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Abstract

The management of patients with liver metastases from colorectal cancer is still
debated. Several therapeutic options and treatment strategies are available for an
extremely heterogeneous clinical scenario. Adequate prediction of patients’
outcomes and of the effectiveness of chemotherapy and loco-regional treatments
are crucial to reach a precision medicine approach. This has been an unmet need
for a long time, but recent studies have opened new perspectives. New morpho-
logical biomarkers have been identified. The dynamic evaluation of the
metastases across a time interval, with or without chemotherapy, provided a
reliable assessment of the tumor biology. Genetics have been explored and, thanks
to their strong association with prognosis, have the potential to drive treatment
planning. The liver-tumor interface has been identified as one of the main determ-
inants of tumor progression, and its components, in particular the immune
infiltrate, are the focus of major research. Image mining and analyses provided
new insights on tumor biology and are expected to have a relevant impact on
clinical practice. Artificial intelligence is a further step forward. The present paper
depicts the evolution of clinical decision-making for patients affected by colorectal
liver metastases, facing modern biomarkers and innovative opportunities that will
characterize the evolution of clinical research and practice in the next few years.

Key Words: Colorectal liver metastases; Biomarkers; Genetics; Immune infiltrate;
Radiomics; Artificial Intelligence
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Core Tip: The management of patients with colorectal liver metastases is challenging
because the choice among different therapeutic options and strategies is not supported
by strong evidence. A precision medicine approach has been an unmet need for a long
time, but recent studies have opened new perspectives. In this paper, we will discuss
new morphological approaches to assess tumor biology, the promising data from
genetic analyses, the raising clinical relevance of the liver-tumor interface, and the
potentialities of advanced imaging analysis and artificial intelligence. These are the
keys to reach an effective personalized treatment in the near future.

Citation: Vigano L, Jayakody Arachchige VS, Fiz F. Is precision medicine for colorectal liver
metastases still a utopia? New perspectives by modern biomarkers, radiomics, and artificial
intelligence. World J Gastroenterol 2022; 28(6): 608-623

URL: https://www.wjgnet.com/1007-9327/full/v28/i6/608.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i6.608

INTRODUCTION

During the last decades, the surgeons and medical oncologists drove the multidiscip-
linary teams to the ambitious aim of curing patients with colorectal liver metastases
[1]. Systemic therapy had a progressively increasing effectiveness[2,3]. To date, the
median life expectancy of patients receiving state-of-the-art treatment exceeds 30 mo[1,
2]. The new immunotherapies could further raise the bar. Liver surgery has been the
game-changer: It rapidly became the standard thanks to its proven safety (mortality
risk lower than 2%) and oncological effectiveness (actual 5- and 10-year survival rates
of about 50% and 20%, respectively)[1,4-6]. All patients with technically resectable
disease, sufficient future liver remnant volume, and disease control by chemotherapy
are now considered for surgery[l,7]. The liver surgeons pursued aggressive
indications and developed complex techniques to maximize the resectability rate, even
considering liver transplantation in the most recent years[7-9]. However, this
generated a paradox: We are now searching for criteria to identify patients that are
technically resectable but do not benefit from surgery because of their unfavorable
tumor biology (10%-15% of patients have an early recurrence and early cancer-related
death after surgery)[10]. Finally, thermal ablation gained momentum. After having
demonstrated its effectiveness in patients with hepatocellular carcinoma, radiofre-
quency and microwave ablation have been successfully applied to patients with
colorectal liver metastases, achieving adequate disease control[11,12]. Percutaneous
treatments are now even tested as alternative to surgery in randomized trials[13,14].

The management of such a complex scenario should rely on an adequate
understanding of tumor biology and several decisions need for a precision medicine
approach (e.g., the identification of the most appropriate schedule of systemic therapy,
the selection of candidates to surgery, the indication to perioperative chemotherapy,
the timing of colorectal and hepatic surgery in patients with synchronous metastases,
and the choice between surgery and ablation). However, a recent study demonstrated
that hepatobiliary surgeons have a huge heterogeneity in the treatment planning and
surgical indications, the choice among different options being almost a throw of the
dice[15]. Reliable biomarkers are urgently needed to drive a patient-tailored evidence-
based approach.

In 2012, we depicted an evolving scenario with some preliminary evidence[16].
Where do we stand almost a decade later? In the present paper, we will provide a
critical overview of traditional biomarkers, new proposals, and future perspectives
(Figure 1 and Table 1).

MORPHOLOGY: AN OUTDATED BIOMARKER?

The tumor morphology is still the basis of several clinical decisions. The tumor burden
defines the resectability of patients, and, in resectable ones, the need for perioperative
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Table 1 Characteristics of different biomarkers of colorectal liver metastases.

Biomarker characteristics

Standardized Reproducibility Rot_:ustness (across  Early Relia.bil.ity in !Potential) Clinical
series) assessment prediction impact

Morphology and d e c e b c
clinical data

Dynamic evaluation d e e b d e
Genetics c d d e e e
Peritumoral tissue data ¢ d c a d d
Radiomics b c c e c d
Artificial intelligence a a b d d e

The performances of every biomarker are evaluated by a score, ranging from “a” if very low to “e” if very high.

o

g 1

% [P

Figure 1 Available biomarkers for patients affected by colorectal liver metastases. A biomarker is defined as any parameter (molecular, cellular,
clinical, imaging or identified by an artificial intelligence process) having a clinical role in narrowing or guiding treatment decisions and contributing to the estimation of
the overall patient prognosis (prognostic biomarker), the clinical outcome after a treatment (predictive biomarker), or the properties of a clinical condition /disease
(diagnostic biomarker).

chemotherapy[1,7]. The size of liver metastases determines the indication to thermal
ablation (effective in nodules < 30 mm)[17]. Several morphological parameters,
including primary tumor data and tumor markers, have a prognostic value, and they
have been combined into multiple scores to optimize their prognostic performance
(Table 2)[18-23].

Recent studies reaffirmed the role of tumor morphology as a biomarker and
determinant of the treatment strategy. First, Sasaki ef al[24] proposed to combine the
number and size of metastases into a “Tumor Burden Score”, mimicking the
Metroticket evidence for hepatocellular carcinoma[25]. They classified the patients into
three groups and achieved a good stratification of survival, better than the strati-
fication achieved by the size or the number of metastases when separately considered.
Nevertheless, the Tumor Burden Score failed to select the candidates to surgery, the
patients of the high-risk group (score = 9) having an expected 5-year survival rate over
20%. Second, the primary tumor site has gained momentum. In comparison with
patients having a left colonic tumor, those having a right colonic tumor are charac-
terized by a lower response to chemotherapy, survival after surgery, and effectiveness
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Table 2 Some of the available scores for outcome prediction of patients with colorectal liver metastases candidates to surgery

Morphology-based scores

Morphology- and Genetics-based scores

Nordlinger et
al[18], 1996

CRS, Fong
etal[19],
1999

Iwatsuki et
al[20], 1999

Rees et al

[21], 2008 Brudvik et al[60]

2017

RAS Mutation CRS, GAME score,

Extended CRS,
Margonis et al[61] Lang et al[65],
2018 2019

Morphological parameters
Age Yes (60 yr)
Primary tumor

Extension into  Yes
the serosa

N status Yes
primary tumor

Grading
primary tumor

Liver metastases
Number Yes (3)

Size Yes (50 mm)

Bilobar

DFI Yes (24 mo)

Surgical
margin

Yes (10 mm)

Extrahepatic
disease

CEA value

Yes (1)

Yes (50 mm)

Yes (12 mo)

Yes (200
ng/mL)

Yes (2)
Yes (80 mm)
Y

Yes (30 mo)

Yes Yes

Yes

Yes (3)

Yes (50 mm) Yes (50 mm)

Yes

Yes (60
ng/mL)

Yes (TBS)

Yes (50 mm)

Yes

Yes (20 ng/mL)

Genetic parameters
RAS Yes Yes'

RAS/RAF Yes
pathway

SMAD Yes

1KRAS status.
DFI: Disease-free interval from primary to metastases; CEA: Carcinoembryonic antigen; CRS: Clinical risk score; GAME: Genetic and morphological

evaluation; TBS: Tumor Burden Score.

of thermal ablation[26-29]. The embryological origin of the two parts of the colon
(midgut for the right colon and hindgut for the left one) and the different genetic
profiles of the tumors could explain such results. However, the impact of the primary
tumor side on the treatment strategy is still to be defined, and, in this distinction (right
vs left colonic cancer), the rectal cancers remain a blurred entity to elucidate. Third, a
recent study based on the LiverMetSurvey data suggested that patients with
synchronous multiple bilobar metastases should undergo a liver-first approach
because this strategy achieves better survival than the alternative ones (i.e. the
simultaneous and primary tumor-first approaches)[30]. This evidence could lead to a
major change in current practice and definitively prioritizes the treatment of liver
metastases in presence of a severe hepatic tumor burden. Fourth, in patients with liver
and lung metastases, the pulmonary disease has shown a limited prognostic relevance
[31]. Such data should be paired with those provided by Vigano et al[32], who
demonstrated that the pathological response of colorectal metastases to systemic
therapy changes according to the involved organ, being low in the lung and lymph
nodes metastases, intermediate in the hepatic ones, and high in the peritoneal ones.
The inhomogeneous prognostic relevance and chemosensitivity of the different tumor
sites open new perspectives in treatment strategies and oncological research.

Despite its extensive adoption in current practice, tumor morphology is not a robust
biomarker for several reasons. First, in patients undergoing systemic therapy,
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morphology gives a limited prediction of the response to treatment. Second, in
resectable patients, it does not allow for an adequate selection of candidates. The
number of colorectal metastases and the presence of extrahepatic disease are
paradigmatic examples. Even if the number of nodules is a strong prognostic factor,
there is not a numeric cut-off value beyond which resection is contraindicated, and
some patients with numerous metastases may benefit from surgery[33-35]. Similarly,
the presence of extrahepatic disease contraindicates surgery in a limited proportion of
patients (unresectable lesions, distant lymph node metastases, and diffuse peritoneal
disease combined with multiple hepatic metastases)[36-38]. Third, different morpho-
logical parameters have been reported by different studies, and none has been
confirmed by all authors. Fourth, morphological criteria can be modified by
chemotherapy (e.g., the tumor size), and it is unclear which value (before or after
treatment) should be considered. Finally, tumor morphology offers a snapshot of the
tumor and misses its evolution.

MOVING TOWARD A DYNAMIC VIEW

The tumor behavior is intuitively an effective surrogate biomarker of its biology. In the
early 2000s, some authors proposed to adopt a time-test before surgery in patients
with resectable colorectal liver metastases (i.e. an observation period to evaluate the
tumor evolution)[39-41]. One-third to half of the patients developed additional lesions
during the time-test and were excluded from resection. This policy has been early
abandoned because of the advent of effective chemotherapy regimens, which combine
observation and treatment. To date, neoadjuvant systemic therapy is a standard, and
the tumor behavior during treatment is one of the most powerful prognostic factors.
Since 2004, progression while on chemotherapy is even considered a contraindication
to resection in resectable patients with few exceptions[42].

The prognostic role of the response to chemotherapy is indisputable, but three main
limitations of this parameter should be highlighted: It excludes from surgery less than
10% of candidates[43]; the pathological evaluation of response has a poor agreement
with the radiological one (about one-third of responders at imaging has no tumor
regression at the pathology analysis)[44,45]; the no-progression during short
chemotherapy (2-3 mo, the present standard) does not necessarily correspond to
favorable biology and prognosis (about 15% of patients develop early recurrence after
surgery)[10].

There is another time interval during which the tumor behavior can be analyzed.
Patients must respect a 4-wk pause between the end of the systemic therapy and
surgery (6 wk in case of anti-vascular endothelial growth factor treatment)[46,47]. We
observed that about 15% of patients with tumor response or stabilization during
chemotherapy have an early tumor progression in the interval between chemotherapy
and surgery and an extremely poor outcome (0% survival at 2 years)[48]. Such a
progression should contraindicate resection and dictates the need for restaging
immediately before surgery.

Finally, percutaneous thermal ablation could contribute to the dynamic evaluation
of colorectal liver metastases. It has been proposed as a time-test in patients with a
synchronous disease or early recurrence after liver surgery with several benefits:
Ablation provided a minimally invasive and effective treatment of the metastases,
with high salvageability in case of local failure; avoided futile surgery in some cases;
and spared chemotherapy for further disease progression[49,50].

Despite its effectiveness, the dynamic evaluation of colorectal metastases should be
applied with caution. First, the time-test must be adequate. Progression during
prolonged systemic therapy or after a long chemotherapy-surgery interval represents a
loss of chance for resectable patients rather than a selection[48]. Even a disease
progression in the interval between the two stages of a staged hepatectomy should not
be considered tout-court an adequate selection of candidates[51]. Second, selected
patients with a dimensional-only progression of the tumor and a limited hepatic tumor
burden can be considered for surgery despite progression[52]. Finally, progression is
not a definitive contraindication to resection, and surgery can be scheduled if the
disease is controlled by a further line of chemotherapy[53,54].
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GENETIC DATA: THE PANACEA FOR ALL THE UNCERTAINTIES?

Tumor genetics is the key to design a precision medicine approach. The sequencing of
large series of metastases highlighted few high-frequency mutations, which have been
extensively investigated for their association with the outcome. Tumor protein p53
(TP53) and APC gene mutations are the commonest ones (65%-75% and 45%-85% of
patients, respectively)[55,56], but most studies focused on the RAS genes. KRAS and
NRAS mutations are evident in one-third to half of the patients and have an
established clinical impact: They preclude anti-epidermal growth factor receptor
treatments and are associated with a lower response rate to chemotherapy, poorer
survival, and higher risk of pulmonary metastases[57-59]. RAS status has been recently
included in two prognostic scores for patients undergoing liver surgery (Table 2): The
RAS Mutation Clinical Risk Score that considers the RAS status, metastases size, and N
status of the primary tumor[60]; the Genetic And Morphological Evaluation (GAME)
score that considers the KRAS status, carcinoembryonic antigen level, N status of the
primary tumor, Tumor Burden Score, and presence of extrahepatic disease[61]. Both
have been externally validated and outperformed the standard morphology-based
scores. The patients with the highest scores had extremely poor outcome (0%
recurrence-free survival at 2 years after surgery if RAS Mutation Clinical Risk Score =
3 or GAME score 2 6), but they were a marginal part of the cohort (14/564, 2.5%, and
18/1249, 1.4%, respectively).

The analysis of BRAF mutations generated a major interest despite their low
frequency (4%-10%)[56,62]. The oncologists reported extremely poor survival of BRAF
mutated patients, raising doubts about their candidacy to surgery[57,62]. Nevertheless,
surgical series achieved an adequate outcome in selected BRAF mutated patients,
suggesting that this genetic profile is a strong prognostic factor but should not be an
absolute contraindication when the disease is adequately controlled by chemotherapy
[63,64]. Additional mutations have been associated with prognosis, such as those of
the TP53, PIK3CA, APC, and SMAD genes[65]. The Mainz group suggested that the
performances of the aforementioned RAS score can be improved by replacing the RAS
with the RAS-RAF pathway and adding the SMAD family (Table 2)[65]. The patients
with all four negative prognostic factors (metastasis size > 50 mm, N+ primary tumors,
and double mutation of the RAS-RAF pathway and SMAD family) had an extremely
low median survival (1 year after surgery), but they were very few (only 5 out of 123,
4%). The MD Anderson Cancer Center group reported a cumulative negative
prognostic impact of the mutations of TP53, RAS, and SMAD4: Survival progressively
decreased with the increase in the number of the altered genes[66].

Those are the first steps of genetic-based precision medicine, but we have still to
face some major challenges: Evidence is preliminary and needs robust validation to
drive clinical practice; some criteria to select the candidates to surgery have been
proposed, but they concern a minimal proportion of patients (< 5%)[60,61,65]; the
discordance of the genetic profile between the primary tumor and metastases and their
corresponding prognostic impact remain to be elucidated; tumor heterogeneity may
lead to clonal populations with different mutations into a single metastasis, but their
assessment is not yet standardized.

THE SOLUTION COULD BE OUTSIDE THE TUMOR

The liver-tumor interface could be the true battlefield where the interaction between
the neoplastic cells and the “host” determines the prognosis. Several data are in favor
of this hypothesis.

First, the pathology analysis of the peritumoral parenchyma highlighted the
presence of the micrometastases (i.e. vascular and lymphatic tumoral emboli,
perineural tissue infiltration, and satellite nodules)[44]. They are mainly localized
within the first 2 mm of tissue surrounding the tumor, are reduced by chemotherapy,
and negatively impact prognosis[44,67,68]. Micrometastases are the true determinants
of the local recurrence risk after resection and thermal ablation.

Second, the profile of liver metastases has prognostic relevance. In 2009, Mentha et
al[69] depicted the so-called “dangerous-halo” (i.e. a neoplastic regrowth at the tumor
periphery due to an early reactivation of the metastases after the end of
chemotherapy). This could represent the pathology counterpart of the radiological
tumor progression that we observed in the interval chemotherapy-surgery. To date,
the metastases’ profile has been named “tumor growth pattern” and has been distin-
guished into three types: Pushing, desmoplastic, and replacement[70]. The types
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correspond to different growing modalities: The metastases with a replacement
pattern grow by co-opting the stroma and sinusoids; those with a pushing pattern
have signs of active hypoxia-induced angiogenesis[71,72]. The replacement pattern is
the most aggressive one and is associated with a lower response rate to chemotherapy,
higher recurrence risk, and poorer survival[73-75]. In patients with a replacement
pattern, we also observed an increased risk of local recurrence after surgery and the
need for a wider surgical margin (unpublished data).

Third, a growing interest concerns the peri-tumoral immune infiltrate, especially
after the introduction of modern immunotherapies. As for the primary colorectal
cancers, an immunoscore, based on the presence of CD3* and CD8"* cells in the core of
liver metastases and at their invasion margin, achieved a good stratification of
prognosis[76]. Additional cell populations have been investigated for their association
with the outcome, such as the macrophages[77], but data are still preliminary.

Unfortunately, the biomarkers of the liver-tumor interface can be assessed only by
the pathologist on the surgical specimen. The lack of an adequate non-invasive
evaluation strongly reduces their clinical relevance. In addition, a comprehensive
overview of the liver-tumor interface, merging the different pathology details, is still
lacking, precluding a definitive understanding of the tumor-host interaction.

A further aspect deserves consideration; some features of the non-tumoral liver
parenchyma could impact prognosis. Chemotherapy-associated sinusoidal injuries
have been associated with the tumor response to chemotherapy; the more severe the
sinusoidal dilatation the lower the response rate[44,78]. Nevertheless, the response to
therapy and not the sinusoidal dilatation impacted survival[44]. In contrast, Vigano et
al[44] depicted moderate/severe steatosis as a positive prognostic factor after surgery
(5-year survival rate 53% vs 35%). These results have been confirmed by a subsequent
analysis of the LiverMetSurvey database[79] and are in line with some studies
reporting a favorable association between body mass index and prognosis[80,51]. We
are still far from conclusive evidence and reliable explanation, but further investig-
ations should be performed to potentially outline new therapeutic approaches.

RADIOMICS: IMAGING BEYOND THE VISIBLE DATA

Radiomics, or texture analysis, uses mathematical formulas to extract from medical
imaging modalities invisible-to-the-eye patterns, which correlate with the biological
properties of the analyzed tissue[82,83]. The complexity of analyses progressively
increased, moving from histogram-based values to different types of matrices, filters,
and transforms[84,85]. In patients with colorectal liver metastases, several potential
applications of radiomics have been proposed[86]. First, it can predict the effectiveness
of chemotherapy[87-95]. The decrease in entropy and increase in homogeneity of liver
lesions after chemotherapy have been associated with the radiological tumor response.
Some authors even reported the possibility to predict response to systemic therapy by
analyzing the images at diagnosis before chemotherapy; higher entropy and lower
homogeneity of liver metastases were associated with a subsequent higher response
rate. When compared with the standard RECIST criteria, texture analysis achieved
earlier and more accurate prediction. Second, radiomics have been associated with
patients” prognosis, metastases with higher entropy and lower homogeneity having a
better survival[88,90,96]. The comparative analysis of the imaging modalities before
and after chemotherapy further refined the prediction of the long-term outcome[89,91,
92,94], and there is accumulating evidence that both radiomic scores and combined
clinical-radiomic models outperform traditional predictors of survival[92]. Third,
textural features of the tumor before thermal ablation can predict the risk of local
recurrence[97]. Fourth, radiomics are associated with the pathology data (e.g., tumor
grading, growth pattern, and regression grade after chemotherapy[88,98,99]). Finally,
texture analysis has the potential to provide a non-invasive evaluation of the
chemotherapy-associated liver injuries, which at present are poorly evaluated by
standard imaging modalities[46,100].

The strength of radiomics relies on its capability to provide early prediction of the
outcome and to reach a non-invasive estimation of the pathology details of colorectal
metastases, anticipating data that are usually collected only after surgery. Further, the
possibility to interpret the biological value of some radiomic features facilitates their
implementation into clinical practice. For instance, entropy and heterogeneity,
especially after contrast enhancement, clearly suggest the presence of active disease
with heterogeneous clones, while homogeneity after chemotherapy reflects tumor
necrosis due to a response to treatment. Finally, the development of technological tools
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to perform automatic segmentation of liver tumors will enable easier extraction of
radiomic features, contributing to the spread of such data. However, the texture
analysis suffers from some limitations: Some features, in particular the second-order
ones, lack interpretability; radiomics has instability across different devices and
acquisition protocols, especially for magnetic resonance images; studies differ in terms
of software packages, analyzed phases, and reported features; and reliable cut-off
values of radiomic parameters are lacking. Those issues have to be solved to speed up
the application of radiomics into clinical practice.

ARTIFICIAL INTELLIGENCE: WHERE DO WE STAND?

In the most recent years, the so-called “artificial intelligence” (Al) is the object of major
interest and investments, with a consequent spike of Al-related publications[101].
Introduced in the 1950s, the term Al defines a computer program that, in a very
specific setting, can “learn” and self-improve over time[102,103]. A demonstration of
its potentialities took place in 1997, when a chess-playing Al, named Deep Blue, was
able to beat the world champion Kasparov[104]. In medicine, Al is expected not only
to optimize the prediction of an outcome by combining all available variables but also
to update and improve continuously prediction according to the experienced results
(Figure 2). Al can represent a major support to the decision-making processes,
especially in the clinical scenarios with several therapeutic and strategical options and
lack of consensus among experts, exactly as occurs for colorectal metastases[15]. In this
sense, Al is not per se a biomarker but maximizes the profitability of all available data.
However, Al may also have an additional role. It can be applied to medical imaging to
identify new patterns that can contribute to diagnosis or prediction[105]. Such
patterns, extractable from any type of imaging modality in a completely unbiased and
unsupervised way, can be considered Al-derived biomarkers, subject to clinical
validation[106]. Analogously, Al can identify biomarkers from any source of data,
including clinical charts, medical reports, and images scan.

A first attempt in using Al-based therapy guidance dates to 2005, when a decision
matrix platform, named OncoSurge, was introduced to help clinicians deciding the
best treatment of patients at first diagnosis of colorectal liver metastases (i.e. when the
treatment planning has the greatest impact)[107]. This method was later validated
against the multidisciplinary team meeting achieving an almost perfect agreement
[108]. Since then, few studies have been published, but they outlined a progressive
increase in Al performances[109-113]. The Al predicted the recurrence risk after
surgery by taking into account clinical, pathology, and laboratory data[110,112]. The
addition of radiomic features into the machine learning models further optimized and
anticipated the prediction[109,111]. Wei et al[113] compared a clinical, radiomic, and
Al-based model to predict response to first-line chemotherapy; the deep-learning
model had the best results, outperforming not only the model based on clinical
parameters but also the one including texture analysis.

So far, the Al implementation into everyday practice is a priority to fill the quantum
leap toward personalized computer-assisted medicine and will probably become a
standard for clinical decision-making in the near future. It will allow merging all
biomarkers, from morphological criteria to radiomics and genetic ones, weighing their
prognostic role. Nevertheless, some current limitations of Al should be kept in mind.
First, it needs training on large datasets, as Deep Blue did analyzing data from millions
of chess matches[104]. Big data are crucial, but their availability is still limited by legal
constraints and privacy policies. Shared databases and advanced interlinked
frameworks could be the starting point. Second, Al supports decisions and does not
replace clinical judgment yet, but computer-derived recommendations could lead to
some legal and insurance critical issues. Finally, several technical and technological
obstacles currently relegate Al-based approaches to highly specialized centers into a
research setting.

CONCLUSION

To date, we are still far from a solid precision medicine for patients affected by
colorectal liver metastases because of the limited capability of the available biomarkers
to predict survival, response to chemotherapy, and the effectiveness of loco-regional
therapies. Nevertheless, major (r)evolutions are ongoing, and the clinical approach to
patients with metastatic colorectal cancer is going to change in the near future. The
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genetic analyses will definitively unveil the tumor biology, becoming the consistent
basis of treatment planning; new biomarkers, based on radiomics and liver-tumor
interface characteristics, will further enrich our comprehension and prediction of the
tumor evolution; Al will merge and balance all data to drive decision-making
processes.
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Abstract

Pancreatic cystic lesions (PCLs) are becoming more prevalent due to more
frequent abdominal imaging and the increasing age of the general population. It
has become crucial to identify these PCLs and subsequently risk stratify them to
guide management. Given the high morbidity associated with pancreatic surgery,
only those PCLs at high risk for malignancy should undergo such treatment.
However, current diagnostic testing is suboptimal at accurately diagnosing and
risk stratifying PCLs. Therefore, research has focused on developing new
techniques for differentiating mucinous from non-mucinous PCLs and identifying
high risk lesions for malignancy. Cross sectional imaging radiomics can
potentially improve the predictive accuracy of primary risk stratification of PCLs
at the time of detection to guide invasive testing. While cyst fluid glucose has
reemerged as a potential biomarker, cyst fluid molecular markers have improved
accuracy for identifying specific types of PCLs. Endoscopic ultrasound guided
approaches such as confocal laser endomicroscopy and through the needle
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microforceps biopsy have shown a good correlation with histopathological
findings and are evolving techniques for identifying and risk stratifying PCLs.
While most of these recent diagnostics are only practiced at selective tertiary care
centers, they hold a promise that management of PCLs will only get better in the
future.

Key Words: Pancreatic cystic lesion; Intraductal papillary mucinous neoplasms; Mucinous
cystic neoplasm; Microforceps biopsy; Radiomics; Confocal laser endomicroscopy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pancreatic cystic lesions (PCLs) are highly prevalent. It is critical to
accurately diagnose PCLs and risk stratify them to guide management. Current
diagnostic techniques are suboptimal; hence, recent investigations have focused on
developing, refining, and validating novel technologies for accurately diagnosing
specific cyst type and ascertaining high-risk lesions for malignancy. Radiomics, cyst-
fluid biomarkers, confocal laser endomicroscopy and microforceps biopsy hold the
promise of accurately diagnosing PCLs and improving their management.

Citation: Ardeshna DR, Cao T, Rodgers B, Onongaya C, Jones D, Chen W, Koay EJ, Krishna
SG. Recent advances in the diagnostic evaluation of pancreatic cystic lesions. World J
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INTRODUCTION

Pancreatic cystic lesions (PCLs) are increasingly detected, largely due to advances in
imaging techniques and the increasing age of the general population[1]. With
prevalence estimated in the range of 4%-14% in the general population and increasing
constantly, it has become essential to characterize and risk stratify these cysts to guide
management[2]. Current guidelines for evaluating PCLs are limited to less than
optimal diagnostic techniques, resulting in either missed detection of early cancer or
surgical over-treatment (see Figure 1). Resection of PCLs should be extremely selective
since pancreatic surgery generally has a 20%-40% morbidity rate and an approximate
2% mortality rate[3-5]. Therefore, research and utilization of safe and effective
diagnostic modalities with high accuracy are needed to evaluate cysts and introduce
properly timed interventions.

Addressing this issue is especially relevant for intraductal papillary mucinous
neoplasms (IPMNs), a type of PCL with one of the highest risks for malignancy. Of the
two IPMN subtypes, main duct IPMNs are reported to have a risk from 38% to 68%
and branch duct IPMNs from 12% to 47%[6]. Substantial research has addressed the
use of consensus guidelines for evaluating IPMNs, but all mention that significant
areas of improvement is imperative[7-9].

Current standards for the evaluation of cyst morphology include computed
tomography (CT) scan, magnetic resonance imaging (MRI), and endoscopic
ultrasound (EUS). Fine needle aspiration (FNA) of cyst fluid for carcinoembryonic
antigen (CEA) and cytology is performed during EUS. Considerable heterogeneity
exists among the five widely used guidelines, which indicate a lack of standardization
in diagnostic workups[7-12]. In terms of the target population, American College of
Gastroenterology and European guidelines include all PCLs, American College of
Radiology guidelines focus on incidental PCLs, Fukuoka guidelines only focuses on
IPMNs and American Gastroenterological Association (AGA) includes all PCLs except
main-duct IPMNs. Guidelines differ in recommending evaluation with EUS and EUS-
FNA, and surgical resection. Multiple studies have compared some of these guidelines
for identifying high-risk PCLs. Amongst patients who underwent surgery, the current
guidelines directed clinical decision with an accuracy, sensitivity and specificity of
49.6%, 23.5%, 84.3% for 2015 AGA guidelines, 41.2%, 39.7%, 43.1% for revised Fukuoka
guidelines and 58%, 67.7%, 45.1% for 2018 European guidelines[13].
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Pancreatic cystic lesions (PCLs)

Global prevalence 8%?2

Increasing prevalence

Standard of care management (cyst morphology, fluid CEA, and cytology)

A 4
e N

Current standard of care has suboptimal accuracy for diagnosis and risk-stratification

A 4

Diagnsois and risk-stratification of PCLs with malignant potential (IPMNs, MCNs, SPNs, Cystic-NET)
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Unwarranted surgery of benign PCLs or mucinous PCLs with low-grade dysplasia

Figure 1 Current standard of care diagnostic methods are suboptimal in the diagnosis of specific types of pancreatic cystic lesions and
risk-stratification of mucinous cysts. PCL: Pancreatic cystic lesion, CEA: Carcinoembryonic antigen, IPMN: Intraductal papillary mucinous neoplasms, MCN:
Mucinous cystic neoplasm, SPN: Solid pseudopapillary neoplasm, Cystic-NET: Cystic neuroendocrine tumors, SCA: Serous cystadenoma.
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A Dbetter understanding of investigational characteristics that lead to malignancy is
necessary to improve existing criteria and accurately determine associated risks
(Figure 1). While cyst fluid glucose has reemerged as a potential biomarker, novel
techniques such as cyst fluid molecular analysis, EUS-guided needle-based confocal
laser endomicroscopy (EUS-nCLE) and microforceps biopsy (EUS-MFB) have been
introduced. The aim of this review is to provide an update of the recent literature in
the management of PCLs with an emphasis on novel diagnostic methods.

RADIOMICS

Increasing prevalence of incidental PCLs has placed significant pressure on the
necessity of discerning low-risk and high-risk lesions identified in radiological images.
Radiomics is the analysis of mathematically derived textural features from cross-
sectional imaging studies. The features are generally beyond human visual perception.
Using radiometric feature extraction tool, radiomics can quantify individual pixels and
their associated gray-scale value from cross-sectional imaging in a temporal and
spatial plane to create a cyst impression. While studies have varied in the extraction of
radiometric data, these features can potentially risk stratify PCLs. Hence, radiomics
can guide downstream invasive diagnostics.

Studies in radiomics can be classified into two broad categories: (1) Differentiating
types of PCLs, and (2) Risk stratification of IPMNs. Investigators have applied
machine learning algorithms to radiomic features for automatic classification of PCLs.
Some recent studies have evaluated nomograms and algorithms combining radiomics,
cyst morphology, and clinical features. For differentiating PCLs, several investigations
have demonstrated promising results. One of the first studies by Dmitriev et al[14],
achieved a reasonable accuracy of 83.6% in discriminating PCL types into IPMNs,
mucinous cystic neoplasms (MCNs), serous cystadenoma (SCAs) and solid neoplasms
[14]. Their model had 93.2%-95.9% accuracy at predicting IPMNs. Subsequently, three
investigations utilized CT-Scan radiomics to differentiate serous cystadenomas from
other PCLs (area under the curve (AUC) 0.77-0.99, sensitivity 69%-95%, specificity
71%-96%)[15-17]. In one of these studies, radiomics outperformed radiologic character-
istics in differentiating MCNs and macrocystic SCAs; comparative diagnostic
parameters included sensitivity (93.6% vs 74.2%), specificity (96.2% vs 80.8%) and
accuracy (94.7% vs 77.2%), respectively[16]. Combining radiomics with radiological
findings or clinical parameters significantly improved the accuracy to distinguish cyst
types in comparison to radiomics alone (P < 0.05) [16,18].

Only a few studies have evaluated the role of radiomics in differentiating IPMNs
with advanced neoplasia, from indolent lesions with low-grade dysplasia (Table 1)[19-
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Table 1 Summary of studies evaluating the role of radiomics in differentiating intraductal papillary mucinous neoplasms with advanced

neoplasia

No. of radiomic

Ref. n Image type Best model Performance training set
features

Hanania et al[19], United 53 CECT 360 10 radiomic features AUC: 0.82
States, 2016

SP: 85%, SP: 68%
Permuth et al[20], United 38 CECT 112 14 radiomic features +blood 5 AUC: 0.92
States, 2016 mi-RNAs

SN: 83%, SP: 89%
Attiyeh et al[21], United 103 CECT 255 Radiomic + clinical features AUC: 0.79
States, 2019

SN: 71%, SP: 82%
Williams et al[22], United 33 CECT 12 Radiomic features + cyst fluid AUC: 0.88
States, 2020 protein markers

SN: 71%, SP: 92%
Hoffman et al[23], United 18 MRI w/ DWI N/A Entropy AUC: 0.86

States, 2017

SN: 100%; SP: 70%

HGD: High-grade dysplasia; LGD: Low-grade dysplasia; CECT: Contrast-enhanced computed tomography; MRI: Magnetic resonance imaging; mi-RNA:

micro-RNA; DWI: Diffusion weighted imaging; AUC: Area under curve; SN: Sensitivity; SP: Specificity; NA: Not application.
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23]. Most of the studies evaluating radiomics in IPMNs have used CT scans, and
included patients with confirmed surgical histopathology as ground truth. A recent
study by Cui et al[24], presents the first publication where a radiomic signature
incorporating 9 features was combined with clinical variables to predict high-grade
dysplasia or adenocarcinoma (advanced neoplasia) in branch duct-IPMNs. Their
predictive nomogram diagnosed advanced neoplasia with AUC values of 0.903
(training cohort; sensitivity 95%, specificity 73%), and 0.884 (one of two external
validation cohorts; sensitivity 79%, specificity 90%)[24].

Thus, radiomics represents a promising non-invasive approach for the classification
and risk stratification of PCLs and will favorably impact patient management.
However, radiomics continues to be a novel concept and has been largely used to date
in clinical trials at academic centers. While radiomics has demonstrated an immense
potential for diagnosis, prognosis, and risk assessment in PCLs; there is a need for
standardized protocols for image acquisition, segmentation, feature extraction, and
analysis.

TRADITIONAL DIAGNOSTIC APPROACHES USING BIOMARKERS

Cyst fluid analysis

CEA and amylase: Traditionally pancreatic cyst fluid is aspirated using EUS-FNA for
biomarker and cytologic analysis. In early studies, cyst fluid CEA levels above 192
ng/mL was shown to correlate with mucinous PCL with 79% (88/111) accuracy (P <
0.0001)[25]. However more recent studies, have estimated CEA sensitivity and
specificity at 63% and 88%, respectively in differentiating mucinous from non-
mucinous cysts[26]. This level of accuracy would result in misdiagnosis of 35%-39% of
mucinous cysts. Additionally, CEA levels across sites are difficult to compare and
levels have not been shown to correlate with PCL malignant potential[25,27-29].
Regarding amylase levels, a low cyst fluid amylase level has very high specificity for
excluding pseudocyst. However, high amylase levels have been shown to have no
diagnostic utility[26,30]. As a result, measuring amylase has fallen out of favor for the
diagnosis of PCLs.

Cytology: Cyst fluid analysis by cytology has been shown to lack sensitivity for the
diagnosis of PCLs. A meta-analysis with 937 patients demonstrated cyst fluid cytology
to have 63% sensitivity and 88% specificity for the diagnosis of PCL[31]. Another meta-
analysis calculated cytology to have 51% and 94% sensitivity and specificity,
respectively[32]. This lack of sensitivity results from cytology evaluations usually
detecting only intact exfoliated cells that are typically few in number([25,33].

WJG | https://www.wjgnet.com 627 February 14,2022 | Volume28 | Issue6 |



Ardeshna DR ef al. Recent advances in PCL diagnostics

Jaishideng®

Glucose: Intracystic glucose has good accuracy at differentiating mucinous and non-
mucinous cysts but this economical diagnostic tool has not been used in routine
clinical practice. However, recent prospective studies have provided improved and
sustained evidence that cyst fluid glucose should be considered for standard of care
evaluation of PCLs. Low intra-cystic glucose concentration is predictive of a mucinous
cyst while high concentrations are consistent with non-mucinous cysts. In 2020,
Ribaldone et al[34] reported from 56 patients that intra-cystic glucose concentration <
50 mg/dL had significantly better sensitivity than a CEA level > 192 ng/mL for
diagnosing mucinous cysts (93.6% vs 54.8%; P = 0.003). Both CEA and intra-cystic
glucose had high specificity for diagnosing mucinous cysts (96% vs 100%; P = 1). They
reported that intra-cystic glucose concentration of more than 50 mg/dL had higher
sensitivity than CEA values of less than 5 ng/mL for diagnosing non-mucinous cysts
(96% vs 72%, P = 0.07).

A meta-analysis of 7 studies encompassing 566 patients reported that lower (cut-off
< 50 mg/dL) intra-cystic glucose concentration had a pooled sensitivity of 90.1%
(95%CI: 87.2-92.5) and pooled specificity of 85.3% (95%CI: 76.8-91.1) when differen-
tiating mucinous from non-mucinous cysts[35]. In a subset analysis, point-of-care
glucometer measurements for intra-cystic glucose (3 studies) also revealed comparable
pooled sensitivity of 89.5% (95%CI: 85.5-92.5; I* = 0) and pooled specificity of 83.9%
(95%CI: 68.5-92.6; I* = 43) for the differentiation of PCLs[35]. A more recent (2021)
meta-analysis that included 8 studies with 609 PCLs showed pooled sensitivities for
glucose vs CEA of 91% (95%CI: 88-94) vs 56% (95%CI 46-66) (comparative P value <
0.001), pooled specificities were 86% (95%CIL: 81-90) vs 96% (95%CI: 90-99), P > 0.05,
respectively[36].

Estimation of glucose levels is a low-cost diagnostic test that has repeatedly
demonstrated better accuracy at differentiating mucinous and non-mucinous cyst.
While not being definitive, cyst fluid glucose is a practical and economical diagnostic
tool that can help in the differentiation of PCLs.

Molecular markers: With the introduction of next-generation sequencing (NGS),
diagnosis of PCLs with either small gene panels and whole exome NGS have been
employed. This method allows assessment of intact cell and cell-free nucleic acid that
has been shed into the cyst fluid. DNA mutations that are commonly associated with
pancreatic adenocarcinoma (KRAS, CDKN2A, SMAD4, PTEN, PIK3CA, and TP53) may
also be present in precursor PCLs, with the latter five associated with advanced
neoplasia.

Similar to radiomics, molecular analysis of cyst fluid can contribute to the classi-
fication of PCLs, and risk stratification of IPMNs. In a meta-analysis (6 studies, 785
PCLs), McCarty et al[37] reported that the dual presence of KRAS and GNAS mutations
detected mucinous PCLs with a sensitivity of 75% (95%CI: 58-87 %), specificity of 99%
(95%CI: 67-100%), and diagnostic accuracy of 97% (95%CI: 95-98%), respectively. For
specifically diagnosing IPMNs, dual KRAS/GNAS mutation had 94% (95%CI: 72-99%)
sensitivity, 91% (95%Cl: 72-98; I* = 89.83%) specificity and 97% (95%CI: 95-98%)
accuracy, respectively. Recently, our group identified, for the first time, that
uncommon BRAF mutations (and occasional MAP2K1 mutations) characterize a
significant subset of IPMNs that lack KRAS mutations, indicating that RAS-MAPK
dysregulation is ubiquitous in these tumors[12]. In the same study, we showed 88.5%
sensitivity, 100% specificity, and 90.3% accuracy for NGS differentiation of PCLs[12].

For the risk stratification of IPMNs, Singhi et al[35] used next-generation sequencing
to evaluate DNA mutations associated with advanced neoplasia. In a subgroup
analysis of 102 patients with histopathologic diagnosis, they reported that the presence
of TP53, PIK3CA and/or PTEN mutation had 88% (95%CI: 62-98%) sensitivity and
95% (95%CI: 88-98%) specificity, respectively for diagnosing IPMNs with advanced
neoplasia.

Cyst fluid molecular analysis by next generation sequencing is superior to
measuring cyst CEA levels with superior accuracy and the ability to provide risk
stratification for IPMNs. However, it is selectively available and represents a logistical
and financial barrier for universal adaptation.

ADVANCED INTERVENTIONAL DIAGNOSTIC APPROACHES

EUS-guided needle confocal laser endomicroscopy
EUS-guided needle confocal laser endomicroscopy (nCLE) permits real-time
microscopic imaging of intra-cystic epithelium within a single plane. It allows for in
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vivo pathological analysis of PCLs. Early studies have established the characteristic
features for IPMNs. Investigations by Napoleon et al[40] in the CONTACT study
established defining criteria for MCNs, SCAs, and cystic neuroendocrine tumors[39,
40]. In 2020, the INDEX study provided further support for nCLE as a viable
diagnostic tool by demonstrating high performance in differentiating PCLs amongst
the highest number (1 = 65) of patients with surgical histopathology[41]. For the differ-
entiation of PCLs into mucinous and non-mucinous lesions, a recent meta-analysis
with 7 studies and 324 patients reported a pooled sensitivity, specificity and accuracy
of 85% (95%CI: 71-93%), 99% (95%CI: 90-100%) and 99% (95%CI: 98-100%),
respectively. The pooled risk of post-procedure acute pancreatitis was 1% (95%CI: 0-
3%)[42]. Another recent meta-analysis (10 studies, 536 patients) reported a pooled
sensitivity, specificity, and accuracy of 82.4% (95%Cl: 74.7-90.1%), 96.6% (95%Cl: 94.3-
99%), and 88.6% (95%Cl: 83.7-93.4%), respectively, for the differentiation of mucinous
from non-mucinous PCLs[43].

In addition to the high accuracy of diagnosing IPMNs and other cysts, nCLE can
potentially determine the risk for advanced neoplasia in PCLs. To detect advanced
neoplasia in IPMNs, multiple nCLE imaging variables were identified in a post-hoc
analysis of the INDEX study[44], Figure 2. This study identified that the variables with
the highest interobserver agreement were papillary epithelial thickness and darkness.
Specifically, nCLE visualized papillary epithelial thickness (width > 50 pm) had a
sensitivity, specificity, and AUC of 87.5% (95%Cl: 62%-99%), 100% (95%CI: 69%-100%),
and 0.95, respectively for the detection of advanced neoplasia. Also, estimation of the
papillary epithelial darkness (cut-off < 90 pixel intensity) revealed a sensitivity,
specificity, and AUC of 87.5% (95%CI: 62%-99%), 100% (95%CI: 69%-100%), and 0.90,
respectively[44]. Analogously for mucinous cysts, Feng et al[45] reported that nCLE
pattern of “dark aggregates of neoplastic cells” correlated with the morphologic
features of "irregular branching and budding" and was diagnostic of malignancy, with
75% sensitivity, 100% specificity and 94% accuracy, respectively.

However, potential limitations of nCLE include differences in interobserver
interpretation of images and the tedious nature of manually determining papillary
epithelial thickness and darkness. Both of these issues were addressed with the
development of a machine learning artificial intelligence model that identified
advanced neoplasia in IPMNs with a sensitivity (83%) and specificity (88%) well above
the Fukuoka or AGA guidelines[46].

Despite the growing evidence of nCLE as a viable diagnostic technique, its
incorporation into standard clinical evaluation is lacking. The primary challenges
include equipment costs, optimal training in image acquisition and interpretation, and
prevention of adverse events higher than the standard EUS-FNA process.

EUS guided MFB or EUS-through-the-needle biopsy

This technique utilizes an EUS guided approach to pass a specialized device, the
Moray micro forceps (Moray micro forceps, US Endoscopy, Mentor, Ohio, United
States) through the 19-gauge EUS needle to collect tissue sample from PCLs. Multiple
recent studies have demonstrated an improved diagnostic yield and accuracy in the
diagnosis of specific types of PCLs[47,48].

Multiple meta-analyses have been published and the most recent studies include the
following. Tacelli et al[49] (2020) included 9 studies with 454 patients and pooled
technical success, histological accuracy and diagnostic yield for specific types of PCLs
were 98.5% (95%Cl: 97.3%-99.6%), 86.7% (95%CI: 80.1-93.4) and 69.5% (95%ClI: 59.2-
79.7%), respectively. Additionally sensitivity and specificity for diagnosis of mucinous
PCLs were 88.6% and 94.7%, respectively. However, the overall complication rate was
8.6% (95%CI: 4.0-13.1%) with studies reporting rates ranging from 1%-23%. Of the
reported complications, 57.1% had self-limiting bleedings (most commonly intra-cystic
bleeding), 24.5% had mild pancreatitis, 6.1% had infections and 14.3% had abdominal
pain. Westerveld et al[50] analyzed 8 studies with 426 patients reporting similar
results. The MFB approach had significantly higher diagnostic yield for specific cyst
type compared to cytology (72.5%, 95%CI: 60.6-83.0% vs 38.1%, 95%CI: 18.0-60.5%).
Additionally, MFB had significantly higher diagnostic yield for mucinous cyst
compared to cytology (OR: 3.86; 95%ClI: 2.0-7.44, I*= 72%). Overall MFB procedures
had a 7% complication rate with 5% incidence of intra-cystic hemorrhage and 2.3% risk
of acute pancreatitis. More importantly, in a subgroup analysis of 92 patients who had
surgical resection of their PCLs, MFB findings had concordance of 82.3% (95%CI: 71.9-
90.7%) for specific cyst diagnosis. MFB findings for mucinous cysts had a sensitivity of
90.1% (95%Cl: 78.4-97.6%) and specificity of 94% (95%CI: 81.5-99.7%). Additionally,
the concordance rate for histological grade of dysplasia was 75.6% (95%Cl: 62.3-86.8).
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In another meta-analysis that included patients with surgical histopathology as
reference diagnosis, the pooled sensitivity and specificity for diagnosing mucinous
PCL was 86% (95 %ClI: 62-96%) and specificity 95% (95%CI: 79-99%) respectively[51].
For diagnosis of specific cyst type, the pooled sensitivity and specificity were 69%
(95%CI: 50-83%) and specificity 47% (95%CI: 28-68%), respectively. The authors also
grouped IPMNs and MCNs with advanced neoplasia, SPNs, and cystic neuroen-
docrine tumors as high-risk cysts. MFB demonstrated a pooled sensitivity and
specificity of 78% (95%Cl: 61-89%) and 99% (95%CI: 90-99%) respectively for diagnosis
of a high-risk cyst.

While MFB represents an excellent technique for acquisition of tissue and accurately
diagnosing PCLs, the high rates of adverse events including acute pancreatitis and
intra-cystic bleeding may deter clinicians from using this technique.

Contrast-enhanced EUS

EUS when combined with contrast enhancers allows detection of vascularity within
PCLs. This allowed contrast-enhanced EUS (CE-EUS) to differentiate pseudocysts
from true PCLs and identify mural nodules within PCLs. Despite early studies
reporting no improvement over traditional EUS at differentiating PCLs[52], recent
studies have reported higher diagnostic yield for PCLs using CE-EUS (96% compared
to 71% for traditional EUS)[53]. CE-EUS detected small lesions initially missed on
contrast-enhanced CT or EUS-FNA[54]. Recent literature on CE-EUS has reported
higher accuracy at diagnosing PCLs compared to CT, MRI and traditional EUS[55].
Despite these encouraging results, CE-EUS has not gained traction in clinical
management of PCLs.

CONCLUSION

Future directions in the diagnosis of pancreatic cysts

Reliable and accurate diagnosis of PCLs is a bottleneck for appropriate management of
these lesions. Although, novel diagnostics have improved the diagnostic accuracy,
there is still a dearth of prospective multicenter studies and a need to understand the
complementary role of these tests. Radiomics, as a non-invasive tool has the potential
for preliminary risk stratification of PCLs into low-and-high risk lesions (Figure 3). The
technique holds a potential to allow clinicians to skip expensive and invasive
diagnostic techniques on certain low risk PCLs.

For low-risk PCLs, and when EUS-FNA is indicated, low-cost cyst fluid analysis
with glucose, CEA, and cytology can guide management (Figure 3). If radiomics and
EUS cyst morphology are indicative of a high-risk PCL, advanced diagnostics with
cyst fluid molecular analysis, nCLE, or microforceps biopsy can be considered based
on the center and endoscopists” expertise. The rate of adverse events with
microforceps biopsy needs to be considered when considering this test.
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Despite the availability of multiple diagnostic methods, the diagnosis and
management of PCLs continues to be challenging. The more recent diagnostic
modalities lack supportive larger multicenter data and there is need to demonstrate
cost-effectiveness when compared to using suboptimal techniques and resultant
unwarranted resection of otherwise benign or indolent PCLs. Apart from diagnosis,
surveillance methods for low-risk lesions needs innovation as current tools are
resource-consumptive.
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Abstract

BACKGROUND

Human immunodeficiency virus type 1 (HIV-1) infection is characterized by
persistent systemic inflammation and immune activation, even in patients
receiving effective antiretroviral therapy (ART). Converging data from many
cross-sectional studies suggest that gut microbiota (GM) changes can occur
throughout including human immunodeficiency virus (HIV) infection, treated by
ART; however, the results are contrasting. For the first time, we compared the
fecal microbial composition, serum and fecal microbial metabolites, and serum
cytokine profile of treatment-naive patients before starting ART and after
reaching virological suppression, after 24 wk of ART therapy. In addition, we
compared the microbiota composition, microbial metabolites, and cytokine profile
of patients with CD4/CD8 ratio < 1 (immunological non-responders [INRs]) and
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CD4/CDS8 > 1 (immunological responders [IRs]), after 24 wk of ART therapy.

AIM

To compare for the first time the fecal microbial composition, serum and fecal
microbial metabolites, and serum cytokine profile of treatment-naive patients
before starting ART and after reaching virological suppression (HIV RNA < 50
copies/mL) after 24 wk of ART.

METHODS

We enrolled 12 treatment-naive HIV-infected patients receiving ART (mainly
based on integrase inhibitors). Fecal microbiota composition was assessed
through next generation sequencing. In addition, a comprehensive analysis of a
blood broad-spectrum cytokine panel was performed through a multiplex
approach. At the same time, serum free fatty acid (FFA) and fecal short chain fatty
acid levels were obtained through gas chromatography-mass spectrometry.

RESULTS

We first compared microbiota signatures, FFA levels, and cytokine profile before
starting ART and after reaching virological suppression. Modest alterations were
observed in microbiota composition, in particular in the viral suppression
condition, we detected an increase of Ruminococcus and Succinivibrio and a
decrease of Intestinibacter. Moreover, in the same condition, we also observed
augmented levels of serum propionic and butyric acids. Contemporarily, a
reduction of serum IP-10 and an increase of IL-8 levels were detected in the viral
suppression condition. In addition, the same components were compared
between IRs and INRs. Concerning the microflora population, we detected a
reduction of Faecalibacterium and an increase of Alistipes in INRs. Simultaneously,
fecal isobutyric, isovaleric, and 2-methylbutyric acids were also increased in INRs.

CONCLUSION

Our results provided an additional perspective about the impact of HIV infection,
ART, and immune recovery on the “microbiome-immunity axis” at the
metabolism level. These factors can act as indicators of the active processes
occurring in the gastrointestinal tract. Individuals with HIV-1 infection, before
ART and after reaching virological suppression with 24 wk of ART, displayed a
microbiota with unchanged overall bacterial diversity; moreover, their systemic
inflammatory status seems not to be completely restored. In addition, we
confirmed the role of the GM metabolites in immune reconstitution.

Key Words: HIV; Antiretroviral therapy; Microbiome-immunity axis; Microbiota;
Cytokines; Short chain fatty acid; Inflammation; Immunological responders; Viremia
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Core Tip: Even in patients receiving effective antiretroviral therapy (ART), human
immunodeficiency virus type 1 infection is characterized by persistent systemic inflam-
mation and immune activation. Changes in the gut microbiota can occur with including
human immunodeficiency virus infection and treatment with ART; however, the data
are still conflicting. For these reasons, we compared the fecal microbial composition
and serum cytokine profile of treatment-naive patients before starting ART and after
virological suppression. Finally, we evaluated the microbiota composition, microbial
metabolites, and cytokine profile of patients with CD4/CDS ratio < 1 and CD4/CD8 >
1 (immunological responders).
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INTRODUCTION

The mutual interaction between the human microbiota and the immune system
defines the so-called “microbiome-immune axis”. This axis has also been associated
with several diseases, including human immunodeficiency virus (HIV) infection[1].
Indeed, a key place for HIV replication is the gastrointestinal tract. HIV replication in
the gastrointestinal tract results in a severe depletion of CD4"'T cells that leads to
decreased function of the epithelial barrier, allowing microbes and microbial products
to be translocated, which contributes to the chronic inflammatory response[2]. HIV
replication can also result in a microbial dysbiosis condition[3-5], which has been
correlated with increases in markers of disease progression, immune activation, and
microbial translocation[3,5-7]. Notably, HIV-infected people harbour a distinct gut
microbiota (GM)[8,9] with a Prevotella-rich community composition, typically observed
in individuals from agrarian cultures or with carbohydrate-rich, protein- and fat-poor
diets[10]. In addition, the significant subversion of the Bacteroidetes and Proteobacteria
phyla, with an imbalanced Prevotella/Bacteroides species ratio and an abundance in
Enterobacteriaceae, is one of the most persistent changes documented in untreated HIV
infection[11-13]. Moreover, the increased number of gut-resident bacteria capable of
directly producing inflammation can be a probable mechanistic link between HIV-
associated dysbiosis and high systemic immune activation[14]. However, converging
data from cross-sectional studies suggest that the GM composition and its related
immune response can change over the progression of HIV infection. In particular,
correlating the composition of the gastrointestinal tract microbiome to immune
activation, circulating bacterial products and clinical parameters, a decrease of
commensal species, and a gain of pathogenic taxa was observed in HIV+ subjects
compared to controls[15]. Additionally, analysing the functional gene content of the
GM in HIV+ patients and the metabolic pathways of the bacterial community
associated with immune dysfunction, the metagenome sequencing revealed an altered
functional profile with significant interactions between the bacterial community, their
altered metabolic pathways, and systemic markers of immune dysfunction[16].
Furthermore, analysing the associations between the innate lymphoid cell (ILC)
cytokines and measures of virologic, immunologic, and microbiome indices, it was
observed that inflammatory ILCs contribute to gut mucosal inflammation and
epithelial barrier breakdown, important features of HIV-1 mucosal pathogenesis[17].
Despite growing evidence that the GM has a role in HIV pathogenesis[11,18-20], the
results were contrasting, with some studies suggesting an influence and others no HIV
influence on microbial diversity[1,21] and composition[22,23]. However, many studies
on the GM in HIV-infected patients are often carried out with a lack of adjustment for
confounding factors, such as diet and use of drugs[24,25].

Currently, antiretroviral therapy (ART) has increased the life expectancy of HIV-
infected patients, approximating it to that of the general population[26]. Interestingly,
chronic inflammation and GM alterations persist in patients virologically suppressed
by ART[27]. These data implicate that re-shaping the microbiota may be an adjuvant
therapy in patients commencing successful ART[28]. On the other hand, suppressive
ART appears to have a limited effect on the restoration of the GM[13,25,29,30].
Although the gut microbial composition of ART-treated people differs from that of
untreated people, the former also have a different microbial community structure
compared to the HIV-uninfected population[31,32]. These findings raise the possibility
that persistent gut dysbiosis may play a role in the development of residual clinical
illness after ART.

Currently, the CD4/CDS8 ratio is considered one of the best-used markers of
immune reconstitution. Notably, a low CD4/CD8 ratio is associated with an increased
risk of non-AIDS-related diseases[33]. Furthermore, the differences between the
elements of the microbiome-immune axis between patients with normalized or non-
normalized CD4/CD8 ratio during ART have not been elucidated so far[34,35];
however, this question is recognized as a current research gap.

Moreover, with a better understanding of the microbiota-immune axis, it is now
known that in addition to the intestinal flora itself, its metabolites are also involved in
regulating vital host activities, such as energy metabolism, cell-to-cell communication,
and host immunity. Short-chain fatty acids (SCFAs) are important metabolites able to
modulate the production of immune mediators, such as key cytokines for the repair
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and maintenance of epithelium integrity[36]. In addition, the SCFAs modulate the
activity of T cells and decrease the overexpression of histone deacetylase, particularly
butyric and valeric acids[37]. SCFAs are an important link between microflora and the
immune system; they involve different molecular mechanisms and cellular targets, are
essential for the maintenance of intestinal homeostasis, and finally play a role in HIV
infection[38].

The purpose of this prospective observational study was to compare for the first
time the fecal microbial composition, serum and fecal microbial metabolites, and
serum cytokine profile of treatment-naive patients before starting ART and after
reaching virological suppression (HIV RNA < 50 copies/mL) after 24 wk of ART. An
additional aim was to correlate the GM composition, microbial metabolites, and
cytokine profile of patients with CD4/CDS8 ratio < 1 and CD4/CD8 > 1 after antiret-
roviral therapy.

MATERIALS AND METHODS

Patients

The study population, composed of 12 treatment-naive HIV-infected patients receiving
ART mainly based on integrase inhibitors, was enrolled between April 2018 and May
2019 at the Department of Infective and Tropical Disease at University Hospital of
Careggi, Florence, Italy (Table 1). The study was approved by local institutional
review boards and written informed consent was obtained from patients before
participation (Rif CEAVC 15035).

We conducted a prospective observational cohort study comparing the changes
occurring in the fecal microbiota, serum and fecal SCFA, serum free fatty acids (FFAs),
and serum cytokines of patients with HIV-1 infection before ART (T0) and after 24 wk
(T1). In addition, patients were divided into two groups according to whether they
were immunological responders (IRs, n = 6) or not (INRs, n = 6) (INRs and IRs, based
on the normalization of CD4/CDS8 ratio: <1 or > 1 after 24 wk of ART, respectively).
Patients who had used antibiotics, probiotics, or prebiotics or had experienced
diarrhoea or digestive symptoms within the previous 1 mo were excluded.

Personal data, ART regimen, HIV-RNA values, and number of CD4*and CD8*'T
cells prior to ART starting and at the time of virologic suppression were included in
the analysis (Table 1). In this pilot exploratory study, no formal sample size calculation
was performed. All patients followed a Mediterranean diet.

Plasma HIV-RNA was measured using Test v1.5 Roche COBAS AmpliPrep, Roche
TaqMan HIV-1 Test v2.0 (Roche Diagnostics, Branchburg, NJ, United States) and
Siemens Versant K PCR (Siemens Healthcare GmbH, Erlangen, Germany), with lower
limits of detection of 50, 20, and 37 copies/mL, respectively.

The T cell counts of patients were determined using a FACScanto flow cytometer
(BD Immunocytometry Systems)[10]. Immunophenotyping of peripheral blood
lymphocytes was analysed by three-color flow cytometry (Epics XL Flow Cytometry
System; Beckman Coulter, United States) as previously described[39]. Freshly collected
EDTA anticoagulated whole blood was incubated and tested with a panel of
monoclonal antibodies directed against fluorescein isothiocyanate/phycoerythrin/
peridinin chlorophyll protein combinations of CD3/CD4/CD8, CD3/CD16CD56/
CD19, HLA-DR/CD8/CD38, and CD4/CD8/CD28 and isotype controls (Immunotech,
France).

At each time point (0 and 24 wk after study enrolment), we collected blood and fecal
samples. After collection, stool samples were immediately frozen and stored at =80 °C
until DNA extraction. Fecal samples were used to assess the microbiota composition
and SCFAs, and while blood samples were used to measure SCFAs and FFAs and a
panel of 27 selected cytokines.

Study follow-up

Patients underwent medical visits at 0 and 24 wk after study enrolment. They also
underwent a comprehensive physical examination and medical history inquiry, urine
toxicology panel testing, clinical laboratory tests including plasma HIV RNA,
specimen collection, and detailed behavioural questionnaire survey. Demographic and
clinical data were collected in a specific questionnaire and reported in an appropriate
database, including the time point of follow-up in months; the participant’s gender,
age, weight, and height; CD4"and CD8' T cell counts; the CD4/CD8 ratio; HIV-1 RNA
levels, ART, and antibiotic use. If subjects had to start antibiotics, they provided a last
fecal sample and the study follow-up was immediately terminated.
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Table 1 Features of the enrolled patients

Age Sex ART regimen Comorbidities Timepoints Viral.load CD4+ CD8+ CD.4ICDB
(wk) (copies/mL) cells/mm?® cells/mm?® ratio
1 37 Male 3TC/ABC/DTG  No TO 597463 110 420 03
T24 <20 520 832 0.6
2 38 Male FTC/TDF/EVG/C No TO 4489 630 670 0.9
T24 TND 831 740 11
3 34 Male FTC/TDF/EVG/C No TO 165516 253 725 03
T24 TND 504 363 14
4 39 Male FTC/TDF/EVG/c No TO 859883 360 974 0.4
T24 33 781 986 08
5 38 Male 3TC/ABC/DIG  No TO 4860 1341 928 14
T24 TND 1881 988 1.9
6 41 Male FTC/TDF/RPV  Atrial fibrillation  TO 213 814 690 12
T24 TND 845 519 1.6
7 25 Male 3TC/ABC/DIG  No TO 23098 516 1149 04
T24 <20 942 1019 0.9
8§ 22 Male FTC/TAF/EVG/c No TO 12188 654 1055 0.6
T24 TND 668 733 0.9
9 48 Male 3TC/ABC/DIG  No TO 175 833 1520 05
T24 TND 941 1258 07
10 53 Male 3TC/ABC/DTG  Hypertension, TO 40545 863 1196 07
HCV
T24 TND 612 515 12
11 40 Male 3TC/ABC/DTG  No TO 859000 399 980 0.4
T24 39 648 652 1
12 51 Male FIC/TDEDTG  Diabetes TO 4410 884 1066 038
T24 <20 1130 1261 0.9

ART: Antiretroviral therapy; 3TC: Lamivudine; ABC: Abacavir; DTG: Dolutegravir; FTC: Emtricitabine; TDF: Tenovir; EVG/c: Elvitegravir/cobi; RPV:

Rilpivirine.
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Fecal microbiota characterization

Total genomic DNA was extracted from frozen (-80 °C) stool samples, collected at
different time points (weeks 0 and 24; TO and T24), using the DNeasy PowerLyzer
PowerSoil Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. The quality and quantity of purified DNA were assessed using the
NanoDrop ND-1000 (Thermo Fisher Scientific, WalthAP, US) and the Qubit
Fluorometer (Thermo Fisher Scientific), respectively.

Extracted DNA samples were sent to IGA Technology Services (Udine, Italy) where
amplicons of the variable V3-V4 region of the bacterial 16S rRNA gene were
sequenced (2 x 300 bp paired-end) on the Illumina MiSeq platform, according to the
Illumina 165 Metagenomic Sequencing Library Preparation protocol[40].

Sequencing results were analysed using the QIIME 2 suite (Quantitative Insights
Into Microbial Ecology)[41]. Briefly, following raw reads denoising (i.e., estimation of
error rates, removal of chimeric and singleton sequences, and join of denoised paired-
end reads) using DADA2 (Divisive Amplicon Denoising Algorithm 2)[42], denoised
reads were dereplicated and amplicon sequence variants (ASVs) were inferred.
Taxonomic classification of inferred ASVs was performed using a Naive Bayes
classifier trained on the SILVA 16S reference database (release 132) (https:/ /www.arb-
silva.de/documentation/release-132/).
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Evaluation of fecal short chain fatty acids and serum free fatty acids by gas

chromatography-mass spectrometry

The fecal SCFAs, in particular acetic, propionic, butyric, isobutyric, isovaleric, 2-
methylbutyric, valeric, and hexanoic acids, were analyzed using an Agilent GC-MS
system composed with a 5971 single quadrupole mass spectrometer, a 5890 gas-
chromatograph, and a 7673 auto sampler. The chemicals, GC-MS conditions, and
calibrations parameters are reported in supporting information (Tables S1-54)[43].
Fecal samples were collected in 15-mL Falcon tubes and stored at -80 °C. Just before
the analysis, each sample was thawed, weighted (between 0.5-1.0 g), and added to
sodium bicarbonate 10 mmol/L solution (1:1 w/v) in a 1.5 mL centrifuge tube. The
obtained suspension was briefly stirred in a vortex apparatus, extracted in an
ultrasonic bath (for 5 min), and then centrifuged at 5000 rpm (for 10 min). The
supernatant was collected and transferred into a 1.5 mL centrifuge tube (sample
solution). The SCFAs were finally extracted as follows: An aliquot of 100 pL of sample
solution was added to 50 pL of internal standard mixture, 1 mL of tert-butyl methyl
ether, and 50 pL of 1.0 mol/L HCl solution in a 1.5 mL centrifuge tube. Afterwards,
each tube was shaken in a vortex apparatus for 2 min and centrifuged at 10000 rpm for
5 min, and finally the solvent layer was transferred into an autosampler vial and
analyzed by the GC-MS method. Each sample was prepared and processed, by the
method described above, three times. In addition, serum FFAs, classified as SCFAs
(acetic, propionic, butyric, isobutyric isovaleric, 2-methylbutyri, and valeric acids),
medium chain fatty acids (MCFAs; hexanoic, heptanoic, octanoic, nonanoic, decanoic,
and dodecanoic acids), and long chain fatty acids (LCFAs; tetradecanoic,
hexadecanoic, and octadecanoic acids) were analyzed with our previous described
GC-MS protocol[44]. The chemicals, GC-MS conditions, GC-MS method, and
calibrations parameters are reported in supporting information (Tables S5-57).

Just before the analysis, each sample was thawed. The FFAs were extracted as
follows: An aliquot of 300 pL of plasma sample was added to 10 pL of internal
standard mixture, 100 pL of tert-butyl methyl ether, and 20 uL of 6 M HCl plus 0.5
mol/L NaCl solution in a 0.5 mL centrifuge tube. Afterwards, each tube was stirred in
vortex for 2 min and centrifuged at 10000 rpm for 5 min, and finally the solvent layer
was transferred into a vial with a microvolume insert and analyzed.

Molecular inflammatory response in serum

The inflammatory response in serum samples of patients and healthy controls was
evaluated using a specifically assembled kit ProCartaPlex MixMatch Human 27 Panel
for Luminex MAGPIX detection system (Affymetrix, eBioscience) following the
manufacturers' instructions.

In detail, the panel included macrophage inflammatory protein-lo (MIP-1a),
interleukin (IL)-27, IL-1B, IL-2, IL-4, IL-5, interferon gamma-induced protein 10 (IP-10),
IL-6, IL-8, IL-10, IL-12p70, IL-13, IL-17A, interferon (IFN)-y, IFN-q, tumor necrosis
factor-o (TNF-a), granulocyte-macrophage colony stimulating factor (GM-CSF),
monocyte chemotactic protein 1(MCP-1), IL-9, P-selectin, IL-1a, IL-23, IL-18, IL-21,
soluble intercellular adhesion molecule-1 (sICAM-1), IL-22, and E-selectin.

All measurements were performed in a blinded manner by a laboratory technician
who was experienced in executing the technique. The levels of cytokines were
estimated using a 5-parameter polynomial curve (ProcartaPlex Analyst 1.0). A value
under the low limit of quantification (LLOQ) was considered as 0 pg/mL.

Statistical analysis
Statistical analyses on ASVs representing the bacterial community were performed in
R (R Core Team, 2014) with the help of the packages phyloseq 1.26.1[45] and DESeq?2
1.22.2[46], and other packages satisfying their dependencies, in particular vegan 2.5-5
[47]. Rarefaction analysis on ASVs was performed using the function rarecurve (step
50 reads), and further processed to highlight saturated samples (arbitrarily defined as
saturated samples with a final slope in the rarefaction curve with an increment in ASV
number per reads < 1e-5). For the cluster analysis (complete clustering on euclidean
distance) of the entire community, the OTU table was first normalized using the total
ASV counts of each sample and then adjusted using square root transformation. The
coverage was calculated by Good's estimator using the formula (1 - n/N) x 100, where
n is the number of sequences found once in a sample (singletons), and N is the total
number of sequences in that sample.

Richness, Shannon, Chao 1, and evenness indices were used to estimate bacterial
diversity in each sample using the function estimate_richness from phyloseq[45]. The
evenness index was calculated using the formula E = S/Log(R), where S is the
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Shannon diversity index and R is the number of ASVs in the sample. Differences in all
indices were tested using a paired Wilcoxon signed-rank test. The differential analysis
of abundance at the ASVs as well as at the different taxonomic ranks (created using the
tax_glom function in phyloseq) was performed with DESeq2[46] using a two group
blocked by patient design in order to perform a paired test[48].

In addition, the software GraphPad Prism (v. 5) and Statgraphics Centurion XVI
software were used for immunological data analysis. Numerical data are presented as
the mean * SD. The concentrations of several cytokines in some of the samples lay
below the curve fit of the standards. To avoid the bias that would have been
introduced by excluding these data, the concentrations of the implicated cytokine were
set at half of the lower cut off of the test system, which was usually about 1 pg/mL.
Outliers at the other end of the spectrum (higher than the mean + SD) were identified
via boxplots and were excluded from the statistical analysis. The comparisons between
dependent groups were evaluated by the Wilcoxon matched pairs test, while the
comparisons between the independent groups were assessed by the Mann-Whitney
test. A P value less than 0.05 were considered statistically significant.

Data availability statement

The 16S rRNA sequence dataset has been deposited in the NCBI Sequence Read
Archive (SRA) database and is available under the BioProject accession number
PRINA731648.

RESULTS

Comparison of fecal microbiota and metabolic and inflammatory profiles after ART
Modest differences in specific fecal microbiota taxa associated with HIV viremia: In
the first part of our study, we compared the fecal microbiota and metabolic and
inflammatory profile before and after ART starting, in order to examine potential
changes resulting from HIV infection and ART therapy. We first analysed the longit-
udinal variation of fecal microbiota population in the same patients at TO (HIV+
viremia - RNA > 50 copies/mL), defined as “high viremia” condition, and T24 (HIV+
suppression - RNA < 50 copies/mL), defined as “viral suppression” condition. The
alpha diversity of samples did not display significant differences for Chao, Shannon,
and evenness indices (Figure 1). The analysis of the taxonomic composition revealed
that more than 99% of the sequences collected were classified into four phyla:
Firmicutes (65.46%), Bacteroidetes (21.54%), Actinobacteria (9.40%), and Proteobacteria
(2.72%). In order to investigate similarity of patients’ microbiota abundance profiles
and to study the paired nature of sampling (i.e., high viremia condition vs viral
suppression condition), a cluster analysis and PCoA on normalized ASV counts were
performed.

The hierarchical clustering evidenced that microbiota was not sufficiently altered
after treatment (24 wk) to break individual compositions apart, resulting in a perfect
matching of the two time points from the same patient (Figure 2A). This result was
also confirmed by the PCoA (Figure 2B), which showed a substantial proximity of each
patient at TO and T24, indicating that, overall, the abundance profile of the single
patient was not affected by the 24-wk therapy.

On the other hand, the paired comparison of the abundance of single microbial
ranks revealed some significant (adj. P < 0.05, abs (logFC) > 1) differences between the
two samples groups. In particular, the genera Ruminococcus 2 and Succinivibrio were
found to be significantly increased in higher viral suppression condition. On the
contrary, viral suppression was related with a decrease in the Intestinibacter genus
(median abundance, ~1%) (Figure 3).

Analysis of fecal SCFAs displays no different layout between “high viremia” and
“viral suppression” conditions: As we noticed minor changes in fecal microbiome
profile (just at the order and genus levels), we wondered if the GM metabolic activity
had been altered as well, and whether this activity might be masked by simply
examining the microbiota composition. In order to evaluate the presence of alterations
in GM metabolic activity, the levels of microbial linear and branched SCFAs were
measured in fecal samples for each patient. However, the analysis of linear SCFA
(acetic, propionic, butyric, and valeric acids), and branched SCFA (isobutyric,
isovaleric, and 2-metilbutyric acids) abundance did not reveal any significant change
after 24 wk of therapy for each patient.
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Chao index
paired Wilcoxon test:
w = 36.5P = 0.875

Shannon index
paired Wilcoxon test:
w =56/P=0.204

Eveness index
paired Wilcoxon test:
w =567 =0.204
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Figure 1 Box-plots showing alpha diversity indices (Chao1, Shannon, and evenness indices) in samples. Statistical differences were evaluated
using paired Wilcoxon signed-rank test for Chao, Shannon, and evenness indices. P value less than 0.05 were considered statistically significant.
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Figure 2 Cluster analysis (A) and principal coordinate analysis showing that samples do not separate into two groups depending on their
condition (0-24 wk) (B).
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Analysis of serum FFAs reveals a significantly different subgroup of SCFAs
between “high viremia” and “viral suppression” conditions: As we did not report
alterations in the composition of fecal SCFAs, we wanted to observe if there were any
other alterations in metabolic output, by analyzing both microbial and host derived
FFAs in serum. As known, the impairment of gut integrity due to dysbiosis condition,
leads to translocation of microbial elements from the intestinal mucosa to the
bloodstream, which is considered a major driving force of chronic immune activation
[49] even in patients successfully treated with ART and achieving stable virological
suppression[2].

The analysis of serum FFA levels showed a significant change of two SCFAs at T24
compared to the baseline. In particular, propionic and butyric acids were increased in
viral suppression condition (Figure 4).

Inflammatory profile between high viremia and viral suppression conditions: As
known, gut microbial dysbiosis is linked to aberrant immune responses, as alterations
in the GM may induce the interruption of gut epithelial barrier integrity with
subsequent microbial translocation, increased inflammation, and immune activation,
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Figure 3 Segment plots depicting taxa with significantly differences between high viremia (time point 0) and viral suppression (time point
24) conditions. Lines connect paired samples and highlight the differences in normalized abundance for the indicated rank. Orange or blue colors highlight
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Figure 4 Boxplots showing statistically different levels of serum short-chain fatty acids between high viremia and viral suppressor
patients, assessed by the Wilcoxon test. P value < 0.05 was considered statistically significant.
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which are often accompanied by abnormal differentiation of immunological cells[6,
50]. Since we detected significant variations of microbial communities between high
viremia and viral suppression conditions, we decided to characterize also the serum
immunological profile by evaluating a panel of 27 cytokines between the two
mentioned conditions. Among the 27 cytokines examined, we detected a significant
reduction of IP-10 (P = 0.0244) and a significant increment of IL-8 levels (P = 0.0547) in
the high viremia setting (Figure 5).

Association of GM composition and metabolic and inflammatory profiles with CD4

T-cell counts

Correlation between fecal microbiota and CD4/CDS8 ratio: In the second part of our
study, we divided our cohort of patients into two groups: Immunological responders
(IRs) and immunological non-responders (INRs), based on the CD4/CDS8 ratio > 1 or <
1. In this condition, the analysis of microbiota revealed that, considering only taxa with
an overall abundance higher than 1%, members of the Faecalibacteria genus were
significantly reduced (adj. P < 0.05, logFC = 1.32) while members of the Alistipes genus
were significantly increased in responders (adj. P < 0.05, logFC = 2.5) (Figure 6).

Different branched SCFA profiles in serum and fecal samples between IRs and
INRs: As we observed significant variations in the composition of the fecal microbiota
between IRs and INRs, we assessed if there were any other alterations in the fecal and
serum microbial metabolites as linear and branched SCFAs derived from bacterial
metabolism. We documented significant changes in isobutyric (P = 0.01), isovaleric (P
= 0.04), and 2-methylbutyric (P = 0.04) acids, which were increased in IR fecal samples
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Figure 5 Boxplots showing statistically different levels of serum cytokines between high viremia and viral suppressor patients, assessed
by the Wilcoxon test. A P value < 0.05 was considered statistically significant.
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value < 0.05. NR = INRs, R = IRs. IRs: Immunological responders; INRs: Immunological non-responders.

while we did not detect significant differences in serum samples (Figure 7).

Inflammatory profile shows no significant differences between IRs and INRs: Since
we detected significant variations of microbial communities between IRs and INRs, we
also evaluated the serum immunological profile. However, cytokine levels did not
show significant variations between the IRs and INRs.

DISCUSSION

Currently, the mechanisms regulating the interplay between the host immune system
and HIV-1, as well as the exact changes occurring in the GM composition and
functionality, remain to be defined. To clarify the intricate relationships between the
actors of the “microbiota-immunity” axis, we examined microbiota composition and
functionality (SCFAs), serum inflammatory response, and FFA composition in
individuals undergoing ART in different HIV infection settings.

Today, many studies on microbiota have been performed chiefly comparing HIV-
infected and uninfected individuals, revealing a reduced GM diversity (the so-called
HIV-associated dysbiosis) and an independent association between alpha-diversity of
microbiota and peripheral levels of CD4*T cell count in treatment-naive HIV-infected
patients[28]. However, cross-sectional studies may not be suitable to provide
information about cause-and-effect relationships, whereas longitudinal ones could be
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more valid for examining such relationships. Besides, there is a lack of human longit-
udinal observations of the “microbiota-immunity” axis before and after first ART
administration. Only in few longitudinal studies, where HIV-1-infected participants
were followed after ART starting, data obtained on bacterial flora showed that shifts in
the fecal microbiota persisted in a number of patients[10,28]. On the other hand, a
recent study by Dillon et al[14] failed to find a significant change in a single time point
study of the stool of HIV-1-infected patients.

In this study, we first performed a longitudinal investigation evaluating the GM
before the treatment and after “viral suppression” (T24). According to the longitudinal
study conducted by Dillon et al[14], our results showed modest changes in the GM
composition after ART; indeed, we did not assess significant differences in phylum
composition. However, the paired comparison of the abundance of single bacterial
taxa revealed a significant alteration at the genus level between the two sample groups
(Figure 3). In particular, the genera of Ruminococcus, and Succinivibrio were
significantly increased after ART and the viral suppression. Conversely, the genus of
Intestinibacter was significantly decreased in the same condition. We hypothesize that
the slight change between the two groups may be due to persistent inflammation
(related to microbial translocation and reduced immunoregulatory function), HIV
latency throughout the gut, and direct effects of antiretroviral drugs on the bacterial
population. Moreover, our results are in accordance with other longitudinal previous
studies in non-human primates, which allowed to control for confounders affecting
human studies[51,52]. We also reported an increase of the genus Succinivibrio (Proteo-
bacteria phylum) between the two samples groups. In addition, in agreement with our
data, the proportion of the rare genus Succinivibrio, was also found considerably high
in the stool of Japanese patients treated with ART[53]. One of the possible reasons for
the contradictory results reported in the examined different studies may include the
cross-sectional nature of the study, the used sampling method (stool swab vs stool),
and the microbial taxon level applied.

Based on our findings, the 24 wk of ART inhibited HIV-1 viral replication effectively
(indeed, all enrolled patients reached viral suppression), but did not heavily affect the
overall bacterial composition of the gut microenvironment. The modest GM diversity
that we observed between the two sample groups might be associated with the
lowering of viremia. However, there was evidence that ART also induces changes in
the gut microbiome, unrelated to HIV infection. Some authors have implied that ART
may enhance dysbiosis, which is consistent with the high frequency of gastrointestinal
side effects of this treatment[28,54].

As the GM influences the immune system through their bacterial metabolites, like
SCFAs[55,56], we measured SCFA levels in blood and stool samples, in order to have a
more accurate assessment of microbial metabolism after the ART. As known, the main
SCFAs include, in order of proportion, acetic, propionic, and butyric acids that are
produced by fibres fermentation by gut bacteria, particularly by members of the
Firmicutes phylum[57]. Interestingly, for the first time, we observed a significant
change of two serum SCFAs after the ART. In particular, propionic and butyric acids
were increased in “viral suppression” condition. This altered SCFA profile may
indicate a potential role for the SCFA synthesis pathway in the regulation of the HIV
“microbiota-immunity” axis during effective ART. Notably, we did not observe any
significant SCFA changes in stool samples, probably because in the colon, about 95%
of the produced SCFAs are rapidly absorbed by large intestinal mucosal cells while the
remaining 5% are secreted in the feces[58]. Propionate is only present at a low concen-
tration in the periphery because it is metabolized in the liver[59]. It has been shown
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that butyrate may reduce gut inflammation by inducing the regulatory T cells (Tregs)
and modulating activation of antigen-presenting cells[17]. We may speculate that
bacterial flora responds reciprocally to inflammation by increasing the biosynthesis of
anti-inflammatory and pro-solving lipid mediators that circulate in the bloodstream.
Altogether, it is plausible that immune system-bacteria synergism mediates solutions
to inflammation. On the contrary, as previously reported, some studies have found
that butyrate-producing bacteria are selectively reduced in stool samples from HIV-
infected compared to non-infected subjects[17,54]. In particular, Serrano-Villar et al[60]
found that HIV-infected individuals had a distinct SCFA profile in stool compared to
HIV-negative controls, with increased propionate and lower levels of acetate. No data
from the literature are available regarding SCFA levels in HIV*serum samples, except
a study of Segal et al[61] reporting that higher values of serum SCFAs, in consequence
of an increased abundance of pulmonary anaerobic bacteria in HIV+ patients on ART,
inhibited the immune response to M. tuberculosis, likely enhancing tuberculosis
susceptibility. They observed that baseline serum butyrate and propionate were
associated with the subsequent increasing hazard of tuberculosis. Moreover, we also
evaluated serum FFA composition before and after ART treatment. Indeed, increased
levels of FFA and proinflammatory cytokines have been reported in some HIV-
infected patients under ART (reviewed in reference[62]). However, we did not
appreciate any difference at the examined two time points.

Regarding the inflammation tone, there is consensus that a pro-inflammatory status
remains active even after ART initiation in most patients[63,64]. Since the HIV life
cycle is suppressed through ART in treated patients, the chronic inflammatory status
observed in patients is maintained by factors secondary to HIV replication, including
microbial translocation and reduced immunoregulatory function. In order to evaluate
the inflammatory status after ART, we measured a panel of selected multifunctional
effector molecules of the immune response in serum. Among the measured cytokines,
we observed a decrease of IP-10 (P = 0.0244) after the treatment, confirming the
downregulation of this chemokine production in patients with HIV infection during
ART[65-69]. IP-10 is involved in trafficking immune cells to inflammatory sites, and it
is considered an important pro-inflammatory factor in the HIV disease process. It has
been observed that its levels can be reduced, but not to normal levels, by ART
administration. Interestingly, IP-10 was consistently associated with HIV disease
progression (based on CD4* counts) during the period[70], suggesting its potential for
use as an indicator of HIV infection and/or a therapeutic target for HIV treatment[71].
On the other hand, in agreement with recent data, we observed a significant increased
trend of IL-8 levels (P = 0.0547) with suppressed viral load after 24 wk of ART. Indeed,
increased IL-8 levels were observed in HIV-infected individuals on ART[72]. It has
been shown that during HIV-1 infection, IL-8 plays an important role in the
recruitment of CD4"T cells to the lymph nodes, thus generating more targets for viral
replication. Our results may suggest that increased IL-8 Levels may represent a
hallmark of chronic inflammation in HIV*patients on ART. In accordance with our
findings, Wada et al[73] observed significantly higher circulating IL-8 levels in HIV*
men on ART with suppressed viral load in comparison to HIV-uninfected men.

It is now established that the gut microbiome may play a crucial role in the immune
activation in HIV-infected patients treated with ARTI[5,64,73-75]. Recently, several
studies have reported that GM is associated with CD4" T cell recovery in HIV-infected
patients, playing an essential role in the reconstitution of immune function[76-78]. The
potential mechanism includes the formation of a virus shelter, resistance to ART,
promotion of intestinal mucosal barrier damage, and further entry of intestinal
bacteria and their metabolites into the circulatory system, resulting in long-term
immune activation, inflammation, and metabolic disorders such as cardiovascular
diseases, diabetes mellitus, liver steatosis, and lastly, cancer[8]. Although it remains
unclear whether an altered immunity after HIV infection drives dysbiosis or vice versa,
the gut dysbiosis, immune dysfunction, epithelial damage, and microbial translocation
are still evident even in the setting of ART-mediated viral suppression, which might be
the treatment dilemma for HIV infection at present. Despite numerous studies of the
microbiota in HIV-infected patients, there are relatively few reports discussing the
compositional GM changes in patients with different immune responses to ART[79,
80].

To investigate the role of GM in immunomodulation and immune reconstitution
and which bacterial metabolites are implicated, in the second part of the study, we
divided the patients into two groups: Patients with CD4/CD4 ratio < 1 with insuf-
ficient reconstitution of CD4"T cells despite achieving virological suppression after 24
wk of ART and those with CD4/CDS8 =1 who reached a robust reconstitution of CD4*
T cells. We found that the Anaerostipes genus was significantly augmented in IRs; on
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the contrary, the Faecalibacterium genus was significantly increased in INRs. Notably,
Faecalibacterium has been reported as the anti-inflammatory commensal genus[81]. It
has been positively correlated with the CD4/CD8 ratio and anti-correlated with
inflammation markers and LPS in a recent study in HIV-infected patients[32].

Regarding microbial metabolites, we detected a significant increase in fecal
isobutyric, isovaleric, and 2-methylbutyric acids in the IRs. However, we found that
the changes associated with the IR group were not evident in the blood. Based on our
results, we hypothesized that changes at the genus level in the gut ecosystem in HIV-
infected patients undergoing ART might thus be both a consequence and a potential
cause of the recovery of systemic immunity.

Our study had some limitations. First, a low number of patients were enrolled to
investigate the elements of the microbiota-immunity axis and it cannot determine
whether the altered GM contributed to or was caused by immune dysfunction. Second,
only the effects of 24-wk ART were observed in our study, and to establish a more
meaningful connection between GM and microbial/immune parameters, future
studies should investigate the GM alterations and the restoration of immune function
after long-term effective ART. Finally, the microbiota of feces was a proxy for GM in
this study, which was the only realistic sample for a non-invasive study. However,
fecal microbiota may only represent the GM composition in the lumen rather than on
the mucosal surfaces, which is an important distinction because the mucosa-associated
microbiota potentially interacts with the gut-associated lymphoid tissue in HIV-1-
infected patients directly.

CONCLUSION

Our results provided an additional vision about the impact of HIV infection, ART, and
immune recovery in the microbiota-immunity axis at the metabolism level, which are
an indicator of the active processes occurring in the gastrointestinal tract. In summary,
we demonstrated that patients infected by HIV-1, after reaching virological
suppression with ART, displayed a fecal microbiota with unchanged overall bacterial
diversity except for few genera. Although 24 wk of treatment with ART was effective,
the systemic inflammatory tone was not completely restored despite the anti-inflam-
matory serum butyrate increment. In addition, we confirmed the role of the GM in
immune reconstitution, with the possible implication of bacterial metabolites;
however, changes in the gut ecosystem in HIV*patients undergoing 24 wk of ART
may thus be both a consequence and a potential cause of the recovery of systemic
immunity.

Future larger-scale, long-term ART and longitudinal studies that include functional
metagenomic and metabolomic approaches to identify the roles of the specific differ-
ential phylotypes are required to better define the relationship between microbiota-
immunity axis and HIV-1 infection and to provide new insights into the targeted
treatment, improving the immune recovery and dampening inflammation.

ARTICLE HIGHLIGHTS

Research background

Human immunodeficiency virus type 1 (HIV-1) infection is characterized by persistent
systemic inflammation and immune activation, even in patients receiving effective
antiretroviral therapy (ART). Converging data suggest that gut microbiota (GM)
changes can occur throughout including human immunodeficiency virus (HIV)
infection treated by ART.

Research motivation

ART has increased the life expectancy of HIV-infected patients; however, chronic
inflammation and gut microbiota alterations persist in patients virologically
suppressed by ART. These data suggest that re-shaping the microbiota may be an
adjuvant therapy in patients commencing successful ART.

Research objectives

The purpose of this prospective observational study was to compare for the first time
the fecal microbial composition, serum and fecal microbial metabolites, and serum
cytokine profile of treatment-naive patients before starting ART and after reaching
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virological suppression (HIV RNA < 50 copies/mL) after 24 wk of ART.

Research methods

The authors enrolled 12 treatment-naive HIV-infected patients receiving ART. Fecal
microbiota composition was assessed through next generation sequencing, and a
comprehensive analysis of a broad spectrum of cytokines in blood was performed
through a multiplex approach. In addition, serum free fatty acid (FFA) and fecal short
chain fatty acid (SCFA) levels were measured through GC-MS.

Research results

The authors compared microbiota signatures, FFA levels, and cytokine profile before
starting ART and after reaching virological suppression. Modest alterations were
observed on microbiota composition; moreover, in the same condition, we also
observed augmented levels of serum propionic and butyric acids. A reduction of
serum IP-10 and an increase of IL-8 level were detected in the viral suppression
condition. Thereafter, the same components were compared between immunological
responders and non-responders. Concerning the microflora population, we detected a
reduction of Faecalibacterium and an increase of Alistipes in immunological non-
responders. Simultaneously, fecal isobutyric, isovaleric, and 2-methylbutyric acids
were also increased in immunological non-responders.

Research conclusions

The results provid an additional perspective about the impact of HIV infection, ART,
and immune recovery on the “microbiome-immunity axis” at the metabolism level.
These factors can act as indicators of the active processes occurring in the
gastrointestinal tract.

Research perspectives

Future larger-scale, long-term ART and longitudinal studies that include functional
metagenomic and metabolomic approaches to identify the roles of the specific differ-
ential phylotypes are required to better define the relationship between microbiota-
immunity axis and HIV-1 infection and to provide new insights into the targeted
treatment, improving the immune recovery and dampening inflammation.
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Abstract

BACKGROUND

Gastric cancer (GC) is one of the most frequently diagnosed tumor globally. In
most cases, GC develops in a stepwise manner from chronic gastritis or atrophic
gastritis (AG) to cancer. One of the major issues in clinical settings of GC is
diagnosis at advanced disease stages resulting in poor prognosis. MicroRNAs
(miRNAs) are small noncoding molecules that play an essential role in a variety of
fundamental biological processes. However, clinical potential of miRNA profiling
in the gastric cancerogenesis, especially in premalignant GC cases, remains
unclear.

AIM
To evaluate the AG and GC tissue miRNomes and identify specific miRNAs’
potential for clinical applications (e.g., non-invasive diagnostics).

653 February 14,2022 | Volume?28 | Issue6 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i6.653
http://orcid.org/0000-0003-3488-2171
http://orcid.org/0000-0003-3488-2171
http://orcid.org/0000-0003-2525-1597
http://orcid.org/0000-0003-2525-1597
http://orcid.org/0000-0002-5806-6155
http://orcid.org/0000-0002-5806-6155
http://orcid.org/0000-0002-7881-945X
http://orcid.org/0000-0002-7881-945X
http://orcid.org/0000-0002-7881-945X
http://orcid.org/0000-0001-9293-0691
http://orcid.org/0000-0001-9293-0691
http://orcid.org/0000-0001-9293-0691
http://orcid.org/0000-0002-1964-5226
http://orcid.org/0000-0002-1964-5226
http://orcid.org/0000-0001-7489-8069
http://orcid.org/0000-0001-7489-8069
http://orcid.org/0000-0002-6208-7039
http://orcid.org/0000-0002-6208-7039
http://orcid.org/0000-0002-9514-4562
http://orcid.org/0000-0002-9514-4562
http://orcid.org/0000-0002-8689-9023
http://orcid.org/0000-0002-8689-9023
http://orcid.org/0000-0002-8689-9023
http://orcid.org/0000-0002-0319-8855
http://orcid.org/0000-0002-0319-8855
http://orcid.org/0000-0002-0319-8855
http://orcid.org/0000-0002-8760-7416
http://orcid.org/0000-0002-8760-7416
http://orcid.org/0000-0002-8760-7416
http://orcid.org/0000-0002-4893-6612
http://orcid.org/0000-0002-4893-6612
mailto:jurgita.skieceviciene@lsmuni.lt

Varkalaite G et al. AG and GC tissue miRNomes

Institutional review board
statement: The study was
approved by the Kaunas Regional
Biomedical Research Ethics
Committee.

Informed consent statement: All
study participants provided
informed consent prior to study
enrollment.

Conflict-of-interest statement: The
authors have declared no conflicts
of interest.

Data sharing statement: Technical
appendix, statistical code, and
dataset available from the
corresponding author at

jurgita.skieceviciene@lsmuni.lt.

STROBE statement: The authors
have read the STROBE Statement-
checklist of items, and the
manuscript was prepared and
revised according to the STROBE
Statement-checklist of items.

Supported by the MULTIOMICS
project that has received funding
from European Social Fund (No.
09.3.3-LMT-K-712-01-0130) under
grant agreement with the Research
Council of Lithuania (LMTLT).

Country/Territory of origin:
Lithuania

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Unsolicited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): D

Grade E (Poor): 0

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)

Jaishideng®

WJG | https://www.wjgnet.com 654

METHODS

Study included a total of 125 subjects: Controls (CON), AG, and GC patients. All
study subjects were recruited at the Departments of Surgery or Gastroenterology,
Hospital of Lithuanian University of Health Sciences and divided into the
profiling (n = 60) and validation (n = 65) cohorts. Total RNA isolated from tissue
samples was used for preparation of small RNA sequencing libraries and profiled
using next-generation sequencing (NGS). Based on NGS data, deregulated
miRNAs hsa-miR-129-1-3p and hsa-miR-196a-5p were analyzed in plasma
samples of independent cohort consisting of CON, AG, and GC patients.
Expression level of hsa-miR-129-1-3p and hsa-miR-196a-5p was determined using
the quantitative real-time polymerase chain reaction and 24 method.

RESULTS

Results of tissue analysis revealed 20 differentially expressed miRNAs in AG
group compared to CON group, 129 deregulated miRNAs in GC compared to
CON, and 99 altered miRNAs comparing GC and AG groups. Only 2 miRNAs
(hsa-miR-129-1-3p and hsa-miR-196a-5p) were identified to be step-wise
deregulated in healthy-premalignant-malignant sequence. Area under the curve
(AUC)-receiver operating characteristic analysis revealed that expression level of
hsa-miR-196a-5p is significant for discrimination of CON vs AG, CON vs GC and
AG vs GC and resulted in AUCs: 88.0%, 93.1% and 66.3%, respectively. Compar-
ing results in tissue and plasma samples, hsa-miR-129-1-3p was significantly
down-regulated in GC compared to AG (P = 0.0021 and P = 0.024, tissue and
plasma, respectively). Moreover, analysis revealed that hsa-miR-215-3p/5p and
hsa-miR-934 were significantly deregulated in GC based on Helicobacter pylori (H.
pylori) infection status [log2 fold change (FC) = -4.52, P-adjusted = 0.02; log2FC = -
4.00, P-adjusted = 0.02; 1og2FC = 6.09, P-adjusted = 0.02, respectively].

CONCLUSION

Comprehensive miRNome study provides evidence for gradual deregulation of
hsa-miR-196a-5p and hsa-miR-129-1-3p in gastric carcinogenesis and found hsa-
miR-215-3p/5p and hsa-miR-934 to be significantly deregulated in H. pylori
carrying GC patients.

Key Words: Gastric cancer; Atrophic gastritis; Tumorigenesis; Helicobacter pylori,
MicroRNAs; Biomarkers

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this research we aimed to evaluate microRNAs profiles of premalignant
and malignant stages of gastric cancer (GC). To date this is the first study analyzing
atrophic gastritis (AG) and GC tissue miRNomes in the subjects of European origin
using next-generation sequencing approach. We showed that hsa-miR-196a-5p
expression in tissue is significant for discrimination between controls and AG or GC,
while hsa-miR-129-1-3p is potential candidate for non-invasive GC diagnostic. This
study provides novel insights into complex GC pathogenesis cascade and might be
highly significant for future studies of new AG or GC associated epigenetic markers or
even diagnostic targets.
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INTRODUCTION

Gastric cancer (GC) is the one of the most common malignancy and the fourth leading
cause of cancer-related death worldwide[1]. Studies show, that in most cases GC
development is a stepwise process: Chronic gastric mucosa inflammation progresses to
atrophic gastritis (AG) or intestinal metaplasia (IM), which eventually may become
predisposition to GC. This complex cascade involves many factors: Helicobacter pylori
(H. pylori) infection, lifestyle, dietary habits, and genetic or epigenetic alterations,
including miRNA expression changes[2,3]. One of the major concerns in diagnostics of
GC is poor survival rate and prognosis, while this tumor is usually diagnosed at late
stages. Therefore, investigation of the molecular mechanisms that are critical in the
complex GC pathological cascade may help to identify novel therapeutic targets and
consequently improve the disease prognosis. MicroRNAs (miRNAs) are small (approx
22 nt) non-coding RNA molecules that regulate gene expression by binding to the
specific sites within 3’ untranslated regions of target mRNAs[4,5]. MiRNAs play very
important role in many physiological and pathological processes as well as tumori-
genesis and may function as either tumor-suppressors or as oncogenic miRNAs[6-8].
Studies have reported numerous differentially expressed miRNAs in malignant gastric
tissues including members of miR-20, miR-451, miR-148, miR-223 families[9-11].
Despite the previous efforts and conducted miRNA studies in GC, the miRNome
characterization of premalignant gastric condition - AG - remains largely unknown.

In this study, we aimed to investigate miRNome profile through GC tumorigenesis
cascade including precancerous lesions, such as AG. Also, expression of two miRNAs
(hsa-miR-129-1 and hsa-miR-196a) was analyzed in plasma samples of the
independent cohort of AG and GC patients. Tissue miRNome analysis results revealed
distinct miRNA profiles comparing controls (CON), AG, and GC groups. Also, our
study findings show that two miRNAs: Hsa-miR-129-1 and hsa-miR-196a may be a
relevant biomarker for GC diagnostics.

MATERIALS AND METHODS

Study population

The study included a total of 125 CON and patients diagnosed with AG and GC, who
were divided into the profiling cohort of 60 subjects and validation cohort of 65
subjects. Tissue samples of profiling cohort were collected during the years 2007-2015,
while plasma of participants in validation cohort was collected from years 2011-2019 at
the Departments of Surgery and Gastroenterology, Hospital of Lithuanian University
of Health Sciences (Kaunas, Lithuania). Clinical and phenotypic characteristics of
subjects investigated in profiling and validation cohorts are presented in Table 1. H.
pylori status was assessed using indirect ELISA to detect serum-specific IgG antigen
(Virion/Serion GmbH, Germany). Control group consisted of subjects, who had no
signs of atrophy or IM according to Operative Link on Gastritis Assessment (OLGA)
staging system (stage 0)[12]. AG group consisted of individuals that had stage I-IV
atrophy score in gastric mucosa by OLGA classification. Gastric adenocarcinoma in
GC patients was verified by histology and classified according to the American Joint
Committee on Cancer TNM Staging Classification and Lauren Classification[13,14].
Adjacent GC (GCaj) samples were biopsy samples obtained from endoscopically
healthy appearing gastric mucosa at least 2 cm away from the primary tumor.

The study was approved by the Kaunas Regional Biomedical Research Ethics
Committee (approval No BE-2-10 and BE-2-31) and performed in accordance with the
Declaration of Helsinki. All study participants provided written informed consent
before enrollment.

Total RNA extraction

Total RNA, including small RNA fraction, was isolated from CON, AG and GC tissues
using miRNeasy Mini Kit (Qiagen, Germany) according to the manufacturer’s
instructions. Quantification of RNA was performed using Nanodrop2000 spectropho-
tometer (Thermo Fisher Scientific, United States) and quality of RNA samples was
evaluated by Agilent 2100 Bioanalyzer (Agilent Technologies, United States).
Circulating nucleic acids, including circulating miRNA fraction, was isolated using
QIAamp Circulating Nucleic Acid Kit (Qiagen, Germany) according to manufacturer’s
instructions. All isolated samples were stored at -80 °C prior to further analysis.
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Table 1 Demographic characteristics of profiling and validation cohorts

Profiling cohort (n = 60) Validation cohort (n = 65)
CON(n=21) AG(n=19) GC(n=20) CON(n=11) AG(n=30) GC(n=24)
Age Mean+SD 5829 £15.52 69.21 £8.78 64.95+10.89  42.27 £12.89 68.01+11.81 68.33+11.27
Gender (1) Male 5 3 15 5 9 18
Female 16 16 5 6 21 6
Helicobacter pylori infection (1) Negative 12 10 8 - 17 9
Positive 9 9 9 - 10 4
Unknown - - 3 11 3 11
Differentiation grade (1) Gl - = 4 = - -
G2 - - 4 - - 12
G3 - - 12 - - 12
Lauren classification (n) Diffuse - - 10 - - 8
Intestinal - - 10 - - 13
Mixed - - - - - 2
Unknown - - - - - 1
T (n) T1 - - 6 - - 3
T2 - - 2 - - 5
T3 - - 8 - - 9
T4 - - 4 - - 6
Unknown - = - - - 1
N (n) NO - - 10 - - 6
N1 - - 2 = - 5
N2 - - 3 - - 4
N3 - - 5 - - 8
Unknown - - = - - 1
M (n) MO - - 7 - - 14
M1 - . 2 N B 9
Unknown - - 11 - - 1

SD: Standard deviation; CON: Control; AG: Atrophic gastritis; GC: Gastric cancer.

Small RNA-seq library preparation and next-generation sequencing

Small RNA libraries were prepared using Illumina TruSeq Small RNA Sample
Preparation Kit (Illumina, United States) according to the manufacturer’s protocol
with 1 pg RNA input per sample followed by RNA 3" adapter ligation, RNA 5 adapter
ligation, cDNA synthesis, polymerase chain reaction (PCR) amplification using unique
barcode sequences for each sample and gel size-selection of small RNA library. The
yield and quality of sequencing libraries were assessed using the Agilent 2100
Bioanalyzer (Agilent Technologies, United States). The small RNA libraries were
randomized, pooled 24 samples per lane and sequenced using Illumina HiSeq 2500 (1
x 50 bp single-end reads).

Bioinformatics analysis of small RNA-seq data

Analysis of raw small RNA-seq data was performed by nf-core/smrnaseq pipeline
v.1.0.0 including Nextflow v.20.07.1[15], Java v.11.0.7, and Docker v.19.03.12. In brief,
all steps consisted of read quality control using FastQC v.0.11.9, removing 3" adapter
sequences with TrimGalore! v.0.6.5, mapping to mature and hairpin miRNAs
(miRBase v.22.1[16]), and GRCh37 human reference genome with Bowtie v.1.3.0[17].
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After alignment and trimming sorted BAM files were used for further analysis with
edgeR v.3.32.1[18] and mirtop v.0.4.23. MiRNA quality was assessed and summarized
using MultiQC v.1.9[19]. Normalized counts were generated using isomiRs package
and differential expression analysis was carried out using the DESeq2 Bioconductor
package v.1.26.0[20]. The threshold for significant differential expression was
Bonferroni[21] adjusted P-value < 0.05 and absolute value of log2 fold change (FC)
|log2FC| > 1.

Validation of miRNA expression in plasma by reverse transcription quantitative real-
time PCR

To validate differentially expressed miRNAs in plasma samples, isolated plasma
circulating microRNA was reverse transcribed to cDNA using the TagMan™
MicroRNA Reverse Transcription Kit (Thermo Fisher Scientific, United States). The
material was preamplified using the TagMan PreAmp Master Mix (Applied
Biosystems, United States) according to the manufacturer’s protocol. Quantitative real-
time PCR (RT-PCR) was performed using the TagMan MicroRNA Assays: Hsa-miR-
129* (Assay ID: 002298), hsa-miR-196a (Assay ID: 241070_mat) on 7500 Fast Real-Time
PCR System (Applied Biosystems, United States). All RT-qPCR reactions were run in
duplicate in a 20 pL reaction and the relative fold change in miRNA expression was
estimated using the 24 method[22]. Ct values were normalized to the RNU6B (Assay
ID: 001093, Thermo Fisher Scientific, United States) endogenous control.

Statistical analysis

Statistical analysis was performed using RStudio software (R v.3.6.3). Shapiro-Wilk
normality test was used to test the normal distribution of data. For normally
distributed data, statistical significance was assessed by Student's t-test. If the data did
not pass normality tests was performed non-parametric Wilcoxon rank-sum test. A P <
0.05 was considered statistically significant. Area under the receiver operating charac-
teristic curve (AUC-ROC) analysis was performed using pROC R package.

RESULTS

Small RNA sequencing reveals distinct miRNomes of healthy, premalignant, and

malignant stages of GC
Small RNA sequencing of CON, AG, and paired GC (cancerous and adjacent) tissues
in total identified 1037 miRNAs annotated in the miRBase v22.1. Sequencing yielded
approx 250 M raw sequencing reads (from 359 K to 16 M reads per sample). After
quality control steps 396 low-abundant and non-variable miRNAs and 5 outlying
samples were removed resulting in 641 miRNAs and 75 samples which were used for
further analysis (Supplementary Figures 1 and 2). The number of deregulated miRNAs
corresponded to pathological cascade of GC development. The highest number of
deregulated miRNAs were determined when comparing GC and CON groups (129
differentially expressed miRNAs, 82 up-regulated and 47 down-regulated;
Supplementary Table 1). Next, 99 differentially expressed miRNAs were identified
analyzing GC compared to AG (67 up-regulated and 32 down-regulated;
Supplementary Table 2). The lowest number, 20 miRNAs, were found to be
deregulated comparing AG and CON (6 up-regulated and 14 down-regulated;
Supplementary Table 3). Differential expression results comparing GC vs GCaj, AG vs
GCaj, and CON wvs GCaj are presented in Supplementary Tables 4, 5 and 6 respectively.
Differential expression results and top five deregulated miRNAs in each case are
represented in Figure 1A. Multidimensional scaling analysis of normalized expression
values, assessing the similarity structure of miRNomes (Spearman’s correlation
distance), revealed 4 clusters, corresponding to the CON, AG, GC cancerous and
adjacent tissues (Figure 1B). The AG cluster was intermediate between GC and CON,
whereas GCaj was overlapping with AG and CON groups.

Hsa-miR-129-1-3p and hsa-miR-196a-5p may be employed for discrimination of
healthy, premalignant, and malignant GC cases

To further study miRNome profiles, altered expression of miRNAs was analyzed in
three main comparison groups: AG vs CON, GC vs CON and AG vs GC according to
clinical significance. Analyzing uniquely deregulated miRNAs, 40 differentially
expressed miRNAs were found when compared GC to CON (25.8% of all deregulated
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Figure 1 Results of microRNA differential expression analysis. A: Differentially expressed gastric tissue microRNAs among different conditions. P-
adjusted < 0.05 and |log2 fold change| > 1; B: Multidimensional scaling plot based on normalized data showing a clustering corresponding to control, atrophic
gastritis, gastric cancerous and adjacent tissues. The density plots show distributions of the first and second dimensions. CON: Control; AG: Atrophic gastritis; GC:
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miRNAs), 18 (11.6%) - AG compared to GC, and 6 (3.9%) - AG compared to CON
(Figure 2). Most of the deregulated miRNAs (1 =79, 68.7%) were similar between GC
vs CON and GC vs AG comparison groups. 12 miRNAs (7.7%) were deregulated in
both AG and GC groups when compared to CON. Four miRNAs (2.6%) were similarly
deregulated between AG vs CON and AG vs GC groups. Finally, only 2 miRNAs (hsa-
miR-129-1-3p and hsa-miR-196a-5p) (1.29%) were identified as deregulated between
all comparison groups. AUC-ROC analysis revealed that expression level of hsa-miR-
129-1-3p in tissues resulted in AUCs: 68.1%; 86.3%, and 78.1%, CON vs AG, CON vs
GC, and AG vs GC, respectively (Figures 3A, 3B and 3C). In addition to this,
expression level of hsa-miR-196a-5p could be significant for discrimination of CON vs
AG, CON vs GC and AG vs GC and resulted in AUCs: 88.0%, 93.1% and 66.3%
(Figures 3D, 3E and 3F).

Hsa-miR-129-1-3p and hsa-miR-196a-5p expression in the plasma follows the

expression pattern of CON, AG, and GC tissues

Differential expression analysis of NGS data in tissue samples revealed that hsa-miR-
129-1-3p was significantly down-regulated and hsa-miR-196a-5p was up-regulated in
AG and GC tissues compared to CON (P = 0.002 and P = 0.00018; P=1.2 x 10°and P =
3.1 x 10%, respectively). Moreover, hsa-miR-129-1-3p was significantly down-regulated
in the case of AG compared to GC (P = 0.0021) and reflected a stepwise process of a
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Figure 2 Venn diagram representing the number of commonly and uniquely differentially expressed microRNAs in three different
comparison groups. P-adjusted < 0.05 and |log2 fold change| > 1. CON: Control; AG: Atrophic gastritis; GC: Gastric cancer.
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pathology (Figure 4A). Therefore, to identify whether the expression changes of these
two miRNAs can be detected noninvasively in the body fluids of the patients, hsa-
miR-129-1-3p and hsa-miR-196a-5p were selected for RT-qPCR analysis in plasma
samples of independent cohort. The analysis showed similar expression patterns in the
case of hsa-miR-129-1-3p, which was significantly down-regulated when comparing
AG and GC groups (P = 0.024). There were no other significant findings between the
groups (Figure 4B).

Hsa-miR-215-3p/5p and hsa-miR-934 may be associated with H. pylori-induced GC

To investigate role of miRNAs in AG atrophy progression (OLGA classification) and
H. pylori-induced GC, differential miRNAs profile analysis in the subgroups of the
study was performed. The analysis revealed a minor clustering in AG tissues corres-
ponding to OLGA stages (Supplementary Figures 3A and 3H). H. pylori status in GC
tissues (Supplementary Figure 3B). However, no significantly deregulated miRNAs
were determined comparing I-II OLGA stages vs III-IV OLGA stages (AG tissue
samples). On the other hand, analyzing GC group based on H. pylori infection status
[H. pylori (neg.) vs H. pylori (pos.)], three miRNAs were shown to be significantly
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Figure 4 Hsa-miR-129-1-3p and hsa-miR-196a-5p expression levels in study comparison groups. A: Atrophic gastritis and gastric cancer tissue
samples compared to controls; B: Atrophic gastritis and gastric cancer plasma samples compared to controls. Box plot graphs; boxes correspond to the median value
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deregulated: Hsa-miR-215-3p (log2FC = -4.52, P-adjusted = 0.02), hsa-miR-215-5p
(log2FC = -4.00, P-adjusted = 0.02), and hsa-miR-934 (log2FC = 6.09, P-adjusted = 0.02).

DISCUSSION

This study represents comprehensive miRNome profiling of premalignant and
malignant GC cases by implementing high throughput technologies such as NGS.
Although there are several studies reporting profiles of GC tissue miRNAs[23,24],
analysis of the association between miRNA expression and AG is very scarce reporting
only individual miRNAs[25]. Moreover, based on small RNA-seq findings, two
miRNAs were analyzed in subjects’ plasma samples to investigate potential non-
invasive markers. To our best knowledge this is the first study analyzing AG and GC
tissue miRNomes in the subjects of European origin.

First, our study showed different profiles of deregulated miRNAs between tissue
samples of studied groups. In total, 20 differentially expressed miRNAs were
identified in AG and 129 - in GC comparing to CON; also 99 deregulated miRNAs -
comparing GC and AG groups. MiRNAs such as hsa-miR-3131, hsa-miR-483, hsa-miR-
150, hsa-miR-200a-3p, hsa-miR-873-5p were previously reported by the GC profiling
studies of Pereira et al[23] and Assumpgéao et al[24]. Yet, we were able to identify
number of novel miRNAs (of which hsa-miR-548ba, hsa-miR-4521, hsa-miR-549a were
the most deregulated). There are no data showing the role of these novel miRNAs in
inflammatory or tumorous processes of gastric tissue. However, recent studies have
shown that hsa-miR-548ba was associated with bladder cancer, hsa-miR-549a with the
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metastasis of renal cancer, and hsa-miR-4521 with H. pylori infection in esophageal
epithelial cells[26-28]. Taking into consideration miRNome of AG, hsa-miR-3591-3p,
hsa-miR-122-3p and hsa-miR-122-5p, hsa-miR-451a miRNAs were already reported by
Liu et al[29], while the most deregulated miRNAs including hsa-miR-215, hsa-miR-
4497, and hsa-miR-1251 were reported for the first time in our study. Previous research
showed that hsa-miR-215-5p was deregulated in different lesions of the gastrointes-
tinal tract (Barrett’s esophagus, intraepithelial neoplastic lesions, ulcerative colitis)[30-
32]. However, hsa-miR-4497 and hsa-miR-452 were not previously associated with AG
but were reported to play an important role in GC development[33,34].

Next, we identified hsa-miR-215-3p and hsa-miR-215-5p to be down-regulated
while hsa-miR-934 - up-regulated in GC group comparing negative and positive H.
pylori infection status. Studies revealed the altered expression of various miRNAs in H.
pylori-induced GC tissue samples, including miR-934, miR-146a, miR-375, miR-204[35-
37]. Although, hsa-miR-215 deregulation was previously associated with GC[38-40],
there is no data showing its link with H. pylori infection.

In addition to this, we showed that two miRNAs (hsa-miR-129-1-3p and hsa-miR-
196a-5p) were gradually deregulated comparing all three study groups (CON, AG,
and GC) which also corresponds to pathological cascade of GC. In concordance to our
results, it has already been shown that hsa-miR-129-1-3p was down-regulated in GC
tissues, function as a tumor suppressor in GC and even corresponds to the same
expression pattern in gastric juice[41,42]. There is no data regarding the hsa-miR-196a
expression in AG tissue, however, investigators have revealed that hsa-miR-196a is
overexpressed in GC tissue, plasma, commercial cell lines and promotes cell prolif-
eration[43,44]. ROC-AUC analysis suggests great potential of hsa-miR-196a-5p
expression in tissue for discrimination of AG and GC in contrast to CON (AUC =
89.5% and AUC = 89.5%, respectively). Therefore, further studies are needed to
confirm this finding,.

Finally, selected miRNAs were analyzed in independent cohort of CON, AG, and
GC plasma samples by using RT-qPCR. Results showed similar deregulation direction
in plasma samples as in the tissue samples. However, significant differences were only
determined comparing the expression of hsa-miR-129-1-3p between AG and GC
suggesting its potential role in non-invasive diagnostics of malignant cases. No
significant expression changes were observed between study groups and hsa-miR-
196a-5p. Other studies have shown controversial results: Tsai et al[45] reported that
miR-196a/b was up-regulated in both the plasma and tissue of metastatic GC patients,
while miRNome profiling study revealed that miR-196a-5p was found to be down-
regulated in plasma of patients with precursor lesions of GC compared to non-active
gastritis[46].

In our study, using NGS and RT-qPCR techniques we have shown the distinct
miRNome profiles of CON, AG, GC, GCaj tissues, and potential of specific miRNAs as
non-invasive biomarkers. In addition to this, novel miRNAs not previously reported
as AG or GC associated epigenetic markers were identified. We have shown that hsa-
miR-196a-5p expression in tissue could be significant for discrimination between CON
and AG or GC, confirmed hsa-miR-129-1-3p as non-invasive biomarker in disease
progression monitoring, and showed that miRNAs could be a great candidate for
future research of new diagnostic approaches.

CONCLUSION

In conclusion, we showed gradual deregulation of hsa-miR-196a-5p and hsa-miR-129-
1-3p in the gastric carcinogenesis pathway and confirmed hsa-miR-129-1-3p as a
possible non-invasive biomarker. We also found hsa-miR-215-3p/5p and hsa-miR-934
to be significantly deregulated in GC based on H. pylori infection status. These data
provide novel insights into complex GC pathogenesis cascade which could be highly
significant for future studies of new diagnostic GC targets.

ARTICLE HIGHLIGHTS

Research background

Gastric cancer (GC) is a complex disease arising from the interaction of environmental
(e.g., diet, smoking, etc.) and host-associated factors [e.g., Helicobacter pylori (H. pylori)
infection, genetics, etc.]. Due to its silent course, it is also one of the most lethal cancers
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worldwide as it is usually diagnosed at the advanced stages.

Research motivation

Novel biomarkers that would help to improve GC patients” diagnosis and prognosis
are highly needed. Studies show that microRNAs (miRNAs) play an important role in
many cancers and could be a promising biomarker or even therapeutic target.

Research objectives

The objectives of the study were to analyze whole miRNome profiles of control,
premalignant and malignant gastric tissues, and select the potential miRNA markers
that could have a potential for minimally invasive GC diagnostics.

Research methods

Total RNA from gastric tissue samples was subjected for small RNA sequencing
(smRNA-seq). Plasma total circulating nucleic acids were used for the expression
analysis of the most tissue deregulated miRNAs by real-time quantitative polymerase
chain reaction. Statistical analysis involved the differential expression and discrim-
ination analyses.

Research results

The abundance of altered expression miRNAs corresponded to a pathological cascade
of GC development. Hsa-miR-129-1-3p and has-miR-196a-5p were shown to be
deregulated in healthy-premalignant-malignant sequence. In addition to this, we
showed that down-regulation of hsa-miR-129-1-3p could also be detected non-
invasively in GC patients” plasma samples. Finally, results indicated that hsa-miR-215-
3p/5p and hsa-miR-934 were significantly deregulated based on H. pylori infection
status for GC patients.

Research conclusions

Gastric tissue miRNome study provides extensive profiling of control, premalignant
and malignant cases. Based on smRNA-seq results several miRNAs were shown as
potential gastric carcinogenesis (hsa-miR-196a-5p and hsa-miR-129-1-3p); and H. Pylori
-related (hsa-miR-215-3p/5p and hsa-miR-934) biomarkers.

Research perspectives
This study provides novel insights into complex GC pathogenesis cascade and could
serve as a reference for future research to support our findings.
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Abstract

BACKGROUND

Several risk scores have been developed to predict hepatocellular carcinoma
(HCC) risk in chronic hepatitis B (CHB) patients. The majority of risk scores are
based on pretreatment variables that are no longer considered risk factors for
HCC development due to the suppression of hepatitis B virus replication early in
the course of potent antiviral treatment in most patients. The PAGE-B score,
which is based on platelet levels, age and sex, has been shown to accurately
predict HCC risk in CHB patients on antiviral treatment in various populations.

AIM
We aimed to evaluate the PAGE-B score in predicting HCC risk in Turkish CHB
patients on antiviral treatment.

METHODS

In this study, we recruited 742 CHB patients who had been treated with tenofovir
disoproxil fumarate or entecavir for > 1 year. Risk groups were determined
according to the PAGE-B scores as follows: <9, low; 10-17, moderate and > 18,
high. The cumulative HCC incidences in each risk group were computed using
Kaplan-Meier analysis and were compared using the log-rank test. The accuracy
of the PAGE-B score in predicting HCC risk was evaluated using a time-
dependent area under the receiver operating characteristic (AUROC) curve at all
study time points. Univariate and multivariate logistic regression analyses were
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used to assess the risk factors for HCC development.

RESULTS

The mean follow-up time was 54.7 + 1.2 mo. HCC was diagnosed in 26 patients
(3.5%). The cumulative HCC incidences at 1, 3, 5 and 10 years were 0%, 0%, 0%
and 0.4% in the PAGE-B low-risk group; 0%, 1.2%, 1.5% and 2.1% in the PAGE-B
moderate-risk group; and 5%, 11.7%, 12.5%, and 15% in the PAGE-B high-risk
group, respectively (log-rank P < 0.001). The AUROCs of the PAGE-B score in the
prediction of HCC development at 1, 3, 5 and 10 years were 0.977, 0.903, 0.903 and
0.865, respectively. In the multivariable analysis, older age, male sex, lower
platelet levels, presence of cirrhosis, and absence of alanine aminotransferase
normalization at month 6 were associated with HCC development (all P < 0.05).

CONCLUSION
The PAGE-B score is a practical tool to predict HCC risk in Turkish patients with
CHB and may be helpful to improve surveillance strategies.

Key Words: Chronic hepatitis B; Hepatocellular carcinoma; PAGE-B score; Surveillance

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We evaluated the accuracy of the PAGE-B score in predicting hepatocellular
carcinoma (HCC) risk in Turkish patients with chronic hepatitis B on antiviral
treatment. The cumulative HCC incidences at 5 and 10 years were 0% and 0.4%, 1.5%
and 2.1%, and 12.5% and 15.0% in the low-, moderate- and high-risk groups based on
the PAGE-B score, respectively. The area under the receiver operating characteristics
of the PAGE-B score in the prediction of HCC risk at 5 and 10 years were 0.903 and
0.865, respectively. The PAGE-B score was found to be highly negative predictive and
reliable for a cutoff value of <9 in predicting HCC development.

Citation: Gokcen P, Guzelbulut F, Adali G, Degirmenci Salturk AG, Ozturk O, Bahadir O,
Kanatsiz E, Kiyak M, Ozdil K, Doganay HL. Validation of the PAGE-B score to predict
hepatocellular carcinoma risk in caucasian chronic hepatitis B patients on treatment. World J
Gastroenterol 2022; 28(6): 665-674

URL: https://www.wjgnet.com/1007-9327/full/v28/i6/665.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i6.665

INTRODUCTION

Hepatocellular carcinoma (HCC) is the 7* most prevalent among all cancers and ranks
4" in cancer-related mortality[1]. Chronic hepatitis B (CHB) virus infection affects 257
million people worldwide and is one of the most common etiologies of HCC,
accounting for 33% of HCC-related mortality[2]. Nucleos(t)ide analogs suppress
hepatitis B virus (HBV) replication in most patients; however, the risk of HCC persists
even in patients with suppressed viral replication. Treatment options for advanced-
stage HCC are quite limited, and the 5-year survival rate is 18.1%[3]. Therefore,
identifying patients who are at high risk for HCC development and detecting tumors
at early stages are crucial. Recent guidelines recommend HCC surveillance with
ultrasound (USG) twice a year in patients who are at high risk for HCC development
[4]. However, not all patients with CHB have the same risk for HCC. There is an
ongoing need for a scoring system to predict HCC risk that offers an easy application
in clinical practice and a high predictive value to perform effective surveillance in
high-risk patients and eliminate unnecessary surveillance in low-risk patients.

Various risk scores have been developed to identify CHB patients at high risk for
HCC development. However, many of the risk scores for HCC have focused on
untreated patients, and they are mostly based on pretreatment risk factors for HCC,
such as hepatitis B e antigen (HBeAg) status, serum HBV DNA, alanine aminotrans-
ferase (ALT), albumin and bilirubin levels[5,6]. Most of the baseline virological factors
are no longer considered risk factors for HCC, as HBV replication is suppressed early
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in the majority of patients receiving potent antiviral treatment. Therefore, risk scores
that include parameters not easily modified by treatment are needed. Among these,
the PAGE-B is a practical risk score that includes platelet count, age and sex and has
been validated in various patient populations[7-9]. In this study, we aimed to evaluate
the accuracy of the PAGE-B score in predicting HCC risk in Turkish CHB patients on
tenofovir disoproxil fumarate (TDF) or entecavir (ETV) therapy.

MATERIALS AND METHODS

Patient population and Follow-up Definitions

Medical records of CHB patients who were on follow-up in hepatology outpatient
clinics at Umraniye Training and Research Hospital (Istanbul, Turkey) and
Haydarpasa Numune Training and Research Hospital (Istanbul, Turkey) between
January 2007 to December 2018 were retrospectively evaluated. The inclusion criteria
were as follows: Age > 16 years, HBsAg positivity for > 6 mo, and treatment with TDF
or ETV for at least 12 mo. The exclusion criteria were as follows: Age < 16 years,
decompensated cirrhosis, having HCC diagnosis before or during the first 6 mo of
therapy, history of liver transplantation, and coinfection with hepatitis C virus,
hepatitis D virus or human immunodeficiency virus.

Laboratory tests, including HBeAg, anti-HBe, HBV DNA, aspartate aminotrans-
ferase, ALT, albumin, bilirubin and alpha-fetoprotein (AFP) levels, international
normalized ratio, and complete blood count at the start of therapy and during follow-
up at 3-6 mo intervals, were recorded. The results of imaging studies, e.g., USG,
triphasic computed tomography (CT) and dynamic contrast-enhanced magnetic
resonance imaging (MRI), at the start of therapy and during follow-up were recorded.
The presence of comorbidities and liver biopsy results, if available, were also recorded.
Virological response was defined as a serum HBV DNA level < 80 IU/mL. Maintained
virological response was defined as serum HBV DNA negativity without subsequent
positivity. A biochemical response was achieved when the serum ALT level dropped
below 42 U/L. Hepatic flare was defined as an elevation of ALT 22 x upper limit of
normal with subsequent HBV DNA positivity in patients with virological response.
Liver biopsies were evaluated according to the ISHAK staging system[10]. Patients
with pretreatment fibrosis scores between 0 and 4 (F0-4) were considered noncirrhotic.
Patients with fibrosis scores 5 and 6 (F5-6) or those with radiological (nodular
appearance of liver surface, parenchymal thickening, caudate lobe enlargement, portal
vein diameter > 13 mm) or endoscopic (varices, portal gastropathy) findings of
cirrhosis were considered compensated cirrhotic. Decompensated cirrhosis was
defined as the presence of ascites, variceal bleeding or hepatic encephalopathy.
Patients underwent HCC surveillance with abdominal USG at 6-12 mo intervals. In the
presence of suspicious lesions on USG, cross-sectional imaging with triphasic CT
and/or dynamic contrast-enhanced MRI were performed. A diagnosis of HCC was
made following the current guidelines[5]. The PAGE-B score included the parameters
of platelet count, age, and sex. Scoring was performed as follows: (1) For age 16-29
years, 0 points; 30-39 years, 2 points; 40-49 years, 4 points; 50-59 years, 6 points; 60-69
years, 8 points; > 70 years, 10 points; (2) For female gender, 0 points and for male
gender, 6 points; and (3) For platelet count (/mm3) > 200000, 0 points; 100000-199999, 6
points; < 100000, 9 points. The score ranged from 0-25 points. Based on their PAGE-B
scores, patients were classified as <9, low risk; 10-17, moderate risk; and > 18, high risk

[7].

Statistical analysis

Statistical data were analyzed using SPSS v.23.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics are presented as the mean + standard error of the mean for
continuous variables. Variables were tested for normality using the Kolmogorov-
Smirnov test. Independent t-tests were used to compare parametric variables, and chi-
squared tests, continuity correction, or Fisher’s exact tests were used to compare
categorical variables. The cumulative effect of PAGE-B risk groups on survival was
assessed using the log-rank test. Survival rates were computed by Kaplan-Meier
survival analysis. Accuracy in predicting HCC occurrence was evaluated using a time-
dependent area under the receiver operating characteristic (AUROC) curve at all study
time points. Univariate and multivariate logistic regression analysis models were used
to determine the effects of the variables on the risk of developing HCC. Cirrhosis and
platelet count were analyzed separately in logistic regression model as they showed
collinearity. Tests were interpreted at a 95% confidence interval. A P value < 0.05 was
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Table 1 Demographic and follow-up characteristics of study population

n=742

Age, yr + SE 450405
Gender, male 1 (%) 472 (63.6)
Follow-up, mo + SE 547 +1.2
Diabetes mellitus, 1 (%) 116 (15.7)
HBeAg positivity, n (%) 171 (23.0)
Cirrhosis, n (%) 161 (21.7)
NA(s) before ETV/TDF, n (%) 162 (21.8)
Antiviral treatment (ETV/TDEF), n (%) 240 (32.3)/502(67.7)
MVR, n (%) 633 (85.3)
Hepatic flare, n (%) 25 (3.4)
ALT normalization at 6 mo, n (%) 620 (85.9)
Virological response at 6 mo, 1 (%) 597 (85.4)
PAGE-B score + SE 11102
PAGE-B score-risk groups, n (%)

Low 281 (37.9)

Moderate 341 (46)

High 120 (16.2)
HCC cases during follow up, n (%) 26 (3.5)

HBeAg: Hepatitis B e antigen; ALT: Alanine transaminase; ETV: Entecavir; HCC: Hepatocellular carcinoma; MVR: Maintained virological response; NA(s):

Nucleos(t)ide analogue(s); TDF: Tenofovir disoproxil fumarate; SE: Standard error of mean.
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considered statistically significant.
The study was approved by the local ethics committees of Umraniye Training and
Research Hospital and Haydarpasa Numune Training and Research Hospital.

RESULTS

A total of 742 patients were enrolled in the study. The mean age was 45.0 + 0.5 (17-93)
years, and 472 (63.6%) patients were male. One hundred and sixty-one patients (21.7%)
had cirrhosis. Of the total patients, 502 (67.7%) received TDF, and 240 (32.3%) received
ETV. One hundred and sixty-two (21.8%) of patients were lamivudine-experienced. At
month 12, 597 patients (85.4%) achieved virological response, and 620 patients (85.9%)
achieved ALT normalization. Twenty-five (3.4%) patients had hepatic flare. The mean
follow-up time was 54.7 + 1.2 (5-145) mo. The demographic and clinical characteristics
and follow-up data of the patients are presented in Table 1.

During the follow-up period, 26 patients (3.5%) developed HCC. Patients who
developed HCC were older, male predominant, had lower albumin and platelet levels,
and had higher AFP levels than those who did not develop HCC (all P < 0.05).
Cirrhosis and diabetes mellitus were more common in patients who developed HCC
than in those who did not develop HCC (both P < 0.05) (Table 2).

In the univariable analysis, older age, male sex, lower platelet levels, presence of
diabetes mellitus, presence of cirrhosis, absence of ALT normalization at month 6, and
pretreatment AFP levels were associated with HCC development (all P < 0.05). HCC
was not detected in any patients with hepatic flare. In the multivariable analysis, older
age [odd ratio (OR) = 1.1; 95% confidence interval (CI): 1.0-1.1], male sex (OR = 8.9;
95%CI: 1.1-70.7), lower platelet levels (OR = 1.0; 95%ClI: 1.0-1.0), presence of cirrhosis
(OR = 3.1; 95%ClI: 1.1-8.2), and absence of ALT normalization at month 6 (OR = 0.2;
95%Cl: 0.1-0.7) were associated with HCC occurrence (all P < 0.05) (Table 3).
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Table 2 Comparison of baseline characteristics of patients with and without hepatocellular carcinoma

Patients with HCC Patients without HCC P value

Age (yr) mean + SE 57.8+23 445+05 <0.001
Male gender, 1 (%) 24 (92.3) 448 (62.6) 0.004
Cirrhosis, n (%) 16 (61.5) 145 (20.3) <0.001
Diabetes mellitus, 1 (%) 8 (32) 108(15.1) 0.043
Antiviral treatment (ETV/TDF), n (%) 10 (38.5)/16 (61.5) 230 (32.1)/486 (67.9) 0.642
Laboratory (mean # SE)

HBeAg positivity, n (%) 6(23.1) 165 (23.0) 1.000
ALT (IU/L) 929+25.7 983+5.7 0.856
Albumin (g/dL) 39+0.1 41+00 0.014
Total bilirubin (mg/dL) 09+0.1 1.0+£0.1 0.709
AFP (ng/mL) 233+9.6 52404 <0.001
INR 1.1+0.0 1.1+0.0 0.143
Platelet (10°/mL) 128.8 +8.6 203.5+2.5 <0.001
HBV-DNA (log IU/mL) 54+03 55+0.1 0.859

ALT: Alanine transaminase; AFP: Alpha-fetoprotein; ETV: Entecavir; HCC: Hepatocellular carcinoma; SE: Standard error of mean; TDF: Tenofovir
disoproxil fumarate; HBeAg: Hepatitis B e antigen; INR: International normalized ratio; HBV: Hepatitis B virus.

Validation of PAGE-B risk score

The mean PAGE-B score was 11.1 + 0.2. According to the PAGE-B score, 281 (37.9%),
341 (46%) and 120 (16.2%) patients had low-risk, moderate-risk and high-risk of HCC
development, respectively. Nineteen (6.8%), 78 (22.9%) and 64 (53.3%) patients had
cirrhosis in the low-, moderate- and high-risk groups, respectively (P < 0.001). One
(0.4%), 7 (2.1%) and 18 (15%) patients developed HCC in the low-, moderate- and
high-risk groups, respectively (P < 0.001). For a PAGE-B score cutoff value <9, the
sensitivity, specificity, positive and negative predictive values for the prediction of
HCC were 96.2%, 39.1%, 5.4% and 99.6%, respectively. The AUROCs of the PAGE-B
score in the prediction of HCC risk at 1, 3, 5 and 10 years were 0.977, 0.903, 0.903 and
0.865, respectively (Figure 1). The cumulative HCC incidences at 1, 3, 5 and 10 years
were 0%, 0%, 0% and 0.4%, respectively, in the PAGE-B low-risk group; 0%, 1.2%, 1.5%
and 2.1%, respectively, in the PAGE-B moderate-risk group; and 5.0%, 11.7%, 12.5%,
and 15.0%, respectively, in the PAGE-B high-risk group (log-rank P < 0.001) (Figure 2).

DISCUSSION

The ultimate goal of CHB therapy is to extend the survival of patients by preventing
progression to cirrhosis, HCC development and the need for transplantation. This
objective has been achieved substantially with the widespread use of TDF and ETV,
which have a high genetic barrier to resistance. However, the risk of HCC is not
eliminated despite effective antiviral drugs. Various studies have aimed to evaluate
the risk of HCC development in various populations using risk scores that include
clinical or laboratory parameters. The REACH-B (age, sex, HBsAg status, and HBV
DNA concentration) score was the first scoring system that did not include cirrhosis as
a parameter, and it was associated with a 5-year HCC incidence of 2.6% in the low-risk
group[l11]. The GAG-HCC (age, sex, HBV DNA, core promoter mutations and
cirrhosis) and CU-HCC (age, viral load, bilirubin, albumin, cirrhosis) scores have a
negative predictive value of 98.3% for 5-year HCC incidence in treatment-naive Asian
patients[12]. These scoring systems, which were validated in untreated patients, were
less predictive when applied to patients on antiviral treatment[13]. For example, a high
serum HBV DNA level, which is included in REACH-B, is no longer regarded as a risk
factor for HCC with the use of potent antivirals[8]. Moreover, detection of core
promoter mutations that are included in the GAG-HCC scoring system is not always
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Table 3 Risk factors associated with the risk of hepatocellular carcinoma development

Univariate analysis, OR (95% Multivariate analysis, OR (95%

o) P value cl) Pvalue
Age (per yr increase) 1.1 (1.0-1.1) <0.001 1.1 (1.0-1.1) <0.001
Gender (male vs female) 7.2 (1.7-30.6) 0.004 8.9 (1.1-70.7) 0.038
Platelet' (10°/mL) 1.0 (1.0-1.0) <0.001 1.0 (1.0-1.0) <0.001
AFP (ng/mL) 1.0 (1.0-1.0) <0.001 1.0 (1.0-1.0) 0.141
HBeAg status (positive vs negative) 1.0 (0.4-2.5) 1.000
Diabetes mellitus (yes vs no) 2.7 (1.1-6.3) 0.043 0.6 (0.2-1.7) 0.308
NA(s) before ETV/TDF (yes vs no) 2.0 (0.9-4.5) 0.143
Cirrhosis' (yes vs no) 6.3 (2.8-14.2) <0.001 3.1 (1.1-8.2) 0.026
Antiviral treatment (ETV vs TDF) 0.8 (0.3-1.7) 0.642
MVR (no vs yes) 0.6 (0.2-1.4) 0.253
ALT normalization at month 6 (no vs 0.4 (0.2-0.9) 0.043 0.2 (0.1-0.7) 0.009
yes)
ALT normalization at month 12 (no vs 0.4 (0.2-1.0) 0.101
yes)
Virological response at month 6 (no vs 0.8 (0.3-1.9) 0.622
yes)
Virological response at month 6 (no vs 0.7 (0.2-2.2) 0.530

yes)

ICirrhosis and platelet count were analyzed separately among with other independent variables in logistic regression model as they showed collinearity.

AFP: Alpha-fetoprotein; HBeAg: Hepatitis B e antigen; CI: Confidence interval; ETV: Entecavir; MVR: Maintained virological response; NA(s):

Nucleos(t)ide analogue(s); TDF: Tenofovir disoproxil fumarate.
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possible. To solve these problems, novel scoring systems were developed in patients
on treatment. The PAGE-B (age, sex and platelet count), CAGE-B (age, presence of
baseline cirrhosis), SAGE-B (age, liver stiffness measurements), CAMD (cirrhosis, age,
male sex, diabetes mellitus) and HCC-RESCUE (age, sex, cirrhosis) scoring systems all
have high negative predictive values for HCC development in their low-risk groups|[7,
14-16]. Among current scoring systems, the PAGE-B is the only one that does not
include cirrhosis as a parameter. The presence of cirrhosis is the most important risk
factor for HCC development, and the annual risk of HCC in patients with cirrhosis is
2.5%-4%[17]. Liver biopsy is the gold standard method for the diagnosis of cirrhosis.
However, biopsy is associated with certain disadvantages, such as being an invasive
method that can lead to potential complications, requiring tissue samples of an
appropriate amount and from an appropriate localization, and producing false-
negative results in the early period. Meanwhile, noninvasive methods that assess
fibrosis, such as transient elastography, can produce operator-dependent false-positive
results. It should also be emphasized that liver biopsy is not performed in patients
with lamivudine, adefovir or telbivudine resistance prior to the start of new antiviral
agents with a high genetic barrier to resistance. Therefore, these nucleos(t)ide analog-
experienced patients may not have cirrhosis at the start of rescue therapy due to the
resolution of cirrhosis after years of therapy. Our cohort also included 162 patients
(21.8%) who had received lamivudine and developed resistance prior to the start of
TDF/ETV treatment. Therefore, definitive confirmation of cirrhosis for all patients is
impractical. To that point, the PAGE-B score has an advantage compared to the other
scoring systems that include cirrhosis as a parameter. Supporting this, implementing
ISHAK stage in the PAGE-B score did not improve the prediction of HCC risk[18].

In the present study, the incidence of HCC was determined to be 3.5%, and the
cumulative HCC incidences at 5 years in the low-, moderate-, and high-risk groups
were 0%, 1.5% and 12.5%, respectively. These rates were lower than those in the
PAGE-B database (0%, 3%, 17%) but higher than those in Spain’s CIBERHEP database
(0%, 2.8%, 5%), which was used for the validation of the PAGE-B score. All three
databases (ours, PAGE-B, CIBERHEP) had similar reliability of the PAGE-B score in
the prediction of overall HCC development for a cutoff value > 10[7,9]. It was thought
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Figure 1 Receiver operating characteristic curves of the PAGE-B score for hepatocellular carcinoma development according to years. A:
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that the lower HCC rates in CIBERHEP may be related to the relatively low total
number of patients and the number of patients who completed the 5-year follow-up
[9]. The present study included 267 (36%) patients who had completed the 5-year
follow-up, which was similar to the PAGE-B database; however, patients were
younger on average than the PAGE-B database (45 vs 52). This might be a reason for
the lower HCC incidence seen in this study. Additionally, the present study included
mainly genotype D patients who are known to have less risk for HCC development,
while genotypes A, B, D predominated in the PAGE-B database and genotype B and D
in the CIBERHEP database.

In this study, we also evaluated 10-year HCC incidence. Although we did not find
any cases of HCC in the low-risk group during the first 5 years of follow-up, one
patient developed HCC at month 80. This 37-year-old noncirrhotic male patient was
treated with ETV, did not have comorbidities, and had a PAGE-B score of 8. The study
by Brouwer et al[18] showed that the estimated HCC incidences at 10 years in PAGE-B
low-, moderate-, and high-risk groups were < 1.5%, 1.5%-17.5% and 2 17.5%,
respectively, supporting our results (0.4%, 2.1%, 15%).

Current international guidelines recommend that patients with cirrhosis should
undergo HCC surveillance systematically. However, there is no consensus about
noncirrhotic CHB patients[19-22]. Diverging from other guidelines, the European
Association for the Study of the Liver suggests that only patients with a PAGE-B score
> 10 in the noncirrhotic group should be included in screening[19]. In the present
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Figure 2 Cumulative hepatocellular carcinoma incidences according to PAGE-B risk scores. Low risk vs intermediate risk, log rank P = 0.06; low
risk vs high risk, log rank P < 0.001; intermediate risk vs high risk, log rank P < 0.001.

study, unnecessary tests would be prevented in 281 (37.9%) patients with low-risk
HCC by following this cost-effective approach.

The present study has some limitations. First, it is a retrospective study, so the effect
of treatment non-compliance could not be determined precisely. Second, the patient
number was relatively low. Third, only one-third of the patients completed the 5-year
follow-up. Fourth, in Turkey, almost all patients are infected with genotype D virus
(32), so no interpretation could be made for other genotypes.

CONCLUSION

PAGE-B successfully predicted patients who had a low risk for HCC during treatment
with genetically high barrier antivirals. Ease of use without the need for biopsy or an
impractical molecular test justifies implementing this score in clinical practice.

ARTICLE HIGHLIGHTS

Research background

Chronic hepatitis B (CHB) infection is an important health issue worldwide. Novel
antiviral treatments lead to complete suppression of the virus and maintained
suppression of viral replication prevents cirrhosis, decompensation in already cirrhotic
patients and hepatocellular carcinoma (HCC). However, HCC risk is not totally
eliminated and in pursuance of detecting cancer in early stages comprehensive follow
up is needed. It is critical to stratify patients for risk predictions, especially to prevent
unnecessary tests in low-risk patients.

Research motivation

Various risk scores have been developed to predict the development of HCC in CHB
patients. The majority of studies on the risk scores had focused on untreated patients.
Currently, almost all patients with CHB are treated with antiviral agents and better
risk scores for patients under treatment is needed. The PAGE-B is a risk scoring system
that includes platelet count, age and sex and has been validated in patients treated
with antivirals.
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Research objectives

We aimed to evaluate the accuracy of the PAGE-B scoring system in the prediction of
HCC risk in CHB patients receiving entecavir (ETV) or tenofovir disoproxil fumarat
therapy.

Research methods

We recruited 742 CHB patients who had been treated with tenofovir disoproxil
fumarate or ETV for more than 1 year. Risk groups were determined according to the
PAGE-B scores. We evaluated the accuracy of the PAGE-B score in predicting HCC.

Research results

HCC was diagnosed in 26 patients (3.5%) during 54.7 £ 1.2 mo mean follow up. The
cumulative HCC incidences at 5 years were 0% in the PAGE-B low-risk group; 1.5%
moderate-risk group; and 12.5%, in the high-risk group (log-rank p < 0.001). The
AUROC:s of the PAGE-B score in the prediction of HCC development at 5 years follow
up was 0.903.

Research conclusions
PAGE-B had successfully predicted the patients who had a low risk of HCC during
treatment with genetically high barrier antivirals.

Research perspectives

PAGE-B is a simple score that does not require biopsy or any impractical molecular
test. The efficiency of PAGE-B justifies implementing this score in daily clinical
practice.
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Abstract

BACKGROUND

Malignant lymphoma is a rare form of gallbladder malignancy. Most of these
malignancies are diffuse large B-cell lymphomas or mucosa-associated lymphoid
tissue-type lymphomas; however, Burkitt’s lymphoma of the gallbladder is
extremely rare, and only two previous reports are available in the literature.
Herein, we report a rare case of Burkitt’s lymphoma of the gallbladder mimicking
gallbladder adenocarcinoma.

CASE SUMMARY

An 83-year-old man with no abdominal complaints was found to have a
gallbladder tumor and periportal lymph node enlargement on computed
tomography (CT) performed for hypertension screening. His laboratory data
revealed slightly elevated serum levels of carcinoembryonic antigen and soluble
interleukin 2 receptor. Imaging examinations revealed two irregular and contrast-
enhanced masses extending into the gallbladder lumen, but these did not infiltrate
the serosa. Moreover, a periportal lymph node had enlarged to 30 mm. Based on
these findings, we diagnosed the patient as having gallbladder adenocarcinoma
with lymph node metastasis, which was treated using bile duct resection with
gallbladder bed resection and periportal lymph node dissection. However, the
patient was finally diagnosed as having Burkitt’s lymphoma. Although the
surgical margin was pathologically negative, recurrence was noted at the hepatic
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radical margin and superior pancreaticoduodenal lymph nodes on positron
emission tomography/CT soon after discharge. Thus, he was referred to a
hematologist and started receiving treatment with reduced-dose cyclophos-
phamide, doxorubicin, vincristine, and prednisone.

CONCLUSION
Burkitt’s lymphoma can occur in the gallbladder. Biopsy can be useful in cases
with findings suggestive of gallbladder malignant lymphoma.

Key Words: Gallbladder; Malignant lymphoma; Burkitt’s lymphoma; Gallbladder cancer;
Lymphadenopathy; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Malignant lymphoma is a rare form of gallbladder malignancy, and Burkitt’s
lymphoma of the gallbladder is especially rare, with only two previous reports
available in the literature. We report a case of gallbladder Burkitt’s lymphoma that was
preoperatively indistinguishable from gallbladder carcinoma. Unfortunately, the patient
had lymphoma recurrence immediately after the surgery because of delayed
chemotherapy initiation owing to postoperative complications due to an extended
surgery. Although accurate preoperative diagnosis of gallbladder malignant lymphoma
is quite difficult, some findings are suggestive of gallbladder malignant lymphoma, and
hence, biopsy is recommended in these cases.
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INTRODUCTION

Malignant lymphoma of the gallbladder is extremely rare[1-4]. In almost all cases of
this malignancy, patients are diagnosed as having gallbladder adenocarcinoma or
cholecystitis at the time of surgery, and preoperative diagnosis is extremely difficult.
Although several reports have documented malignant lymphomas of the gallbladder,
most of these malignancies are diffuse large B-cell lymphomas and mucosa-associated
lymphoid tissue-type lymphomas (MALTomas)[2,4,5], and only two reports have
previously documented Burkitt’s lymphoma of the gallbladder[6,7]. Herein, we report
the case of a patient with Burkitt’s lymphoma of the gallbladder mimicking
gallbladder adenocarcinoma.

CASE PRESENTATION

Chief complaints

An 83-year-old man with no abdominal complaints was found to have a gallbladder
tumor along with periportal lymph node enlargement and was admitted to our
institution for further investigation.

History of present illness
The tumor was detected during contrast-enhanced computed tomography (CT)
performed for a detailed examination of hypertension.

History of past illness

The patient had a history of cerebral artery stenosis and paroxysmal atrial fibrillation.
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Personal and family history
No personal and family history.

Physical examination
Abdominal examination revealed no palpable mass or tenderness.

Laboratory examinations

Laboratory examinations performed upon admission revealed mild to moderate renal
dysfunction (creatinine: 1.21 mg/dL) and slightly elevated levels of serum carcinoem-
bryonic antigen and serum soluble interleukin 2 receptor (6.1 ng/mL and 635 IU/mL,
respectively). Other laboratory data were within normal limits.

Imaging examinations

A contrast-enhanced abdominal CT scan revealed two irregular and highly contrast-
enhanced masses at the neck and body of the gallbladder as well as periportal lymph
node enlargement, measuring 30 mm x 20 mm in diameter and consistent with
gallbladder cancer lymph node metastasis (Figure 1). Magnetic resonance imaging
revealed that the tumor signal was hypointense on T1l-weighted imaging and
hyperintense on T2-weighted and diffusion-weighted imaging (Figure 2). Positron
emission tomography (PET) revealed increased "F-fluorodeoxyglucose uptake in the
tumor (Figure 3). Endoscopic ultrasonography (EUS) showed a heterogeneous echoic
mass extending into the lumen, but it did not infiltrate the serosa (Figure 4).

FINAL DIAGNOSIS

The final diagnosis was gallbladder adenocarcinoma with lymph node metastasis.

TREATMENT

On the basis of these findings, the patient underwent bile duct resection with
gallbladder bed resection and periportal lymph node dissection. The surgical findings
revealed the gallbladder tumor was relatively softer than ordinary gallbladder cancers.
The swollen lymph node was firm but did not invade the portal vein. However, the
patient developed severe aspiration pneumonia and bile leakage after the surgery,
which were treated conservatively. The patient was discharged 2 mo after the surgery.

OUTCOME AND FOLLOW-UP

Histologic examination revealed periportal lymphadenopathy and two tumors at the
neck and body of the gallbladder, measuring 27 mm x 20 mm and 20 mm X 18 mm in
diameter, respectively. Histological findings also showed monotonous lymphoid cells
with hemophagocytosis by macrophages. Immunohistochemical staining for markers
showed the presence of CD10, BCL6, and c-Myc and the absence of BCL2. The Ki-67
index was > 80% (Figure 5). Therefore, the patient was finally diagnosed as having
Burkitt’s lymphoma. Although the surgical margin was pathologically negative,
recurrence was noted at the hepatic radical margin and superior pancreaticoduodenal
lymph nodes on PET-CT immediately after discharge. Thus, he was referred to a
hematologist and started receiving treatment with reduced-dose cyclophosphamide,
doxorubicin, vincristine, and prednisone.

DISCUSSION

Malignant lymphoma of the gallbladder is a rare form of gallbladder malignancy,
which accounts for 0.1%-0.2% of all gallbladder cancers[1-3]. In previous reports, most
of these malignancies were documented to be diffuse large B-cell lymphomas and
MALTomas[2,4], and only two reports had documented Burkitt’s lymphoma of the
gallbladder[6,7]. Compared to previous cases, the present case yielded some
interesting clinical and imaging findings.
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Table 1 Diagnostic criteria for gastrointestinal malignant lymphoma

Ref. Diagnostic criteria

Dawson et al[8]  Absence of palpable superficial lymphadenopathy
Absence of obvious enlargement of mediastinal lymph nodes
Normal level of total and differential white blood cell counts
The bowel lesion predominating and the only lymph node obviously affected being those in its immediate neighborhood
Absence of tumor in the liver and spleen

Lewin et al[9] Exhibiting gastroinetstinal symptoms or predominant lesions in the gastrointestinal tract

Figure 1 A contrast-enhanced abdominal computed tomography scan shows two irregular and highly contrast-enhanced masses
(arrowheads and arrow) at the neck and body of the gallbladder as well as periportal lymph node enlargement, which is consistent with

gallbladder cancer lymph node metastasis. A: Axial section image in the early phase showing neck of the gallbladder; B: Axial section image in the delayed
phase showing neck of the gallbladder in the delayed phase; C: Coronal sectional image showing body of the gallbladder.

First, this is potentially the first reported case of “primary” gallbladder Burkitt’s
lymphoma. According to the diagnostic criteria of primary gastrointestinal lymphoma
(Table 1) defined by Dawson et al[8] and Lewin et al[9], the previous two cases were
diagnosed as “secondary” gallbladder Burkitt's lymphoma because they included
extra-gallbladder lesions, such as duodenal, hepatic, or central nervous system lesions.
In contrast, in the present case, the tumor was localized in the gallbladder and a
periportal lymph node. Although no gastrointestinal symptoms were observed
because the primary site was the gallbladder, other criteria were fulfilled. Therefore,
the patient was diagnosed as having “primary” gallbladder Burkitt's lymphoma, and
the case was considered novel.

Second, gallbladder Burkitt's lymphoma can present as a localized disease that
mimics gallbladder cancer. The imaging features of malignant lymphoma were
reported by Ono et al[3], who reported that high-grade malignant lymphomas showed
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Figure 2 Magnetic resonance imaging reveals a hypointense tumor signal. A: T1-weighted imaging (arrowheads); B: A hyperintense signal on T2-
weighted imaging (arrowheads); C: Diffusion-weighted imaging (arrowheads).

Figure 3 Endoscopic ultrasonography shows a heterogeneous echoic mass (arrows) with internal partially low echo (arrowheads). The
mass extends into the lumen but does not infiltrate the serosa.

Jaishideng®

solid and bulky masses or irregular wall thickening. In addition, because Burkitt’s
lymphoma is a highly aggressive and rapidly progressive disease, some extranodal
sites are generally involved at the time of diagnosis[10] and tumor localization around
the primary lesion is rare[11]. In this case, the malignancy was localized in the body of
the gallbladder and a periportal lymph node. Since these findings were consistent with
the imaging findings of gallbladder adenocarcinoma, we could not confirm a
preoperative diagnosis of malignant lymphoma.

Unfortunately, the patient had lymphoma recurrence 2 mo after the surgery because
the introduction of chemotherapy had to be delayed owing to postoperative complic-
ations. Burkitt’s lymphoma is a highly aggressive disease, but it is highly sensitive to
chemotherapy. Therefore, chemotherapy has the highest priority in the treatment of
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Figure 4 Histologic examination. A: Periportal lymphadenopathy and two tumors at the neck and body of the gallbladder, measuring 27 mm x 20 mm and 20
mm x 18 mm in diameter, respectively; B: Histological findings reveal monotonous lymphoid cells with hemophagocytosis by macrophages; C-E:
Immunohistochemical staining for markers shows the presence of CD10 (C), BCL6 (D), and c-Myc (E) and the absence of BCL2; F: The Ki-67 index is > 80%. The
white scale bars represent 1 mm.

Burkitt’'s lymphoma[10], and we should have introduced chemotherapy as soon as
possible after the surgery. If we had been aware of the possibility of gallbladder
malignant lymphoma, we could have avoided the extended procedure and could have
initiated chemotherapy at the appropriate time.

Although the accurate preoperative diagnosis of gallbladder malignant lymphoma
is quite difficult[2,12], some previous reports[3,12,13] have suggested the possibility of
a precise preoperative diagnosis based on imaging findings. Specifically, Ono et al[3]
showed that the signal intensity of the gallbladder wall on T2-weighted imaging is
more hypointense in malignant lymphoma than in carcinoma. In addition, Kato et al
[12] reported the usefulness of an internal partially low echo in distinguishing
malignant lymphoma from carcinoma. On a retrospective review of the present case,
although no obvious differences were observed in the intensity of T2-weighted
imaging when compared to that of gallbladder cancers, EUS revealed an internal
partially low echo of the tumor. Furthermore, in this case, a discrepancy existed in that
no serosal invasion was observed despite the size of the tumor and presence of
lymphadenopathy. We think this might be a characteristic finding that distinguishes
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Figure 5 Positron emission tomography reveals increased "*F-fluorodeoxyglucose uptake at the superior pancreaticoduodenal lymph
nodes and hepatic radical margin. A: Superior pancreaticoduodenal lymph nodes; B: Hepatic radical margin.
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gallbladder malignant lymphoma from carcinoma.

Nevertheless, a biopsy examination seems the best diagnostic technique in the

present case, considering the possibility of malignant lymphoma, and hence, biopsy
should be planned for patients with the above imaging findings.

CONCLUSION

Burkitt’s lymphoma can occur in the gallbladder. Therefore, this disease should be
considered in the differential diagnosis of a gallbladder tumor, and biopsy can be
useful in facilitating the early introduction of chemotherapy in cases with suggestive
imaging findings.
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TO THE EDITOR

I have read the work of Prof. Gracia-Ramos et al[1] about the clinical aspects of the
relationship between liver dysfunction and coronavirus disease 2019 (COVID-19). The
author aimed to summarize the pathophysiology, clinical importance, and
management of COVID-19 in patients with or without preexisting liver disease.

I would like to highlight some hypotheses for the pathophysiological impairment of
the liver in COVID-19. To facilitate visualization, I have summarized the findings in
Figure 1. I believe the information provided will enrich the current discussion and
may enhance the results of the aforementioned paper[1].

The first theory states that liver cells have two receptors that have an affinity with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike protein. The first
receptor is the Cluster of Differentiation 147 (CD147) or basigin (BSG) or Extracellular
Matrix Metalloproteinase Inducer (EMMPRIN)[2], and the second receptor is the
Liver/Lymph node-specific intercellular adhesion molecule-3-grabbing non-integrin
(L-SIGN)[3].

CD147 is a transmembrane glycoprotein of the immunoglobulin superfamily
overexpressed in an inflammatory process triggered by viral infections (e.g., Severe
Acute Respiratory Syndrome in 2002), bacterial infections, and parasitic infections (e.g.,
Plasmodium falciparum)[2] (Figure 1). Evidence of CD147 protein expression in the
liver tissue was found in 1999[4]. Recently, a United States publication in Nature
journal highlighted the possibility that a chimeric anti-CD147 receptor would be a
possible treatment for hepatocellular carcinoma[5]. Experimental research has shown
affinity between CD147 and SARS-CoV-2 spike protein. A Chinese study published in
Nature journal evaluating the in vitro association between the CD147 receptor and the
SARS-CoV-2 spike protein by enzyme-linked immunosorbent assay and plasmon
resonance demonstrated an affinity of 1.85 x 10-7 Michaelis between them. In parallel,
the authors demonstrated that in cell cultures, when the CD147 protein is blocked by
specific autoantibodies (e.g., meplazumab), SARS-CoV-2 amplification is inhibited.
Additionally, the virus was able to enter into naturally non-susceptible cells (e.g., cells
of baby hamster lineage) more easily when CD147 expression was induced in this
population[6]. Moreover, increased expression of CD147 in tissues outside the lung
has also been shown as an alternative pathway for SARS-CoV-2 infection in
bioinformatics studies[7] and systematic reviews[8]. Therefore, an interesting
hypothesis would be that the affinity between the CD147 receptor and the SARS-CoV-
2 spike protein represents another way for the virus to infect liver cells.

L-SIGN is a liver-specific membrane receptor related to viral capture[3]. L-SIGN is
already widely studied in diseases that affect the liver, such as diseases caused by the
hepatitis C virus, the human immunodeficiency virus, the Rift Valley fever virus, the
Uukuniemi virus, and the Toscana virus[9]. A recent study supports this hypothesis by
suggesting that L-SIGN may provide a new way for SARS-CoV-2 to enter human cells
[10]. In COVID-19, autopsy studies showed that SARS-CoV-2-infected hepatic sinusoid
cells expressed more L-SIGN receptors compared to control groups[11]. Besides that,
the literature has shown in vitro interactions between L-SIGN and the spike protein[12,
13], in which this receptor binds to angiotensin II (ACE2), increasing the capacity of
SARS-CoV-2 to infect liver cells[8,14] (Figure 1).

The second hypothesis (Figure 1) highlights the apparent “gut-liver axis
disruption”[15] caused by COVID-19. More than half (60%) of the patients infected
with SARS-CoV-2 developed liver injury[16], and some studies have already shown
that the hepatic clearance of toxins is negatively impacted by COVID-19[17]. This
shows there are varying degrees of dysfunction. Past infections by HIN1[15] and
SARS-like viruses[18] led to severe cytopathic alterations in the gastrointestinal tract
within 48 h of the beginning of the infectious process[19]. Thus, the disruption of this
cross-talk would lead to two consequences: (1) Bacterial translocation stimulating
septic shock; and (2) Perpetuation of the septic shock that would lead to a worsened
ischemic state[15,20].

The literature has shown a decrease in commensal bacteria and pathogenic microor-
ganisms in patients with COVID-19. This situation persists even after the absence of
symptoms and an undetectable viral load by reverse transcription-polymerase chain
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Interaction between CD47 receptor and Spike protein

Interaction between L-SIGN receptor and ACE2
receptor

Gut-liver axis disruption

Influence of AT1R-metalloprotease 17 (ADAM17)

Figure 1 Pathophysiological hypotheses explaining liver injury by severe acute respiratory syndrome coronavirus-2. ACE2: Angiotensin Il;
ADAM17: AT1R-metalloprotease 17; CD147: Cluster of Differentiation 147; L-SIGN: Liver/Lymph node-specific intercellular adhesion molecule-3-grabbing non-
integrin.

reaction. Increased colony-forming units of opportunistic bacteria, such as Veillonella
spp., Rothia spp., Actinomyces spp.[20], Faecalibacterium prausnitzii, Clostridium
ramosum, and Clostridium hathewayi, in the fecal sample of patients with COVID-19,
have been associated with more severe illness by SARS-CoV-2[19]. Furthermore,
subspecies of Bacteroides sp. (which decrease ACE2 expression in murine intestine
models), when present in human fecal samples, have been correlated with a lower
viral load of SARS-CoV-2[21,22]. Besides that, epidemiological studies[23] and meta-
analyses[24] have shown that COVID-19 can cause cellular dysfunction in enterocytes.
More than half (54%) of the patients infected with COVID-19 had SARS-CoV-2 RNA in
their fecal samples in a Chinese study[25]. A paper published by Mazza et al[26]
demonstrated the presence of fecal calprotectin in a patient infected with COVID-19
showing direct damage to the gastric mucosa. Thus, the disruption of the gastric
mucosa feeds back the “cytokine storm” caused by COVID-19 and can lead to hepatic
tissue injury[27].

Parohan et al[28], when analyzing 3428 patients with COVID-19, demonstrated a
significant increase in serum aspartate aminotransferase, alanine aminotransferase,
and total bilirubin levels with lower levels of albumin in critically ill patients. An
epidemiological survey showed that 62% of the patients admitted to intensive care
units (ICUs) had increased liver enzymes. Furthermore, in these ICUs, patients had
higher values of pro-inflammatory cytokines such as interleukins (IL) 10, 7, 2;
monocyte chemoattractant protein-1 (MCP1); gamma induced protein 10 (IP-10);
granulocyte colony-stimulating factor (GCSF); and tumor necrosis factor a (TNF-o)
when compared to their controls not admitted to ICUs[29]. Indeed, autopsy studies of
patients with severe acute respiratory syndrome caused by COVID-19 showed
centrilobular sinusoidal dilation and lobular infiltration by small lymphocytes[30].
Percutaneous liver biopsy of patients infected with coronavirus showed histopatho-
logical findings suggestive of liver injury, such as acidophilic bodies, hepatocyte
ballooning, and lobular activity without fibrin deposition or fibrosis[16].

The third theory is that SARS-CoV-2 endocytosis by immune system cells is caused
by AT1R-metalloprotease 17 (ADAM17), which is also involved in the genesis of liver
injury (Figure 1). The mechanism by which ADAM17 facilitates viral entry is not yet
known. However, it is known that the increase in its activity can lead to the cleavage of
pro-inflammatory molecules (e.g., IL-6; TNF-a), reinforcing the inflammatory process
and injury to various organs, including the liver, during SARS-CoV-2 infection[31,32].
Additionally, ADAM17 breaks down several proteins that are responsible for liver
regeneration/ protection. Among ADAM17 substrates are the epidermal growth factor
receptor (EGFR) ligand amphiregulin (AR), the heparin-binding-EGF-like growth
factor (HB-EGF), and the hepatocyte growth factor (HGF). ADAM17 deletion in cell
cultures of hepatocytes led to a decrease in EGFR and HB-EGF (responsible for
preventing liver injury). These molecules increased the apoptosis of hepatocytes and
decreased their proliferation[33].

Interestingly, studies have shown increased serum levels of ADAMS17 in
comorbidities known to be risk factors for severe cases of COVID-19, such as heart
failure[34], COPD[35], diabetes mellitus[36], kidney disease[37], and increasing age
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[34]. On the other hand, decreased ADAM17 activity is correlated with decreased
ACE?2 receptors, thus having a protective effect against SARS-CoV-2 infections[38].

Therefore, the pathophysiological process of liver injury caused by COVID-19 is
complex, multifactorial, and extensive. There are many (intra and extracellular)
inflammatory pathways we are not yet aware of, in addition to local and systemic
environmental factors that interfere. Understanding all these variables is a challenge to
science. Additionally, only with this understanding, we will be able to propose
individualized and effective therapies.
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Abstract

To evaluate and predict liver fibrosis in patients with nonalcoholic fatty liver
disease (NAFLD), several non-invasive scoring systems were built and widely
used in the progress of diagnosis and treatment, which showed great diagnostic
efficiency, such as aspartate aminotransferase to platelet ratio index, fibrosis-4
index, body mass index, aspartate aminotransferase to alanine aminotransferase
ratio, diabetes score and NAFLD fibrosis score. Since the new concept of
metabolic associated fatty liver disease (MAFLD) was proposed, the clinical
application value of the non-invasive scoring systems mentioned above has not
been assessed in MAFLD. The evaluation of the diagnostic performance of these
non-invasive scoring systems will provide references for clinicians in the
diagnosis of MAFLD.

Key Words: Metabolic associated fatty liver disease; Prediction model; Calibration;
Normal distribution; Nonalcoholic fatty liver disease

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The concept of metabolic associated fatty liver disease (MAFLD) was
proposed in 2020. Unlike the concept of nonalcoholic fatty liver disease, the exclusion
of chronic liver disease was not required in the establishment of diagnosis of MAFLD,
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but the presence of metabolic associated disease or dysfunction is required. The clinical
prediction values and the optimal cutoff values of non-invasive fibrosis scores remain
unknown. We read the recent article entitled “Validation of Conventional Non-invasive
Fibrosis Scoring Systems in Patients with Metabolic Associated Fatty Liver Disease”
with great interest. We would like to share our opinions and criticisms about this
valuable work.

Citation: Hong JG, Yan LJ, Li X, Yao SY, Su P, Li HC, Ding ZN, Wang DX, Dong ZR, Li T.
Comments on validation of conventional non-invasive fibrosis scoring systems in patients with
metabolic associated fatty liver disease. World J Gastroenterol 2022; 28(6): 689-692

URL: https://www.wjgnet.com/1007-9327/full/v28/i6/689.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i6.689

TO THE EDITOR

We read the recent article entitled “Validation of Conventional Non-invasive Fibrosis
Scoring Systems in Patients with Metabolic Associated Fatty Liver Disease” published
by Wu et al[1] with great interest. In the article, the authors designed and performed a
retrospective study to evaluate the diagnostic performance of four non-invasive
scoring systems, including aspartate aminotransferase to platelet ratio index (APRI),
fibrosis-4 index (FIB-4), body mass index (BMI), aspartate aminotransferase to alanine
aminotransferase (ALT) ratio, diabetes score (BARD score) and nonalcoholic fatty liver
disease fibrosis score (NFS), in patients with metabolic associated fatty liver disease
(MAFLD). We would like to share our opinions and criticisms about this valuable
work.

The specificity, sensitivity, positive predictive value (PPV), negative predictive
value (NPV) and discrimination of the scoring systems mentioned above were
evaluated in the prediction of advanced fibrosis in patients with MAFLD in the study
by Wu et al[1]. Clinical characteristics, laboratory variables and non-invasive scores
were compared between patients with advanced fibrosis and those with mild fibrosis
or without fibrosis. The results showed that the FIB-4 (P < 0.001), NFS (P < 0.001),
APRI (P = 0.003) and BARD (P < 0.001) scores were all significantly higher in patients
with advanced fibrosis. Unfortunately, only univariate analysis was performed in this
study. In our opinion, multivariate analysis should be performed to recognize the
independent variables in the prediction of advanced fibrosis, as in the study by
Nielsen et al[2].

The authors evaluated the diagnostic efficiency of the prediction scores using the
following statistical indices: Sensitivity, specificity, accuracy, PPV, NPV and the area
under the receiver operating characteristic curve (AUROC). All the above indices are
important statistical variables in the development and validation of prediction models.
In our opinion, it would be better if the authors had evaluated the calibration of the
prediction scores in the study. In fact, calibration of the prediction model is a critical
statistical index in the evaluation of diagnostic efficiency[3]. Calibration of the
prediction scores can be performed using the Hosmer-Lemeshow goodness-of-fit test
and calibration curves, the latter of which can be easily plotted using R software. We
advise the authors to evaluate the calibration of prediction models in future studies.

The calculations of PPV and NPV are very important in the development and
validation of prediction models. Unlike sensitivity and specificity, PPV and NPV
cannot be compared directly among different samples, except for samples with the
same prevalence rate of the disease. This is because both PPV and NPV can be affected
by the prevalence rate of disease[4,5]. The authors compared the PPV and NPV in table
4 and stated that “PPV and NPV was better in the HBV-MAFLD group” in the article.
In our opinion, the comparisons of PPV and NPV between the HBV-MAFLD group
and the pure MAFLD group will be valuable only when advanced fibrosis accounts for
the same proportion of the two groups.

Although the authors stated that the continuous variables were expressed in the
format of mean * SD or median value with interquartile range (IQR) and the
differences were calculated using Student’s ¢t test in the case of normally distributed
data or the Mann-Whitney test in the remaining cases, there were no continuous
variables expressed as the median (IQR) in the article. Normally, the distribution of
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continuous variables should be tested; then, the continuous variables in normal distri-
bution will be expressed as the mean * SD, and the non-normally distributed
continuous variables will be expressed as the median (IQR). If all the continuous
variables are expressed as the mean + SD but the authors do not indicate that all the
continuous variables fit a normal distribution, the readers will doubt whether the
normal distribution tests were performed in the study. After all, it rarely happens that
all the laboratory variables fit a normal distribution in one study. In most studies, the
laboratory variables and scores, including ALT, AST, APRI and other variables, do not
fit a normal distribution and should be expressed as the median (interquartile range)
[2,6-8]. For any parameter in biomedical research, a true normal distribution is rare.
The European Medicines Agency has issued the general guidance that data should be
checked for normality of distribution and should be analyzed and presented based on
the results of normal distribution tests. It is also possible that some continuous
variables did not fit a normal distribution, but these variables were accidentally
expressed as the mean + SD in the study conducted by Wu et al[1]. Of course, this
situation indeed does not affect the accuracy of the study. We advise that the authors
indicate whether the continuous variables fit a normal distribution and if the normal
distribution tests have been performed in future studies.

The authors compared the diagnostic ability of the NFS, FIB-4, APRI and BARD
score for a late stage of fibrosis in MAFLD. The results demonstrated that the APRI
and BARD scores performed poorly, but the FIB-4 and NFS showed a promising
prospect in clinical use. The new thresholds of the FIB-4 and NFS proposed in this
study were 1.05 and -2.1, respectively. The two thresholds proposed by the authors
were determined based on their specific study sample. The diagnostic efficiency of the
thresholds in the prediction of advanced fibrosis should be further evaluated in an
external validation cohort and/or in a prospective validation cohort. Additionally, if
possible, the authors can try to develop models based on multiple variables, including
the FIB-4 and/or NFS, to predict advanced fibrosis in patients with MAFLD. He et al[9]
proposed that a diagnostic model containing valuable parameters extracted from more
examination tools might provide more satisfactory results[9]. Compared to using a
single variable, we believe that prediction models based on multiple variables,
including clinical characteristics, radiology examinations and laboratory examinations,
would exhibit higher sensitivity, higher specificity, higher accuracy, higher PPV,
higher NPV, better discrimination and better calibration in the prediction of advanced
fibrosis in patients with MAFLD. Because there is now evidence from a prospective
cohort that common genetic variants can capture additional prognostic insights not
conveyed by validated clinical/biochemical parameters[10], we encourage the
integration of genetics (perhaps epigenetics) with clinical fibrosis scores, as it may
refine individual risk and improve risk stratification and prediction of severe liver
disease.

In general, we are very interested in the study by Wu et al[1]. The authors
demonstrated the prediction values of APRI, FIB-4, NFS and BARD in a large sample
of histology-proven MAFLD. As MAFLD is a new entity, this study will provide
important references for clinicians in the prediction of advanced fibrosis in MAFLD
patients. The study performed by Wu et al[1] could also provide important references
for other studies of non-invasive scores and prediction models.
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