
https://dx.doi.org/10.3748/wjg.v32.i11.115488 1 March 21, 2026 Volume 32 Issue 11

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2026 March 21; 32(11): 115488

DOI: 10.3748/wjg.v32.i11.115488 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Impact of metabolic dysfunction-associated steatotic liver disease 
on liver metastasis and survival in pancreatic cancer

Hye Yeon Chon, Hyungjin Rhee, Jeehoon Kim, Galam Leem, Jung Hyun Jo, Moon Jae Chung, Jeong Youp 
Park, Seungmin Bang, Seung Woo Park, Seung Up Kim, Hee Seung Lee

Peer review: Externally peer 
reviewed.
Peer-review model: Single blind
Peer-review report’s classification
Scientific quality: Grade B, Grade B, 
Grade C 
Novelty: Grade B, Grade B, Grade C 
Creativity or innovation: Grade B, 
Grade C, Grade C 
Scientific significance: Grade B, 
Grade B, Grade C
P-Reviewer: Dilek ON, MD, 
Professor, Türkiye; Sarangi Y, 
Assistant Professor, India
Received: October 20, 2025 
Revised: November 14, 2025 
Accepted: January 12, 2026 
Published online: March 21, 2026 
Processing time: 149 Days and 22.1 
Hours
Copyright: ©Author(s) 2026. This 
article is an open access article 
distributed under the terms and 
conditions of the Creative 
Commons Attribution-
NonCommercial (CC BY-NC 4.0) 
license. No commercial re-use. See 
permissions. Published by 
Baishideng Publishing Group Inc.

Hye Yeon Chon, Seung Up Kim, Department of Internal Medicine, Yonsei University College of 
Medicine, Seoul 03722, South Korea

Hye Yeon Chon, Division of Gastroenterology and Hepatology, Yongin Severance Hospital, 
Yongin 16995, South Korea

Hyungjin Rhee, Department of Radiology, Yonsei University College of Medicine, Seoul 03722, 
South Korea

Jeehoon Kim, Galam Leem, Moon Jae Chung, Jeong Youp Park, Seungmin Bang, Seung Woo 
Park, Hee Seung Lee, Division of Gastroenterology, Department of Internal Medicine, Yonsei 
University College of Medicine, Seoul 03722, South Korea

Jeehoon Kim, Galam Leem, Moon Jae Chung, Jeong Youp Park, Seungmin Bang, Seung Woo 
Park, Hee Seung Lee, Institute of Gastroenterology, Yonsei University College of Medicine, 
Seoul 03722, South Korea

Jung Hyun Jo, Department of Internal Medicine, Gangnam Severance Hospital, Yonsei 
University College of Medicine, Seoul 07322, South Korea

Seung Up Kim, Yonsei Liver Center, Severance Hospital, Seoul 03722, South Korea

ORCID number: Hye Yeon Chon 0000-0003-4009-8180; Jung Hyun Jo 0000-0002-2641-8873; Moon 
Jae Chung 0000-0002-5920-8549; Jeong Youp Park 0000-0003-0110-8606; Seungmin Bang 0000-
0001-5209-8351; Seung Woo Park 0000-0001-8230-964X; Seung Up Kim 0000-0002-9658-8050; 
Hee Seung Lee 0000-0002-2825-3160.

Co-corresponding authors: Seung Up Kim and Hee Seung Lee.

Corresponding author: Hee Seung Lee, MD, Professor, Division of Gastroenterology, De-
partment of Internal Medicine, Yonsei University College of Medicine, 50-1 Yonsei-ro, 
Seodaemun-gu, Seoul 03722, South Korea. lhs6865@yuhs.ac

Abstract
BACKGROUND 
Pancreatic cancer frequently metastasizes to the liver, and thereby confers high 
mortality risk.
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AIM 
To investigated the effect of metabolic dysfunction-associated steatotic liver disease (MASLD) on liver metastasis 
and survival outcomes in patients with pancreatic cancer, as the increasing incidence of MASLD.

METHODS 
We retrospectively analyzed data from 2123 patients who were diagnosed with pancreatic cancer between 2006 
and 2021. MASLD was diagnosed based on a hepatic steatosis index (HSI) > 30.

RESULTS 
In the study population, which predominantly comprised males, the median age was 66 years (n = 1118, 52.6%). 
Patients with liver metastasis at baseline (n = 540, 25.4%) had larger tumors (median, 41 mm vs 35 mm) and higher 
carbohydrate antigen (CA) 19-9 levels (median 975.0 U/mL vs 206.2 U/mL; all P < 0.001). During the follow-up 
period (median 9.7 months), 502 (23.6%) patients were diagnosed with new liver metastases, and 819 (38.6%) died. 
MASLD did not significantly correlate with liver metastasis at diagnosis or new liver metastases (all P > 0.05). In 
contrast, younger age [hazard ratio (HR) = 0.985, 95% confidence interval (CI): 0.974-0.997], increased tumor size 
(HR = 1.008, 95%CI: 1.001-1.016), and elevated CA19-9 levels (HR = 1.662, 95%CI: 1.279-2.160) were significantly 
associated with new liver metastases during the follow-up (all P < 0.05). Although MASLD appeared to be as-
sociated with reduced mortality in the univariate analysis (HR = 0.807, P = 0.011), this association was not 
sustained in the multivariate analysis (P > 0.05).

CONCLUSION 
Thus, HSI-defined MASLD does not directly influence liver metastasis or survival in patients with pancreatic 
cancer.

Key Words: Hepatic steatosis; Pancreatic cancer; Liver metastases; Hepatic steatosis index; Metabolic dysfunction-associated 
steatotic liver disease

Core Tip: Pancreatic cancer frequently spreads to the liver, contributing to its high mortality. With the rising prevalence of 
metabolic dysfunction-associated steatotic liver disease (MASLD), its potential impact on cancer outcomes remains 
uncertain. In this large cohort study of 2123 patients with pancreatic cancer, MASLD-defined by a hepatic steatosis index, 
was not associated with liver metastasis at diagnosis, new liver metastasis during follow-up or overall survival after 
adjustment for other risk factors. These findings suggest that MASLD does not significantly influence the metastatic pattern 
or prognosis in patients with pancreatic cancer.

Citation: Chon HY, Rhee H, Kim J, Leem G, Jo JH, Chung MJ, Park JY, Bang S, Park SW, Kim SU, Lee HS. Impact of metabolic 
dysfunction-associated steatotic liver disease on liver metastasis and survival in pancreatic cancer. World J Gastroenterol 2026; 
32(11): 115488
URL: https://www.wjgnet.com/1007-9327/full/v32/i11/115488.htm
DOI: https://dx.doi.org/10.3748/wjg.v32.i11.115488

INTRODUCTION
Pancreatic cancer remains one of the most challenging malignancies in oncology and is characterized by late diagnosis, 
aggressive nature, and poor prognosis[1]. Despite advancements in medical science, the 5-year survival rate of pancreatic 
cancer remains dismally low. A key factor in its lethality is its propensity for early metastasis, particularly to the liver, 
which significantly worsens patient outcomes[2]. Understanding the factors influencing this metastatic process is crucial 
for improving prognosis and guiding therapeutic interventions.

Research into the interplay between cancer progression and the associated comorbidities, particularly those affecting 
the liver, has increasingly generated interest. Metabolic dysfunction-associated steatotic liver disease (MASLD) is a 
prevalent condition that is characterized by the accumulation of fat in liver cells and is complicated by cardiometabolic 
factors[3,4]. Although the impact of MASLD on liver function and overall health is well documented, its role in oncology, 
particularly pancreatic cancer, remains unclear.

Recent studies have shed light on the complex relationship between MASLD and cancer, and thereby suggested its 
potential influence on tumor progression and metastasis. For example, MASLD is associated with a reduced risk of liver 
metastasis in colorectal cancer[5,6]. Several mechanisms of liver metastasis in colorectal cancer have been suggested, 
including increased insulin/insulin growth factor-1 and hepatocyte derived extracellular vesicles which enhance yes-
associated protein signaling and immunosuppressive tumor microenvironment[7,8]. However, the applicability of these 
findings to pancreatic cancer remains unclear. The association between MASLD and pancreatic cancer has been 
previously reported[9]; however, there is limited research into the impact of MASLD on the development of pancreatic 
cancer liver metastasis. The unique biology of pancreatic cancer, including its aggressive metastatic behavior, may 

https://www.wjgnet.com/1007-9327/full/v32/i11/115488.htm
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interact differently with the MASLD-altered hepatic environment[10].
This study aimed to bridge this knowledge gap by investigating the relationship between hepatic steatosis index (HSI)-

defined MASLD, liver metastasis, and survival in patients with pancreatic cancer.

MATERIALS AND METHODS
Patient selection
This study comprised a retrospective analysis of a cohort of 2123 patients diagnosed with pancreatic cancer between 2006 
and 2021 at a large tertiary academic center (Supplementary Figure 1). The primary objective of this study was to 
investigate the effects of MASLD on liver metastasis and patient survival. The inclusion criterion was a confirmed 
diagnosis of pancreatic ductal adenocarcinoma. The exclusion criteria were as follows: (1) Age < 19 years (n = 3); (2) 
Chronic hepatitis B (n = 93); (3) Chronic hepatitis C (n = 2); (4) Alcoholic liver disease (n = 9); (5) Significant alcohol 
consumption (> 210 g/week for male and > 140 g/week for female; n = 107)[11]; (6) Medication history (e.g., tamoxifen, 
steroids); (7) Follow-up loss (n = 41); and (8) Insufficient clinical information calculating HSI (n = 2).

Calculation of the HSI
The HSI was calculated for each patient using a formula that incorporated the following clinically available parameters: 8 
× [aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio] + [body mass index (BMI) + 2 if female; if 
diabetes mellitus]. Liver enzyme and BMI were measured at the time of cancer diagnosis and before treatment. The HSI 
was developed using Korean 5462 nonalcoholic fatty liver disease and 5262 normal cohort; the HSI could exclude 
steatosis when it was < 30 (negative likelihood ratio 0.186, sensitivity 93.1%) and could diagnose steatosis with high 
specificity when > 36 (positive likelihood ratio 6.069, specificity 92.4%)[12]. The HSI has been previously validated as a 
reliable noninvasive measure of MASLD, which makes it an ideal tool for this retrospective study[13,14]. The HSI cutoff 
for the diagnosis of MASLD in our study was adopted from original research, wherein both the cutoff values of HSI > 30 
and HSI > 36 were evaluated[12]. To maximize the diagnostic sensitivity, we defined MASLD based on an HSI > 30.

Computed tomography-based assessment of MASLD
To assess hepatic steatosis, we utilized computed tomography (CT) in a subgroup of patients. A total of 500 patients were 
randomly selected using Excel’s RAND function, and CT scans were available to assess fatty liver in 452 patients. A 
faculty abdominal radiologist, with more than 10 years of experience in liver imaging who was blinded to the clinical 
information of the patients, evaluated the CT images of 500 patients. Four regions of interest (ROIs) were manually 
drawn in the pre-contrast images of each of the four liver sections, and two ROIs, between 300 mm2 and 400 mm2, were 
randomly drawn in the spleen to carefully avoid the blood vessels, bile ducts, and focal hepatic or splenic lesions. The 
attenuation values of the liver and spleen ROIs were measured and the average attenuation values for both the liver and 
spleen were calculated; MASLD was diagnosed if the average attenuation value of the liver was lower than that of the 
spleen.

Data collection process
Data were meticulously extracted from the electronic medical records. These included demographic details (age and sex), 
clinical characteristics (BMI, diabetes mellitus, and hypertension), tumor characteristics [i.e., location, size, and 
carbohydrate antigen (CA) 19-9 levels], and the presence of cirrhosis. The data necessary to calculate the HSI, including 
liver enzyme levels, were collected.

Statistical analysis
Statistical analyses were multifaceted. A logistic regression model was used to evaluate the relationship between the HSI 
and the presence of liver metastasis at the time of diagnosis. The model provided odds ratios (ORs) with 95% confidence 
intervals (CIs) and P values to assess the significance of the associations. To understand the effect of hepatic steatosis on 
overall survival and newly developed liver metastases, a Cox proportional hazards model was employed. In the Cox 
regression model, survival time was measured from the date of diagnosis to death in patients who died, and to the last 
visit for those alive. Individuals alive at last contact were right-censored. Potential confounders, including demographic 
and clinical characteristics, were adjusted. The Kaplan-Meier method was used to compare patients with varying HSI 
levels. A P < 0.05 by two-tailed test was considered statistically significant. All statistical analyses were performed using 
the SPSS Statistics version 26 (IBM Corp., Armonk, NY, United States).

Ethical considerations
The study protocol was reviewed and approved by the institutional review board of the healthcare center (No. 4-2024-
1444). As this retrospective study involved the analysis of de-identified patient data, the need for informed consent from 
individual patients was waived. All the procedures were conducted in accordance with the ethical standards of the 1964 
Declaration of Helsinki and its later amendments.

https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
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RESULTS
Baseline characteristics
The study population had a median age of 66 [interquartile range (IQR): 58-73] years, with a slight predominance of 
males (n = 1118, 52.6%; Table 1). This demographic representation is consistent with the general epidemiology of 
pancreatic cancer, which tends to have a higher incidence in older populations and a slightly higher prevalence in males. 
The common comorbidities observed included diabetes mellitus (n = 1042, 49.1%) and hypertension (n = 919, 43.3%), 
aligning with the known risk factors for pancreatic cancer. The median HSI was 33.9 (IQR: 30.6-37.5), which reflected a 
diverse range of liver health statuses among the participants. The tumor locations were distributed as follows: 42.6% (n = 
904) in head, 22.3% (n = 474) in the body, 17.7% (n = 375) in the tail. The median tumor size was 36.0 mm (IQR: 28.0-48.0), 
and the median CA19-9 level, a tumor marker of pancreatic cancer, was 259.6 U/mL (IQR: 31.4-1647.0).

Among 2123 patients, 1042 (49.1%) patients were diagnosed with liver metastasis during the study period (n = 540 at 
their diagnosis and n = 502 after diagnosis). Patients with and without liver metastasis at baseline were compared. 
Patients with liver metastasis showed a lower prevalence of diabetes mellitus (45.4% vs 50.3%, P = 0.046). In patients with 
liver metastasis, the tumor size was larger (41 mm vs 35 mm) and the CA19-9 (975.0 U/mL vs 206.2 U/mL) levels were 
higher (all P < 0.001). After excluding patient with liver metastasis at baseline, a comparison of the patients with and 
without newly developed liver metastases after baseline is summarized in Supplementary Table 1.

Risk factors of liver metastasis in the cohort
Logistic regression analysis revealed significant associations between several clinical factors and the risk of liver 
metastasis at baseline (Table 2). Diabetes mellitus emerged as a significant factor; the likelihood of liver metastasis 
decreased in patients with diabetes mellitus (OR = 0.421, 95%CI: 0.233-0.758, P = 0.004). Tumor size was another critical 
factor, with larger tumors correlating with an increased risk of liver metastasis (OR = 1.037, 95%CI: 1.021-1.054, P < 0.001). 
The HSI, our primary measure of hepatic steatosis, did not demonstrate a significant correlation with liver metastasis. 
This lack of association was consistent even when both thresholds were used (> 30 or > 36). A CA19-9 level > 260 U/mL 
(OR = 1.747, 95%CI: 1.035-2.948, P = 0.037) was positively correlated with liver metastasis. In subgroup analysis according 
to tumor location, HSI was not associated with liver metastasis in both of head and body-tail tumors (OR = 1.101, 95%CI: 
0.991-1.029, P = 0.299 for head tumor and OR = 1.004, 95%CI: 0.987-1.022, P = 0.646 for body-tail tumor). The investigation 
of risk factors differentiating patients with new liver metastases from those without is presented in Supplementary Table 
2.

Risk factors for newly developed liver metastasis
During the follow-up period (9.7 months, IQR: 3.7-18.3), 502 patients experienced newly developed liver metastasis 
(Table 3). After excluding patients with liver metastasis at baseline, the risk factors for newly developed liver metastasis 
were investigated using the Cox proportional hazards model. The CA19-9 levels were categorized using their respective 
median values as cutoff points. In univariate analysis, age [hazard ratio (HR) = 0.987, 95%CI: 0.979-0.995, P = 0.002], 
tumor size (HR = 1.013, 95%CI: 1.006-1.020, P < 0.001), and CA19-9 > 260 U/mL (HR = 1.662, 95%CI: 1.393-1.984, P < 
0.001) correlated with the liver metastasis. Significance was maintained in multivariate analysis. In contrast, the HSI did 
not constitute a prognostic factor for liver metastasis, regardless of cutoffs (P = 0.457 for HSI > 30 and P = 0.700 for HSI > 
36; Figure 1).

Risk factors for mortality in the whole cohort and in patients with liver metastasis
In total, 819 (38.6%) patients died during follow-up. The Cox proportional hazards model identified several key pre-
dictors for assessing the risk factors of overall mortality (Table 4). In all patients, diabetes mellitus (HR = 0.525, 95%CI: 
0.358-0.769, P = 0.001), triglycerides (HR = 0.997, 95%CI: 0.994-1.000, P = 0.026), and high-density lipoprotein (HR = 0.988, 
95%CI: 0.977-0.998, P = 0.023) were associated with a reduced mortality risk. In contrast, tumor size (HR = 1.025, 95%CI: 
1.014-1.035, P < 0.001) significantly increased mortality risk. Although a higher HSI > 30 was initially associated with 
reduced mortality risk in univariate analysis (HR = 0.807, 95%CI: 0.685-0.952, P = 0.011), this association was not 
sustained in the multivariate model (HR = 1.007, 95%CI: 0.650-1.561, P = 0.975).

In patients with liver metastasis, older age (HR = 1.021, 95%CI: 1.001-1.041, P = 0.043), diabetes mellitus (HR = 0.648, 
95%CI: 0.423-0.992, P = 0.046), tumor size (HR = 1.017, 95%CI: 1.005-1.029, P = 0.007), and triglyceride levels (HR = 0.997, 
95%CI: 0.994-1.000, P = 0.031) were correlated with the mortality risk (Table 5).

Subgroup analysis of patients with a CT-based diagnosis of MASLD
To further investigate the relationship among MASLD, liver metastasis at diagnosis, and newly developed liver 
metastasis during follow-up, we conducted an additional assessment of the MASLD status using CT imaging. The clinical 
data of the 452 patients are presented in Supplementary Table 3. Among the 452 patients, 117 (25.9%) were found to have 
liver metastasis at the time of diagnosis, whereas 97 (21.5%) of those without liver metastasis at baseline developed new 
liver metastases during follow-up. The analysis revealed that MASLD, as assessed using CT imaging, was not sig-
nificantly associated with liver metastasis at diagnosis (P = 0.786, logistic regression) or newly developed liver metastasis 
during follow-up (P = 0.260, Cox regression).

https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b83f1b1e-8cb0-40b7-af80-d2c2757cacc4/115488-supplementary-material.pdf
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Table 1 Baseline characteristics of the participants (n = 2123), n (%)

Characteristics Total (n = 2123) With liver metastasis (n = 540) Without liver metastasis (n = 1584) P value

Patient

Age (years), median IQR 66 (58-73) 65 (58.0-72.0) 66 (58.0-73.0) 0.057

Male 1118 (52.6) 298 (55.2) 820 (51.8) 0.174

Body mass index (kg/m2), median IQR 22.7 (20.8-24.9) 22.8 (20.7-25.1) 22.7 (20.8-24.8) 0.571

Diabetes mellitus 1042 (49.1) 245 (45.4) 797 (50.3) 0.046

Hypertension 919 (43.3) 239 (44.3) 680 (43.0) 0.598

Cirrhosis 4 (0.2) 1 (0.2) 3 (0.2) 0.984

HSI, median IQR 33.9 (30.6-37.5) 34.0 (30.7-37.8) 33.8 (30.6-37.4) 0.585

HSI > 30 1683 (79.3) 426 (78.9) 1257 (79.4) 0.798

HSI > 36 729 (34.3) 192 (35.6) 537 (33.9) 0.490

TG (mg/dL), median IQR 102 (75-138) 100 (79-143) 103 (75-136) 0.929

HDL (mg/dL), median IQR 42 (32-50) 40 (32-47) 42 (32-52) 0.043

LDL (mg/dL), median IQR 86 (64-116) 84 (62-105) 87 (65-118) 0.334

Total bilirubin (mg/dL), median IQR 0.7 (0.5-1.4) 0.7 (0.5-1.3) 0.7 (0.5-1.4) 0.461

Tumor

Location < 0.001

Head 904 (42.6) 181 (33.5) 723 (45.7)

Body 474 (22.3) 114 (21.1) 360 (22.8)

Tail 375 (17.7) 139 (25.7) 236 (14.9)

Mixed 369 (17.4) 106 (19.7) 263 (16.6)

Size (mm), median IQR 36.0 (28.0-48.0) 41 (32-55) 35 (26-45) < 0.001

CA19-9 (U/mL), median IQR 259.6 (31.4-1647.0) 975.0 (45.0-6092.3) 206.2 (30.0-1046.3) < 0.001

IQR: Interquartile range; HSI: Hepatic steatosis index; TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CA: Carbohydrate 
antigen.

Figure 1 Cumulative incidence of liver metastasis stratified in patients without liver metastasis at baseline. A: Hepatic steatosis index 30 group; 
B: Hepatic steatosis index 36 group. HSI: Hepatic steatosis index.
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Table 2 Risk factors for liver metastasis in the study cohort

Univariate Multivariate
Variables

OR 95%CI P value OR 95%CI P value

Age (years) 0.991 0.982-1.000 0.053

Male 1.146 0.942-1.394 0.174

Diabetes mellitus 0.819 0.673-0.996 0.046 0.421 0.233-0.758 0.004

Hypertension 1.054 0.866-1.284 0.598

Cirrhosis 0.748 0.368-1.522 0.424

Body mass index (kg/m2) 1.014 0.983-1.046 0.373

Tumor size 1.026 1.018-1.034 < 0.001 1.037 1.021-1.054 < 0.001

HSI 1.009 0.995-1.023 0.217

HSI > 30 0.969 0.762-1.232 0.798

HSI > 36 1.075 0.876-1.319 0.490

TG (mg/dL) 1.000 0.998-1.003 0.852

HDL (mg/dL) 0.986 0.974-0.999 0.029 0.983 0.966-1.001 0.059

LDL (mg/dL) 0.996 0.991-1.001 0.165

CA19-9 > 260 (U/mL) 1.935 1.582-2.367 < 0.001 1.747 1.035-2.948 0.037

OR: Odds ratio; CI: Confidence interval; HSI: Hepatic steatosis index; TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CA: 
Carbohydrate antigen.

Table 3 Risk factors for liver metastasis in patients without liver metastasis at the primary diagnosis of pancreatic cancer

Univariate Multivariate
Variables

HR 95%CI P value HR 95%CI P value

Age (years) 0.987 0.979-0.995 0.002 0.985 0.974-0.997 0.016

Male 0.882 0.740-1.051 0.159

Diabetes mellitus 0.853 0.714-1.019 0.080

Hypertension 1.080 0.906-1.287 0.389

Cirrhosis 1.084 0.152-7.711 0.936

Body mass index (kg/m2) 1.000 0.971-1.029 0.977

Tumor size 1.013 1.006-1.020 < 0.001 1.008 1.001-1.016 0.031

HSI 1.004 0.990-1.019 0.558

HSI > 30 0.921 0.741-1.144 0.457

HSI > 36 0.964 0.800-1.161 0.700

TG (mg/dL) 1.000 0.999-1.002 0.733

HDL (mg/dL) 0.994 0.985-1.003 0.164

LDL (mg/dL) 1.000 0.997-1.003 0.943

CA19-9 > 260 (U/mL) 1.662 1.393-1.984 < 0.001 1.662 1.279-2.160 < 0.001

HR: Hazard ratio; CI: Confidence interval; HSI: Hepatic steatosis index; TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 
CA: Carbohydrate antigen.
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Table 4 Risk factors for mortality in all patients

Univariate Multivariate
Variables

HR 95%CI P value HR 95%CI P value

Age (years) 1.019 1.012-1.026 < 0.001 1.014 0.997-1.031 0.097

Male 1.079 0.941-1.238 0.276

Diabetes mellitus 0.652 0.567-0.750 < 0.001 0.525 0.358-0.769 0.001

Hypertension 1.038 0.905-1.191 0.593

Cirrhosis 1.497 0.374-5.996 0.569

Body mass index (kg/m2) 0.980 0.958-1.002 0.078

Tumor size 1.016 1.011-1.021 < 0.001 1.025 1.014-1.035 < 0.001

HSI 0.997 0.985-1.009 0.591

HSI > 30 0.807 0.685-0.952 0.011 1.007 0.650-1.561 0.975

HSI > 36 0.945 0.817-1.094 0.451

TG (mg/dL) 0.998 0.996-1.000 0.027 0.997 0.994-1.000 0.026

HDL (mg/dL) 0.992 0.984-1.000 0.040 0.988 0.977-0.998 0.023

LDL (mg/dL) 1.000 0.997-1.002 0.966

CA19-9 > 260 (U/mL) 1.825 1.587-2.099 < 0.001 1.443 1.057-1.970 0.021

HR: Hazard ratio; CI: Confidence interval; HSI: Hepatic steatosis index; TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 
CA: Carbohydrate antigen.

Table 5 Risk factors for mortality in patients with liver metastasis

Univariate Multivariate
Variables

HR 95%CI P value HR 95%CI P value

Age (years) 1.019 1.009-1.028 < 0.001 1.021 1.001-1.041 0.043

Male 0.975 0.816-1.165 0.782

Diabetes mellitus 0.682 0.569-0.819 < 0.001 0.648 0.423-0.992 0.046

Hypertension 0.989 0.828-1.182 0.904

Cirrhosis 4.304 1.071-17.290 0.040

Body mass index (kg/m2) 0.993 0.964-1.023 0.639

Tumor size 1.013 1.006-1.020 < 0.001 1.017 1.005-1.029 0.007

HSI 1.000 0.986-1.016 0.953

HSI > 30 0.820 0.661-1.018 0.072

HSI > 36 0.993 0.822-1.199 0.942

TG (mg/dL) 0.997 0.995-1.000 0.022 0.997 0.994-1.000 0.031

HDL (mg/dL) 0.998 0.987-1.008 0.667

LDL (mg/dL) 0.997 0.992-1.002 0.199

CA19-9 > 260 (U/mL) 1.690 1.407-2.029 < 0.001 1.312 0.892-1.928 0.168

HR: Hazard ratio; CI: Confidence interval; HSI: Hepatic steatosis index; TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 
CA: Carbohydrate antigen.
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DISCUSSION
This study showed no significant correlation between hepatic steatosis as measured by HSI and liver metastasis in 
patients with pancreatic cancer. This finding is particularly intriguing given the established role of the liver in metabolic 
syndromes and the prevalent assumption that hepatic conditions, such as steatosis, influence metastatic processes. The 
results of this study suggest a more complex interaction between pancreatic cancer and hepatic steatosis than was 
previously understood.

Contrary to our findings, several studies have reported a significant association between MASLD and liver metastasis 
in other types of cancer. In colorectal cancer, clinical studies have reported a protective role of hepatic steatosis against 
liver metastasis, whereas basic research has described the negative adverse impact of MASLD on liver metastasis[15]. In 
patients with breast cancer, hepatic metastasis-free survival is longer in patients with MASLD[16]. But, in cases of non-
small cell lung cancer, it has been reported that patients with MASLD have a greater risk of liver metastasis[17]. Although 
several studies have evaluated the relationship between MASLD and liver metastasis, their results have been inconclusive 
and inconsistent among various types of cancer and research methods[15].

The disparity between our results and those of other studies may be attributable to the distinct pathologies and 
metastatic mechanisms of pancreatic and other cancers. Pancreatic cancer is known for its aggressive nature and 
propensity for early metastasis and often involves multiple pathways and factors that may override the influence of 
hepatic steatosis. Although little research has been conducted on the relationship between MALD and liver metastasis in 
patients with pancreatic cancer, Javed et al[18] reported an association between liver disease and hepatic recurrence-free 
survival in a cohort of patients who underwent resection for primary pancreatic cancer. Hepatic recurrence-free survival 
did not differ between patients without liver disease and those with MASLD or perfusion changes.

Recently, several studies have suggested hypotheses regarding the risk potential of MASLD as a premetastatic niche in 
cancers other than pancreatic cancer[19,20]. MASLD can provide energy to metastatic tumors via tumor-induced trigly-
ceride lipolysis, and communication between MASLD and primary cancer cells via extracellular vesicles and particles can 
accelerate hepatic steatosis and primary cancer metastasis. However, there is no basic research regarding the impact of 
MASLD on liver metastasis in pancreatic cancer, and we believe that the lack of a significant relationship between the HSI 
and liver metastasis in our study might be related to the aggressive nature of pancreatic cancer. Its ability to modulate 
distant microenvironments, including the liver, may overwhelm the impact of preexisting liver conditions such as 
steatosis.

Diabetes is a well-known risk factor for development of pancreatic cancer. In particular, new-onset diabetes could be 
an alarm sign for underlying pancreatic cancer. Patients with diabetes show worse pathology, larger tumor size, and poor 
postoperative prognosis[21]. However, in a previous meta-analysis, long-standing diabetes was not associated with 
decreased survival in patients with advanced pancreatic cancer[22]. In our cohort, diabetes was not associated with liver 
metastasis but was associated with positive survival outcomes, even in patients with liver metastasis. In our opinion, this 
phenomenon may be attributable to early diagnosis of pancreatic cancer in patients with diabetes.

Our study confirmed that younger patients had more aggressive tumor features; however, survival was poor in older 
patients[23]. Short survival of older patients may be correlated with their poor general condition to endure chemotherapy 
or surgery. Therefore, younger patients are more suitable for the treatment of pancreatic cancer than older patients, even 
though they have oligometastatic liver lesions.

This retrospective study inherently limited the ability to establish causality. Although practical, the use of HSI as an 
indirect measure of hepatic steatosis may not capture the complexity of liver pathology as accurately as histological 
examination. Also, HSI may have limited sensitivity to the impact of MASLD in patients with pancreatic cancer because 
the HSI was originally derived and validated primarily in non-cancer populations. Specifically, HSI relies on BMI and 
transaminases, which can be substantially perturbed by cancer cachexia (weight loss/sarcopenia), systemic inflammation, 
and cholestasis/obstruction. These factors may lower BMI and/or affect ALT/AST, leading to misclassification of 
steatosis. In addition, our cohort was not limited to surgical cases, pathological variables (lymph node status, lym-
phovascular invasion, perineural invasion) were not consistently available and thus were not entered into the 
univariable/multivariable models. Future studies should incorporate prospective designs and more direct measures of 
hepatic health, such as liver biopsies or advanced imaging techniques, to validate these findings. Furthermore, research 
should focus on exploring the molecular and cellular interactions between pancreatic cancer cells and the hepatic 
environment. Understanding the impact of hepatic steatosis at the molecular level could provide new insights into 
pancreatic cancer metastasis. Examining the roles of systemic inflammation, immune response, and angiogenesis in the 
context of hepatic steatosis could provide a more comprehensive picture.

The emergence of precision medicine in cancer treatment underscores the need for a detailed understanding of the 
individual variations in disease progression. Our study contributes to this paradigm by highlighting the fact that hepatic 
steatosis may not be a one-size-fits-all prognostic factor for pancreatic cancer. Customizing patient management based on 
a constellation of factors rather than relying on single variables could enhance treatment efficacy and outcomes.

CONCLUSION
In conclusion, our study revealed that hepatic steatosis, assessed using the HSI, may not have a direct role in liver 
metastasis in pancreatic cancer. However, its association with patient survival is complex and requires further invest-
igation. This study sheds light on the complex interplay between pancreatic cancer development and systemic conditions, 
such as hepatic steatosis.
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