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Objective: This study aims to explore the pathological characteristics of metabolic-related hepatocellular carcinoma (HCC) and its
correlation with metabolic factors.

Methods: Fifty-one patients with liver cancer of unknown causes were enrolled. Biopsy of the liver and staining of the liver tissues
with hematoxylin—eosin as well as special and immunohistochemical stains were performed. The histological subtypes of HCC were
diagnosed based on the WHO Classification of Malignant Hepatocellular Tumors. The NAFLD activity score system was adopted for
assessing the surrounding non-neoplastic liver tissues.

Results: Of the total, 42 (82.4%) patients were diagnosed with HCC, 32 had metabolic risk factors, 20 patients met the diagnostic
criteria of the metabolic-associated fatty liver disease (MAFLD)-related HCC, and 40.6% (13/32) had liver cirrhosis. The incidence of
cirrhosis (p = 0.033) and diabetes mellitus type 2 (p = 0.036) in patients with MAFLD-related HCC was notably higher than that in
HCC patients with only metabolic risk factors. Among the 32 HCC cases with metabolic risk factors, trabecular type was the most
prevalent, followed by steatohepatitis type, scirrthous type, solid type, pseudoglandular type, clear-cell type, and macrotrabecular type.
The degree of tumor cells’ swelling and ballooning was found to be positively related to the degree of fibrosis in the surrounding liver
tissues (p = 0.011) as well as the proportion of cirrhosis (p = 0.004). Moreover, the degree of fibrosis in the surrounding liver tissues
showed a negative correlation with the levels of serum cholesterol (p = 0.002), low-density lipoprotein (p = 0.002), ApoAl (p =
0.009), ApoB (p = 0.022), total protein (p = 0.015), WBC count (p = 0.006), and PLT count (p = 0.015).

Conclusion: Pathological characteristics of the tumor and adjacent non-neoplastic liver tissues of HCC with metabolic risk factors
were found to be correlated with metabolic abnormalities.
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Introduction

Liver cancer is one of the most common malignancies globally and the most common cause of death in patients with
chronic liver disease.'? In 2020, the primary liver cancer in China ranked fifth in terms of the incidence rate among
malignant tumors and second among the causes of death due to cancer.' Hepatocellular carcinoma (HCC) is the most
common primary liver cancer and has multiple risk factors. One of these risk factors in developed countries is metabolic-
associated fatty liver disease (MAFLD), which has been projected as the major reason for cirrhosis and HCC.*** MAFLD
is a chronic liver disease having an association with obesity, type 2 diabetes mellitus (T2DM), and hyperlipidemia. In
addition, the epidemic of obesity and DM2 has fueled an elevating prevalence of MAFLD, rendered it a societal health
problem with the worldwide prevalence of 24%.’
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However, MAFLD-related HCC has been relatively poorly characterized. Unlike HCC resulting from other causes,
the etiology and pathogenesis of MAFLD-HCC remain unclear. Many factors contribute to the pathogenesis of MAFLD,
with metabolic disorders being the primary cause of its development and progression. Owing to the close relationship
between MAFLD and metabolic syndrome and the systemic metabolic disorder of liver manifestation, several studies
have indicated that metabolic features, particularly disease-related risk factors such as hypertension, obesity, dyslipide-
mia, and T2DM, are closely associated with the incidence of MAFLD-HCC.*¢

Abnormal laboratory parameters are frequently reported in HCC cases. Because most HCC patients with metabolic
risk factors have underlying fibrosis or liver steatosis, the adjacent unaffected liver function has been recognized as an
important factor for determining HCC manifestations. The liver plays an important role in lipid metabolism; hence, the
pathological and functional changes in the liver have been associated with circulating lipid modification. However, the
relationship between clinicopathological features of MAFLD-HCC or HCC with metabolic risk factors and laboratory
indicators reflecting liver function has rarely been reported.

Herein, a retrospective analysis was conducted in patients with metabolic risk factors admitted to the Beijing Ditan
Hospital, Capital Medical University, and their metabolic risk factors related to HCC were examined. In this study, the
etiology and pathogenesis of MAFLD-related HCC and HCC with metabolic risk factors were examined by investigating
the pathological characteristics of HCC with metabolic risk factors, clinicopathological and metabolic characteristics of
MAFLD-related HCC and HCC with only metabolic risk factors, and the correlations between the pathological

characteristics and laboratory indicators of HCC with metabolic risk factors.

Methods

Study Design

The study had a single-center retrospective design. Patients diagnosed as having liver cancer including HCC and
intrahepatic cholangiocarcinoma admitted to Beijing Ditan Hospital, Capital Medical University, from January 1,
2011, to December 31, 2020 were included. The diagnosis in all cases was confirmed through surgical biopsy or
percutaneous needle biopsy of the tumor. Basic information and medical history, laboratory examination results, and
imaging examination results of the enrolled patients were recorded. Patients diagnosed with liver cancer from an
unknown cause were included, whereas those diagnosed with liver cancer of known etiologies such as viral hepatitis,
alcoholic liver disease, autoimmune liver diseases, drug-induced liver injury, and hepatic metastatic carcinoma were
excluded.

Patients

A total of 51 patients who were admitted to the Beijing Ditan Hospital from January 1, 2011 to December 31, 2020 were
diagnosed with liver cancer by surgical biopsy or percutaneous needle biopsy of the tumor. Patients were grouped into
the HCC group with metabolic risk factors and the group without metabolic risk factors according to whether they met at
least one of the following three criteria:* overweight/obesity (body mass index [BMI] > 25 kg/m? in Caucasians or BMI >
23 kg/m? in Asians), type 2 diabetes mellitus (T2DM), or two or more of four metabolic-related factors (ie, hypertension,
blood triglyceride level of >1.70 mmol/L, high-density lipoprotein cholesterol [HDL-C] levels of <1.0 mmol/L in men
and <1.3 mmol/L in women, and prediabetes). Patients who had liver steatosis in biopsy or had fatty liver on imaging
were considered to meet the diagnostic criteria for MAFLD (Figure 1). Clinical information including the demographic
profile and serological test results was acquired from the patients’ charts in the electronic medical record system.
Biochemical indicators including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phospha-
tase (AKP), y-glutamyl transpeptidase (GGT), total bilirubin (TBiL), direct bilirubin (DBiL), total bile acid (TBA), total
cholesterol (TCHO), triglycerides (TG), high-density liptein cholesterol (HDL-C), low-density liptein cholesterol (LDL-
C), apolipoprotein Al (APO-A1), apolipoprotein B (ApoB), lipoprotein(a) (LPa), albumin (ALB), and fasting blood
glucose (GLU) were retrospectively analyzed. The BMI was calculated using the following formula: weight/height in
meters squared (kg/m?).
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Figure | Flow chart of the study participants.

The written informed consent was acquired from the participants by physicians. In addition, the approval of the study
protocol was obtained from the Ethics Committee of Beijing Ditan Hospital, Capital Medical University. However, all
procedures used in this research involving human participants were performed based on the ethical standards and in
accordance with the 1964 Helsinki declaration as well as the later amendments or comparable ethical standards.

Histopathological Measurements

In this study, paraffin-embedded blocks of the liver tissues were sectioned and then stained with hematoxylin and eosin,
as well as with special stains including Masson trichrome, reticulin, and Periodic Acid Schiff with diastase (D-PAS). The
immunohistochemical stains of HepPar-1, GPC-3, GS, HSP70, CK7, CK19, CD34, and CD10 were performed for the
biopsy specimens in the pathology laboratory. Embedded sections were deparaffinized with xylene, followed by an
alcohol gradient and water rinses, and incubated with 0.3% hydrogen peroxide for 10 min at room temperature to
eliminate endogenous peroxidase activity. After antigen retrieval under high pressure with a citrate buffer, individual
slides were incubated at 4 °C overnight with primary antibodies. Slides were then washed three times with phosphate-
buffered saline (PBS), followed by incubation with horseradish peroxidase-labeled secondary antibodies at 37 °C for 30
min. Subsequently, the slides were washed and developed with DAB, hematoxylin counterstained, and mounted. PBS

diluent was used in place of antibodies as negative controls.’
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The grades and histological subtypes of HCC were diagnosed according to the WHO Classification of Malignant
Hepatocellular Tumors (5th edition). The surrounding adjacent nontumoral liver tissues were evaluated by the NAFLD
activity score (NAS) for inflammatory activity and a separate fibrosis staging system in conjunction with NAS for the
extent of fibrosis.® All sections were evaluated by two experienced pathologists.

Statistical Analyses

SPSS 20.0 (IBM Statistics, SPSS, Chicago, IL) was used to perform all statistical analyses. Continuous values are
denoted by the mean + standard deviation, and categorical variables are indicated as frequencies or ratios. Nonparametric
variables are denoted as the median with interquartile range (IQR). Normally-distributed data were analyzed using
Student’s #-test. For abnormally distributed continuous or ordinal dependent variables, differences between two groups
were explored by using Mann—Whitney U-test. To explore differences in the categorical variables, the Chi-square test
was employed. In addition, a p value of <0.05 was considered to indicate statistical significance. Spearman correlation
coefficient was calculated to determine the correlation between the laboratory parameters and pathological features. The
correlations were considered significant at p < 0.05.

Results

Patient Characteristics

A total of 51 patients were diagnosed with liver cancer from an unknown cause, which included 42 (82.4%) cases of
HCC. In addition, 32 cases exhibited metabolic risk factors and 20 cases met the diagnostic criteria for MAFLD, with the
peripheral liver tissue steatosis accounting for >5% of hepatocytes. Steatosis was typically macrovesicular, but the degree
of steatosis in all cases was <30% (Figure 2). The average age of the patients with HCC with metabolic risk factors was
63.2 £ 11.4 years, and the patient cohort comprised 21 (65.6%) men and 11 (52.4%) women.

A total of 51 cases of liver cancer from an unknown cause included 9 (17.6%) cases of intrahepatic cholangiocarci-
noma (ICC). Of these 9 cases, 7 involved metabolic risk factors and 3 met the diagnostic criteria for MAFLD. The
average age of patients with ICC associated with the metabolic risk factors was 62.6 +7.3 years, and of these patients, 3
(42.9%) were men and 4 (57.1%) were women.

No evident differences were noted in the age and gender between the HCC and the ICC groups. However, the
proportion of liver cirrhosis in the HCC group with metabolic risk factors was notably higher than that in the ICC group
with metabolic risk factors (p = 0.039).

Comparison Between HCC with and without Metabolic Risk Factors
The mean age of HCC patients with metabolic risk factors (32 cases) was obviously higher than that of HCC patients
without metabolic risk factors (10 cases). Among the 32 HCC patients with metabolic risk factors, 8 (25%) were obese,

Figure 2 The degrees of surrounding nontumoral liver tissue steatosis in MAFLD-related HCC with liver cirrhosis background (A) and non-cirrhosis background (B), which
are less than 30% (hematoxylin and eosin stain, original magnification x100).
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25 (78.1%) had T2DM, 23 (71.9%) had hypertension, 10 (31.3%) had blood triglyceride level >1.70 mmol/L, and 24
(75%) had HDL-C levels lower than the standard level.
The proportion of patients with T2DM, hypertension, blood triglyceride level >1.70 mmol/L, serum TG, ApoB, and

GLU levels was notably higher in the HCC group with metabolic risk factors (n =

32) than in the group without

metabolic risk factors (n = 10). In addition, the proportion of patients with macrotrabecular-type HCC was significantly

lower than that of HCC patients without metabolic risk factors (Table 1).

Table I Comparison Between Different Groups

HCC with HCC Without P value | MAFLD- HCC with Only P value

Metabolic Risk Metabolic Risk Related HCC Metabolic Risk

Factors Factors (20 Cases) Factors

(32 Cases) (10 Cases) (12 Cases)
Age(years) 63.2+11.4 51.8+18.6 0.023 62.8+12.2 63.8+10.3 0.808
Sex (M/F) 21/11 6/4 0.746 1317 8/4 0.923
Liver cirrhosis(cases) 13 (40.6%) 5 (50.0%) 0.601 11 (55.0%) 2 (16.7%) 0.033
Obesity (BMI=23) (cases) 8 (25.0%) 0 0.079 6 30.0%) 2 (16.7%) 0.399
T2DM (cases) 25 (78.1%) 0 0.000 18 (90.0%) 7 (58.3%) 0.036
Hypertension(cases) 23 (71.9%) 1 10.0%) 0.001 14 (70.0%) 9 (75.0%) 0.761
Blood triglyceride level 21.70 10 (31.3%) 0 0.043 6 (30.0%) 4 (33.3%) 0.844
mmol/L (cases)
HDL-C level <1.0 mmol/L in 24 (75.0%) 7 (70.0%) 0.754 16 (80.0%) 8 (66.7%) 0.399
males and 1.3 mmol/L in
females(cases)
Elevated CRP (>6mg/L) (cases) 11 (34.4%) 4 (40.0%) 0.746 5 (25.0%) 6 (50.0%) 0.149
Elevated AFP (>8.78 g/mL) (cases) | 12 (37.5%) 6 (60.0%) 0.209 8 (40.0%) 4 (33.3%) 0.706
Trabecular type(cases) 13 (40.6%) 4 (40.0%) 0.972 10 (50.0%) 3 (25.0%) 0.163
Steatohepatitic type(cases) 9(28.1%) 2 (20.0%) 0.610 7 (35.0%) 2 (16.7%) 0.264
Scirrhous type(cases) 4(12.5%) 1 (10.0%) 0.831 0 4 (33.3%) 0.006
Solid type(cases) 2(6.3%) 0 0418 I (5.0%) 1 (8.3%) 0.706
Pseudoglandular type(cases) 2(6.3%) 0 0.418 1(5.0%) 1 (8.3%) 0.706
Clear cell type(cases) 1(3.1%) 0 0.572 0 1(8.3%) 0.190
Macrotrabecular type(cases) 1(3.1%) 3 (30.0%) 0.012 I (5.0%) 0 0.431
ALT (U/L) 42.5+56.0 38.6%+27.3 0.830 36.1+20.8 53.3+88.9 0.409
AST (U/L) 42.1£38.7 63.7144.5 0.145 36.7£19.3 51.1£58.6 0.316
AKP (U/L) 121.5+102.2 I51.1£113.1 0.442 96.3167.8 161.3£134.7 0.142
GGT (U/L) 134.8+167.5 127.1£150.1 0.898 118.2£187.9 160.9+132.3 0.499
TBIL (umol/L) 15.6+7.5 18.9+7.8 0.233 17.6+£8.4 12.3+4.0 0.053
DBIL (umol/L) 7.05+5.47 9.56+5.70 0.217 8.16+6.51 5.19+2.21 0.139
TBA (umol/L) 12.0£16.9 53.8+68.0 0.085 14.9£21.0 74+3.8 0.142
TCHO (mmol/L) 4.36£1.50 3.53+1.36 0.133 4.11£1.14 4.84+2.02 0.222
TG (mmol/L) 1.42+0.69 0.77+0.35 0.001 1.36£0.55 1.54£0.93 0.587
HDL-C (mmol/L) 0.94+0.39 1.08+0.44 0.335 0.89+0.29 1.04+£0.53 0.332
LDL-C (mmol/L) 2.74%1.19 1.96+0.68 0.058 2.63+0.98 2.95+1.56 0.503
APO-AI (g/L) 1.14£0.34 1.13£0.38 0.959 1.11£0.23 1.20£0.49 0.521
APO-B (g/L) 0.85+0.35 0.60+0.19 0.040 0.80+0.26 0.95+0.47 0.262
LP(a)(mg/dL) 18.7£25.2 7.3x15.2 0.192 10.6£13.9 36.9£35.3 0.076
GLU (mmol/L) 7.09+3.52 5.17+0.67 0.006 7.28+3.68 6.78+3.37 0.707
ALB (g/L) 38.8+5.5 38.0£5.3 0.713 39.0£5.2 38.316.1 0.723
GLO (g/L) 28.0+5.3 28.1+5.5 0.983 27.6+5.2 28.7+5.6 0.569

Abbreviations: HCC, hepatocellular carcinoma; MAFLD, metabolic associated fatty liver disease; T2DM, type 2 diabetes mellitus; CRP, C-reactive protein; AFP, Alpha-
FetoProtein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AKP, alkaline phosphatase; GGT, y-glutamyl transpeptidase; TBiL, total bilirubin; DBIL, direct
bilirubin; TBA, total bile acid; TCHO, total cholesterol; TG, triglycerides; HDL-C, high-density liptein cholesterol; LDL-C, low-density liptein cholesterol; APO-AI,
apolipoprotein Al; ApoB, apolipoprotein B; LPa, lipoprotein(a); GLU, Glucose; ALB, albumin; GLO, Globularproteins.
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Comparison Between MAFLD-Related HCC and HCC with Only Metabolic Risk

Factors

The incidence of liver cirrhosis and T2DM in patients with MAFLD-related HCC (20 cases) was notably higher than that
in HCC patients with only metabolic risk factors (12 cases), whereas the proportion of patients with scirrhous-type HCC
was notably lower than that of HCC patients with only metabolic risk factors (Table 1).

Pathological Characteristics of HCC with Metabolic Risk Factors

Among the 32 cases of HCC with metabolic risk factors, based on the pathological types, 13 (40.6%) cases were of the
trabecular type, 9 (28.1%) of the steatohepatitis type, 4 (12.5%) of the scirrhous type, 2 (6.3%) of the solid type, another 2
(6.3%) of the pseudoglandular type, 1 (3.1%) of the clear-cell type, and the remaining 1 (3.1%) case was of the macro-
trabecular type (Figures 3 and 4). Tumor cells in 19 cases were accompanied by different degrees of swelling and ballooning
because of inflammation or glycogen accumulation, which accounted for 59.4% of the total cases. Mallory—Denk bodies were
detected in 17 (53.1%) cases, and glycogenated nuclei were detected in 12 (37.5%) cases (Figure 5).

The degree of inflammation in the surrounding liver tissues (p = 0.037) and the levels of serum cholesterol (p = 0.050)
were higher in the trabecular-type HCC than in the other types. However, the degree of tumor cell swelling and
ballooning (p = 0.007) and the proportion positive of Mallory—Denk bodies (p = 0.005) in the trabecular-type HCC
were markedly lower than those in the other types. The degree of fibrosis in the surrounding liver tissues (p = 0.010), the
proportion of tumor cell swelling and ballooning (p = 0.000), and the proportion positive of Mallory—Denk bodies (p =
0.001) in the steatohepatitic-type HCC were notably higher than those in the other types, whereas the peripheral blood
WBC count (p = 0.017), RBC count (p = 0.012), and Hb content (p = 0.026) were significantly lower in steatohepatitic-
type HCC than in the other types. The degree of steatosis in the surrounding liver tissues (p = 0.031) in the scirrhous-type
HCC was significantly lower than that in the other types (Table 2).

Figure 3 HCC with metabolic risk factor architectural growth patterns: (A) The tumor cells grow in trabecular pattern. (B) The tumor cells grow in a macrotrabecular
pattern with thick trabeculae more than 10 cell layers. (C) The tumor cells grow in a pseudoglandular pattern with glandular or acinar structure. (D) The tumor cells grow in
a solid pattern without trabecular or pseudoglandular growth. (hematoxylin and eosin stain, original magnification % 100).
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Figure 4 Major subtypes of HCC with metabolic risk factors. (A) Steatohepatitic HCC: The tumor shows macrovesicular steatosis, ballooning, Mallory—Denk bodies, and
inflammation (hematoxylin and eosin stain, original magnification % 100). (B) Scirrhous HCC: The tumor nests and single tumor cells are present in a dense desmoplastic
background (hematoxylin and eosin stain, original magnification %x200). (C) Clear-cell HCC: The tumor cells have glycogen-rich clear cytoplasm (hematoxylin and eosin stain,
original magnification x200).

Figure 5 Histological features of steatohepatitic HCC. (A) Tumor cells with a group of ballooning hepatocytes with enlarged, rounded, rarefied cytoplasm, with some
hepatocytes containing Mallory—Denk bodies (marked by arrow) (hematoxylin and eosin stain, original magnification x400). (B) Glycogenated nuclei can be seen in some
tumor cells (marked by arrow) (hematoxylin and eosin stain, original magnification x200).

Correlational Analysis Between the Pathological Characteristics and Laboratory
Indicators of HCC with Metabolic Risk Factors (Table 3)

The lower the differentiation of HCC with metabolic risk factors, the stronger the expression of CK19, the higher the
proliferation index of ki-67 (p = 0.009), and the lower the expression of Hep Par 1. The degree of swelling and
ballooning of tumor cells exhibited a positive association with the degree of fibrosis in the surrounding liver tissues (p =
0.011) as well as the proportion of liver cirrhosis (p = 0.004), whereas it showed a negative association with the
expression of CK8 (p = 0.015); serum cholesterol, ApoAl, ApoB, total protein, albumin levels; WBC count, RBC count,
and PLT count; and Hb level. The expression of GPC3 in the tumor cells was positively related to the serum AFP level
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Table 2 Pathological Characteristics and Laboratory Indicators Between Different Pathological Types of HCC with Metabolic Risk

Factors
Trabecular Type Steatohepatitis Type Scirrhous Type Other four Types
(13 Cases) (9 Cases) (4 Cases) (6 Cases)
Age(years) 62.1£14.6 63.3%6.9 62.3%16.2 66.0+6.4
Sex (M/F) 8/5 (0.687) 6/3 3/ 4/2
Inflammation score in surrounding liver tissue 2.5 (1.875,3) * 1.75 (1.5,2) 1.5 (1,2) 1.75 (1.125,2)
Fibrosis score in surrounding liver tissue 2.75 (2,3.625) 4 (3.875,5)* 334 2 (0.75,1.25)
Steatosis in surrounding liver tissue 8% (0,10%) 5% (2.5%,12.5%) 0 (0,0)* 0 (0,12.5%)
Swelling and ballooning of tumor cells (%) 0 (0,10%) * 40% (35%,60%)* 25% (2.5%,55%) 0 (0,17.5%)
Mallory-Denk body(cases) 3/13 (23.1) * 9/9 (100%) * 3/4 (75%) 2/6 (33.3%)
TCHO (mmol/L) 5.18+1.89% 3.73£0.98 3.20+0.65 4.62+0.72
TP (g/L) 70.06.1 62.3£5.1 60.2£12.0 71.1%4.1
WBC (109/L) 6.29+3.81 3.96x1.76" 9.26+2.84 6.66£1.70
RBC (1012/L) 4.31+0.84 3.560.49% 3.89+1.18 4.734£0.32
Hb (g/L) 133.5£25.1 108.6+22.7% 113.0+34.2 142.0£22.1

Note: * significantly higher than those in other types (p < 0.05). * markedly lower than those in other types (p < 0.05).
Abbreviations: TCHO, total cholesterol; TP, Total Protein; WBC, White blood cell; RBC, Red blood cell; Hb, Hemoglobin.

and negatively associated with the serum LPa level, GLU level, and PLT count. The expression of HSP70 in the tumor
cells exhibited a positive association with the levels of serum ALT, TBiL, and DBIL and a negative relationship with the
serum cholesterol and ApoB levels.

The degree of steatosis in the surrounding liver tissues was negatively correlated with the levels of serum AKP, GGT, and
LPa. The degree of inflammation in the surrounding liver tissues was negatively correlated with the decreased HDL-C levels and
positively related to the serum LPa levels. Additionally, the degree of fibrosis in the surrounding liver tissues was negatively
correlated with the levels of serum cholesterol, LDL-C, ApoAl, ApoB, and total protein as well as WBC and PLT counts.

The occurrence of cirrhosis was positively associated with the degree of swelling and ballooning of tumor cells (p =
0.004), the proportion positive of Mallory—Denk bodies (p = 0.003), glycogenated nuclei (p = 0.022), GPC3 expression
(p = 0.005), serum TBIL (p = 0.028), and DBIiL (p = 0.025) levels; however, it was negatively associated with the
elevated blood triglyceride level, serum cholesterol level, LDL-C level, ApoB level, the total protein level, WBC count,
and PLT count.

Comparison Between the Liver Cirrhosis and Non-Cirrhosis Groups

Among the 32 patients with HCC involving metabolic risk factors, 13 (40.6%) had liver cirrhosis and 19 (59.4%) did not
have liver cirrhosis. In addition, the degree of swelling and ballooning of tumor cells, proportion positive of Mallory—
Denk bodies and glycogenated nuclei, GPC3 expression, and the serum TBIiL level in the liver cirrhosis group were
notably higher than those in the non-cirrhosis group. On the other hand, the incidence of elevated blood triglyceride level,
serum cholesterol, triglycerides, LDL-C, ApoB, WBC count, and PLT count in the cirrhosis group were notably lower
than those in the non-cirrhosis group (Table 4).

Discussion

MAFLD, also called non-alcoholic fatty liver disease (NAFLD), represents the metabolic syndrome-related chronic fatty
liver disease. So far, liver histology has been identified as the precise method for diagnosing MAFLD, albeit it is invasive
in nature. Steatosis usually occurs around the central veins, mostly within zones 2 and 3. As numerous liver disorders
display similar histological manifestations, >5% of hepatocytes with fatty alteration should be diagnosed as MAFLD. In
this study, 20 of the 32 cases of HCC with metabolic risk factors met the diagnostic criteria for MAFLD, but the degree
of steatosis in all cases was <30%. A total of 12 cases exhibited no fatty liver on imaging or pathology, and whether they
had a history of fatty liver is unknown; however, the presence of metabolic abnormality-related factors was noted.
Accordingly, HCC with metabolic risk factors was diagnosed in these patients. The reason for this diagnosis may be that
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Table 3 Correlation Analysis Between Pathological Characteristics and Laboratory Indicators of HCC with Metabolic Risk Factors

Swelling and Steatosis in Inflammation in Fibrosis in Cirrhosis CKI19 HepParl GPC3 HSP70

Ballooning of Surrounding Surrounding Surrounding

Tumor Cells Liver Tissue Liver Tissue liver Tissue

rvalue | Pvalue | rvalue | p value | rvalue | p value | rvalue | p value | rvalue | p value | rvalue | p value | rvalue | p value | rvalue | p value | rvalue | p value

Differentiation of 0.058 0.754 —0.202 0.275 —0.072 0.799 0.441 0.100 —0.084 0.647 0.770 0.000 —0.375 0.041 —0.281 0.126 0.130 0.632
HCC
Cirrhosis 0.499 0.004 0.254 0.167 0.000 1.000 0.820 0.000 - - —-0.112 0.564 —0.025 0.894 0.464 0.009 0.491 0.053
Obesity —0.033 0.860 0.215 0.245 0.000 1.000 0.080 0.776 0.110 0.548 0.012 0.950 —0.209 0.267 0.013 0.946 0.029 0915
T2DM —0.034 0.853 0.238 0.197 0.062 0.826 —0.020 0.944 0.130 0.479 —0.125 0.518 —0.063 0.741 —0.098 0.599 —0.169 0.531
Hypertension 0.173 0.345 0.096 0.609 -0.211 0.451 —0.100 0.722 —0.049 0.791 -0.510 0.005 0.357 0.053 0.262 0.155 0.196 0.467
Elevated TG level —0.323 0.071 —0.336 0.065 -0.311 0.260 —-0.197 0.481 —0.420 0.017 —0.045 0.815 0.192 0.310 —0.008 0.966 —0.166 0.539
Decreased HDL-C 0.208 0.254 0.131 0.481 —0.585 0.022 0.302 0.275 0.037 0.842 —0.100 0.607 0.357 0.053 —0.072 0.701 0.231 0.389
level
ALT —0.051 0.761 —0.072 0.721 0.040 0.887 —0.161 0.567 0.021 0911 —0.355 0.059 0.034 0.858 0.260 0.158 0.499 0.049
AST 0.015 0.934 —0.242 0.223 0.253 0.363 —0.018 0.949 0.024 0.896 —0.002 0.992 —0.163 0.390 0.063 0.738 0.123 0.650
AKP -0.227 0.219 —0.555 0.003 0.397 0.143 —0.225 0.421 —0.336 0.064 0.192 0.328 —0.140 0.468 0.019 0.920 0.299 0.279
GGT —-0.097 0.603 -0.386 0.047 0.115 0.683 0.124 0.659 -0.117 0.531 0.093 0.637 —0.022 0911 —0.053 0.781 0.409 0.130
TBil -0.019 0.920 0.294 0.137 -0.012 0.968 0.184 0.511 0.389 0.028 —0.074 0.703 —0.066 0.728 0.267 0.147 0.517 0.040
DBiL 0.169 0.356 0.164 0.413 —0.069 0.807 0.403 0.137 0.396 0.025 —-0.010 0.958 —-0.076 0.690 0.252 0.171 0.614 0.011
TCHO —0.442 0.016 —0.041 0.864 0.311 0.260 —0.741 0.002 —0.456 0.013 0.014 0.946 —0.024 0.907 -0.301 0.119 —-0.520 0.047
LDL-C —0.493 0.007 0.057 0.786 0.167 0.552 —0.726 0.002 —0.497 0.006 0.078 0.705 0.002 0.992 -0317 0.100 —0.496 0.060
APO-AI —0.381 0.041 0.094 0.655 0.15 0.683 —0.647 0.009 0.050 0.798 —0.114 0.581 —0.104 0.606 0.067 0.736 —0.233 0.404
APO-B —0.428 0.020 0.048 0.819 0.167 0.552 —0.586 0.022 -0.510 0.005 0.132 0.520 —0.032 0.876 —0.363 0.057 —0.542 0.037
LP(a) —-0.073 0.723 —0.551 0.008 0.570 0.033 -0.177 0.544 —0.252 0.214 0.335 0.102 —0.397 0.055 —0.416 0.039 —0.294 0.307
GLU 0.048 0.794 0.097 0.629 0.213 0.446 —0.062 0.826 —0.031 0.866 —-0.027 0.888 0.115 0.547 —0.389 0.031 —0.253 0.344
TP —0.534 0.002 —0.128 0.524 0.371 0.173 —0.613 0.015 —0.403 0.022 —0.073 0.707 0.087 0.647 —0.050 0.789 —0.310 0.243
AFP —-0.273 0.130 -0.016 0.938 0.224 0.422 0.153 0.585 0.114 0.535 —0.033 0.865 —0.026 0.891 0.446 0.012 0.488 0.055
WBC —0.471 0.007 —0.281 0.156 —0.265 0.341 —0.672 0.006 —0.596 0.000 0313 0.099 —0.171 0.368 —0.231 0.212 0.076 0.780
RBC —0.607 0.000 0.040 0.845 —0.207 0.459 —0.464 0.082 —0.296 0.100 0.134 0.487 0.071 0.708 0.021 0910 —0.052 0.847
Hb —0.665 0.000 —0.044 0.828 -0.012 0.968 -0.276 0.320 -0.276 0.127 0.022 0.908 0.045 0.8I5 0.075 0.690 0.059 0.828
PLT —0.337 0.034 —0.061 0.764 —-0.115 0.683 —0.613 0.015 —0.741 0.000 0.057 0.770 0.092 0.630 —0.382 0.034 —0.074 0.784

Abbreviations: CK19, Cytokeratin 19; GPC-3, glypican-3; HSP70, heat shock protein 70; HCC, hepatocellular carcinoma; T2DM, type 2 diabetes mellitus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AKP, alkaline
phosphatase; GGT, y-glutamyl transpeptidase; TBiL, total bilirubin; DBIL, direct bilirubin; TCHO, total cholesterol; LDL-C, low-density liptein cholesterol; APO-Al, apolipoprotein Al; ApoB, apolipoprotein B; LPa, lipoprotein(a); GLU,
Glucose; TP, Total Protein; AFP, Alpha-FetoProtein; WBC, White blood cell; RBC, Red blood cell; Hb, Hemoglobin; PLT, platelet.
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Table 4 Comparison of Liver Cirrhosis and Non-Cirrhosis Patients with HCC with Metabolic Risk Factors

Cirrhosis (13 Cases) No Cirrhosis (19 Cases) P value

Age(years) 63.5+10.2 63.0+12.4 0912
Sex (M/F) 6/7 15/4 0.055
Obesity (BMI=223) (cases) 4 (30.8%) 4 (21.1%) 0.533
T2DM (cases) Il (84.6%) 14 (73.7%) 0.463
Hypertension(cases) 9 (69.2%) 14 (73.7%) 0.783
Blood triglyceride level 21.70 mmol/L (cases) 1 (7.7%) 9 (47.4%) 0.017
HDL-C level <I.0 mmol/L in males and 10 (76.9%) 14 (73.7%) 0.835
1.3 mmol/L in females(cases)

Elevated CRP (>6mg/L) (cases) 2/13 (15.4%) 9/19 (47.4%) 0.061
Elevated AFP (>8.78 g/mL) (cases) 7/13 (53.8%) 5/19 (26.3%) 0.114
Swelling and ballooning tumor cells 20% (10%,50%) 0 (0,40%) 0.007
Mallory-Denk body(cases) Il (84.6%) 6 (31.6%) 0.003
Glycogenated nuclei(cases) 8 (61.5%) 4 (21.1%) 0.020
GPC3 expression 2 (1, 2.25) 0 (0, I.5) 0.008
ALT (U/L) 35.2+20.0 47.5%71.2 0.549
AST (U/L) 36.7+18.4 45.8+48.1 0.524
AKP (U/L) 87.6+58.0 145.9+120.7 0.086
GGT (U/L) 142.1£219.1 129.5+124.7 0.840
TBIL (umol/L) 19.5£9.5 12.9+4.2 0.034
DBIL (umol/L) 9.35+7.37 5.47+2.96 0.092
TBA (umol/L) 15.7£19.3 9.3+14.8 0.304
TCHO (mmol/L) 3.66%0.98 4.93+1.63 0.020
TG (mmol/L) 1.1240.35 1.67+08.0 0.022
HDL-C (mmol/L) 1.00£0.39 0.90+0.39 0.505
LDL-C (mmol/L) 2.15+0.64 3.23%1.33 0.012
APO-AI (g/L) 1.19£0.35 1.10£0.33 0.487
APO-B (g/L) 0.660.17 1.00£0.38 0.007
LP(a)(mg/dL) 11.4+13.8 25.0+31.1 0.157
GLU (mmol/L) 7.03+3.64 7.14+3.54 0.933
TP (g/L) 63.9+5.5 68.8+8.2 0.072
ALB (g/L) 37.913.6 39.416.5 0.420
GLO (g/L) 26.0+5.8 29.4+4.5 0.073
WBC (10°/L) 4.02+1.68 7.48+3.29 0.002
RBC (10'?/L) 3.89+0.67 4.29+0.89 0.178
Hb (g/L) 119.3£22.8 129.8+£30.0 0.295
PLT (10°/L) 95.2+31.5 201.1+83.0 0.000

Abbreviations: HCC, hepatocellular carcinoma; T2DM, type 2 diabetes mellitus; CRP, C-reactive protein; AFP, Alpha-FetoProtein; GPC-3,
glypican-3; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AKP, alkaline phosphatase; GGT, y-glutamyl transpeptidase; TBiL,
total bilirubin; DBIL, direct bilirubin; TBA, total bile acid; TCHO, total cholesterol; TG, triglycerides; HDL-C, high-density liptein cholesterol;
LDL-C, low-density liptein cholesterol; APO-Al, apolipoprotein Al; ApoB, apolipoprotein B; LPa, lipoprotein(a); GLU, Glucose; TP, Total
Protein; ALB, albumin; GLO, Globularproteins; WBC, White blood cell; RBC, Red blood cell; Hb, Hemoglobin; PLT, platelet.

hepatic steatosis had “burned out” and was no longer evident in the advanced stage owing to the energy consumption by
the tumor. Another reason may be that the liver needle aspiration specimen was small and did not adequately reflect the
overall changes.

The age of patients has been identified as the critical risk factor for HCC, and the association is influenced by the
etiology of liver disease. In the case of HBV, the mean age at the time of HCC diagnosis is 50 years. On the contrary, the
average age for NAFLD-related HCC diagnosis is 70 years.'” Our results confirm that the mean age of HCC patients with
metabolic risk factors was remarkably higher than that of HCC patients with no metabolic risk factors. This observation
suggests that MAFLD has a slower progression. HCC is more commonly recorded among men, with a male-to-female
ratio in Asian countries of around 2:3." Similarly, in the present study, among HCC patients with metabolic risk factors,
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21 were men and 11 were women. Male dominance herein can be attributed to different lifestyles, body fat distributions,
body compositions, as well as the metabolism of sex hormones in men."" MAFLD has a higher prevalence and
a potentially greater severity among men than in women; typically, estrogen can protect against MAFLD occurrence.''

Several studies have verified the close relationship between metabolic features and HCC occurrence. Particularly, for
non-cirrhosis cases, T2DM and obesity have been identified to independently predict the HCC risk.'?> T2DM has been
closely related to hepatic steatosis, and it may lead to an increased risk of NAFLD/MAFLD development.'* Based on our
results, the incidence of T2DM in patients with MAFLD-related HCC was notably higher than that in HCC patients with
only metabolic risk factors. Typically, the MAFLD definition considers these results and the close relationship between
metabolic syndrome and metabolic dysfunction with liver steatosis.

Microscopically, HCC cells comprise hepatocytes such as the cells producing macrotrabecular, trabecular, and solid
growth, as well as pseudoglandular/pseudoacinar patterns. The trabecular structure is the most common growth pattern.
Our study recorded the same results, with the trabecular type accounting for 40.6% of all HCC cases involving metabolic
risk factors. Moreover, HCC exhibited extensive morphological manifestations, including morphological subtypes
accounting for approximately 35% of all HCC cases.'* In decreasing order, the HCC subtypes were as follows:
steatohepatitic, clear-cell, macrotrabecular-massive (MTM), scirrhous, chromophobe, fibrolamellar, neutrophil-rich, and
lymphocyte-rich subtypes.

Steatohepatitic HCC displays manifestations similar to those of steatohepatitis, including steatosis, Mallory—Denk
bodies, cancer cell ballooning, pericellular fibrosis, and inflammation. It is the most common HCC variant reported in the
literature,'* representing 5%-20% of all HCC cases." Steatohepatitic HCC accounted for 28.1% of HCC cases with
metabolic risk factors in our study. However, steatohepatitic HCC can also occur without any background metabolic
syndrome or fatty liver disease.'® We also found two cases of steatohepatitic HCC among 10 cases of HCC without any
metabolic risk factors. Therefore, the correlation between steatohepatitic HCC and the metabolic risk factors needs to be
further analyzed. As reported previously, steatohepatitic HCC is more likely to occur in patients with advanced fibrosis.'”
We also observed markedly increased fibrosis of the adjacent liver tissues in patients with steatohepatitic-type HCC.

Hepatocellular swelling and ballooning are considered the types of hepatocellular injury that are commonly but not
exclusively reported in NASH and are also common in HCC. The factors that may contribute to ballooning include
excess fatty acid oxidation because of the increased fat contents in the cells, which may cause metabolic stress, ultimately
leading to the degeneration and apoptosis of lipotoxic cells.'® Ballooning cells frequently contain Mallory—Denk bodies.
Identifying Mallory—Denk bodies as well as the ballooning degeneration through liver biopsy is of great significance
because these features are related to fibrosis development.'® We also found that the degree of swelling and the proportion
of ballooning tumor cells were positively correlated with the fibrosis degree within the adjacent liver tissues, and the
occurrence of cirrhosis was positively associated with the degree of swelling and ballooning of tumor cells, as well as the
proportion positive of Mallory—Denk bodies and glycogenated nuclei.

Scirrhous HCC represents an uncommon HCC subtype. Its histomorphology includes fibrosis within the tumor as
well as non-cirrhotic background liver. The incidence of scirrhous HCC has been reported to be approximately 4.0%,%°
albeit it was 12.5% in the present study. There may have been a selection bias in study because not all cases require
a biopsy to differentiate cholangiocarcinoma from fibrolamellar HCC. Scirrhous HCC was not observed in the MAFLD-
related HCC group in this study, and the proportion of patients with scirrhous HCC markedly decreased compared with
that of HCC patients with only metabolic risk factors. We also observed that the degree of steatosis in the surrounding
liver tissues in the scirrhous-type HCC was significantly lower than that in the other types. Therefore, we speculated that
MAFLD or NAFLD cannot easily progress to scirrhous HCC.

Immunohistochemistry (IHC) plays an important role in evaluating HCC. A panel of markers can be employed to
confirm malignancy and distinguish it from non-hepatocellular mass lesions. Typically, glutamine synthetase (GS),
glypican-3 (GPC-3), HepPar-1, heat shock protein 70 (HSP70), Ki-67, CD34, CK7, and CK19 are the frequently used
markers. GPC-3 represents the cell-surface heparan sulfate proteoglycan, and its expression can be considered an
indicator to predict malignant HCC. In this study, GPC3 expression within cancer cells exhibited a positive correlation
with the serum AFP level, consistent with the elevated serum AFP level in HCC. HepPar-1 is highly sensitive and
specific for HCC (as high as 80%). Nonetheless, its level is <50% for poorly differentiated cancers.'* CK19 expression is

Journal of Hepatocellular Carcinoma 2023:10 htps: 843

Dove:


https://www.dovepress.com
https://www.dovepress.com

Sun et al Dove

related to the aggressiveness of tumors, while GPC-3 and CK19 dual-expression predicts poor prognostic outcomes.?'
Our research indicated similar results. The lower the differentiation of HCC with metabolic risk factors, the stronger the
expression of CK19, the higher the proliferation index of ki-67, and the lower the expression of HepPar-1.

As previously reported, liver lipoprotein and cholesterol production reduced with cirrhosis progression.?* In addition,
compared with non-advanced fibrosis cases, advanced fibrosis cases were associated with markedly decreased LDL-C,
cholesterol, and serum Lp(a) levels.”> Moreover, we noted that the degree of fibrosis in the surrounding liver tissues was
negatively correlated with the serum cholesterol, LDL-C, ApoAl, and ApoB levels. The occurrence of cirrhosis was
negatively correlated with the elevated blood triglyceride levels as well as serum cholesterol, LDL-C, and ApoB levels.
Lp(a), mostly produced within the liver, is recognized to be a critical factor for atherosclerotic plaque formation.”* We
noted that the serum Lp(a) expression was negatively related to the degree of steatosis in the surrounding liver tissues,
with a positive relation to the degree of inflammation in the surrounding liver tissues. Consistent with these results,
a study reported that liver inflammation, and not steatosis, affected the serum Lp(a) level.?

Furthermore, we observed that the degree of steatosis in the surrounding liver tissues was negatively related to the
serum GGT and AKP levels, which may be attributed to tumor progression. HCC cells have been suggested to produce
GGT.?® Another study reported that the AKP level markedly increased in the HCC group relative to that in the cirrhosis
group; moreover, the GGT and AKP levels elevated as the tumor progressed, thereby affecting HCC genesis and
development.”” With the progression of MAFLD-related HCC, energy consumption increases; therefore, steatosis in
the surrounding liver tissues decreases or even disappears with the increase in GGT and AKP levels.

PLT count remarkably decreases in patients with cirrhosis because of portal hypertension.?® According to an observational
study, thrombocytopenia represents an important risk factor for cirrhosis occurrence.”” We also found that fibrosis severity
within the adjacent liver and the occurrence of cirrhosis were all negatively correlated with the PLT count. PLT has complex
effects on HCC, and it has been reported that thrombocytopenia significantly predicted dismal HCC survival and prognosis.**
Furthermore, GPC-3 is highly sensitive to lowly-differentiated HCC but lowly sensitive to highly-differentiated HCC.*'
Therefore, GPC3 expression within cancer cells showed a negative correlation with PLT count in the present study.

In several countries, MAFLD is the critical etiology of HCC. In previous studies, the HCC risk was suggested to be
restricted to liver cirrhosis; however, at present, HCC-related fatty liver diseases have been suggested to be related to
non-cirrhotic liver or liver with mild fibrosis.'"* According to our results, there were 59.4% of cases without cirrhosis
among the HCC cases having metabolic risk factors. Piscaglia et al reported that 46.2% of NAFLD-related HCCs
occurred on a non-cirrhotic background, whereas 97.2% of HCV-related HCCs occurred in cirrhotic livers.>® Another
study reported that the cases demonstrating underlying metabolic syndrome as the only risk factor for liver disease are
associated with a 5-fold increased risk of HCC without cirrhosis relative to the HCV-related HCC cases.*® Multiple
logistic regression was conducted to compare HCC cases with and without cirrhosis; as a result, non-cirrhosis HCC cases
were mostly recorded in men, with increased dyslipidemia and larger tumor rates.>* We also noted that the levels of blood
triglycerides, serum cholesterol, triglycerides, ApoB, and LDL-C in the non-cirrhosis group were markedly higher than
those in the liver cirrhosis group.

Certain limitations of the present study should be acknowledged. First, this is a single-center preliminary study;
therefore, multicenter studies should be conducted to validate the present results. Second, the study has a retrospective
design with a small sample size; hence, prospective studies with a larger sample size are necessary to analyze the
clinicopathological features of HCC with MAFLD or metabolic risk factors. Finally, our study did not consider the
treatment methods or patient prognosis; therefore, a long-term follow-up is required to observe the prognosis and
outcome of these patients.

Conclusions

The pathological characteristics of HCC with metabolic risk factors were correlated with metabolic abnormalities.
Trabecular structure is the most common growth pattern. It is important to identify ballooning degeneration and
Mallory—Denk bodies in liver biopsies because these pathological features were positively correlated with the occurrence
of cirrhosis. HCC patients with metabolic risk factors were more likely to have no cirrhosis.
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