohort 1. ANTICIPATE-NASH-LRE
AUC is significantly better than all other measures.
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AUC | CI95%
ANTICIPATE-NASH-LRE | 0.94 | 0.89-0.98
MELD 0.77 | 0.56-0.98
Platelet count 0.88 | 0.81-0.95
LSM 0.88 | 0.79-0.97
Albumin 0.79 | 0.68-0.90
ALBI score 0.85 |0.76-0.95

AUC= area under the curve, CI= confidence interval, LSM= Liver stiffness
measurement, ALBI= Albumin-Bilirubin score.



Figure 6 — Flowchart and clinical events (composite endpoint) for validation cohort 2.

Study GS-US-321-0105 Study GS-US-321-0106 Study GS-US-384-1943 Study GS-US-384-1944 TOTAL
n=218 n=256 n=802 n=877 n=2153
1 1 | 1 |
n=45 n=39 n=619 n=693 n=1396
[ [ | I |
Composite endpoint Composite endpoint Composite endpoint Composite endpoint Composite endpoint
n=2 n=4 n=4 n=23 n=33
] 2/2 Ascites - 2/4 Ascites - 0/4 Ascites ] 13/23 Ascites | 17/33 Ascites
- 0/2 Hepatic | 1/4 Hepatic - 1/4 Hepatic - 4/23 Hepatic || 6/33 Hepatic
encephalopathy encephagpathy encephalopathy encephalopathy encephalopathy
| 0/2 Gl bleed - 0/4 Gl bleed | 2/4 Gl bleed | 3/23 Gl bleed | 5/33 Gl bleed

0/2 Worsening liver
function

0/4 Worsening liver

1/4 Worsening liver
function

2/23 Worsening liver
function

3/33 Worsening liver
function

| function
0/2 Transplant - 0/4 Transplant — 0/4 Transplant l— 1/23 Transplantation I—{ 1/33 Transplantation
0/2 All-cause mortality| L—1/4 All-cause mortality| L—]0/4 All-cause mortality| L —| o’ﬁgg;‘fﬁ;‘se ‘%ﬂ;ﬁ;‘”

The first row indicates the total number of patients included in the 4 original clinical trials. The
second row denotes the number of patients in which the ANTICIPATE-NASH could be calculated
and were included in the study. The composite endpoint includes hepatic decompensation
(ascites, portal hypertensive bleeding and hepatic encephalopathy), liver transplantation,
worsening liver function with qualification for transplantation (MELD >15), or all-cause

mortality.
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