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Abstract

Fatty liver disease (FLD) is a highly prevalent pathological liver disorder. It has
many and varied etiologies and has heterogeneous clinical course and outcome.
Its proper nomenclature and classification have been problematic since its initial
recognition. Traditionally, it was divided into two main categories: Alcohol-
associated liver disease and nonalcoholic FLD (NAFLD). Among these, the latter
condition has been plagued with nomenclature and classification issues. The two
main objections to its use have been the use of negative (non-alcoholic) and
stigmatizing (fatty) terms in its nomenclature. Numerous attempts were made to
address these issues but none achieved universal acceptance. Just recently,
NAFLD has received a new nomenclature from an international collaborative
effort based on a rigorous scientific methodology. FLD has been renamed steatotic
liver disease (SLD), and NAFLD as metabolic dysfunction-associated SLD. Me-
tabolic dysfunction-associated steatohepatitis was chosen as the replacement
terminology for non-alcoholic steatohepatitis. This is a significant positive change
in the nomenclature and categorization of FLD and will likely have a major
impact on research, diagnosis, treatment, and prognosis of the disease in the
future.

Key Words: Fatty liver disease; Metabolic syndrome; Non-alcoholic fatty liver disease;
Steatotic liver disease; Steatohepatitis
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Core Tip: Non-alcoholic fatty liver disease (NAFLD) is a very common illness in adult patients throughout the world and its
prevalence has reached epidemic proportions in many parts of the world. Its nomenclature and classification have been
controversial since its initial recognition compounded by rapid developments in understanding of its epidemiology and
pathogenesis. In June 2023, its nomenclature was changed to steatotic liver disease (SLD) and NAFLD has been renamed
metabolic dysfunction-associated SLD. This change in nomenclature and classification has not only implications for clinical
practice but also provides opportunities to better understand the disease and its treatment.

Citation: Mubarak M. Changes in the terminology and diagnostic criteria of non-alcoholic fatty liver disease: Implications and
opportunities. World J Gastrointest Pathophysiol 2024; 15(1): 92864
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INTRODUCTION

Fatty liver disease (FLD) is not new, but its formal recognition and categorization is a relatively recent development
(Figure 1). The association of hepatic steatosis with alcohol abuse is a well-known pathological entity with a well-
recognized and non-controversial terminology of alcoholic liver disease (ALD). However, nonalcoholic FLD (NAFLD), a
historical overarching term used for the spectrum of FLDs not linked to significant alcohol abuse or other known etiologic
agents, was formally recognized only in the 1980s[1,2]. Since then, it has been plagued with nomenclature and diagnostic
controversies. Its predecessor term, non-alcoholic steatohepatitis (NASH), was first named by Ludwig et al[3] in 1980. In
the seminal report of 20 patients whose liver biopsy specimens exhibited striking fatty and necro-inflammatory changes,
Mallory bodies, fibrosis, and cirrhosis, Ludwig et al[3] used the name “NASH” to distinguish it from the well-charac-
terized pathological condition of ALD. The study subjects exhibited a high prevalence of obesity, female gender, type 2
diabetes (T2D), gallstones, and thyroid disease[3]. The broader term NAFLD was first used in a review article by
Schaffner and Thaler[4] in 1986. Since these earlier descriptions of FLD, considerable progress has been made in und-
erstanding the disease's epidemiology, etiology, pathogenesis, pathology, treatment, and prognosis[5-10]. During the
ensuing years, the prevalence of the disease has risen steeply throughout the world and it has attained epidemic pro-
portions globally affecting more than 30% of the world's adult population. It has also attained the status of the dominant
source of chronic liver disease and the dominant indication of liver transplantation globally[11-16]. The rise in prevalence
has, in particular, paralleled the rise in the incidence of obesity, T2D, and metabolic syndrome (MS)[17-21]. Several
studies also reported an association of the disease with cardiovascular disease, thus further complicating the disease's
etiology and pathogenesis[22-25]. Although there is also no specific treatment for the disease to date, considerable
progress has been made in understanding the pathogenesis and molecular mechanisms of the disease. These advan-
cements have made it possible to develop targeted therapies, paving the way for personalized medicine[26-30]. This huge
expansion of knowledge and advancements in understanding the disease were not reflected until very recently either in
the nomenclature of the disease or its diagnostic criteria. All the above developments necessitated a revisiting of the
terminology and classification of the disease[31,32]. This mini-review aims to summarize the history of nomenclature
changes of this disease. This change is not merely a semantic process but has considerable implications not only for
hepatologists but for several other stakeholders.

History of nomenclature changes

The term NASH was coined almost four decades ago by Ludwig and his colleagues in a seminal paper published in Mayo
Proceedings journal[3]. Soon, it became the subject of intense research on multiple aspects of the disease to define its
epidemiology, pathogenetic mechanisms, diagnosis, and treatment. Its overarching term, NAFLD, was first used by
Schaffner and Thaler[4] in 1986 in a review article on FLDs (Figure 2). With the expansion of knowledge about different
aspects of the disease and its widespread prevalence, it was soon realized that the original name does not reflect the
continuously expanding knowledge and understanding of the disease's etiology and pathogenesis. Many acquired and
genetic risk factors were identified and the heterogeneity and complexity of disease pathogenesis became obvious[33-35].
In a Single Topic Conference on NAFLD held in 2002 and sponsored by the American Association for the Study of Liver
Diseases (AASLD), it was hotly debated to change the name of the disease to better reflect the etiopathogenesis of the
disease and many alternative names were considered but no one name was approved[31].

The two main objections to the use of the term NAFLD were that it was based on negative or exclusionary diagnostic
criteria and there were some stigmatizing terms in the name, i.e., alcohol and fatty[36-40]. There was no link to the
underlying etiology or risk factors of the disease in the name. In addition, the previous terminology excluded individuals
harboring risk factors for NAFLD, for instance, T2D, who consumed greater quantities of alcohol than the non-alcoholic
thresholds envisaged in the criteria.

In 2020, metabolic dysfunction-associated FLD (MAFLD) was proposed as a replacement for the acronym NAFLD by a
small number of international liver experts, to emphasize the importance of systemic metabolic dysfunction in the
etiopathogenesis of this disease[41,42]. They suggested MAFLD as the single overarching term for the entire spectrum of
NAFLD. They also proposed positive diagnostic criteria for an affirmative diagnosis of MAFLD (Figure 2). The change of
the terminology of “NAFLD” to “MAFLD” was done to highlight the dominant role of metabolic factors in the disease
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Figure 1 Liver biopsy showing fatty changes. There is a predominant macro-vesicular fatty change in the centrilobular area. There is no significant
hepatocellular damage, inflammation, or fibrosis. This represents one end of the spectrum of fatty diseases of the liver (HE, x 200).

NAFLD Alternative names considered SLD, MASLD, MetALD
A Y
1980 1986 2002 2020 2023
A A
NASH MAFLD

Figure 2 Schematic diagram showing the history of evolution of nomenclature changes of fatty liver diseases, particularly, non-alcoholic
fatty liver disease. The most recent name suggested is the overarching term of steatotic liver disease. The rationalization of classification approaches is
highlighted by changes in color. NASH: Non-alcoholic steatohepatitis; MAFLD: Metabolic dysfunction-associated fatty liver disease; MASLD: Metabolic dysfunction-
associated SLD; MetALD: MASLD, and moderate alcohol intake; NAFLLD: Non-alcoholic fatty liver disease; SLD: Steatotic liver disease.

etiology and pathogenesis, thus improving patient understanding of the disease, facilitating patient-physician comm-
unication, and emphasizing the importance of public health interventions in its prevention and management[43-45].
However, the new term still included stigmatizing terms and did not cover the whole spectrum of steatotic liver disease
(SLD). Some specific examples of discrepancies include, for example, not all cases of NAFLD are seen in obese or fatty
individuals. These can be seen in lean individuals. Fat may not be demonstrated in the liver tissue in advanced stages of
SLD resulting in cirrhosis. The new name was accepted by many societies dedicated to the study of liver diseases.
Nevertheless, a broader international agreement was not accorded and some of the key pan-national and national
societies did not fully endorse the terminology as many other stakeholders. Many liver experts described it as a
premature attempt[46,47]. Concerns were also raised on the robustness and transparency of the methodology used for
changing the name. They also removed the term steatohepatitis, a key lesion in progressive forms of FLD, from the
nomenclature (Figure 3). The heterogeneity of NAFLD etiology and pathophysiology was ignored in MAFLD. In initial
clinical trials, investigators concentrated on curtailing metabolic risk factors or insulin resistance, as NAFLD was predom-
inantly thought of as a hepatic expression of the MS. However, most of these clinical trials with anti-obesity treatments,
lipid-lowering agents, and insulin sensitizers, did not succeed in NAFLD treatment. The development of NAFLD is
mediated by a variety of mechanisms and is much more complicated than formerly stipulated. Thus, a dominant focus on
metabolic dysfunction could mask new treatment targets and delay the development of targeted therapeutics. Some
important risk factors such as dysbiosis of the intestinal microbiota, genetic factors, and sarcopenia, were not given due
consideration in the MAFLD transition. However, these factors are important contributory factors in the development of
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Figure 3 Liver biopsy showing morphological changes of non-alcoholic steatohepatitis, now named metabolic dysfunction-associated
steatohepatitis. There is the macro-vesicular fatty change associated with ballooned hepatocytes (green arrow), inflammation, and fibrosis. A few Mallory bodies

are seen in the ballooned hepatocytes (blue arrow). This represents the progressive form of fatty disease of the liver that may progress to cirrhosis if left untreated
(HE, x 200).

NAFLD and may serve as targets for drug discovery. The new characterization of MAFLD also increased the spectrum of
the study population in phase III clinical trials, since it also encompassed subjects with ALD or viral hepatitis. Moreover,
the definition of the resolution of MAFLD as the key endpoint in clinical trials could result in controversial results.
Presently, the resolution of NASH without augmentation of hepatic fibrosis is utilized as a tangible endpoint in clinical
trials for NAFLD[43,44].

The new nomenclature

Acknowledging the above deficiencies, a wide-ranging and all-inclusive effort was started by the AASLD, the Asociacion
Latinoamericana para el Estudio del Higado, and the European Association for the Study of the Liver to systematically
and scientifically address this issue. This multi-stakeholder initiative not only involved hepatologists, but also included
hepatopathologists, gastroenterologists, endocrinologists, and obesity and public health experts, along with represent-
atives from regulatory agencies, industry, and patient advocacy groups. Their combined expertise and varied viewpoints
helped achieve a new agreement on changing the diagnostic criteria and terminology for NAFLD[48].

The new nomenclature was developed from 2020 to early 2023 and was finalized in June 2023. The global consultation
process used the structured, transparent, multistage survey-based Delphi technique along with hybrid meetings
(Figure 4). During the process, a total of 236 panelists from 56 countries, and members of the NAFLD Nomenclature
Consensus Group, contributed to four online surveys and two in-person meetings with a final response rate of > 75% for
four rounds of data collection. In a preliminary survey, the terms 'non-alcoholic' and 'fatty' were considered to be stig-
matizing by 61% and 66% of those who responded, respectively[48]. As the term ‘non-alcoholic’ was already replaced, the
term ‘fatty” was replaced by steatosis, a scientific and non-stigmatizing term. Thus, SLD was selected as an umbrella term
to include all possible causes of steatosis including ALD (Figure 5). Five diagnostic sub-categories were created to
encompass the entire spectrum of FLDs including ALD and combined forms of the disease. The term steatohepatitis was
retained as it was considered to represent a crucial step in the progressive form of liver damage caused by fat accumu-
lation and an integral part of the natural course of the disease. The term metabolic dysfunction-associated SLD (MASLD)
was chosen in place of NAFLD. A consensus was also reached on changing the defining criteria. The presence of at least
one among the five cardiometabolic risk factors was considered essential for the diagnosis. These are different for adult
and pediatric patients. Metabolic dysfunction-associated steatohepatitis (MASH) was selected to represent the former
term NASH. Cases in which no metabolic parameters and no known causes were obvious were categorized as cryp-
togenic SLD (Figure 5). Because of the frequent concurrence of the two pathologies, a new category, designated MetALD
was chosen to represent those patients with MASLD who consume beyond threshold amounts of alcohol per week. The
Delphi panel devised an algorithmic approach for categorizing the disease in individual patients (Figure 6), which is very
helpful in clinical practice. It should be noted that the name change does not alter the natural history, biomarkers, or
trials. The staging and grading of the disease will also not be affected by this change of terminology. The Delphi panel
defined and separated a sub-category, MetALD, that has not been studied till now, which will benefit from being
included in clinical trials and integrated into care pathways. According to proponents of the new nomenclature, there is a
need for more work to be done to enhance disease familiarity, eliminate stigma, and speed up biomarker and targeted
drug development to improve outcomes of patients with MASLD and MetALDI[48].
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Figure 4 Overview of the main methodology used to change the name of fatty liver disease. The conclusions reached at each round of the Delphi
method are shown on the right. Changes were also made in the diagnostic criteria (not shown here). An independent subcommittee comprising expert hepatologists,
endocrinologists, pediatricians, and patients chose between the top three acronyms emerging from the fourth Delphi round. SLD: Steatotic liver disease; MASLD:
Metabolic dysfunction-associated SLD; MASH: Metabolic dysfunction-associated steatohepatitis; MetALD: MASLD, and moderate alcohol intake.

| | | | |
Metabolic dysfunction- MASLD and excessive Alcohol-associated liver SLD caused by specific Cryptogenic
associated SLD alcohol intake disease causes SLD
Drug-induced
[
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Figure 5 Steatotic Liver Disease and its sub-categorization. This figure shows the schema for steatotic liver disease (SLD) and its sub-categorization.
SLD, diagnosed by imaging studies or histology, has many potential causes. Metabolic dysfunction-associated SLD, defined as hepatic steatosis together with one
cardiometabolic risk factor and no other apparent cause, ALD, and an overlap of the two (MetALD), comprise the most common causes of SLD. Other specific causes
of SLD need to be considered separately, as they exhibit distinct pathogenesis. Multiple etiologies of steatosis can coexist in one case. Those with no identifiable
cause are currently placed under the cryptogenic SLD category. However, these may be reclassified in the future in response to an increase in our understanding of
disease pathophysiology. SLD: Steatotic liver disease.

Implications and opportunities

The change of name from NAFLD to MASLD has many benefits and implications. It is an affirmative diagnosis with
positive diagnostic criteria. It avoids the use of stigmatizing terms. It has been endorsed internationally and is widely
accepted. It raises awareness of the disease process and its risk factors in primary care physicians and patients and
elucidates treatment options more clearly, and encourages a comprehensive approach to managing patients with the
disease. MASLD permits better management of patients with concurrent liver diseases other than MASLD. During the
NAFLD era, chronic hepatitis C-infected patients, for example, were labeled as such regardless of the occurrence of liver
steatosis. As a result, the significance of lifestyle changes in these patients was underestimated. Nevertheless, there is
increasing evidence that concurrent liver steatosis aggravates the outcome in individuals with chronic viral hepatitis.
Thus, the new initiative recognizes multiple causes of SLD and allows multidisciplinary management for such patients.
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Figure 6 Algorithmic approach to the categorization of steatotic liver disease. In the presence of hepatic steatosis either on imaging or liver biopsy,
the presence of any of a cardiometabolic risk factor (CMRF) will lead to a diagnosis of metabolic dysfunction-associated steatotic liver disease (SLD) in the absence
of other causes of hepatic steatosis. If additional causes of steatosis are identified, then this will qualify for a combination etiology. In the case of alcohol, this is
labeled MetALD. In the absence of overt CMRF, other causes must be excluded and if none is identified, this is labeled cryptogenic SLD. MASLD: Metabolic
dysfunction-associated SLD; MetALD: MASLD, and moderate alcohol intake.

The term MASLD underscores metabolic dysfunction as the fundamental mechanism of hepatic steatosis, both through
its terminology and the required diagnostic criteria. This change in nomenclature also would facilitate an instinctive
elucidation of causes and management options for patients. The metamorphosis of name from NAFLD to MASLD is more
than a semantic process and will have implications for research, government policies, the pharmaceutical industry, and
insurance companies. The change in name to “MASLD” will require substantial changes in the designs of ongoing clinical
trials of NAFLD, their main endpoints, clinical outcomes of final approval, and treatment targets due to the new inclusion
criteria[48,49]. The transition to a new nomenclature for the FLD will require a step-by-step methodology to ensure its
successful implementation and universal acceptance across the globe. The true implications of the changes in
nomenclature and diagnostic criteria will become more obvious as the nomenclature and diagnostic modifications take
effect in real life.

CONCLUSION

In conclusion, the new terminologies and diagnostic criteria have garnered widespread support, are non-stigmatizing,
and provide a new and all-inclusive platform from which the medical community can increase disease cognizance,
eradicate stigma, and speed up biomarker and drug development for better outcomes for patients with MASLD, MASH,
and MetALD.
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Abstract

BACKGROUND

Recent studies have shown that the tumor microenvironment significantly inf-
luences the behavior of solid tumors. In this context, Accumulated data suggests
that pathological evaluation of tumor budding (TB), desmoplastic reaction (DR),
and tumor-infiltrating lymphocytes (TILs) may be crucial in determining tumor
behavior in the gastrointestinal tract. Regarding gastric adenocarcinoma (GAC),
although some results suggest that TB and TILs may be effective in determining
the course of the disease, the data do not agree. Moreover, very few studies have
investigated the relationship between DR and survival. At present, the associ-
ations between tumor TB, DR and TILs in GAC patients have not been
determined.

AIM
To establish the relationships between TB, DR, and TILs in patients with GAC and
to assess their influence on prognosis.

METHODS

Our study group comprised 130 patients diagnosed with GAC. The definition of
TB was established based on the International TB Consensus Conference. The DR
was categorized into three groups according to the level of tumor stroma matu-
ration. The assessment of TILs was conducted using a semiquantitative approach,
employing a cutoff value of 5%. The statistical analysis of the whole group and

100 patients with an intestinal subtype of GAC was performed using SPSS version
27.
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RESULTS

A significant correlation between peritumoral budding (PTB) and intratumoral budding (ITB) was noted (r =
0.943). Tumors with high PTBs and ITBs had a greater incidence of immature DRs and low TILs (P < 0.01). PTB and
ITB were associated with histological subtype, lymph node metastasis (LNM), and stage (P < 0.01). ITB, PTB, LNM,
DR, and stage were significant risk factors associated with poor prognosis. The multivariate Cox regression
analysis identified ITB, PTB, and LNM as independent prognostic variables (P < 0.05). In intestinal-type adenocar-
cinomas, a positive correlation between PTB and ITB was noted (r = 0.972). While univariate analysis revealed that
LNM, stage, PTB, ITB, and DR were strong parameters for predicting survival (P < 0.05), only PTB and ITB were
found to be independent prognostic factors (P < 0.001).

CONCLUSION
TB may be a potential prognostic marker in GAC. However, further studies are needed to delineate its role in
pathology reporting protocols and the predictive effects of DR and TILs.

Key Words: Gastric cancer; Tumor budding; Desmoplastic stroma; Tumor-infiltrating lymphocytes; Prognosis
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Core Tip: This study investigated the relationships between tumor budding, desmoplastic reaction (DR), and tumor-infilt-
rating lymphocytes (TILs) in patients with gastric adenocarcinomas (GAC) and assessed their influence on prognosis. Our
results demonstrated that TB is a promising prognostic factor in GAC. While it could also be valuable in determining
survival in patients with unresectable tumors, further studies are needed to draw a conclusion. Although the DR and TILs
were not observed as independent parameters, their close association with TB in patients with GAC suggests their value in
predicting tumor behavior merits further research to clarify their roles better.
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INTRODUCTION

Gastric adenocarcinoma (GAC), the sixth most common tumor in the world, are among the most lethal types of cancer
worldwide and exhibit significant rates of recurrence even after curative surgical procedures[1,2]. While the tumor-node-
metastasis classification is often preferred for predicting high risk, heterogeneity in the survival of patients at the same
stage has necessitated the search for new prognostic indicators to better determine tumor behavior[3-5]. In recent years,
much evidence has shown that epithelial-mesenchymal transition (EMT) plays a vital role in the aggressiveness of many
cancers[6-8]. In this context, tumor budding (TB), which reflects EMT in particular, has been used in routine reporting
protocols as an independent prognostic parameter in colorectal cancer (CRC) patients[9-11]. In GAC, although there is
evidence that TB is associated with tumor behavior[12-14], the data do not reach an agreement[15-17]. Besides, different
studies use different methods to evaluate TB, which limits the determination of the importance of this parameter in these
tumors.

Recently, studies have demonstrated that the tumor microenvironment (TME) plays a more active role in tumor
progression, contrasting with previous opinions that consider the formation of excessive fibrous or connective tissue, or,
in other words, desmoplasia (DR), around a tumor as a simple host-related factor[18-20]. Therefore, the DR has been
noted to be a determinant of tumor behavior in solid cancers, including CRC[21-23]. However, studies evaluating this
parameter in GAC are rare[24-26].

Moreover, immune cells that constitute a part of the TME, especially lymphocytes infiltrating the tumor, may play a
role in determining tumor behavior in GAC, as noted in other organ tumors[27].

Recently, few studies in GAC have pointed to the association of high TB with immature stroma and tumor-infiltrating
lymphocytes (TILs)[26,28]. Nonetheless, in patients with GAC, the interplay between these parameters and their
efficiency in determining tumor behavior and survival have yet to be compared.

Therefore, this study aimed to investigate the relationships among DR, TB, TILs, clinicopathological parameters, and
prognosis in GAC.
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MATERIALS AND METHODS

Patient selection
This retrospective study included patients diagnosed at the Department of Pathology, Akdeniz University Medical
School, Antalya, Tiirkiye, who underwent total or partial gastrectomy for GAC between 2004 and 2019. One hundred
thirty patients were selected after excluding patients with other cancers, who underwent neoadjuvant therapy, or who
had incomplete clinicopathological data. All patient-related data were collected and revised. Follow-up data were
retrieved from patient records from the Department of Oncology of our institution. Tumor subtyping was performed
according to the Lauren classification[29]. All patients were staged based on the eighth edition of the American Joint
Committee on Cancer manual[30].

The study protocol was based on the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the
Ethical Committee of Akdeniz University.

Histopathological evaluation of TB, DR, and TiLs

Hematoxylin and eosin (H&E)-stained slides from tumor blocks were reevaluated using light microscopy, and slides with
low maturation of the tumor stroma, high tumor bud density, and high lymphocytic infiltration were selected for further
analysis.

The assessment of peritumoral budding (PTB) and intratumoral budding (ITB) in this study followed the International
TB Consensus Conference (ITBCC) guidelines[31]. In brief, a single tumor cell or a cluster of up to four tumor cells at the
invasive front and within the primary tumor body were considered PTB and ITB, respectively. The count was determined
in a standardized field area of 0.785 mm? at 200 x total magnification, and both PTB and ITB were categorized into three
grades: grade 1 (0-4 TB), grade 2 (5-9 TB), and grade 3 (> 10 TB) (Figure 1).

DRs were evaluated and classified into three groups based on the maturation of the tumor stroma, as described by
Ueno et al[32]. Mature-type DR comprised fine collagen fibers in multiple layers (DR1). While intermediate-type DR
contained keloid-like collagen (DR2), immature-type DR constituted from the myxoid stroma (DR3) and occupied more
than a 40 x objective lens field on slides (Figure 1).

The evaluation of TILs was performed semiquantitatively based on a 5% cutoff value on H&E-stained slides at a
magnification of 200 x[33]. Lymphatic infiltrates outside the tumor borders were excluded from the evaluation (Figure 1).

Statistical analysis

The data were analyzed with SPSS 27.0. Spearman’s correlation test was used to evaluate the relationship between PTB
and the ITB. The categorical data were examined by the chi-square test. Univariate survival analysis was performed with
the Kaplan-Meier method, and the log-rank test was used to compare survival rates. A multivariate Cox proportional
hazards regression model was applied to predict parameters influencing patient prognosis[34]. A P value < 0.05 indicated
statistical significance. Furthermore, similar tests were also performed in patients with intestinal-type GAC, which
allowed the application of these analyses (100 patients).

RESULTS

Clinicopathological and prognostic findings in the whole cohort

The clinicopathological characteristics of the patients in the study group are presented in Table 1. In brief, the mean age
was 62.14 years + 12.00 years (range 28 years to 89 years), and 53 females and 77 males were included. Patients were
categorized into two groups for further analysis based on their mean age and mean tumor diameter (1.86 cm + 1.02 cm,
range 1.0 cm to 6.8 cm); regarding the level of invasion, a great majority of patients were classified as having tumors
limited to the subserosa (40.0%), followed by tumors limited to the muscularis propria (30.0%), and tumors with invasion
beyond the serosa and adjacent organs (24.6%). Invasion of the mucosa and submucosa was observed in 5.4% of the
patients. Lymph node metastasis (LNM) was observed in 39.6% of the patients. The median follow-up period was 39
months (2-120 months, mean 42.44 months).

The patients were divided into three groups according to their PTB status, which resulted in 26 patients (20.0%) being
classified as PTB1, 42 patients (32.3%) as PTB2, and 62 patients (47.7%) as PTB3. The ITB groups were categorized as
follows: 31 patients (23.8%) were classified as ITB1, 25 patients (19.2%) as ITB2, and 74 patients (56.9%) as ITB3.

According to the DR classification, a total of 58 (44.6%) patients were classified as DR1, 38 (29.2%) patients as DR2, and
34 (26.2%) patients as DR3. The number of patients with TILs less than the cutoff value (68 patients, 52.3%) outnumbered
that with higher lymphocytic infiltration (62 patients, 47.7%).

The relationships between clinicopathological parameters and PTB, ITB, DR, and TILs are presented in Table 1. There
was a positive correlation between PTB and invasion and distant metastasis (P < 0.05). Higher PTB and ITB were more
frequently observed in patients with LNM (P < 0.001). Similarly, both parameters were associated with the disease stage (
P <0.001). Compared with those with intestinal carcinomas, patients with higher PTB and ITB were more likely to have
diffuse and mixed subtypes (P < 0.01).

Spearman correlation analysis revealed a strong correlation between PTB and ITB (r = 0.943, Figure 2). In patients with
either PTB or ITB, immature stroma (DR3) and low TILs were more frequent (P < 0.01) (Table 1).

In the total cohort, the median OS was 36.5 + 14.26 (ranging from 2 to 120 months). According to the univariate
analysis, histologic subtype, ITB, PTB, LNM, DR, and stage were identified as risk factors for poor prognosis (P < 0.01)
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Table 1 Tumor budding, desmoplastic reaction and tumor-infiltrating lymphocytes in relation to clinicopathological parameters in the whole group

Parameters n PTB1 (%) PTB2 (%) PTB3 (%) ITB1 (%) ITB2 (%) ITB3 (%) DR1 (%) DR2 (%) DR3 (%) TILs (%) TILs (%)
Age, yr

<62.14+12.00 64 11 (42.3) 25 (59.5) 28 (45.2) 15 (48.4) 14 (56.0) 35 (47.3) 29 (50.0) 20 (52.6) 15 (44.1) 34 (50.0) 30 (48.4)
>62.14 +12.00 66 15 (57.7) 17 (40.5) 34 (54.8) 16 (51.6) 11 (44.0) 39 (52.7) 29 (50.0) 18 (47.4) 19 (55.9) 34 (50.0) 32 (51.6)
Gender

Male 77 16 (61.5) 26 (61.9) 35 (56.5) 18 (58.1) 19 (76.0) 40 (54.1) 43 (74.1) 23 (60.5) 11 (32.4)° 36 (52.9) 41 (66.1)
Female 53 10 (38.5) 16 (38.1) 27 (43.5) 13 (41.9) 6 (24.0) 34 (45.9) 15 (25.9) 15 (39.5) 23 (67.6) 32 (47.1) 21 (33.9)
Diameter

<1.86+1.02 84 16 (61.5) 29 (69.0) 39 (62.9) 16 (51.6) 19 (76.0) 49 (66.2) 34 (58.6) 28 (73.7) 22 (64.7) 47 (69.1) 37 (59.7)
>1.86+1.02 46 10 (38.5) 13 (31.0) 23 (37.1) 15 (48.4) 6 (24.0) 25 (33.8) 24 (41.4) 10 (26.3) 12 (35.3) 21 (30.9) 25 (40.3)
Invasion

T1 7 5(19.2) 2(4.8) 0° 4(129) 1 (4.0) 2(2.7) 3(5.2) 3(7.9) 1(2.9) 4(5.9) 3(4.8)
T2 39 4(15.4) 15 (35.7) 20 (32.3) 12 (38.7) 8 (32.0) 19 (25.7) 22 (37.9) 9(23.7) 8 (23.5) 18 (26.5) 21 (33.9)
T3 52 11 (42.3) 15 (35.7) 26 (41.9) 10 (32.3) 6 (24.0) 36 (48.6) 25 (43.1) 16 (42.1) 11 (32.4) 27 (39.7) 25 (40.3)
T4 32 6(23.1) 10 (23.8) 16 (25.8) 5 (16.1) 10 (40.0) 17 (23.0) 8 (13.8) 10 (26.3) 14 (41.2) 19 (27.9) 13 (21.0)
LNM

Absent 82 23 (88.5) 29 (69.0) 30 (48.4)" 29 (93.5) 16 (64.0) 37 (50.0)" 43 (74.1) 23 (60.5) 16 (47.1)° 38 (55.9) 44 (71.0)
Present 48 3 (11.5) 13 (31.0) 32 (51.6) 2(6.5) 9 (36.0) 37 (50.0) 15 (25.9) 15 (39.5) 18 (52.9) 30 (44.1) 18 (29.0)
Metastasis

Absent 106 26 (100.0) 31 (73.8) 49 (79.0)° 21 (67.7) 23 (92.0) 62 (83.8) 49 (84.5) 33 (86.8) 24 (70.6) 55 (80.9) 51 (82.3)
Present 2 = 11 (26.2) 13 (21.0) 10 (32.3) 2(8.0) 12 (16.2) 9 (15.5) 5 (13.2) 10 (29.4) 13 (19.1) 11 (17.7)
Stage

I 21 11 (42.3) 9 (21.4) 1 (L6)°" 10 (32.3) 6 (24.0) 5 (6.8)" 13 (22.4) 6 (15.8) 2(5.9) 13 (19.1) 8 (12.9)
1l 38 6(23.1) 12 (28.6) 20 (32.3) 8 (25.8) 4(16.0) 26 (35.1) 20 (34.5) 11 (28.9) 7 (20.6) 18 (26.5) 20 (32.3)
i 48 8 (30.8) 11 (26.2) 29 (46.8) 3(9.7) 14 (56.0) 31 (41.9) 16 (27.6) 15 (39.5) 17 (50.0) 24 (35.3) 24 (38.7)
v 23 1(3.8) 10 (23.8) 12 (19.4) 10 (32.3) 1 (4.0) 12 (16.2) 9 (15.5) 6 (15.8) 8 (23.5) 13 (19.1) 10 (16.1)
Subtype
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Intestinal 100 24 (92.4) 39 (92.9) 37 (59.7)° 30 (96.8) 21 (84.0) 49 (66.2)° 47 (81.0) 28 (73.7) 25 (73.5) 52 (76.5) 48 (77.4)
Diffuse 19 1(3.8) 3(7.1) 15 (24.2) 1(3.2) 2(8.0) 16 (21.6) 8 (13.8) 4(10.5) 7 (20.6) 10 (17.7) 9 (14.5)
Mixed 11 1(3.8) 0 10 (16.1) 0 2 (8.0) 9 (12.2) 3(52) 6 (15.8) 2(59) 6 (8.8) 5(8.1)
LVI

Absent 89 14 (53.8) 28 (66.7) 47 (75.8) 16 (51.6) 19 (76.0) 54 (73.0) 39 (67.2) 24 (63.2) 26 (76.5) 45 (66.2) 44 (71.0)
Present 41 12 (46.2) 14 (33.3) 15 (24.2) 15 (48.4) 6 (24.0) 20 (27.0) 19 (32.8) 14 (36.8) 8 (23.5) 23 (33.8) 18 (29.0)
PNI

Absent 94 16 (61.5) 28 (66.7) 50 (80.6) 18 (58.1) 19 (76.0) 57 (77.0) 43 (74.1) 25 (65.8) 26 (76.5) 52 (76.5) 42 (67.7)
Present 36 10 (38.5) 14 (33.3) 12 (19.4) 13 (49.0) 6 (24.0) 11 (23.0) 15 (25.9) 13 (34.2) 8 (23.5) 16 (23.5) 20 (32.3)
Survival

Deceased 100 9 (34.6) 29 (69.0) 62 (100.0)" 8 (25.8) 20 (80.0) 72 (97.3)° 40 (69.0) 29 (76.3) 31 (91.2) 56 (82.4) 44 (71.0)
Alive 30 17 (65.4) 13 (31.0) 0 23 (74.2) 5 (20.0) 2(27) 18 (31.0) 9 (23.7) 3(8.8) 12 (17.6) 18 (29.0)
PTB

PTB1 26 - - - 17 (54.8) 3 (12.0) 6 (8.1)° 15 (25.9) 8 (21.1) 3 (8.8)" 10 (14.7) 16 (25.8)°
PTB2 42 - - - 14 (45.2) 18 (72.0) 10 (13.5) 24 (41.4) 12 (31.6) 6 (17.7) 17 (25.0) 25 (40.3)
PTB3 62 - 8 - 0 4(16.0) 58 (78.4) 19 (32.8) 18 (47.4) 25 (73.5) 41 (60.3) 21 (33.9)
ITB

ITB1 31 - - = = = - 21 (36.2) 8 (21.1) 2(5.9)° 9 (13.2) 22 (35.5)°
ITB2 25 - - - - - - 13 (22.4) 6 (15.8) 6 (17.6) 13 (19.2) 12 (19.4)
ITB3 74 - - - - - - 24 (41.4) 24 (63.2) 26 (76.5) 46 (67.6) 28 (45.1)
DR

DR1 58 - - - - - - - - - 22 (32.4) 36 (58.0)°
DR2 38 - - - - - - - - - 24 (35.2) 14 (22.6)
DR3 34 - - - - - - - - - 22 (32.4) 12 (19.4)
3P < 0.001.

bp < 0.01.

°P < 0.05.

4p<0.01.

N: Number of cases; PTB: Peritumoral budding; ITB: Intra-tumoral budding; DR: Desmoplastic reaction; TILs: Tumor-infiltrating lymphocytes; LVI: Lymphovascular invasion; PNI: Perineural invasion; LNM: Lymph node metastasis.
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Figure 1 Tumor budding grades assessed according to International Tumor Budding Consensus Conference recommendations, desmo-
plastic reaction, and tumor-infiltrating lymphocytes. A: TB1 (1-4 tumor bud/hot spot), 200 x; B: TB2 (5-9 tumor bud/hot spot), 200 x; C: TB3 (10 tumor
bud/hot spot), 200 x; D: Desmoplastic reaction 1 (DR1), mature stroma composed of tightly packed collagen fibers, 400 x; E: DR2, intermediate stroma, consisting of
areas of collagen that resemble keloids, 400 x; F: DR3, immature stroma with myxoid alterations; G: Gastric carcinoma with high TILs in tumor stroma (= 5%), 100 x;
H: Gastric carcinoma with low TILs (< 5 %), 100 x. Hematoxylin-eosin, black arrows indicate tumor buds.

(Table 2, Figure 3). The relationships between age, sex, and tumor diameter and these features and outcomes were not
significantly different (P > 0.05).

According to the multivariate Cox regression analysis, ITB, PTB, and LNM were found to be independent prognostic
factors (P < 0.05, Table 3).

Clinicopathological and prognostic findings in the intestinal subtype
In this cohort, higher PTB, higher ITB and immature stroma were more common in patients with LNM (P < 0.003). DR
was also associated with male predominance (Table 4).

There was a positive correlation between PTB and ITB with the stage and grade (P < 0.01). In addition, PTB was related
to invasion (P < 0.05). While PTB was positively associated with DR, an inverse relationship was observed between
higher TILs and these parameters (P < 0.006, Table 4). Besides, Spearman correlation analysis revealed a strong
correlation between PTB and ITB (r = 0.972, Figure 2).

In this group, the median survival ranged from 33.8 to 42.1 months (median: 38.0 * 2.1). Kaplan-Meier analysis
revealed that LNM (P < 0.001), stage (P < 0.04), PTB (P < 0.001), ITB (P < 0.001), and DR (P < 0.001) were powerful
indicators of the disease course (Table 4, Figure 4). According to the multivariate analysis, PTB and ITB were found to be
independent prognostic parameters (P < 0.001, Table 3).
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Table 2 Clinicopathological parameters associated with survival in all cases and patients with intestinal tumors (Log-rank test)

All cases Intestinal tumors
Parameters

mean * SE (95%Cl) Median * SE (95%Cl) mean * SE (95%Cl) Median * SE (95%Cl)
Age
<62.14 +12.00 482 +4.5 (39.4-56.9) 37.0+1.1 (34.8-39.1) 53 + 5.9 (41.4-64.5) 36.0 +1.2 (33.4-38.5)
>62.14 £ 12.00 50.8 + 4.8 (41.3-60.3) 39.0 £ 9.5 (20.1-57.8) 55.7 + 5.7 (44.4-66.9) 60.0 £ 16.2 (28.2-91.7)
Gender
Male 50.1 + 4.7 (41.3-59.0) 36.0 + 2.6 (30.8-41.1) 54.7 + 5.5 (43.7-65.6) 38.0 £ 3.3 (31.5-44.5)
Female 449 %52 (39.1-58.7) 38.0 £ 1.6 (34.9-41.0) 54.5 + 6.3 (42-67.1) 38.0 9.6 (19.1-56.8)
Diameter
<1.86 +1.02 47.3 + 3.7 (40.0-54.6) 38.0 + 1.8 (3.4-41.5) 50.2 + 4.5 (41.3-59.1) 38.0 £2.7 (32.6-43.3)
>1.86 +1.02 52.3 6.3 (39.8-64.7) 36.0 + 4.6 (26.8-45.1) 61.4 + 8.2 (45.2-77.6) 38.0 +13.4 (11.6-64.3)
Invasion
T1 65.1+7.1 (51.2-79.1) 78.0 +22.1 (34.5-121.4) 65.1+7.1 (51.1-79.1) 78.0 £22.1 (34.5-121.4)
T2 54.5 + 6.6 (41.5-67.5) 38.0 + 2.6 (32.9-43.0) 63.5 £ 8.6 (46.6-80.4) 52.0 +14.4 (23.7-80.2)
T3 44.8 +4.8 (35.4-54.3) 36.0 £ 4.3 (27.5-44.5) 46.4 5.7 (35-57.7) 35.0 £ 5.5 (241.0-45.8)
T4 44.0 5.4 (32.3-53.6) 30.0 + 2.8 (24.4- 35.5) 48.7 £7.0 (35-62.5) 36.0 £ 3.1 (29.7-42.2)
LNM
Absent 51.6 + 4.8 (52.1-71.0) 46.0 5.5 (35.1-56.8)" 66.1+5.5 (55.3-77.1) 62.0+13.2 (35.8-88.1)"
Present 30.6 + 3.0 (24.6-36.6) 24.0 2.2 (19.5-28.4) 32.1 +4.5 (23.3-40.8) 24.0 7.7 (8.7-39.2)
Metastasis
Absent 483 +3.2 (41.9-54.8) 38.0 1.5 (34.9-41.0) 53.4 + 4.1 (45.2-61.6) 39.0 + 4.8 (29.4-48.5)
Present 51.7 9.7 (32.6-70.7) 24.0 £ 8.3 (7.6-40.3) 55.1+10.8 (33.8-76.5) 36.0 £ 12.0 (12.4-59.5)
Stage
I 69.1 £ 6.9 (55.5-82.7) 72.0 £11.1 (50.3-93.6)" 71.5 £ 6.8 (58.1-85.1) 72.0 £10.9 (50.5-93.4)°
il 45.1 £5.3 (34.7-55.5) 37.0 £2.2 (32.6-41.3) 52.3 +7.2 (38.1-66.5) 39.0 £ 2.5 (34.0-43.9)
111 38.6 £3.9 (30.8-46.4) 33.0 3.4 (26.2-39.7) 40.0 5.8 (28.5-51.4) 29.0 £4.9 (19.2-38.7)
v 31.3+10.8 (37.1-59.5) 30.0 +12.3 (11.8-60.1) 38.3+10.8 (27.1-48.7) 30.0 £12.3 (29.8-42.1)
Subtype
Intestinal 55.1 + 4.4 (46.6-63.7) 38.0 +2.7 (32.9-42.1) - -

Not intestinal
Grade
Low
Moderate
High

LVI
Absent
Present
PNI
Absent
Present
PTB

PTB1
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32.5+2.2(18.8-36.7)

543 +5.8 (43.0-65.7)

46.6 + 4.0 (38.6-54.6)

55.2 + 6.5 (42.5-67.9)

46.9 + 3.8 (39.4-54.4)

88.3 +5.2 (78.0-98.6)

30.0+1.2 (6.2-17.7)

41.0 2.2 (36.5-45.4)

36.0 +3.4 (29.1-42.8)

38.0+3.9 (30.2-45.7)

36.0 +2.2 (31.6-40.3)

73.5+12.7 (71.6-92.5)"

61.9+5.7 (50.6-73.2)
49.9 +10.6 (29.0-70.8)

432+ 6.8 (29.9-56.5)

59.0+ 6.9 (45.4-72.7)

51.4+5.1 (41.2-61.5)

60.4+7.7 (45.3-75.5)

51.7 +4.8 (42.3-61.2)

924 +4.7 (83.3-101.9)

520 +11.6 (29.1-74.8)
32.0+4.7 (22.7-41.2)

29.0+12.3 (4.7-53.2)

41.0+7.0 (27.0-54.9)

36.0 £2.9 (30.2-41.7)

38.0 + 9.8 (18.6-57.3)

38.0 2.5 (33-42.9)

88.2 +7.6 (56.9-91.6)°
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PTB2 61.8 + 6.4 (48.6-73.6) 38.0 +2.8 (33.5-42.5) 63.0 + 6.5 (50.2-75.8) 41.0+3.1 (34.8-47.1)
PTB3 26.7 + 2.4 (21.9-31.5) 22.0+1.5 (19.1-24.9) 22.7 +3.6 (15.6-29.8) 16.0 £2.1 (33.8-42.1)
ITB

ITB1 101.1 £ 6.7 (87.8-114.4) 91.2 £5.2 (81.4-112.5)" 103.8 + 6.4 (91.1-116.4) 63.0 £ 8.3 (88.7-97.4)"
ITB2 47.7 + 4.6 (38.6-56.7) 41.0 +4.2 (32.8-49.2) 50.1+5.2 (39.9-60.2) 42,0 +6.3 (29.0-52.9)
ITB3 29.9 + 2.4 (25.3-34.6) 26.0 +1.9 (22.2-29.8) 28.5 +3.4 (21.8-35.2) 22.0 + 4.0 (13.9-30.0)
DR

DR1 60.4 + 5.4 (49.8-70.9) 41.0 7.9 (25.4-56.6)" 67.2 +6.2 (55.1-79.3) 72.0 +18.1 (36.4-107.5)°
DR2 48.0 % 6.6 (35.1-61.0) 36.0 + 4.5 (27.3-44.8) 53.5 + 8.4. (36.9-70.1) 38.0 £9.1 (20.0-55.9)
DR3 27.0 + 4.1 (18.8-35.2) 18.0 + 3.6 (10.8-25.1) 31.8+5.3 (21.3-42.2) 24.0 + 6.7 (10.9-37.0)
TILs

TILs 53.8 + 4.3 (45.3-62.4) 39.0 + 4.8 (29.4-48.5) 59.6 + 5.2 (49.3-70.0) 53.0 + 14.7 (24.0-81.9)
TILs 43.9 + 4.6 (34.9-52.9) 35.0 4.5 (26.2-43.7) 47.8+5.7 (36.5-59.1) 35.0 + 5.1 (24.9-45.0)

ap < 0.001.

bp<0.01.

‘P <0.05.

dp<0.01.

SE: Standard error; CI: Confidence interval; LNM: Lymph node metastasis; LVI: Lymphovascular invasion; PNI: Perineural invasion: PTB: Peritumoral

budding; ITB: Intratumoral budding; DR: Desmoplastic reaction; TILs: Tumor-infiltrating lymphocytes.

Table 3 Multivariate analysis including parameters associated with prognosis in the Log-rank test in the entire group and tumors of the

intestinal subtype

All group Intestinal tumors
Parameters P value Pvalue
HR Lower (95%CI)  Upper (95%Cl) HR Lower (95%CI)  Upper (95%Cl)
ITB 2.06 1.40 3.01 <0.001 3.32 234 4.72 <0.001
PTB 1.83 1.29 2.59 <0.001 2,01 132 3.05 <0.001
LNM 1.53 1.00 2.33 0.04 1.09 0.59 2,04 0.760
Stage 1.06 0.81 1.40 0.63 1.12 0.80 158 0.480
Subtype 0.76 0.50 1.17 0.22 - - - -
DR 1.11 0.87 1.42 0.39 1.17 0.86 1.60 0.290

HR: Hazard ratio; CI: Confidence interval; LNM: Lymph node metastasis; PTB: Peritumoral budding; ITB: Intratumoral budding; DR: Desmoplastic
reaction; TILs: Tumor infiltrating lymphocytes.

DISCUSSION

TB has been investigated in numerous studies of CRC and is currently used in pathological reporting protocols due to its
prognostic importance in low-grade tumors[31,35]. However, TB has yet to be studied extensively in GAC. This may be
because GAC is less frequently observed than CRC, especially in Western countries[26,36]. Moreover, a standard
evaluation method for this variable has yet to be determined. For example, studies investigating the role of TB in
predicting LNM in early gastric carcinoma (EGC) patients have indicated that detecting the presence of TB may be
effective[37-39]. Yim et al[40] recently observed a strong association between TB and LNM metastasis with three different
evaluation methods in EGC. However, only the presence of TB was an independent prognostic factor. The limited
number of EGC patients in our series did not allow a separate analysis of this group. However, these results suggest that
the presence of TB is an effective marker for predicting LNM metastasis and patient prognosis, at least in EGC.

Recently, in studies that included gastric cancer (GC) patients of all stages and histopathological subtypes, TB was
observed to be an independent prognostic factor, which is consistent with our findings[12-14,41,42]. Interestingly,
although different categorizations were used in the statistical analysis to determine the predictive role of TB in the course
of the disease, the evaluation methods applied in most of these studies were based on the ITBCC, similar to our research
[13,14,28,42]. In our study, the survival of patients with TB3 was significantly lower than that of patients with TB2 or TB1.
Taken together, these data point to the value of the ITBCC-recommended evaluation of TB in GAC patients.
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Table 4 Tumor budding, desmoplastic reaction, and tumor-infiltrating lymphocytes in relation to clinicopathological parameters in the intestinal group

Parameters n  PTB1(%) PTB2 (%) PTB3 (%) ITB1 (%) ITB2 (%) ITB3 (%) DR1 (%) DR2 (%) DR3 (%) TILs (%) TILs (%)
Age, yr 24 39 37 30 21 49 47 28 25 52 48
<62.14+12.00 47 10 (417) 24 (61.5) 13 (35.1) 14 (46.7) 11 (52.4) 22 (44.9) 21 (44.7) 15 (53.6) 11 (44.0) 25 (48.1) 22 (45.8)
>62.14£12.00 53 14 (58.3) 15 (38.5) 24 (63.9) 16 (53.3) 10 (47.6) 27 (55.1) 26 (55.3) 13 (46.4) 14 (56.0) 27 (51.9) 26 (54.2)
Gender

Male 60 15 (62.5) 24 (61.5) 21 (56.8) 18 (60.0) 15 (71.4) 27 (55.1) 34 (72.3) 16 (57.1) 10 (40.0)° 27 (51.9) 33 (68.8)
Female 40 9 (37.5) 15 (38.5) 16 (43.2) 12 (40.0) 6 (28.6) 22 (44.9) 13 (27.7) 12 (42.9) 15 (60.0) 25 (48.1) 15 (31.3)
Diameter

<1.86+1.02 67 16 (66.7) 26 (66.7) 25 (67.6) 15 (50.0) 16 (76.2) 36 (73.5) 28 (59.6) 22 (78.6) 17 (68.0) 38 (73.1) 29 (60.4)
>1.86+1.02 33 8 (33.3) 13 (33.3) 12 (32.4) 15 (50.0) 5(23.8) 13 (26.5) 19 (40.4) 6 (21.4) 8 (32.0) 14 (26.9) 19 (39.6)
Invasion

T1 7 5 (20.8) 2(5.1) 0 4(13.3) 1 (4.8) 2 (4.1) 3(6.4) 3(10.7) 1 (4.0) 4(7.7) 3(6.3)
T2 28 4(167) 15 (38.5) 9(24.3) 12 (40.0) 7 (33.3) 9 (18.4) 14 (29.8) 9 (32.1) 5 (20.0) 12 (23.1) 16 (33.3)
T3 42 10 (41.7) 13 (33.3) 19 (51.4) 9(30.0) 6 (28.6) 27 (55.1) 23 (48.9) 12 (42.9) 7 (28.0) 23 (44.2) 19 (39.6)
T4 23 5(208) 9(23.1) 9 (24.3) 5(16.7) 7 (33.3) 11 (22.4) 7 (14.9) 4(143) 12 (48.0) 13 (25.0) 10 (20.8)
LNM

Absent 69 22 (91.7) 29 (74.4) 18 (48.6)" 29 (96.7) 14 (66.7) 26 (53.1)° 39 (83.0) 19 (67.9) 11 (44.0)° 32 (61.5) 37 (77.1)
Present 31 2(8.3) 10 (25.6) 19 (51.4) 1(33) 7(33.3) 23 (46.9) 8 (17.0) 9 (32.1) 14 (56.0) 20 (38.5) 11 (22.9)
Metastasis

Absent 79 24 (100.0) 29 (74.4) 26 (70.3)" 21 (70.0) 20 (95.2) 38 (77.6) 39 (83.0) 23 (82.1) 17 (68.0) 40 (76.9) 39 (81.3)
Present 21 0 10 (25.6) 11 (29.7) 9(30.0) 1 (4.8) 11 (22.4) 8 (17.0) 5(17.9) 8 (32.0) 12 (23.1) 9(18.7)
Stage

I 20 11 (45.8) 9(23.2) 0 10 (33.3) 5(23.8) 5 (10.2)° 12 (25.5) 6 (21.4) 2(8.0) 12 (23.1) 8 (16.7)
1l 26 6(25.0) 10 (25.6) 10 (27.0) 7 (23.3) 4(19.0) 15 (30.6) 15 (31.9) 9(32.1) 2(8.0) 12 (23.1) 14 (29.3)
i 32 6(25.0) 10 (25.6) 16 (43.2) 3(10.0) 11 (52.4) 18 (36.7) 12 (25.5) 7 (25.0) 13 (52.0) 15 (28.8) 17 (35.2)
v 2 1(4.2) 10 (25.6) 11 (29.7) 10 (33.4) 1(48) 11 (22.4) 8 (17.0) 6 (21.4) 8 (32.0) 13 (25.0) 9(18.8)
Grade
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Low 54 19 (79.2) 21 (53.8) 14 (37.8)° 22 (73.3) 12 (57.1) 20 (40.8)° 28 (59.6) 16 (57.1) 10 (40.0) 29 (55.8) 25 (52.1)
Moderate 29 2(83) 13 (33.4) 14 (37.8) 3 (10.0) 6 (28.6) 20 (40.8 11 (23.4) 10 (35.7) 8 (32.0) 15 (28.8) 14 (29.2)
High 17 3(12.5) 5 (12.8) 9 (24.3) 5 (16.7) 3 (14.3) 9 (18.4) 8 (17.0) 2(7.2) 7 (28.0) 8 (15.4) 9 (18.7)
LVI

Absent 67 13 (54.2) 26 (66.7) 28 (75.7) 15 (50.0) 15 (71.4) 37 (75.5) 34 (72.3) 14 (50.0) 19 (76.0) 32 (61.5) 35 (72.9)
Present 33 11 (45.8) 13 (33.3) 9 (24.3) 15 (50.0) 6 (28.6) 12 (24.5) 13 (27.7) 14 (50.0) 6 (24.0) 20 (38.5) 13 (27.1)
PNI

Absent 71 14 (58.3) 26 (66.7) 31 (83.8) 18 (60.0) 15 (71.4) 38 (77.6) 34 (72.3) 16 (57.1) 21 (84.0) 37 (71.2) 34 (70.8)
Present 29 10 (41.7) 13 (33.3) 6 (16.2) 12 (40.0) 6 (28.6) 11 (22.4) 13 (27.7) 12 (42.9) 4 (16.0) 15 (28.8) 14 (29.2)
Survival

Deceased 71 7(29.2) 27 (69.2) 37 (100.0)" 7(23.3) 16 (76.2) 48 (98.0)" 29 (61.7) 20 (71.4) 22 (88.0) 41 (78.8) 30 (62.5)
Alive 29 17 (70.8) 12 (30.8) 0 23 (76.7) 5 (23.8) 1(2.0) 18 (38.3) 8 (28.6) 3 (12.0) 11 (21.2) 18 (37.5)
PTB

PTB1 24 - - - 17 (56.7) 3 (14.3) 482" 14 (29.8) 8 (28.6) 2 (8.0)° 10 (19.2) 14 (29.2)"
PTB2 39 - - - 13 (43.3) 18 (85.7) 8 (16.3) 23 (48.9) 11 (39.3) 5 (20.0) 16 (30.8) 23 (47.9)
PTB3 37 = - - 0 0 37 (75.5) 10 (21.3) 9 (32.1) 18 (72.0) 26 (50.0) 11 (22.9)
ITB

ITB1 30 = - - - - - 21 (44.7) 8 (28.6) 1 (4.0)° 9 (17.3) 21 (43.8)°
ITB2 21 - - - - - - 12 (25.5) 3(10.7) 6 (24.0) 9 (17.3) 12 (25.0)
ITB3 49 - - - - - - 14 (29.8) 17 (60.7) 18 (72.0) 34 (65.4) 15 (31.2)
DR

DR1 47 - - - - - - - - - 17 (32.7) 30 (62.5)¢
DR2 28 = - - - - - - - - 17 (32.7) 11 (22.9)
DR3 25 - - - - - - - - - 18 (34.6) 7 (14.6)
P < 0.05.

bp < 0.001.

P < 0.008.

4p<0.01.

N: Number of cases; PTB: Peritumoral budding; ITB: Intratumoral budding; DR: Desmoplastic reaction; TILs: Tumor-infiltrating lymphocytes; LNM: Lymph node metastasis.
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Figure 2 Scatter plot of Spearman’s rank correlation between peritumoral budding (vertical axis) and intratumoral budding (horizontal
axis). A: Whole cohort B: Intestinal subgroup. ITB: Intratumoral budding.

When adenocarcinoma subtypes in GC were considered separately, TB was observed to be associated with tumor
behavior in the intestinal type of GAC but not in diffuse tumors. Although no further analysis of this subtype could be
performed in our study group due to the limited number of patients with nonintestinal tumors, TB was observed to be
related to survival in patients with intestinal-type GAC according to the log-rank analysis. Moreover, multivariate
analysis revealed that the TB score is an independent prognostic parameter. Although TB incidence has been correlated
with intestinal-type GAC behavior and survival in many studies, the results of multivariate analyses have yet to be
consistent. While in some studies, the evaluation of TB was observed to be a decisive parameter in determining the course
of the disease[13,42,43], such an effect was not noted in others[15,16,26]. These different findings may be due to diversity
in the number of cases and data categorization among studies. Our findings are consistent with those of studies in which
TB was observed to be a strong prognostic parameter in intestinal-type GAC patients and emphasize the need for
additional research to establish the value of TB in GAC reporting guidelines.

Another notable finding of our study was that in addition to the whole cohort, PTB and ITB were found to be
independent prognostic factors for the intestinal subtype, and their correlation with each other was strong. To our
knowledge, only one study has evaluated TB separately in intestinal GAC patients. Qi et al[43] observed a strong
association between ITB and PTB; both were found to be independent prognostic parameters for predicting survival.
Although these findings need to be supported by further studies, the independent prognostic value of TB in both
topographic areas support the idea that TB can be evaluated to stratify patients with intestinal-type GAC for prognosis[4,
5]. Furthermore, given the substantial correlation between the ITB and PTB, TB could be used as a predictive parameter
for determining tumor behavior, especially in patients who are unsuitable for surgical resection.

Although DR in GAC was associated with survival according to univariate analysis in this study, it was not an
independent prognostic factor when other parameters related to tumor behavior and prognosis were analyzed. To our
knowledge, very few studies have investigated the effectiveness of DR in determining the survival of patients with GAC
[24-26]. In these tumors, examination of the thickness of collagen fibers by second-generation harmonic imaging indicated
that the presence of large desmoplastic collagen fibers was associated with poor prognosis[24]. In an elegant study in
which DR was categorized into two groups (mature and immature), Kemi et al[25] reported that DR was an independent
parameter for determining the course of disease in patients with GAC. They also noted that DR was associated with 5-
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Figure 3 Kaplan-Meier curves of survival analyses in the total cohort. A: Peritumoral budding (log-rank test P < 0.001); B: Intratumoral budding (log-
rank test P < 0.001); C: The presence of lymph node metastasis (log-rank test P < 0.002): Desmoplastic reaction (log-rank test P < 0.002). PTB: Peritumoral budding;

ITB: Intratumoral budding; LNM: Lymph node metastasis; DR: Desmoplastic reaction.

Beisnideng>  VVJGP | https://www.wjgnet.com 12

April 22,2024 | Volume15 |

Issue 1



0.8

0.6

Survival

0.4

PTB1

PTB2

0.2 L

0.0

PTB3

Yavuz A et al. Budding, desmoplasia, and TILs in GAC

0 20 40 60

Time in months

0.8

0.6

Survival

0.4

0.2

0.0

80 100 120

40 60

o
N
o

Time in months

0.8 —

0.6

Survival

0.4

0.2

LNM absent

80 100 120

LNM present

0.0

0 20 40 60
Time in months

0.8

0.6

Survival

0.4

80 100 120

DR1

DR2

0.2

0.0

‘ DR3

0 20 40 60
Time in months

80 100 120

Figure 4 Kaplan-Meier curves of survival analyses in patients with an intestinal subtype of gastric adenocarcinoma. A: Peritumoral budding
(log-rank test, P < 0.001); B: Intratumoral budding (log-rank test, P < 0.001); C: Desmoplastic reaction (log-rank test, P < 0.001); D: The presence of lymph node
metastasis (log-rank test, P < 0.001). PTB: Peritumoral budding; ITB: Intratumoral budding; LNM: Lymph node metastasis; DR: Desmoplastic reaction.
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year survival in the intestinal subgroup, whereas no such association was observed for diffuse carcinomas.

On the other hand, Pun ef al[26] did not detect such a relationship in intestinal-type adenocarcinomas. In both studies,
DR was evaluated both in the invasive tumor area and in the main tumor mass. In our study, we investigated DR only on
invasive edges according to the method applied in the assessment of DR in many studies, and we found that DR was not
an effective prognostic parameter in either the whole group or intestinal tumors. These results emphasize that a different
method should be applied to investigate the role of DR in GAC. Recently, Hacking et al[44] suggested a different
approach for evaluating stromal maturity in patients with CRC. However, the prognostic impact of DR in GAC remains
to be investigated via this method. In brief, further studies comparing different evaluation methods and categorizations in
large patient series are needed to determine the value of DR as a parameter in pathology protocols for these tumors.

We observed a strong positive relationship between DR and TB in the study group. In parallel with these data, a recent
study demonstrated the association of high TB with immature stroma in GAC[26]. Moreover, our research revealed an
inverse correlation between DR and TILs. To our knowledge, no study has investigated the relationship between these
three parameters in patients with GAC. Our findings support studies highlighting the importance of DR in the TME.
Although it has not been determined to be an independent prognostic marker, further studies are needed to determine
the potential of DR as a marker in GAC.

TILs, an essential component of the tumor environment, have been studied extensively in GAC, but the results are still
controversial, even when evaluating lymphocyte subsets by immunohistochemistry. In this study, we did not observe
TILs to be a significant predictive parameter for GAC prognosis. There are studies in which TILs were semiquantitatively
investigated by H&E staining, similar to our method. A substantial correlation between TILs and survival has been noted
[45,46]. Unfortunately, the topographical differences in the evaluation of TILs (intratumoral vs stromal) in these studies
and the investigation of different types of GACs, such as EBV-associated GCs, limit the comparison of our data[47,48].

Regarding immunohistochemical studies on TILs in GAC, while one study linked higher CD8+ T-cell density in GAC
to poor prognosis[49], another noted that higher numbers of CD8+ T cells and TILs improved overall survival (OS)[50].
Similarly, there is disagreement over the predictive importance of CD4+ T-cell tumor infiltration[27,51]. Different data
were also obtained in past meta-analyses of GAG[51-53]. The presence of CD3+ lymphocytes was the highest predictive
factor for OS (HR = 0.52)[51]. A significant relationship between CD8+ TILs and survival was demonstrated in another
analysis[53]. The results also indicated that high intratumoral T-cell infiltration levels were associated with improved
survival in GAC patients, and a high density of intratumoral FOXP3+ T cells was not closely associated with poor
prognosis[28].

In our study, the strong association between TILs and TB suggested the potential role of TILs in tumor behavior in
GAC. Parallel to this observation, in a recent study, Zhang et al[28], by double immunohistochemical staining, noted an
inverse correlation between TILs and TB, predicting a favorable outcome. On the other hand, we did not observe TILs to
be a significant predictive factor. The present study suggests that the method employed for assessing TILs has certain
limitations. In other words, it is essential to emphasize that the finding that TILs were unrelated to survival in our study
does not exclude the importance of recent research that has primarily investigated various lymphocyte subtypes by
immunohistochemistry.

To our knowledge, the relationship between TILs and DR has yet to be described in GAC, and the present study
revealed the inverse relationship between TILs and DR, suggesting that DR is an important component of tumor immune
surveillance. Moreover, these data merit further investigations into the association of DR with different subsets of
lymphocytes to better understand its role in the prediction of survival in GAC.

This study has several limitations. It is conducted within a single center, limiting the sample size to remain relatively
small, which might restrict the power to detect more nuanced associations or differences, particularly when stratifying
the analysis by adenocarcinoma subtypes or evaluating the interaction between different prognostic factors. Moreover,
potential selection biases cannot be excluded due to the retrospective nature of the study, limiting the generalizability of
the results to other populations and settings. Therefore, multicenter prospective studies and external validation are
needed to confirm the findings.

Another limitation is the need for a standardized evaluation method for assessing TB, DR, and TILs in GAC, which
might lead to variability in the results. Although we have employed methods consistent with current literature and
guidelines, the need for universally accepted criteria for these histopathological features may affect the reproducibility
and comparison of our findings with those of other studies. Additionally, the heterogeneous behavior of GAC
necessitates a multifactorial analysis incorporating a wide range of potential prognostic markers. Our study focused on a
select few, which, while important, do not encompass all the factors that could influence patient outcomes.

Despite these limitations, our study contributes valuable insights into the prognostic significance of TB, DR, and TILs
in GAC, supporting the need for their consideration in future research and potential inclusion in pathological reporting
protocols.

CONCLUSION

The findings support that the assessment of TB based on the ITBCC criteria can be used to categorize patients with GAC
for treatment and prognosis. Although the strong relationship between PTB and ITB also suggests that these two
variables can be used in determining the course of the disease in patients for whom surgical resection is not feasible,
especially for those with the intestinal subtype, further studies are needed to delineate their role.

Although DR was related to TB in our series, it was not an independent parameter for predicting survival, suggesting
that its value in determining GAC behavior merits further research.
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Within the context of our findings, despite the emergence of recent discoveries, we did not notice TILs to be a
significant predictive component in GAC. The present study suggested that the method employed for assessing TILs in
these tumors has certain limitations. However, it is essential to note that this does not diminish the importance of recent
research investigating various lymphocyte subtypes.

The relationships among TB, DR, and TILs in the tumor area observed in our study warrant further investigations with
a more extensive patient cohort to determine the role of a scoring system consisting of these three parameters in
determining the behavior of GC.
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Abstract

BACKGROUND
Short bowel syndrome (SBS) hospitalizations are often complicated with sepsis. There is a significant paucity of
data on adult SBS hospitalizations in the United States and across the globe.

AIM
To assess trends and outcomes of SBS hospitalizations complicated by sepsis in the United States.

METHODS

The National Inpatient Sample was utilized to identify all adult SBS hospitalizations between 2005-2014. The study
cohort was further divided based on the presence or absence of sepsis. Trends were identified, and hospitalization
characteristics and clinical outcomes were compared. Predictors of mortality for SBS hospitalizations complicated
with sepsis were assessed.

RESULTS

Of 247097 SBS hospitalizations, 21.7% were complicated by sepsis. Septic SBS hospitalizations had a rising trend of
hospitalizations from 20.8% in 2005 to 23.5% in 2014 (P trend < 0.0001). Compared to non-septic SBS hospitaliz-
ations, septic SBS hospitalizations had a higher proportion of males (32.8% vs 29.3%, P < 0.0001), patients in the 35-
49 (45.9% vs 42.5%, P < 0.0001) and 50-64 (32.1% vs 31.1%, P < 0.0001) age groups, and ethnic minorities, i.e., Blacks
(12.4% vs 11.3%, P < 0.0001) and Hispanics (6.7% vs 5.5%, P < 0.0001). Furthermore, septic SBS hospitalizations had
a higher proportion of patients with intestinal transplantation (0.33% vs 0.22%, P < 0.0001), inpatient mortality
(8.5% vs 1.4%, P < 0.0001), and mean length of stay (16.1 d vs 7.7 d, P < 0.0001) compared to the non-sepsis cohort.
A younger age, female gender, White race, and presence of comorbidities such as anemia and depression were
identified to be independent predictors of inpatient mortality for septic SBS hospitalizations.

CONCLUSION
Septic SBS hospitalizations had a rising trend between 2005-2014 and were associated with higher inpatient
mortality compared to non-septic SBS hospitalizations.
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Core Tip: Short bowel syndrome (SBS) is a well-known complication of small bowel surgical resection. Sepsis is a well-
documented complication of SBS, particularly in infants and children. However, there is limited data on adult SBS hospital-
izations complicated by sepsis in the United States. In this study, we noted that about one-fifth of SBS hospitalizations were
complicated by sepsis. There was a higher proportion of men, individuals in the 35-64 age group, and ethnic minorities
(Blacks and Hispanics) in the septic SBS cohort compared to the non-sepsis cohort. Septic SBS hospitalizations also had a
higher length of stay and inpatient mortality compared to the non-sepsis cohort. Furthermore, younger age, female gender,
White race, anemia, and depression were identified to be independent predictors of inpatient mortality for septic SBS hospit-
alizations.
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INTRODUCTION

Short bowel syndrome (SBS) is a well-known complication of surgical resection of the small bowel[1]. Nonsurgical causes
include inflammatory bowel disease, cancer of the intestine, or ischemic and hemorrhagic vascular diseases of the gut[1,
2]. Sepsis is a well-documented complication of SBS in infants and children, and these recurrent bloodstream infections
(BSI) have been associated with higher rates of childhood morbidity and mortality[3,4]. The primary pathophysiologic
mechanism implicated in the development of BSI is bacterial translocation from the gut to the bloodstream during enteral
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feeding in children with SBS[5].

Most patients with SBS derive their nutrition via parenteral routes using indwelling venous catheters. Hence, these
patients are at a greater-than-average risk of BSI from skin flora, especially if the indwelling catheter has been placed for a
prolonged duration[4]. Moreover, parenteral nutrition leads to the impairment of immunological barriers (altered inflam-
matory responses) and physical barriers (secondary to villous atrophy) which may increase the risk of small bowel
bacterial overgrowth (SBBO)[4,6].

SBS has established itself to be one of the strongest predictors of BSI in the pediatric population. However, there is a
significant paucity of data on adult SBS hospitalizations complicated by sepsis, both in the United States and across the
globe. Hence, this study was designed to investigate trends, hospitalization characteristics, predictors, racial disparities of
Elixhauser co-morbidities, and gender disparities of Elixhauser co-morbidities for septic SBS hospitalizations in the
United States. Furthermore, we also performed a comparative analysis for trends, hospitalization characteristics, and
predictors between septic SBS and non-septic SBS hospitalizations.

MATERIALS AND METHODS

Data source

The National Inpatient Sample (NIS) is the largest, publicly available, multi-ethnic, all-payer inpatient database which is a
part of the healthcare cost and utilization project (HCUP)[7,8]. HCUP is a family of healthcare databases and related
software tools developed through a unique Federal-State-Industry partnership and sponsored by the Agency for
Healthcare Research and Quality[9]. The NIS, when weighted, estimates more than 35 million hospitalizations nationally
[7]. HCUP databases are limited data sets, which can be used to generate United States regional and national estimates[7].

Study population, design, and outcomes

We used the International Classification of Diseases, Clinical Modification (ICD-9-CM) codes to identify all adults (> 18
years of age) with SBS from the NIS database for the 2005-2014 period. The precedence of utilization of ICD-9-CM codes
for SBS hospitalizations has already been established in previous studies[10,11]. Individuals < 18 years of age were
excluded from the analysis. This study population was further divided based on the presence and absence of sepsis using
the Clinical Classification Software diagnosis code “2”, which has been used previously in multiple NIS-based studies[12,
13]. We then compared hospitalization characteristics (age, race, and gender), hospital-level characteristics (bed size,
location, and admission type), and clinical outcomes [length of stay (LOS), all-cause inpatient mortality, and disposition
status] between septic and non-septic SBS hospitalizations. Furthermore, the rates of comorbidities were calculated using
Elixhauser Comorbidity Index codes provided by HCUP[14].

Statistical analysis

Statistical Analysis Software 9.3 (SAS Institute, Cary, NC, United States) was used for univariate and multivariate
analyses. We used weighted values provided by HCUP to produce nationally representative estimates for all variables
[15]. Categorical variables like gender, race, and comorbidities were compared using the Chi-squared (y?) test, and
continuous variables like age and LOS were compared using the Wilcoxon rank-sum test. We also created a multivariate
logistic regression model to determine predictors of inpatient mortality for SBS hospitalizations complicated by sepsis. P
value < 0.05 was considered statistically significant.

Ethical considerations
A review by our institutional review board was not required as the NIS database is Health Insurance Portability and
Accountability Act protected and does not contain identifiable patient and hospital-level data[10].

RESULTS

Trends of septic SBS hospitalizations

Between 2005-2014, there were 247097 adult SBS hospitalizations in the United States. Of these, 53550 (21.7%) were
complicated by sepsis. We noted a rising trend of SBS hospitalizations complicated by sepsis from 20.8% in 2005 to 23.5%
in 2014 (P < 0.0001) (Table 1).

Hospitalization characteristics and clinical outcomes

Compared to non-septic SBS hospitalizations, septic SBS hospitalizations had a higher proportion of males (32.8% vs
29.3%, P < 0.0001), and patients in the 35-49 (45.9% vs 42.5%, P < 0.0001), and 50-64 (32.1% vs 31.1%, P < 0.0001) age
groups. However, within the septic SBS cohort, a female predominance was noted (Table 2).

Racial disparities were also prevalent as we noted a higher proportion of ethnic minorities such as Blacks (12.4% vs
11.3%, P < 0.0001) and Hispanics (6.7% vs 5.5%, P < 0.0001) in the septic SBS cohort, while there was a higher proportion
of Whites (80.0% vs 77.3%, P < 0.0001) in the non-septic cohort (Table 2).

From a hospital perspective, large (69.4% vs 64.6%, P < 0.0001), urban teaching (57.3% vs 51.8%, P < 0.0001) hospitals
had a higher proportion of septic SBS hospitalizations compared to the non-septic cohort. Furthermore, there was a
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Table 1 Trends for short bowel syndrome hospitalizations and septic short bowel syndrome hospitalizations in the United States from

2005-2014

Years Short bowel syndrome Septic short bowel syndrome % of sepsis in short bowel syndrome
hospitalizations hospitalizations hospitalizations
2005 4199 20198 20.8
2006 3908 20206 19.3
2007 4083 20206 202
2008 5762 26411 21.8
2009 5869 25810 227
2010 5640 25423 222
2011 5805 27647 21.0
2012 5780 27015 21.4
2013 6105 26900 227
2014 6400 27280 235
Total 53550 247097 21.7

higher proportion of emergent or urgent (19.3 vs 18.9%, P < 0.0001) septic SBS hospitalizations compared to the non-septic
SBS cohort (Table 2).

The all-cause inpatient mortality was significantly higher for septic SBS hospitalizations (8.5% vs 1.4%, P < 0.0001)
compared to the non-sepsis cohort. Additionally, we noted a longer mean LOS for septic SBS hospitalizations (16.1 d + 0.4
dwvs7.7d+0.1d, P<0.0001) compared to the non-septic cohort (Table 2).

Predictors of inpatient mortality for septic SBS hospitalizations

For septic SBS hospitalizations, the 18-44 age group had a 5.85 times higher risk of inpatient mortality compared to the >
85 age group [odds ratio (OR): 5.85; 95% confidence interval (95%CI): 3.95-8.66, P < 0.0001; Table 3]. Hence, the risk of
inpatient mortality decreased with increasing age. Additionally, women had a higher risk of inpatient mortality as
compared to men (OR: 1.18; 95%CI: 1.02-1.38, P = 0.03). Race was also identified to be an independent predictor of all-
cause inpatient mortality. Whites were noted to have a higher mortality risk (OR: 1.65; 95%CI: 1.17-2.33, P = 0.005)
compared to other races. Furthermore, the presence of comorbidities such as deficiency anemias and depression were
associated with a significantly higher risk of inpatient mortality for septic SBS hospitalizations (Table 3).

Intestinal transplantation and septic SBS hospitalizations

We noted a higher proportion of patients who had transplant of the intestine (TOI) for septic SBS hospitalizations (0.33%
vs 0.22%, P < 0.0001) compared to the non-septic cohort (Table 1). However, due to limitations of the NIS database, we
were unable to ascertain whether these hospitalizations took place within a year of undergoing TOI or later.

Racial disparities in exhauster comorbidities for septic SBS hospitalizations

A significantly higher proportion of septic SBS hospitalizations for Whites had comorbidities such as congestive heart
failure, chronic pulmonary diseases, hypothyroidism, depression, and other psychiatric disorders (Table 4). Meanwhile,
Blacks had significantly higher rates of comorbidities such as deficiency anemias, drug abuse, hypertension, obesity, and
renal failure. Furthermore, Hispanics had the highest rates of comorbidities like coagulopathy, uncomplicated diabetes,
and liver disease (Table 4).

Gender disparities in exhauster comorbidities for septic SBS hospitalizations

Septic SBS hospitalizations for women were noted to have higher rates of comorbidities such as deficiency anemias,
depression, rheumatic disorders, chronic pulmonary disease, hypothyroidism, and obesity; however, men had higher
rates of diabetes, drug abuse, liver disease, and renal failure (Table 5).

DISCUSSION

After surgical resection of the bowel in adults, there is a significant alteration of the nutritional, fluid, and electrolyte
homeostasis, along with significant changes in the gut microbiome. These changes may lead to malabsorptive diarrhea,
micronutrient deficiency, malnutrition, and SBBO[16]. Disruption of the intestinal microbiome seen in patients with SBBO
impacts the production of antimicrobial peptides and immunomodulatory cells[17]. Furthermore, commensal bacteria
dysbiosis may disrupt intestinal permeability leading to bacterial translocation in surrounding areas, thereby increasing
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Table 2 Baseline hospitalization characteristics and clinical outcomes for septic and non-septic short bowel syndrome hospitalizations

in the United States from 2005-2014

Non-septic short bowel syndrome Septic short bowel syndrome

Variable o % ool % P value
hospitalizations hospitalizations

Number of obs. (1) 193547 78.30 53550 21.70

Age, yr (mean+SE)  58.0+0.3 - 57.9+0.2 -

Age, yr <0.0001

18-34 41979 21.70 10000 18.70

35-49 82308 42.50 24561 45.90

50-64 60113 31.10 17333 32.40

265 9149 4.70 1655 3.10

Gender < 0.0001

Male 56601 29.30 17545 32.80

Female 136916 70.80 36005 67.20

Race <0.0001

White 130004 80.00 35660 77.30

Black 18436 11.30 5730 12.40

Hispanic 8866 5.50 3091 6.70

Others 5274 3.20 1651 3.60

Hospital location <0.0001

Rural 22155 11.50 4576 8.60

Urban nonteaching 70692 36.70 18187 34.10

Urban teaching 99780 51.80 30509 57.30

Hospital bed size < 0.0001

Small 22978 11.90 5107 9.60

Medium 45289 23.50 11219 21.10

Large 124360 64.60 36946 69.40

Admission type 0.0100

Elective 157070 81.20 43201 80.70

Emergent or Urgent 36477 18.90 10349 19.30

Intestinal Transplant 430 0.22 178 0.33 <0.0001

Disposition status <0.0001

Home 156802 81.10 34439 64.40

Facility 33898 17.50 14497 27.10

Inpatient mortality 2724 1.40 4537 8.50 <0.0001

LOS, d (mean # SE) 7.7+0.1 - 16.1+04 - <0.0001

LOS: Length of stay.

the risk of sepsis[17]. Despite known alteration of the intestine, current literature lacks data to support the routine use of
antibiotics in SBS patients to prevent inflammatory gut changes[16]. Management for these patients is primarily focused
on nutrition. However, patients with SBS who rely on parenteral nutrition are at increased risk of sepsis from catheter-
associated infections, leading to increased hospitalizations[16]. This finding was highlighted in our study as we noted a
rising trend of septic SBS hospitalizations from 20.8% in 2005 to 23.5% in 2014.

The utilization of prebiotics, probiotics, or antibiotics in SBS patients is controversial[16]. Intestinal transplantation is
indicated in SBS patients with recurrent sepsis or those who are unable to receive total parenteral nutrition due to end-
stage liver disease or end-stage loss of venous access[18]. Intestinal transplant significantly improves intestinal transit

aﬁs@’ WIGP | https://www.wjgnet.com 5 April 22,2024 | Volume15 | Issuel |



Dabhiya DS et al. Sepsis during short bowel syndrome hospitalizations

Table 3 Predictors of mortality for septic short bowel syndrome hospitalizations in the United States from 2005-2014

Characteristics/co-morbidities Odds ratio (95% confidence interval) P value
Age (yr)

18-44 5.85 (3.95-8.66) <0.0001
45-64 3.30 (2.37-4.59) <0.0001
65-84 1.75 (1.27-2.41) 0.001
>85 Reference

Gender

Male Reference

Female 1.18 (1.02-1.38) 0.030
Race

White 1.65 (1.17-2.33) 0.005
Black 1.28 (0.86-1.90) 0.220
Hispanic 1.22 (0.79-1.88) 0.360
Others Reference

Hospital bed size

Small 1.16 (0.90-1.51) 0.250
Medium 1.10 (0.92-1.31) 0.320
Large Reference

Hospital type

Rural 1.05 (0.79-1.38) 0.360
Urban non-teaching 0.94 (0.80-1.10) 0.420
Teaching Reference

Median household income

Quartile 1 Reference

Quartile 2 0.96 (0.78-1.18) 0.690
Quartile 3 1.03 (0.83-1.27) 0.800
Quartile 4 1.18 (0.94-1.47) 0.150

Co-morbidities

Deficiency anemias 1.58 (1.35-1.85) <0.0001
Rheumatic disorders 1.20 (0.80-1.79) 0.380
Depression 1.66 (1.30-2.13) <0.0001
Drug abuse 1.51 (0.95-2.40) 0.090
Hypertension 1.16 (0.98-1.36) 0.080
Hypothyroidism 1.06 (0.83-1.34) 0.650
Lymphoma 2.48 (0.99-6.21) 0.050
Valvular disease 1.02 (0.73-1.41) 0.920

time, peristalsis, and the absorptive functions of the gut[19]. However, like any transplant, post-operative care for these
patients requires lifelong immunosuppression, which imminently increases the risk for subsequent infections and sepsis.
Expectedly, in our study, we noted a higher proportion of patients who had TOI in septic SBS hospitalizations compared
to the non-sepsis cohort (Table 1).

Traditionally, sepsis tends to affect the elderly. However, a multicenter longitudinal cohort study in California from
2008-2015 noted that the highest overall increase in rates of sepsis and severe sepsis were for patients 18-44 years of age
[20]. Although there were higher incidence rates of sepsis in the elderly, there was a notable increase in the relative risk of
sepsis among young adults[20]. This was consistent with the findings in our study. In the septic SBS cohort, the 35-49 age
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Table 4 Racial distribution of Elixhauser co-morbidities for septic short bowel syndrome hospitalizations in the United States from

2005-2014

Elixhauser co-morbidity Whites Blacks Hispanics Others P value
Acquired immunodeficiency syndrome 0.0 1.0 0.3 0.0 <0.0001
Alcohol abuse 1.6 24 0.8 14 <0.0001
Deficiency anemias 38.8 49.0 454 37.6 <0.0001
Rheumatic disorders 4.3 4.1 2.9 4.0 0.0040
Chronic blood loss anemia 2.1 2.1 2.3 3.2 0.0200
Congestive heart failure 11.2 10.8 8.6 9.8 <0.0001
Chronic pulmonary disease 19.7 14.6 10.6 184 <0.0001
Coagulopathy 15.4 16.9 191 16.9 <0.0001
Depression 18.0 10.9 14.2 115 <0.0001
Uncomplicated diabetes 114 144 17.7 17.0 <0.0001
Diabetes with chronic complications 2.8 5.8 54 5.0 <0.0001
Drug abuse 4.8 6.6 4.4 5.0 <0.0001
Hypertension 324 42.5 34.5 34.6 <0.0001
Hypothyroidism 13.5 10.4 8.8 8.6 <0.0001
Liver disease 5.8 7.0 9.9 6.9 <0.0001
Lymphoma 11 11 12 0.9 0.7500
Fluid and electrolyte disorders 57.5 62.5 61.2 58.2 <0.0001
Metastatic cancer 45 44 52 8.6 <0.0001
Neurological disorders 8.8 8.3 6.7 7.9 0.001
Obesity 5.6 6.3 5.7 6.9 0.0300
Paralysis 2.3 313 42 49 <0.0001
Peripheral vascular disorders 6.8 7.4 7.0 6.5 0.4300
Psychiatric disorder 6.1 85 5.6 41 0.0030
Pulmonary circulation disorders 4.0 515 2.3 34 <0.0001
Renal failure 21.2 30.7 16.7 18.8 <0.0001
Solid tumor without metastasis 2.6 2.8 2.9 52 <0.0001
Peptic ulcer disease excluding bleeding 0.1 0.1 0.1 0.0 0.3400
Valvular disease 52 48 3.8 B3 0.0050
Weight loss 404 40.9 39.3 47.9 <0.0001

group had the highest proportion of patients, while the > 65 age group had the lowest proportion of patients (Table 2). On
comparative analysis, septic SBS hospitalizations had a higher proportion of patients between the ages of 35-64 compared
to the non-septic cohort. The exact reasons for the higher hospitalization rates of septic SBS younger patients are currently
unknown, but may, in part, be due to a greater degree of awareness of sepsis in this subset population prompting them to
seek immediate care or due to complications from comorbidities not previously common in this age group[20].
Nonetheless, additional prospective studies are needed to further investigate these findings.

A prospective observational cohort study of critically ill patients from 2011-2014 showed similar rates of sepsis and
mortality between men and women[21]. However, there was a greater degree of endothelial cell activation in young
women compared to men[21]. Increased gut permeability, often seen in patients with SBS, coupled with increased
endothelial disruption of the vasculature may lead to the transportation of antigens and commensal gut microbiota from
the intestine to the blood, making females even more prone to sepsis[22]. The findings of our study aligned with this
current literature as females made up more than two-thirds of the total septic SBS hospitalizations in the United States.

The study by Siddiqui et al[2] reported that Whites made up 78% of all SBS hospitalizations in the United States. We
report similar findings as septic SBS hospitalizations had a higher proportion of Whites (77.3%) compared to other ethnic
minorities such as Blacks or Hispanics (Table 2). However, on comparative analysis, septic SBS hospitalizations had a
higher proportion of Blacks (12.4% vs 11.3%, P < 0.0001) and Hispanics (6.7% vs 5.5%, P < 0.0001) compared to the non-
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Table 5 Gender distribution of elixhauser co-morbidities for septic short bowel syndrome hospitalizations in the United States from

2005-2014

Elixhauser co-morbidity Male Female Pvalue
Acquired immunodeficiency syndrome 03 0.1 <0.0001
Alcohol abuse 2.9 1.0 <0.0001
Deficiency anemias 36.8 39.7 <0.0001
Rheumatic disorders 2.0 5.1 <0.0001
Chronic blood loss anemia 1.9 2.1 0.0800
Congestive heart failure 10.7 10.8 0.9000
Chronic pulmonary disease 16.7 19.0 <0.0001
Coagulopathy 16.8 15.0 <0.0001
Depression 124 18.1 <0.0001
Uncomplicated diabetes 12.6 11.6 0.0010
Diabetes with chronic complications 3.9 2.7 <0.0001
Drug abuse 5.1 45 0.0010
Hypertension 33.6 321 0.0010
Hypothyroidism 6.0 14.9 <0.0001
Liver disease 7.4 5.3 <0.0001
Lymphoma 14 0.9 <0.0001
Fluid and electrolyte disorders 56.6 57.9 0.0030
Metastatic cancer 49 44 0.0020
Neurological disorders 7.0 8.8 <0.0001
Obesity 3.8 6.4 <0.0001
Paralysis B85 2.1 <0.0001
Peripheral vascular disorders 8.1 5.9 <0.0001
Psychiatric disorder 47 6.3 < 0.0001
Pulmonary circulation disorders 42 3.8 0.0400
Renal failure 26.3 188 <0.0001
Solid tumor without metastasis 2.6 2.7 0.5900
Peptic ulcer disease excluding bleeding 0.0 0.1 <0.0001
Valvular disease 5.2 47 0.0100
Weight loss 39.1 409 <0.0001

septic cohort. This may, in part, be due to lack of healthcare facilities, and awareness about SBS among ethnic minorities
leading to a progression of their disease and further complications by sepsis. Hence, we advocate for the need for urgent
interventions to improve healthcare access, increase awareness about sepsis in SBS, and improve outpatient follow-up for
these high-risk populations.

The all-cause inpatient mortality for SBS hospitalizations was found to be 1.4%. However, when these hospitalizations
were complicated by sepsis, the all-cause inpatient mortality increased to 8.5%. This was in line with current literature
which reports increased inpatient mortality for septic SBS hospitalizations[2]. Moreover, the presence of a greater number
of comorbidities is also associated with higher rates of mortality in patients with sepsis[23]. A cohort study evaluating
adult sepsis survivors identified age, sex, race, severe comorbidities, and site of initial infection to be long-term risk
factors for mortality[24]. Similarly, in our study, independent risk factors that increased inpatient mortality for septic SBS
hospitalizations are as follows.

Age

In our study, the risk of inpatient mortality was almost six times higher in the 18-44 age group compared to individuals >
85 years of age. In 2013, a Quality and Cost of Primary Care study reported that younger patients were more likely to visit
a healthcare provider for both mental and physical health conditions compared to the elderly population[25]. The
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increased health awareness, highly accurate provider evaluation in younger adults without non-specific baseline
symptoms, and presence of additional comorbidities which were previously not common in this age group may have led
to increased diagnosis and associated inpatient mortality.

Gender

In 2011, a prospective clinical trial of intensive care unit patients reported that females with sepsis had higher mortality
rates than males with sepsis[26]. Another study by Wilcox et al[27] noted similar gender outcomes. Similarly, in our
study, septic SBS female patients had higher rates of all-cause inpatient mortality compared to males. Furthermore, we
noted higher rates of deficiency anemias and depression in females compared to males, which was also independently
associated with higher mortality rates in septic SBS hospitalizations.

Race

We noted that White septic SBS hospitalizations had a 1.65 times greater risk of inpatient mortality compared to other
races. A study of Caucasians with acute respiratory distress syndrome (ARDS) secondary to pneumonia evaluated the
FER rs4957796 TT genotype as a means of determining 90-d mortality risk[28]. Although this study specifically assessed
ARDS patients and their survival in the setting of pneumonia, interestingly the FER gene is known to play a key role in
the regulation of intestinal barrier function[29]. White septic SBS hospitalizations may have a higher mortality risk due to
the absence of FER protein which may exacerbate intestinal dysfunction and increase bacterial translocation into the
bloodstream leading to a greater severity of sepsis. However, additional prospective studies are needed to further vali-
date our findings.

Comorbidities

In our study, deficiency anemias and depression were found to coincide with significantly greater mortality risk in septic
SBS hospitalizations. Deficiency anemias are highly prevalent in SBS patients due to altered anatomy[30-33]. In septic SBS
hospitalizations, deficiency anemia can negatively impact the host’s defense and immunomodulatory response, incr-
easing the severity of sepsis and overall mortality risk. Furthermore, severe depression has a known association with
increased BSI, leading to sepsis and higher mortality rates[34,35]. Depression ultimately leads to decreased immune
function and disruption of the brain-gut-microbiome axis, which may increase the host’s risk for sepsis and adverse
clinical outcomes.

Limitations

A key strength of this study is the study population which has been derived from one of the biggest, national, diverse,
multi-ethnic databases in the United States. Through our analysis over 10 years, we are able to provide meaningful infor-
mation on the trends of septic SBS hospitalizations. Furthermore, we also perform a unique comparative analysis between
septic and non-septic SBS hospitalizations and identify predictors of inpatient mortality for septic SBS hospitalizations to
give gastroenterologists real-world data on the patients at the highest risk of adverse clinical outcomes. However, we do
acknowledge all the limitations associated with our study. We were unable to perform a detailed analysis after the 2014
study period as the NIS changed from ICD-9-CM to ICD-10-CM coding at the beginning of October 1, 2015. Converting
ICD-9 to ICD-10 is an extremely challenging process as there are differences in the structure and granularity of codes.
Hence, it would be impossible to find the exact matches for the codes with a high level of confidence Additionally, the
NIS database lacks information on the time from hospitalization to diagnosis of sepsis, hospital course, treatment aspects,
inpatient procedures, and pharmacological aspects of management. Lastly, the NIS is an administrative database.
Therefore, the possibility of coding errors cannot be excluded. Despite these limitations, we believe that our study helps
fill the current knowledge gaps for SBS hospitalizations complicated by sepsis in the US as this entity has not been
studied extensively. We hope that the findings of our study can serve as a foundation for future prospective studies and
randomized controlled trials.

CONCLUSION

In conclusion, SBS is a well-known complication of surgical resection of the intestine. Due to their dependence on pare-
nteral nutrition using indwelling venous catheters, these patients are at increased risk of BSI and sepsis from bacterial
translocation from the gut to the bloodstream during enteral feeding. In the United States from 2005-2014, we noted a
rising trend of septic SBS hospitalizations with a significant female predominance. Compared to the non-septic cohort,
septic SBS hospitalizations had a higher proportion of patients with TOI, higher all-cause inpatient mortality, and longer
mean LOS. Independent predictors of mortality for septic SBS hospitalizations included White race, female gender,
younger age, and those with associated comorbidities such as deficiency anemias and depression.
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Abstract

BACKGROUND
Alpha-fetoprotein (AFP), a commonly used biomarker for hepatocellular car-
cinoma (HCC), is normal in up to one-third of patients.

AIM

To evaluate the diagnostic performance of des-gamma-carboxy-prothrombin
(DCP) alone and in combination with AFP.

METHODS
In this study, 202 patients with radiologically proven HCC were enrolled, and
their DCP and AFP levels were evaluated for their diagnostic performance.

RESULTS

The mean age of the enrolled patients was 58.5 years; 72.0% were male. DCP was
elevated in 86.6% (n = 175) of all patients, 100.0% (1 = 74) of patients with portal
vein thrombus, and 87.4% (n = 111) of patients with multicentric HCC. AFP was
elevated in 64.3% (n = 130) of all the patients, 74% (n = 55) of the patients with
portal vein thrombus, and 71.6% (1 = 91) of the patients with multicentric HCC (P
=0.030, 0.001, and 0.015, respectively). In tumors less than 2 cm in size (n = 46),
DCP was increased in 32 (69.5%) patients, and AFP was increased in 25 (54.3%)
patients (P = 0.801). There was good pairing between DCP and AFP for HCCs of 2
cm size or larger (P < 0.001); however, the pairing among tumors < 2 cm size was
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not significant (P = 0.210). In 69 of the patients (34.1%), only one of the tumor markers was positive; DCP was
elevated alone in 57/202 (28.2%) of all patients, and AFP alone was elevated in 12/202 (5.9%) of the patients. The
areas under receiver operating characteristic curves (AUROC) for tumors > 2 cm was 0.74 for DCP and 0.59 for
AFP; combining both markers resulted in an AUROC of 0.73. For tumors < 2 cm, the AUROC was 0.25 for DCP and
0.40 for AFP.

CONCLUSION
DCP, as an individual marker, had a better diagnostic performance in many cases of HCC. Hence, DCP may
replace AFP as the primary HCC biomarker.

Key Words: Des-gamma-carboxy prothrombin; Protein induced by vitamin K absence-1I; Cirrhosis; Alpha-fetoprotein;
Biomarkers; Hepatocellular carcinoma; Portal vein thrombus

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this prospective study, the performance of des-gamma-carboxy prothrombin (DCP) relative to alpha-fetoprotein
(AFP) was assessed in 202 patients diagnosed with hepatocellular carcinoma (HCC). DCP, when used as a standalone
marker, exhibited superior diagnostic performance compared to AFP. Combining both tumor markers increased the overall
detection rate of HCC, particularly in tumors less than 2 cm in length. Nevertheless, it is recommended that, if a single tumor
marker is used, DCP is preferred. The role of DCP as a screening biomarker should be incorporated into the HCC guidelines.

Citation: Qadeer MA, Abbas Z, Amjad S, Shahid B, Altaf A, Siyal M. Des-gamma-carboxy prothrombin and alpha-fetoprotein levels
as biomarkers for hepatocellular carcinoma and their correlation with radiological characteristics. World J Gastrointest Pathophysiol
2024; 15(1): 90893

URL: https://www.wjgnet.com/2150-5330/full/v15/i1/90893.htm

DOI: https://dx.doi.org/10.4291/wjgp.v15.i11.90893

INTRODUCTION

Hepatocellular carcinoma (HCC), the predominant liver malignancy, is the sixth most commonly diagnosed cancer[1].
Radiological modalities have been at the forefront of screening and diagnosing HCC, but tumor markers have also
contributed to its early detection[2]. Early detection of HCC not only dictates treatment modality but also influences
expected survival[3]. Tumor markers such as alpha-fetoprotein (AFP) and the protein induced by vitamin K absence-II
(PIVKA-II) also known as des-gamma-carboxy-prothrombin (DCP), if elevated beyond certain limits, can influence the
HCC recurrence rate after liver transplantation[4].

Various studies have noted the inadequacy of AFP for screening for HCC, with almost 40% of tumors flagged as non-
AFP-producing[5]. PIVKA II/DCP, an abnormal prothrombin precursor, has also been described as a potential screening
tool for liver cancer[6]. A large body of evidence supports that it has better sensitivity than AFP, with reported sensit-
ivities reaching up to 84%[7-9]. DCP has been shown to be effective not only for detecting HCC but also for predicting its
radiological and histological characteristics[9]. However, despite this supportive literature, conflicting data have also
been published that have limited the use of DCP in clinical practice. Hence, we evaluated the diagnostic performance of
DCP alone and in combination with AFP and analyzed its correlation with radiographic parameters such as size, lobe
involvement, and vascular invasion. The diagnostic performance of DCP for AFP-negative HCC was also analyzed.

MATERIALS AND METHODS

Patient data
A total of 202 patients with radiologically confirmed HCC were included in this prospective study at Dr. Ziauddin
University Hospital from January 2019 to March 2022. This study was approved by Dr. Ziauddin University’s ethical
review board. Informed consent was obtained from all the participants following the ethical standards of the 1964
Helsinki Declaration.

HCC was diagnosed based on the Liver Imaging Reporting and Data System v2017. Liver lesions falling within the
LIRAD-V were considered acceptable for inclusion in this study. Patients aged less than 18 years with a history of HCC
treatment, use of vitamin K antagonists, or obstructive jaundice were excluded.

Analysis of PIVKA and AFP
The ARCHITECT PIVKA-II assay3C10 (Abbott Laboratories, IL, United States) using chemiluminescent technology was
used for the quantification of PIVKA-II. DCP was considered normal if the value fell below 46 mAU/mL. The AFP
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concentration was analyzed using an ARCHITECT AFP 3P36 (Abbott Laboratories, IL, United States) kit, which uses a
two-step immunoassay for quantitative measurement. AFP was considered normal if the value was less than 8.78 ng/mL.

Statistical analysis

SPSS version 26 was used for the statistical analysis. For all dichotomous variables, the data are summarized as per-
centages. Categorical variables were compared using Fisher’s exact test. The Mann-Whitney U test was used for con-
tinuous variables. The McNemar test was used to assess the performance of the two tumor markers, and the areas under
receiver operating characteristic curves (AUROC) was also calculated.

RESULTS

A total of 202 HCC patients with a mean age of 58.5 years + 10.3 years were enrolled. Seventy-two percent (n = 146) of the
enrolled patients were male. The main causes of HCC were hepatitis C virus (HCV) in 51.0% (n = 103) and hepatitis B
virus (HBV) in 25% (n = 52), while non-alcoholic fatty liver disease (NAFLD) was diagnosed in 13.9% (n = 28) of patients.
A decompensated CLD was found in 77% (n = 157) of the patients. A total of 36.6% (n = 74) of the included patients had
portal vein thrombosis. A total of 22.8% (n = 46) of the HCCs were less than 2 cm in length. HCC was classified as
multicentric in 62.9% (n = 127) of patients. Satellite lesions were identified in 15.3% (n = 31) of the patients. A total of
63.9% (n =129) of the HCCs involved one lobe, while 36.1% (n = 73) had bilobar involvement (Table 1).

A total of 86.6% (n = 175) of the total HCC patients enrolled had elevated DCP levels (> 45 mAU/L), while 64.3% (n =
130) of the total patients had elevated AFP levels (> 10 ng/mL; P = 0.03). For small HCCs, less than 2 cm in size (n = 46),
the DCP was increased in 69.5% (n = 32) and the AFP was increased in 54.3% (n = 25; P = 0.801). Among a total of 127
patients with multicentric HCC, 87.4% (n = 111) had increased DCP, while 71.6% (n = 91) had increased AFP (P = 0.015).
Radiographic evidence of satellite lesions was observed in 31 patients, of which DCP and AFP were elevated in 87% (n =
27) and 54.8% (n =17; P = 0.835), respectively. Thrombi in the portal vein were observed in 74 patients; all had increased
DCP, and 74.3% (n = 55) had increased AFP (P < 0.001).

In patients with HCC caused by hepatitis C (n = 103), the DCP concentration increased by 92.2% (n = 95), while the
AFP concentration increased by 66.9% (n = 69; P = 0.009). Of the 52 HCC patients with underlying hepatitis B etiology,
76.9% (n = 40) had a positive DCP result, and 67.3% (n = 35) had a positive AFP result (P = 0.095). Among the 28 patients
with NAFLD and HCC, DCP was elevated in 82.1% (n = 23), and AFP was elevated in 57.1% (n = 16; P = 0.887).

Among the 202 patients, 58.4% had elevated both tumor marker levels (n = 118). In 34.1% (n = 69) of the patients, one of
the tumor markers was positive, and in 7.4% of the patients, both tumor markers were negative (1 = 15). In the group in
which one of the tumor biomarker markers was positive, DCP alone was elevated in 57 (28.2% of all patients), whereas
AFP alone was elevated in 12 (5.9%) patients. There was a strong pairing between DCP and AFP levels for HCCs of all
sizes (P < 0.001) and for HCCs of 2 cm or larger (P < 0.001), but the pairing was weaker for smaller HCCs (P = 0.210).

There was a correlation between the DCP and AFP according to Spearman’s correlation test (P < 0.001; Figure 1). ROC
plots were drawn to analyze the magnitude of the increase in DCP and AFP levels. For tumors larger than 2 cm in size,
the log10 values of DCP exceeded the log10 values of AFP, with areas under the curve of 0.74 and 0.59, respectively
(Figure 2). Combining the values of two markers to detect HCC did not improve diagnostic ability, with an AUROC of
0.739. For tumors less than 2 cm in length, the area under the curve for the log value of DCP was 0.250 vs 0.409 for AFP.
Therefore, DCP elevation may be modest in smaller localized tumors, although it crossed the positivity threshold in more
patients than did AFP elevation.

DISCUSSION

HCC, a leading liver cancer, not only has a considerable mortality rate but also imposes an enormous economic burden[1,
10]. The false-negative rate of AFP, the most widely used tumor marker for HCC, is 30%-40%, motivating researchers to
discover a more potent tumor marker with better diagnostic performance[11-13].

In this study, we examined the performance of DCP compared to AFP and correlated the values with radiological
features. Our study showed that DCP performed better as a single marker than AFP for detecting HCC, but the com-
bination of both markers did not improve the diagnostic capability. These observations agree with those reported by Xing
et al[14], who showed that DCP was superior to AFP regardless of primary tumor size and underlying etiology, and the
combination of the two markers resulted in increased sensitivity but decreased specificity, resulting in a decrease in
overall diagnostic power[14,15].

Consistent with previous data from Pakistan, HCV appears to be a major cause of HCC development[16]. A subgroup
analysis showed that DCP performed better in the HCV group. Similar findings were made in a Chinese study by Liu et al
[17]. A statistically significant difference was not found between the two tumor markers in the HBV group in our study,
possibly due to the small sample size, but DCP was still able to outcompete AFP in terms of diagnostic performance
because of its detectability in a larger number of HCC patients. Several studies conducted to date on patients with HBV
have shown that DCP alone and in combination with AFP yield better results than AFP alone[7,18].

It has been reported that DCP, when elevated, acts as a predictor of microvascular invasion, even in the absence of
radiological evidence[9,19]. Although we did not assess microvascular invasion histologically, we did evaluate the
diagnostic ability of these two markers for tumor portal vein thrombosis (PVT). Interestingly, our findings showed that
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Table 1 Characteristics of study patients

Variables Values
Age (yr) 58.5+10.3
Gender: Males 146 (72.3)
Etiology

HCV 103 (51.0)
HBV 52 (25.7)
Alcohol 8 (4.0)
NAFLD 28 (13.9)
Autoimmune liver disease 7 (3.5)
Cryptogenic 9 (4.5)

Lab parameters

Hemoglobin (g/dL) 11.3+21
White dell count (x 10°/L) 83+55
Platelets (x 10°/L) 148.0 +102.0
Total bilirubin (mg/dL) 33+5.6
Alanine aminotransferase (IU/L) 63.9+51.4
Aspartate aminotransferase (IU/L) 113.0 £206.0
Alkaline phosphatase (IU/L) 203.0 +227.0
International normalization ratio 1.3+04

Tumor parameters

HCC size 2 cm or more 156 (77.2)

HCC less than 2 cm 46 (22.8)

Portal vein thrombus 74 (36.6)

Unilobed 129 (63.9)

Bilobed 73 (36.1)

Satellite lesions 31 (15.3)
Multicentric tumor 127 (62.9)
Des-gamma carboxyprothrombin (mAU/L) 669.4 (16.7-300000.0)
Alpha-fetoprotein (ng/mL) 32 (1-20000)

Values are mean + SD or 1 (%).
HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular carcinoma.

DCP was elevated in all subjects with portal vein thrombus. Similar results were reported by Xu et al[20]. In their study,
all 65 participants with PVT had elevated DCP levels.

Since patients with small HCCs (< 2 cm) have a good prognosis, it is important to detect them early in the disease
course[3]. Interestingly, although a greater percentage of small HCC lesions exceeded the positivity threshold for DCP,
the log values of AFP were much greater. The McNemar test did not reveal good agreement between the two markers,
underscoring the value of testing both tumor markers in patients with small HCC. Data from other studies also have
similar conclusions regarding sensitivity[21].

The GALAD scoring system, which consists of these two tumor markers in addition to sex, age, and AFP-L3, has been
proposed and validated for determining the risk of HCC[22,23]. We did not test for AFP-L3. Recent studies have shown
that sex, age, AFP, and DCP combination, the “GAAD” score, can be used to predict the presence of HCC effectively
when the value is greater than 2.57[24]. AFP and DCP (PIVKA II) assays were performed on the Elecsys platform with an
AFP cutoff of 20 ng/mL and a PIVKA II cutoff of 28.4 ng/mL. We used a cutoff AFP of 10 ng/mL to increase the sen-
sitivity, and a cutoff DCP of 45.0 mAU/mL was used. As our assays were performed on the Architect platform,
calculation, and implementation of GAAD scoring were not possible.
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Figure 1 Correlation of Des-gamma-carboxy prothrombin (DCP) and alpha fetoprotein in hepatocellular carcinoma patients using
Spearman’s rank correlation analysis. P < 0.001. AFP: Alpha fetoprotein; PIVKA: protein induced by vitamin K absence-Il also known as DCP.
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Figure 2 Receiver operating characteristic curve. A and B: Receiver operating characteristic curve comparing the values of two hepatocellular carcinoma
biomarkers, des-gamma-carboxy-prothrombin, and alpha fetoprotein alone (A) or in combination (B) in a tumour size of 2 cm or more. Pivka: Protein induced by
vitamin K absence-Il [same as des-gamma-carboxy-prothrombin (DCP)]; afp: Alpha fetoprotein; combined: Combining DCP and AFP.

This study has several notable strengths that are worth acknowledging. First, our research, which focused on the effect-
iveness of DCP and AFP as biomarkers for HCC, is relevant and significant, given the increasing incidence of this cancer
globally. Second, we employed rigorous statistical analyses, such as McNemar’s test and AUROC analysis, to evaluate the
correlation between DCP and AFP levels in patients with HCC. Third, the study illustrates the complementarity of DCP
and AFP as biomarkers for diagnosing HCC in patients with a tumor diameter of less than 2 cm. Fourth, the study
contributes to the mounting evidence supporting the use of DCP and AFP as biomarkers for HCC, which could result in
better patient outcomes through earlier detection and treatment. Finally, the study offers valuable insights into the
potential use of DCP as a biomarker for patients with HCC with portal vein thrombosis, which may guide future research
in this field.

The current study has some limitations that must be considered when interpreting the results. First, the sample size
was relatively small, and the study was conducted in a single center, which may limit the generalizability of the findings
to other populations. Second, the cross-sectional design of the study makes it difficult to establish a causal relationship
between DCP and AFP levels and the development of HCC. Additionally, the lack of a control group limits the ability to
compare the results to individuals without HCC or other liver diseases. Finally, due to the small sample size, there was
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limited statistical power to obtain statistically significant differences in DCP and AFP levels for tumors smaller than 2 cm,
which may limit the generalizability of the results to individuals with early-stage HCC. Overall, these limitations must be
taken into consideration when interpreting the findings of this study.

CONCLUSION

According to the results of our study, DCP was found to be a better biomarker than AFP for HCC detection, especially in
patients with portal vein thrombosis. DCP, as an individual marker, performed better in many categories of HCC. Hence,
DCP may replace AFP as the primary HCC biomarker. The findings also suggest that DCP and AFP may have comple-
mentary roles in the diagnosis of small HCC, and the combination of both markers could be considered for early de-
tection of HCC, highlighting the importance of utilizing multiple biomarkers in the diagnosis of small HCC, as relying on
a single biomarker may not be sufficient. The role of DCP as a screening biomarker should be incorporated into the HCC
guidelines.
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Abstract

BACKGROUND

Nonalcoholic fatty liver disease (NAFLD) includes a spectrum of conditions,
progressing from mild steatosis to advanced fibrosis. Sarcopenia, characterized by
decreased muscle strength and mass, shares common pathophysiological traits
with NAFLD. An association exists between sarcopenia and increased NAFLD
prevalence. However, data on the prevalence of sarcopenia in NAFLD and its
impact on the outcomes of NAFLD remain inconsistent.

AIM
To analyze the prevalence and outcomes of sarcopenia in patients with NAFLD.

METHODS

We conducted a comprehensive search for relevant studies in MEDLINE, Embase,
and Scopus from their inception to June 2023. We included studies that focused on
patients with NAFLD, reported the prevalence of sarcopenia as the primary
outcome, and examined secondary outcomes, such as liver fibrosis and other
adverse events. We also used the Newcastle-Ottawa scale for quality assessment.

RESULTS
Of the 29 studies included, the prevalence of sarcopenia in NAFLD varied widely
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(1.6% to 63.0%), with 20 studies reporting a prevalence of more than 10.0%. Substantial heterogeneity was noted in
the measurement modalities for sarcopenia. Sarcopenia was associated with a higher risk of advanced fibrosis (odd
ratio: 1.97, 95% confidence interval: 1.44-2.70). Increased odds were consistently observed in fibrosis assessment
through biopsy, NAFLD fibrosis score/body mass index, aspartate aminotransferase to alanine aminotransferase
ratio, diabetes (BARD) score, and transient elastography, whereas the fibrosis-4 score showed no such association.
Sarcopenia in NAFLD was associated with a higher risk of steatohepatitis, insulin resistance, cardiovascular risks,
and mortality.

CONCLUSION

This systematic review highlights the critical need for standardized diagnostic criteria and measurement methods
for sarcopenia in NAFLD patients. The variability in study designs and assessment methods for sarcopenia and
liver fibrosis may account for the inconsistent findings. This review demonstrates the multidimensional impact of
sarcopenia on NAFLD, indicating its importance beyond liver-related events to include cardiovascular risks,
mortality, and metabolic complications.

Key Words: Non-alcoholic fatty liver disease; Sarcopenia; Hepatic fibrosis; Low muscle mass; Hand grip strength; Bioelectric
impedance analysis; Dual X-ray absorptiometry

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The prevalence of sarcopenia in nonalcoholic fatty liver disease (NAFLD) varies widely. Sarcopenia in NAFLD is
consistently associated with a higher risk of advanced fibrosis. In addition to liver-related events, sarcopenia in NAFLD is
associated with adverse outcomes, including an increased risk of nonalcoholic steatohepatitis, mortality, cardiovascular risks,
and metabolic complications. The heterogeneity in prevalence and associations highlights the importance of accurately
defining measurement modalities and cutoff criteria. Establishing consensus guidelines is crucial for advancing research and
enhancing clinical management in the complex relationship between sarcopenia and NAFLD.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) includes a spectrum of liver conditions, beginning with mild steatosis and
potentially advancing through steatohepatitis, fibrosis, and cirrhosis[1]. Sarcopenia, prevalent in aging populations, is
defined by a reduction in muscle strength and/or function, often evidenced by a decrease in muscle mass observed in
cross-sectional imaging[2]. Sarcopenic obesity is characterized by the concurrent presence of sarcopenia and increased fat
mass, typically measured by body mass index (BMI) or waist circumference[3]. Factors such as hyperammonemia,
endotoxemia, and endocrine disturbances, including insulin resistance and decreased testosterone levels, contribute to
the increased prevalence of sarcopenia in individuals with liver cirrhosis[4]. Several pathophysiological similarities exist
between NAFLD and sarcopenia, including insulin resistance, myostatin and adiponectin dysregulation, hormonal
imbalances, chronic inflammation, impaired glucose uptake, and myosteatosis[5,6].

Studies have reported an association of sarcopenia with a higher prevalence of NAFLD and more severe liver damage
in individuals with NAFLD. An increased fat mass in patients with NAFLD is associated with a higher incidence of
sarcopenic obesity. A meta-analysis of five cross-sectional studies involving 27804 patients identified an increased risk of
NAFLD in individuals with sarcopenia[7]. However, data regarding the prevalence of sarcopenia among patients with
NAFLD are inconsistent. Moreover, the effects of sarcopenia on the outcomes of patients with NAFLD remain unclear.
Thus, this systematic review aimed to analyze the prevalence and impact of sarcopenia in individuals with NAFLD.

MATERIALS AND METHODS

The current systematic review was conducted in accordance with the updated Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines[8].

Database search

We searched for relevant studies in MEDLINE, Embase, and Scopus from the inception of these databases until June 31,
2023, by using the following keywords: (NAFLD OR Fatty liver OR Steatotic liver disease OR MAFLD OR NASH) AND
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(Sarcopenia OR sarcopenic OR Muscle wasting). The titles and abstracts of the retrieved studies were screened by two
independent reviewers, who then assessed the full texts for eligibility before inclusion. Furthermore, the bibliographies of
the included studies were reviewed to identify additional relevant studies. Any disagreements between the two inde-
pendent reviewers were resolved by a third reviewer.

Study inclusion

Both prospective and retrospective studies that met the following criteria were included in this systematic review: (1)
Studies including patients with NAFLD as determined by serology, ultrasonography (USG), transient elastography (TE),
or magnetic resonance imaging (MRI); (2) Studies examining the prevalence of sarcopenia as the primary outcome; and
(3) Studies evaluating the effect of sarcopenia on the risk of liver fibrosis or other adverse outcomes as secondary
outcomes. Editorials, correspondences, case reports, case series, and review articles were excluded. Moreover, studies
with insufficient or irrelevant clinical data were excluded.

Data extraction and quality assessment

Two reviewers independently extracted the data, and a third reviewer resolved any disagreements. The extracted infor-
mation for each study included the title, first author, year of publication, country, number of patients, age and sex distri-
bution, BMI, prevalence of metabolic syndrome parameters, diagnostic method used for fatty liver diagnosis, assessment
method for sarcopenia, prevalence of sarcopenia, and the effect of sarcopenia on the outcomes of patients with NAFLD.
The quality of the included studies was assessed by two independent reviewers by using the Newcastle-Ottawa Scale for
cohort studies[9,10]. In case of a disagreement, a third reviewer was consulted.

RESULTS

Study characteristics and quality assessment

A total of 2134 records were identified using the predefined search strategy, with 29 studies ultimately included in the
systematic review. Figure 1 illustrates the PRISMA flowchart detailing the study selection and inclusion process. Table 1
presents the baseline characteristics and outcomes of the included studies. The majority of the studies were from Asia,
followed by North America. The mean age of participants in the included studies ranged from 41.9 to 67.8 years, and the
proportion of male participants varied from 19.5% to 89.8%. Only three studies included biopsy-proven NAFLD cases[11-
13], whereas the remaining studies used noninvasive methods for NAFLD diagnosis. Among the studies using noni-
nvasive modalities, four used serological tests[10,14-16], 16 used USG[17-32], two used MRI[33,34], and four used TE with
controlled attenuation parameters[35-38]. Bioimpedance analysis was the most common modality used for the assessment
of sarcopenia (16 studies)[11,12,17,18,20-23,28,30-37], followed by dual X-ray absorptiometry (DEXA; 7 studies)[10,19,14,
25,26,28,29], computed tomography (1 study)[13], hand-grip strength (1 study)[15], and MRI (1 study)[33]. Both the
studies by Wijarnpreecha et al[18] and Kim et al[23] analyzed the data from the third National Health and Nutrition
Examination Survey conducted from 1988 to 1994 but analyzed different outcomes. Six studies were of good quality[1-13,
30,35,37], 20 were of fair quality[10,14,15,17-23,24-29,31-34,38], and three were of poor quality[16,24,35].

Prevalence of sarcopenia in NAFLD

A total of 24 studies reported the prevalence of sarcopenia in NAFLD. The overall prevalence varied significantly, from
1.6% when determined using MRI[33] to 63.0% when assessed using DEXA[24]. Four studies reported a prevalence of less
than 10.0%[17,20,33,34], 14 reported a prevalence of 10.0%-30.0%[10,11,13,14,19,22,26-31,35,38], four reported a prevalence
of 30.0%-50.0%[12,14,33,38], and two reported a prevalence of more than 50.0%[24,36]. In studies using DEXA, the pre-
valence of sarcopenia ranged from 12.2% when using an appendicular skeletal muscle mass (ASM)/BMI (cutoff of 0.789
in men and 0.521 in women)[10] to 63.0% when using ASM/weight (cutoff of 29.0 in men and 22.9 in women[25]). In
studies using BIA, the prevalence of sarcopenia ranged from 4.4% by using a combination of ASM/weight, ASM/height?,
and ASM/BMI[34] to 54.8% using ASM/height? (cutoff of 7.0 in men and 5.7 in women)[32].

Risk of advanced fibrosis in NAFLD with sarcopenia

Ten studies examined the correlation between advanced fibrosis and sarcopenia in NAFLD[11-13,18,22,29,35,37]. The
combined analysis of these studies revealed that sarcopenia was associated with a higher risk of advanced fibrosis, with
an odds ratio (OR) of 1.97 [95% confidence interval (95%CI): 1.44-2.70; I? = 79.8%]. When considering individual
modalities for the assessment of fibrosis, including biopsy, NAFLD fibrosis scores/BMI, the ratio of aspartate aminotrans-
ferase to alanine aminotransferase, diabetes (NFS/BARD) scores, and TE, sarcopenia was consistently associated with an
increased risk of advanced fibrosis with ORs of 1.98 (95%ClI: 1.39-2.82; I> = 0.0%), 2.09 (95%CI: 1.55-2.81; I = 0.0%), and
3.71 (95%CI: 2.62-5.24; I* = 0.0%), respectively, indicating no heterogeneity (Figure 2). However, when using the fibrosis-4
(FIB-4) score, no association was observed between sarcopenia and advanced fibrosis with an OR of 1.38 (95%CI: 0.96-
1.99; I’ = 63.3%), indicating moderate heterogeneity.

Risk of other events in NAFLD with sarcopenia

Eight studies explored the outcome of NAFLD with sarcopenia in addition to the increased risk of advanced hepatic
fibrosis. Koo et al[11] reported a higher risk of nonalcoholic steatohepatitis (NASH) in NAFLD with sarcopenia (aOR: 2.59;
95%Cl: 1.22-5.48). Petta et al[12] reported that the prevalence of NASH was higher in the presence of sarcopenia (88.7% vs.
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Table 1 Baseline characteristics of the included studies showing the prevalence and outcome of sarcopenia in patients with non-alcoholic fatty liver disease

Age, in
Country, . . . I _ _— . Study
Ref. . Population and size male Comorbidities Definition of NAFLD Definition and prevalence of sarcopenia  Outcome )
study design . quality
sex, in
%
Lee et al[10], South Korea, Korean National Health and 55.8 + BMI: 25.8 + 3.1; MS: NAFLD liver fat score DEXA was used for the calculation of SI = Significant fibrosis was defined as FIB-4  Fair
2016 retrospective  Nutrition Examination Surveys 14.3,45% 81%; DM: 30% ASM/BMIL. Sarcopenia was defined using a >2.67. After adjusting for all covariates,
2008-2011, n = 2761 cut-off point of SI < 0.789 in men and < 0.521 in  a higher value of SI was associated with
women; 1 =337 (12.2%) a lower risk of significant fibrosis with
aOR: 0.67 (95%ClI: 0.49-0.91)
Koo et al[11], South Korea, Boramae NAFLD registry, n = 53.3 BMI: 27.4 £3.5; DM: = 5% macrovesicular BIA was used to calculate ASM, which was Among patients with NAFLD, Good
2017 prospective 240 14.3, 39.6%; HTN: 40.4%;  steatosis on liver biopsy divided by weight = ASM%. ASM% <29.0in  sarcopenia was associated with a higher
48.7% smoking: 22.5% men or <22.9 in women was considered as risk of NASH (aOR: 2.59; 95%CI: 1.22-
sarcopenia. n = 64 (26.7%) (21/117 in NAFLD  5.48). Sarcopenia was also associated
and 43/123 in NASH) with the presence of significant fibrosis
(F2-F4) on liver biopsy (aOR: 2.21;
95%CI: 1.10-4.44)
Petta et al[12], Italy, Consecutive patients with 483 + BMI: 30.3 £5.2, DM: = 5% macrovesicular BIA was used to calculate ASM, which was Sarcopenia was also associated with the ~ Good
2017 prospective NAFLD at a single center, n = 13.4, 45.3%; HTN: 32.9%;  steatosis on liver biopsy divided by weight x 100 = SMI. Sarcopenia presence of advanced fibrosis (F3-F4) on
225 62.7% obesity: 71.1% was defined as an SMI < 37 in males and <28  liver biopsy (aOR: 2.36; 95%CI: 1.16-
in females. n = 98 (43.6%) 4.77). The prevalence of NASH was
higher in the presence of sarcopenia
(88.7% vs 76.3% in nonsarcopenic cases,
P =0.01)
Kang et al[17], South Korea, Adults undergoing compre- 479 + BMI: 23.9 + 2.9; MS: Abdominal ultrasound’ BIA was used to calculate ASM, which was Advanced fibrosis was defined as NFS >  Fair
2019 retrospective  hensive health screening at a 11.6, 12.5%; DM: 5.9%; divided by weight = ASM/BW%; ASM/BW%  0.676 and FIB-4 > 2.670. Sarcopenia was
single center from 2010-2017, n  52.8% HTN: 11.6%; obesity: <29.0 in men or < 22.9 in women was also associated with the presence of
=10711 34.1% considered as sarcopenia; n = 615 (5.7%) advanced fibrosis (F3-F4) as defined by
NFS with aOR: 2.68 (95%ClI: 1.28-5.59),
but not using FIB-4 (aOR: 1.58, 95%ClI:
0.87-2.85)
Wijarnpreecha  United States, ~ Analysis of the third National ~ 45.4 + BMIL: 28.9 + 0.2% Abdominal ultrasound’ BIA was used to calculate ASM, which was Advanced fibrosis was defined as NFS >  Fair
et al[18], 2019 retrospective  Health and Nutrition 047, HTN: 31.6%; DM: divided by weight x 100 = SMI. Sarcopenia 0.676; sarcopenia was significantly
Examination Survey 50.4% 7.5% was defined as an SMI < 37 in males and <28  associated with advanced fibrosis (aOR:
(NHANES), conducted from in females; n = 2023 (48.3%) 2.39, 95%CTI: 1.50-3.84)
1988 to 1994, n = 4188
Gan et al[19], China, Lanxi cohort, a community- EB.2 s BML: 25.9 + 2.9; MS: Abdominal ultrasound’ DEXA was used for the calculation of SMI = - Fair
2020 prospective based prospective cohort with ~ 11.5, 59.5%; DM: 12.9%; total appendicular lean mass (ALM)/weight.
a focus on obesity-related 32.9% HTN: 48.1% The cut-off points for sarcopenia were 28.64%
diseases, n = 1088 for men and 24.12% for women; n = 246
(22.6%)
Golabi et al[14], United State, ~ Analysis of the National Health 50.7 + BML: 32.5 + 0.3 Fatty liver index (FLI) 230 DEXA was used to calculate SI = ASM/BMI. Sarcopenia was an independent Fair
2020 retrospective  and Nutrition Examination 0.7, obesity: 60.6%; HTN: based on age, Sarcopenia was defined using a cut-off point of ~predictor of mortality in NAFLD with
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Hsieh et al[13],
2021

Kang et al[15],
2020

Park et al[20],
2020

Seo et al[21],
2020

Kang et al[22],
2021

Kim et al[23],
2021

Lee et al[24],
2021
Lee et al[25],

2021

Linge et al[33],
2021

Taiwan,
prospective

South Korea,
retrospective

South Korea,
retrospective

South Korea,
retrospective

South Korea,
retrospective

United States,
retrospective

South Korea,
retrospective

South Korea,
retrospective

United
Kingdom,
retrospective

Survey (NHANES), from 1999
to 2004, n = 1351

Boramae NAFLD cohort, n =
521

Korean National Health and
Nutrition Examination Surveys
2014-2016 with age 35-65 yr, n
=2092

Patients attending annual
health examination at a single
center, n = 747

Seoul Metabolic Syndrome
Cohort, n =1278

Patients undergoing carotid
ultrasound at a single center, 1
=683

Analysis of the third National
Health and Nutrition
Examination Survey
(NHANES), conducted from
1988 t0 1994, n = 3773

Gangnam Severance Hospital
Check-up (GSHC) dataset from
2016 to 2019, n = 4168

Korean Genome and
Epidemiology Study on
Atherosclerosis Risk of Rural
Areas in the Korean General
Population data, n = 320

Participants of United
Kingdom Biobank study, aged
40-69 yr at recruitment in 2006-
2010, n = 1204
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60.0%

520+
15.0,
50.9%

45.6 £
0.25,
42.4%

489 +
10.8,
68.1%

55.8 +
108,
53.6%

491+
10.0,
86.1%

455+
0.45%,
50.5%

512+
11.5,
65.5%

65.7
7.6,
63.6%

629 +
74,
53.5%

68.4%; MS: 63.9%;
DM: 20.7%

BMI: 27.8 £ 3.8, DM:
39.3%; HTN: 42.4%

BML: 23.8 + 0.0%; DM:
10.7%; HTN: 24.1%;
obesity: 33.6%

BMI: 249 +£3.1

BMI: 26.5 + 3.3; DM:
100%

BMI: 26.4 £ 2.6, DM:
15.2%; obesity: 67.0%;
HTN: 29.1%; MS:
43.6%

BMI: 29.0 + 0.23%
DM: 12.1%; HTN:
30.9%

BMI: 26.1 £3.5

BMI: 26.9 £ 2.9; DM:
67.9%; HTN: 60.5%

BMI: 30.1 +4.8

race/ ethnicity, waist
circumference, GGT,
activity, fasting insulin,
and fasting glucose

> 5% macrovesicular
steatosis on liver biopsy

HIS was calculated based
on ALT, AST, BMI, DM,
sex, NAFLD defined by
HIS > 36

Abdominal ultrasound’

Abdominal ultrasound

Abdominal ultrasound’

Abdominal ultrasound’

Abdominal ultrasound

Abdominal ultrasound

MRI liver PDFF > 5%

SI < 0.789 in men and < 0.521 in women. n =
239 (17.7%)

Cross-sectional CT images at L3 was used to
calculate SMI; Sarcopenia defined by L3-SMI <
50 cm”/m” for men and < 39 cm”/m” for
women. n =122 (23.4%)

Hand grip strength was calculated using a
dynamometer, and sarcopenia was defined for
individuals in the 1% quartile (Q1) of muscle
strength

BIA was used to calculate ASM, which was
divided by weight x 100 = SMI. ASM/BW % <
29.1 in men or < 23.0 in women was considered
as sarcopenia. 1 = 66 (8.8%)

BIA was used to calculate ASM, which was
divided by weight = ASM/BW%. ASM/BW %
<29.0 in men or < 22.9 in women was
considered as sarcopenia. n = 528 (41.3%)

BIA was used to calculate SI = ASM/BMI.
Sarcopenia was defined using a cut-off point of
SI <0.789 in men and < 0.521 in women. n = 75
(11.0%)

BIA was used to calculate ASM, which was
divided by weight x 100 = SMI. Sarcopenia
was defined as an SMI < 37 in males and < 28
in females. n = 1822 (48.3%)

n=1288 (30.9%)

57 (39.6%), 107 (59.8%), and 148 (63.0%)
participants had low muscle mass adjusted for
height, BMI, and body weight in the NAFLD
group, respectively

Sarcopenia, defined as low hand grip strength
[<16/27 kg (females/males)] and low muscle
quantity [MRI threshold of 3.0 and 3.6 L/m”

for thigh FEMV/ height” (females/males)]. n =

Giri S et al. Sarcopenia in NAFLD

aHR 1.78 (95%CI: 1.16-2.73)

Sarcopenia was also associated with the
presence of significant fibrosis (F2-F4) on
liver biopsy (aOR: 1.72; 95%CI: 1.05-2.84)

Advanced fibrosis was defined as either
a FIB-4 score > 1.30 or a BARD score >
2.00. Sarcopenia was also associated with
the presence of advanced fibrosis as
defined by BARD with aOR: 1.68
(95%ClI: 1.07-2.62), but not using FIB-4
(aOR: 1.35, 95%ClI: 0.75-2.45)

Sarcopenia was an independent
predictor of increased intima-media
thickness (OR: 2.26, (95%CI: 1.26-4.04)
and carotid plaque (OR: 2.74, 95%CT:
1.30-5.78)

Sarcopenia was an independent
predictor of mortality in NAFLD with
aHR 1.44 (95%CI: 1.16-1.80)

Appendicular muscle mass adjusted for
body weight only was associated with
hepatic fibrosis but not when adjusted
for height and BMI
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Wang et al[26],
2021

Almeida et al
[27], 2022
Guo et al[35],
2022

Seo et al[36],
2022

Song et al[37],
2023

Zhang et al[28],
2022

Zhu et al[29],

2023

Cho et al[30],

2023

Choe et al[16],
2023

Chun et al[31],

China,
prospective

Brazil,
prospective

China,
prospective

South Korea,
retrospective

South Korea,
retrospective

China,
retrospective

China,

prospective

South Korea,

retrospective

South Korea,
retrospective

South Korea,

Patients attending annual
health examination at a single
center in 2019, n = 154

Consecutive patients with
NAFLD at a single center, n =
57

Patients undergoing health
checkup at a single center from
2020-2021, n = 1830

Patients undergoing health
checkup at a single center from
2017-2019, n = 3198

Patients undergoing health
checkup at a single center from
2007-2018, n = 1180

T2DM patients with BMI < 25
kg/ m” were enrolled from a
single center from 2017 to 2021,
n=1112

Participants of Shanghai
Changfeng Study, a
community-based prospective
cohort study of multiple
chronic diseases Jun 2009 to
Dec 2012, with age > 45 yr, n =
1305

Patients with T2DM from the
Seoul Metabolic Syndrome
Cohort, n = 456

Korean Genome and
Epidemiology Study (KoGES)
Ansung-Ansan cohort, n = 1442

Patients undergoing health
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67.8
03,
19.5%

527+
11.3,
24.6%

47.4 +
10.5,
80.2%

54.2 +
9.6,
89.8%

53.3 +
10.3,
71.5%

534+
10.7,
57.6%

62.6 +
8.9,
33.1%

55.0+
94,
46.3%

51.7 £
8.5,
40.0%

50.0 £

BMI: 249 +£29

BMI: 27.1£3.0

BMI: 26.2 +£2.9; HTN:

40.2%; DM: 20.1%

BMI: 26.7 + 3.67; DM:

20.7%

BMI: 22.6; DM: 100%

BMI: 25.7 £3.2

BMI: 25.7 £ 2.8; DM:
100%; HTN: 36.0%

BMI: 27.9 £ 2.5; DM:
28.4%; HTN: 34.7%;
MS: 69.7%

BMI: 25.9 + 3.3; DM:

Abdominal ultrasound’

Abdominal ultrasound’

Transient elastography
with fat attenuation
parameter > 240 dB/m

Transient elastography

with controlled attenuation

parameter > 248 dB/m

Transient elastography
with fat attenuation
parameter > 260 dB/m

Abdominal ultrasound’

Fatty liver was diagnosed
when liver fat content by
ultrasound

exceeded the cut-off value
of 9.15%

Abdominal ultrasound’

Hepatic steatosis index
(HSI) based on ALT, AST,
BMI, DM, sex. NAFLD
defined by HSI > 36

Abdominal ultrasound’

19 (1.6%)

Sarcopenia, defined as low hand grip strength
(<18 kg in women and < 26 kg in men), a gait
speed < 0.8 m/s, and DEXA-based
ASM/height” < 5.4 in women and < 7.0 kg/m”
in men. n =25 (16.2%)

Probable sarcopenia, defined as low hand grip
strength [< 16/27 kg (females/males)]. n =15
(26.3%)

BIA was used to calculate ASM, which was
divided by height x 100 = SMI. SMI gradually
decreased in a stepwise manner as the severity
of hepatic steatosis increased

BIA was used to calculate ASM, which was
divided by weight x 100 = SMI. ASM/BW % <
29.1 in men or < 23.0 in women was considered
as sarcopenia. n = 517 (16.2%)

BIA was used to calculate ASM, which was
divided by weight x 100 = SMI. ASM/BW % <
30.0 in men or < 26.8 in women was considered
as sarcopenia

BIA was used to calculate ASM, which was
divided by weight x 100 = SMI. ASM/BW % <
32.2 in men or < 25.5 in women was considered
as sarcopenia. 1 = 290 (26.1%)

DEXA was used to calculate ST = ASM/ height’.
The cut-off SI for sarcopenia were 6.88 kg/m”
in male and 5.67 kg/m” in female. 1 = 260
(19.9%)

BIA was used to calculate ASM, which was
divided by weight = ASM/BW %; ASM/BW %
<29.0 in men or < 22.9 in women was
considered as sarcopenia. n = 123 (27.0%)

BIA was used to calculate ASM, which was

LSM values > 7.3 kPa were classified as
having liver fibrosis. Participants in the
tertile 1 of SMI had significantly higher
odds of liver fibrosis (aOR: 3.7, 95%CI:
2.6-5.3) compared to tertile 3

LSM values > 7.5 kPa (= F2) were

classified as having liver fibrosis.

Sarcopenia was not a predictor of
fibrosis in NAFLD with aOR: 3.80
(95%ClI: 0.86-16.75)

Significant fibrosis was defined as FIB-4
> 2.67. The presence of sarcopenia was
associated with increased risk of carotid
plaque (aOR: 2.22; 95%CI: 1.23-4.02) and
liver fibrosis (aOR: 2.07; 95%CI: 1.24-
3.44)

Sarcopenia was an independent
predictor carotid plaque progression
(OR: 2.02, 95%ClI: 1.32-3.08)

Fibrosis was defined as FIB-4 > 1.3 and
APRI 2 0.5. In the adjusted model, low
muscle mass (lowest quartile) did not
contribute to progression to hepatic
fibrosis (HR: 1.02, 95%CI: 0.85-1.22)
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2023

Harring et al
[38], 2023

Lu et al[32],
2023

Zhou et al[34],
2023

retrospective

United States,
retrospective

China,
retrospective

China,
prospective
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checkup at a three center from  11.0, 14.4%; HTN: 37%; divided by weight = ASM/BW %; ASM/BW %
2014-2020, n = 23889 69.5% obesity: 56.9%; MS: < 29.0 in men or < 22.9 in women was
47.1% considered as sarcopenia. n = 3092 (12.9%).
Sarcopenia was defined using a cut-off point of
ASM/BMI = SI < 0.789 in men and < 0.521 in
women. 1 = 1577 (6.6%)
Analysis of the third National =~ 41.9 + BML: 33.5 + 0.37%; Transient elastography DEXA was used to calculate SI = ASM/BMIL - Good
Health and Nutrition 0427, obesity: 78.7%; DM:  with fat attenuation Sarcopenia was defined using a cut-off point of
Examination Survey 54.8% 18.1%; HTN: 53.9%; parameter > 263 dB/m SI < 0.789 in men and < 0.512 in women. n =
(NHANES), from 2017 to 2018, MS: 64.8% 303 (28.7%)
n =1056
Patients diagnosed with 51.0+ BMI: 27.9 £3.3; Abdominal ultrasound’ BIA was used to calculate SMI = appendicular - Fair
obesity during health checkup  13.7, obesity: 100% skeletal mass/ height”. Sarcopenia defined as
at a single center from 2020- 52.7% SMI < 7.0 kg/m” for males and < 5.7 kg/m” for
2021, n =476 females; n = 261 (54.8%)
Consecutively enrolled subjects 37.8 £ BMI: 289+5.1; DM:  MRI liver PDFF > 5% BIA was used to calculate the appendicular The MAFLD patients with lower Fair
who underwent BIA at a single  10.6, 17.6% skeletal mass (ASM). Sarcopenia was defined  quartiles of ASM/W had a higher risk
center, between May 2017 and ~ 58.7% as ASM/height” or ASM/weight or ASM/BMI  OR for insulin resistance, both in male

July 2022, n = 1123

less than 2 SD. n = 50 (4.4%)

and female (OR: 2.14, 95%CI: 1.16-3.97),
and OR: 4.26, 95%CI: 1.29, 14.02) for Q4
vs Q1

1Abdominal ultrasound showing at least two of the following three abnormal findings: (1) Diffusely increased echogenicity in liver near field (‘bright liver’) with greater liver echogenicity than kidney or spleen; (2) vascular blurring;

and (3) poor visualization of the posterior portion of the right lobe because of deep attenuation.

%Standard error.

ALT/AST/GGT: Alanine transaminase/aspartate transaminase/gamma-glutamyltransferase; aOR: Adjusted odds ratio; 95%CI: 95% confidence interval; ASM: Appendicular skeletal muscle mass; BIA: Bioelectrical impedance analysis;
BMI: Body mass index; BW: Body weight; DM/HTN/MS: Diabetes mellitus/hypertension/metabolic syndrome; DEXA: Dual X-ray absorptiometry; LSM: Liver stiffness measurement; MRI-PDFF: Magnetic resonance imaging proton
density fat fraction; SMI: Skeletal muscle mass index; HIS: Hepatic steatosis index; FIB-4: Fibrosis-4; NASH: Nonalcoholic steatohepatitis; NAFLD: Nonalcoholic fatty liver disease.

Beisnideng> VVIGP | https://www.wjgnet.com 7

76.3% in nonsarcopenic cases, P = 0.01). Two studies identified sarcopenia as a predictor of mortality in patients with
NAFLD, with adjusted hazard ratios (aHRs) of 1.78 (95%CI: 1.16-2.73)[14] and 1.44 (95%CI: 1.16-1.80)[23]. Kang et al[22]
reported sarcopenia as an independent predictor of increased intima-media thickness with an OR of 2.26 (95%CI: 1.26-
4.04). Furthermore, Kang et al[22] and Zhu et al[29] reported that sarcopenia in NAFLD was associated with a higher risk
of carotid plaque, with aORs of 2.74 (95%CI: 1.30-5.78) and 2.22 (95%CI: 1.23-4.02), respectively. However, Cho et al[30]
reported higher odds of carotid plaque development with sarcopenia in those without carotid plaque at baseline (OR:
2.02, 95%ClI: 1.32-3.08). Finally, Zhou et al[34] reported that NAFLD patients with sarcopenia had a higher risk of insulin
resistance in both men and women (OR: 2.14, 95%CI: 1.16-3.97; OR: 4.26, 95%CI: 1.29-14.02).

DISCUSSION

An increasing number of studies have indicated the association between sarcopenia and NAFLD. However, the exact
prevalence of sarcopenia in the NAFLD population remains unclear. This systematic review is the first to summarize the
current evidence on the prevalence of sarcopenia in NAFLD patients. Of the 24 studies reporting the prevalence, fourteen,
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Identification of studies via databases and registers

Scopus (7 = 217)

c

.g Records identified from databases (7 = 2134)

8 EMBASE (7 = 1425) Records removed before screening:

% MEDLINE (7 = 492) Duplicate records removed (7 = 496)
3

-

Records excluded:

Unrelated (7 = 652)

Review articles (7 = 314)
Conference abstracts (7 = 383)
Other publication types (7 = 247)

Records screened
(n = 1638)

Reports sought for

Reports not retrieved (7 = 0
retrieval (7 = 42) eports not retrieved (77 = 0)

Reports excluded:

Reports assessed for Duplicate data (7 = 7)

eligibility (7 = 42) Not specific to NAFLD (7 = 3)

No assessment of sarcopenia (77 = 3)

Studies included in
systematic review (7 = 29)

Figure 1 PRISMA flowchart for study identification, selection, and inclusion process. NAFLD: Nonalcoholic fatty liver disease.

four, and two studies reported prevalence rates of 10%-30%, 30%-50%, and more than 50%, respectively, whereas only
four studies demonstrated a prevalence rate of less than 10%. This finding indicates that a considerable number of
patients with NAFLD develop sarcopenia. In addition, sarcopenia was associated with an increased risk of advanced
fibrosis in NAFLD, with an OR of 1.97 (95%CI: 1.44-2.70). Furthermore, sarcopenia in patients with NAFLD was
associated with increased risks of NASH, insulin resistance, carotid plaque, and mortality.

Our systematic review highlighted a considerable variation in the reported prevalence of sarcopenia among patients
with NAFLD. This variation is attributed to the diagnostic modality used, from 1.6% using MRI to 63.0% with DEXA.
This discrepancy is amplified by using different cutoff values and indices within the same diagnostic modality, such as
the normalization of ASM to BMI, weight, or height squared. This substantial variability in sarcopenia prevalence
emphasizes the need for standardized diagnostic criteria and measurement techniques for sarcopenia in NAFLD patients.
The European Working Group on Sarcopenia in Older People has proposed criteria and cutoffs for the three essential
components of sarcopenia: muscle mass, muscle strength, and physical performance[2]. The choice of diagnostic modality
and cutoff criteria markedly affects the reported prevalence rates, highlighting the necessity for consensus guidelines to
ensure consistency across studies and populations. The variation in prevalence across different studies is primarily
influenced by the distribution of muscle mass index in the population and the absolute values of the cutoff points. By
contrast, variations in cutoff points for gait speed and grip strength appear to have a weak impact on the prevalence rates
of sarcopenia[39].

The results of this systematic review revealed a significant relationship between sarcopenia and an increased risk of
advanced fibrosis in NAFLD patients despite noticeable heterogeneity across the included studies. Upon examining the
various modalities used for assessing fibrosis (such as biopsy, NFS/BARD scores, TE, and FIB-4 scores), a consistent
association with sarcopenia was observed for all modalities except for the FIB-4 score. The absence of an association with
the FIB-4 score indicates the necessity of selecting the appropriate fibrosis assessment method when exploring the
relationship between sarcopenia and advanced fibrosis in NAFLD. Additionally, a recent study examined the effect-
iveness of noninvasive tests for estimating fibrosis, particularly in Asian populations. A recent multicentric study
highlighted that only TE and TE-based combination tests accurately predicted liver fibrosis, whereas the internationally
accepted thresholds for other NITs exhibited high false-negative rates[40].

Our systematic review sheds light on the extensive range of outcomes associated with sarcopenia in NAFLD patients.
Key findings included an increased risk of NASH and a higher incidence of NASH in those with sarcopenia.
Additionally, our meta-analysis revealed the predictive value of sarcopenia for mortality in NAFLD, as demonstrated by
two studies with aHR of 1.78 (95%CI: 1.16-2.73) and 1.44 (95%CI: 1.16-1.80[14,23]). Sarcopenia in NAFLD was also
associated with cardiovascular risk factors, such as increased intima-media thickness and a higher likelihood of carotid
plaque formation. Moreover, sarcopenia was associated with a higher prevalence of insulin resistance, a key player in
NAFLD pathogenesis. The relationship between sarcopenia and cardiovascular risks is particularly significant, con-
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Fibrosis and author OR (95%CI) Weight %
Biopsy
Koo 2017 T 2.21 (1.10, 4.44) 7.43
Petta 2017 — - 2.36 (1.16, 4.77) 7.36
Hsieh 2020 — 1.72 (1.05, 2.84) 9.07
Subgroup, DL (72 = 0.0%, # = 0.726) <> 1.98 (1.39, 2.82) 23.85
FIB-4
Kang 2019 N 1.58 (0.87, 2.85) 8.27
Kang 2020 I — 1.35 (0.75, 2.45) 8.28
Zhu 2022 — 2.07 (1.24, 3.44) 8.96
Choe 2023 4+ 1.02 (0.85, 1.22) 11.30
Subgroup, DL (7 = 63.3%, P = 0.043) L= 1.38 (0.96, 1.99) 36.81
NFS/BARD ,
Wijarnpreecha 2019 —_— 2.39 (1.50, 3.84) 9.29
Kang 2019 —_— 2.68 (1.28, 5.59) 7.13
Kang 2020 —_— 1.68 (1.07, 2.62) 9.48
Subgroup, DL (7 = 0.0%, £ = 0.435) <> 2.09 (1.55, 2.81) 25.90
Transient Elastography |
Guo 2022 — 3.70 (2.60, 5.30) 10.20
Song 2022 ~ 3.80 (0.86, 16.75) 3.24
Subgroup, DL (7 = 0.0%, 7 = 0.973) <> 3.71(2.62, 5.24) 13.44
Heterogeneity between groups: 2 = 0.002
Overall, DL (7 = 79.8%, P = 0.000) < 1.97 (1.44, 2.70) 100

|

T
0.0625 1 16
NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 2 Forest plot showing the odds of advanced fibrosis with sarcopenia in patients with non-alcoholic fatty liver disease with
subgroup analysis based on the method of fibrosis assessment. OR: Odds ratio; 95%Cl: 95% confidence interval; FIB-4: Fibrosis-4; NFS/BARD: Non-
alcoholic fatty liver disease fibrosis scores/body mass index, the ratio of aspartate aminotransferase to alanine aminotransferase, diabetes; DL: DerSimonian and
Laird.

sidering the established relationship between NAFLD and adverse cardiovascular events[41]. This association not only
highlights the multifaceted impact of sarcopenia in NAFLD but also opens avenues for future research aimed at reducing
cardiovascular morbidity and mortality in this patient population.

The strengths of our systematic review include acknowledging the significant heterogeneity in sarcopenia prevalence
reports among NAFLD patients and emphasizing the necessity for standardized guidelines in this area. In addition, we
examined non-liver-related events in NAFLD patients and their correlation with sarcopenia. Variability in sarcopenia and
liver fibrosis assessment methods contributes to the diverse results observed in our review. The inclusion of studies with
varied designs and the demographic differences among patient populations could also affect the observed prevalence of
sarcopenia and its association with NAFLD outcomes. Although our review explores the association of sarcopenia with
mortality and cardiovascular risks, some specific outcomes, such as carotid plaque risk and progression, were only
addressed in a limited number of studies, affecting the conclusiveness of these findings. For instance, Zhang et al[28]
noted a higher sarcopenia prevalence in lean versus non-lean NAFLD patients, a detail we could not further analyze due
to data limitations. Moreover, the review’s focus on studies primarily from Asian populations, especially South Korea,
may limit the generalizability of the findings to Western populations.

CONCLUSION

This systematic review highlights the multifaceted impact of sarcopenia on patients with NAFLD, extending beyond
liver-related issues to include cardiovascular risks, mortality, and metabolic complications. The observed variations in
prevalence and associations indicate the urgent need for standardized diagnostic criteria and measurement techniques.
Our review offers crucial insights into the clinical implications of sarcopenia within the NAFLD context, potentially
guiding future research and clinical practice.
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