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Alcohol-associated liver disease (ALD) is increasingly
prevalent throughout the world (1). It remains the leading
cause of liver-related morbidity and mortality worldwide
and contributes to approximately 6% of global deaths (2).
ALD encompasses a wide range of hepatic pathologies,
including steatosis, steatohepatitis, fibrosis, and cirrhosis (3).
Given the severe lack of therapeutic interventions available
to reverse the progression of ALD, it is currently the leading
indication for liver transplantation (4). Advancements
within the field are needed to identify diagnostic biomarkers
for early detection and to develop therapeutics to ameliorate
hepatic dysfunction and pathologies associated with ALD.
The consequence of alcohol toxicity and resulting
biochemical perturbations in hepatocytes include
disruptions in genetic, proteomic, and metabolic processes,
which are largely driven by alcohol metabolism, oxidative
stress, and chronic inflammation (5,6). Given the lack of
therapeutic options, identifying biological mechanisms
and novel targets remains a key focus in the field. Because
the liver coordinates whole-body homestasis, hepatic
dysfunction and disease progression also influence
extrahepatic tissues, in part, via circulating factors in
the blood (3). Considering these factors, utilizing high
sensitivity approaches to profile proteomic signatures
more thoroughly in various compartments of the body are
required to address current gaps in knowledge. Importantly,
through the novel characterization of clinical biopsies and
samples, researchers can discover altered proteomic and

metabolomic pathways which will aid in the development of
therapies to ameliorate ALD (7,8).

In their article in Nature Medicine, Niu et al. provided
an innovative approach profiling paired liver tissue and
plasma samples through mass spectrometry (MS)-based
proteomics in conjunction with clinical characterization
of a large patient cohort of 596 individuals consisting
of patients that were alcohol misusers, had early-stage
asymptomatic ALD, or were healthy controls (9). In an
effort to identify novel diagnostic biomarkers, Niu et al.
identified key markers from pathways related to fibrosis,
inflammation, and steatosis consistent with other studies
(Figure 1) (10-12). Here, they made use of a cutting-edge
open-source interactive data exploration tool to identify
biomarker panels associated with clinical presentation. Most
importantly, the authors developed a machine learning
pipeline to deeply examine their plasma proteomics dataset,
yielding an exceptional platform for future innovation in
classifying diagnostic, prognostic, and therapeutic features
in a timely manner related to the clinical presentation of
ALD. The robustness of the current study, combined with
the identification of novel biomarkers associated with ALD
provides an exciting example of the ongoing integration of
proteomics analyses within the clinic.

One drawback of OMIC-based clinical analysis is the
lack of standardized rigorous methodology for translating
high-dimensional and meaningful data that can influence
clinical outcomes. While providing targets for future
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Figure 1 Schematic model of the bioinformatic and machine learning approach utilized to identify and validate clinically relevant

biomarkers in hepatic biopsies and serum samples of patients with ALD. ALD, alcohol-associated liver disease. ROC, receiver operating

characteristic; AUC, area under the curve.

mechanistic work, these approaches are a largely limited
to the realm of descriptive research rather than clinically
relevant diagnostic/prognostic applications. Additionally,
one of the major gaps in ALD research is the lack of
predictive biomarkers to direct specific drug targets for
fibrosis, inflammation, and steatosis. This supports current
knowledge deficits related to early diagnosis, as patients
often fail to come to the clinic until they are quite ill and
present with advanced disease (e.g., cirrhosis or alcohol-
associated hepatitis). Niu er 4l. leveraged machine learning
to bridge these gaps in proteomic and ALD research data
analytics. Here, making use of machine learning algorithms
to distill a high-dimensional proteomics data set yielded a
compact panel of clinically relevant biomarkers and built
several ALD-related prediction models. The findings
from this study highlight the probability of utilizing
these platforms for diagnosis. Importantly, these models
demonstrated an ability to outperform the clinical assays
that are currently used for diagnosis.

Niu et al. developed a straightforward and highly
interpretable workflow to discover a novel biomarker panel
for ALD. The plasma proteomics data were processed by
filtering for proteins that had valid measurements in at
least 60% of samples and were then subject to statistical
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analysis or machine learning applications. The authors
used the resulting dataset to model three separate binary
classification targets: significant fibrosis (FO-1 versus F2-4),
mild inflammatory activity (I0-1 versus 12-5), and liver
steatosis (SO versus S1-3). Binary classification groupings
were determined based on clinical relevance of disease
progression and logistic regression classifiers were used
to model each outcome. Feature selection was performed
upstream of modeling. The goal of feature selection was
to choose the smallest set of proteins that would maximize
performance. Limiting the number of features used for
logistic regression prevents overfitting and improves
the predictive ability of the resultant model. To do this,
the authors used an implementation of the minimum
redundancy-maximum relevance (nRMR) feature selection
algorithm and obtained a ranked set of the 50 most
important proteins for prediction. Fifty logistic regression
models were then built per binary classification target, each
using a different number of the top-ranked proteins. The
optimal number of proteins was determined for each target
by selecting the corresponding model that returned the
maximal F1 score. This resulted in three final models (one
model per disease target). Nine, six, and twelve features, or
proteins, were deemed optimal for the significant fibrosis,
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advanced inflammation, and steatosis models, respectively.
Model performance was evaluated in the discovery cohort
using cross-validation and clinical comparators for baseline.
The final proteomics models showed improved performance
with respect to predicting clinical outcomes as compared to
current clinical standards for liver disease identification.

Demonstrating the clinical applicability of these
proteomic data within the clinic and robustly identifying
ALD biomarkers through a novel machine learning pipeline
is a key advancement within the field. Additionally, the
researchers generated a blueprint for integrating OMIC
data within the clinical setting for liver disease stratification.
By displaying that the integration of proteomics into the
clinic would improve clinical diagnostics by outperforming
current standards for diagnosis these results advance the
field toward standardizing integrated proteomics analyses
in clinical outcomes. With a disease such as ALD, there
is an immediate need for improved, less invasive, rapidly
executed, and more sensitive health assessments. This
research presents a viable solution to fill this need by
integrating proteomic research and clinical application.

The authors addressed several limitations to their study
including (I) lack of a universally accepted system for
scoring the clinical spectrum of ALD; (II) the potential
for blood contamination in hepatic samples; and (III)
consideration of the cost-effectiveness of this advanced
approach versus the current gold-standard methodology.
We would note one additional limitation being a lack
of ethnic and racial diversity among patient cohorts,
limiting the population these results can be applied to and
potentially diminishing the application of their findings to
disparate health outcomes. Furthermore, there is often large
variability across clinical lab sites regarding performance
of proteomic analyses due to sample preparation and
instrumentation, resulting in the potential for large
differences in quantitative OMIC analyses.

Overall, this recent article provides an exceptional
machine learning pipeline and creative bioinformatics
approach to reveal novel biomarker panels with diagnostic
potential for ALD. Validating their methodology against an
independent cohort corroborates the robust and accurate
nature of this report. Critically, this clinically relevant
analytical workflow is proposed for future studies across
myriad hepatic diseases, among others, with the goal of
identifying biomarker panels capable of stratifying a range
of liver diseases present in the clinic.
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