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Background: To evaluate the relationship between soluble CD36 (sCD36) and type 2 diabetes mellitus complicated by hepatocellular
carcinoma (T2DM-HCC), and to explore its potential clinical prognostic value.

Methods: A prospective study was conducted enrolling newly diagnosed T2DM-HCC patients from two medical centers, along with
control groups including healthy individuals (HC), T2DM patients, and HCC patients. Clinical, biochemical, and pathological data
were collected. Serum sCD36 levels were measured by ELISA. Univariate and multivariate analyses were used to identify recurrence
risk factors, and ROC analysis was performed to evaluate diagnostic performance.

Results: Among 258 participants, the T2DM-HCC group exhibited the highest sCD36 levels, impaired liver function, lower platelets, and
mild chronic inflammation. In this group, sCD36 levels positively correlated with tumor stage, size, and proliferation. In univariable
analysis, it was associated with postoperative recurrence (OR = 2.57, 95% CI: 0.68-9.67). The predictive ability of sCD36 for recurrence
(AUC = 0.86) was comparable to AFP (AUC = 0.89), while their combination showed the highest accuracy (AUC = 0.94).
Conclusion: sCD36 is associated with tumor progression in T2DM-HCC patients and serves as an independent risk factor for
recurrence. To the best of our knowledge, this is the first study to identify sCD36 as a critical clinical biomarker for disease
progression in T2DM-HCC, with strong potential for clinical application.

Trial Registration: This study was registered in September 2024 with the Chinese Clinical Trial Registry (ChiCTR), registration
number: ChiCTR2400089651.
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Introduction

Globally, liver cancer ranks as the sixth most common cancer and the third leading cause of cancer-related deaths.' HCC is
the most common type of liver cancer, which accounts for 90% of all the cases.” Although the incidence and mortality of
HCC have declined in some regions,” the overall survival remains poor, with a median survival ranging from 6 to 10 months
or less than 2 years in most cases.*”> The well-known risk factors for HCC include hepatitis B virus (HBV) and hepatitis
C virus infection (HCV), alcoholism, non-alcoholic fatty liver disease (NAFLD), aflatoxin exposure, and T2DM.

The prevalence of T2DM has been increasing worldwide, with one study estimating that the number of T2DM
patients will rise to 642 million by 2040.° Moreover, since T2DM is a risk factor for HCC, the rising prevalence of
T2DM may be a contributing factor to the higher incidence of HCC. Studies have shown that individuals with T2DM
face a 2.31-fold increased risk of developing HCC compared to those without diabetes, while the mortality rate of HCC
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in T2DM npatients is 2.43 times higher.” Therefore, addressing the management of HCC in patients with T2DM has
become an essential strategy to reduce HCC-related mortality. In recent years, the remarkable success of atezolizumab
combined with bevacizumab in clinical trials has revolutionized the therapeutic landscape of HCC. The treatment
paradigm has shifted from single-agent targeted therapy to combination regimens centered on immunotherapy.® Within
this evolving landscape, the focus of HCC management has progressively moved from sequential drug use toward
precision and individualized decision-making based on biomarkers, liver function, and patient status.” On this basis,
identifying robust prognostic biomarkers has become a key step toward improving survival outcomes in HCC.'*'2
Particularly, since T2DM is closely linked to metabolic dysregulation, exploring metabolism-related prognostic biomar-
kers is crucial for patients with T2DM complicated by HCC.

Fatty acid translocase (FAT/CD36) is a multifunctional receptor expressed in various tissues, where it plays diverse
biological roles, including regulation of lipid metabolism, modulation of chronic inflammation, and contribution to
obesity-induced insulin resistance.'> !> CD36 expressed in adipose tissue and skeletal muscle is associated with long-
chain fatty acid uptake and plays a critical role in obesity-induced insulin resistance.'® In hepatocytes, CD36 can induce
sterile inflammation by promoting the production of endogenous damage-associated molecular patterns (DAMPs) and
enhancing the phagocytosis of pathogenic components.'” Additionally, CD36 regulates lipid metabolism homeostasis
through the MAPK signaling pathway, thereby influencing the progression of NAFLD-HCC.'® In macrophages,
CD36 has been shown to mediate the development and progression of liver metastasis by regulating macrophage

19,20

migration and polarization phenotypes, and it is also implicated in the pathophysiology of T2DM.?' Interestingly,

previous studies have demonstrated that the sCD36 in circulation serves as a non-invasive biomarker for T2DM,
NAFLD, atherosclerosis, poor prognosis of HBV infection, and liver failure.?>2*

The above-mentioned studies have provided a rationale that the homeostasis of sCD36 is altered in the context of
T2DM-HCC, suggesting that sCD36 could serve as a potential biomarker for predicting the progress of T2DM-HCC.

Therefore, in this study, we aim to evaluate the relationship between serum sCD36 levels and T2DM-HCC.

Materials and Method

Patients Recruitment and Study Design

Participants of the study were recruited from the Chongqing Liver Cancer Cohort, which is an prospective, ongoing cohort study
initiated at Affiliated Banan Hospital of Chongqing Medical University and The First Affiliated Hospital of Chongqing Medical
University. The required sample size for this study was calculated using the formula: N = Z* x o* / d*. Based on a standard
deviation () of 0.46 for sCD36 in the population,® a margin of error (d) of 0.15, and a 95% confidence level (Z = 1.96), the
estimated sample size was 36.12. Accounting for a 20% potential loss to follow-up, the adjusted sample size was approximately
43. To ensure sufficient statistical power, the final sample size was rounded up to 50 participants.

From January 2024 to October 2025, a total of 56 T2DM-HCC patients were recruited, these patients had any prior
anticancer treatment and were scheduled to undergo either surgical resection or TACE therapy. Additionally, we established
three control cohorts: Control cohort 1 comprising 89 patients with HCC who had not received any prior treatment (HCC
group), Control cohort 2 consisting of 72 patients with T2DM (T2DM group), and Control cohort 3 including 86 healthy
individuals (HC group). HCC diagnosis was based on imaging scan and histopathological examination following the
American Association for the Study of Liver Diseases (AASLD) guidelines.® The staging of HCC was evaluated based on
the Chinese Guidelines for the Diagnosis and Treatment of Primary Liver Cancer (2022 Edition).?” The inclusion and
exclusion criteria for the whole cohort are detailed in the Supplementary Information. All participants provided written

informed consent. This study was approved by the Ethics Committee of Banan Hospital Affiliated to Chongqing Medical
University (BNLL-KY-2024-025) and was registered with the Chinese Clinical Trial Registry (ChiCTR2400089651).

Data Collection

The electronic medical record (EMR) system of our institution was utilized to document patients’ baseline character-
istics. Data were collected at the following time points, including at the initial diagnosis of T2DM-HCC. The following
baseline characteristics were collected: age, sex, body weight, height, duration of diabetes, comorbidities (including
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hypertension, dyslipidemia, and fatty liver disease), clinical laboratory test results, number and size of tumor nodules,
and Child-Turcotte—Pugh (CTP) score.

Serum sCD36 Measurement

Baseline blood samples were obtained from patients. The serum separation tubes (SST, clot activator tubes) were
centrifuged at 3000 rpm for 10 min at 4 °C, and the supernatant (serum) was then collected and stored at —80 °C.
Serum sCD36 levels were quantified using a human sCD36 ELISA kit (Shanghai Enzyme-linked Biotechnology, China,
ml038125) following the manufacturer’s protocol.

Immunohistochemical (IHC) Staining

Collected paraffin-embedded tissue samples of T2DM-HCC from Chongqing Medical University Affiliated Banan
Hospital between January 2024 and March 2025. Immunohistochemical staining was performed to detect Ki67 expres-
sion levels. A professional pathologist evaluated the percentage of positively stained cells within the field of view to
determine tumor proliferation status. The staining procedure utilized the Rabbit Two-Step Detection Kit (Zhongshan
Golden Bridge, China, PV-9001) and Ki67 polyclonal antibody (Proteintech, China, 27309-1-AP). All operations were
conducted in strict accordance with the reagent manufacturer’s instructions.

Follow-Up and Outcomes Evaluation

Patients in the study cohort with T2DM-HCC and HCC were followed up at 1, 3, 6, and 12 months after surgery, with the
follow-up period lasting at least two years. Follow-up was conducted either through in-person hospital visits or by
telephone reminders encouraging patients to return for examination. The follow-up primarily involves: (1) imaging
examinations such as abdominal ultrasound, CT, or MRI to evaluate tumor recurrence; (2) laboratory tests to assess liver
function, kidney function, serum AFP, fasting blood glucose (FBG), and glycated hemoglobin (HbAlc) levels; (3)
collection of serum samples, stored at —80°C for subsequent measurement of serum sCD36 levels; (4) documentation of
survival status. Main outcomes: the recurrences of patients.

This is an ongoing prospective cohort study with an originally planned period from January 2024 to January 2026. All
eligible patients are required to be followed for at least two years; therefore, the actual study duration will extend beyond
the initially planned timeline. At the time of manuscript preparation, the six-month follow-up data were the most
complete; hence, the present analysis was based on patients who had completed six months of follow-up.

Statistic Analysis

SPSS statistical software26.0 (IBM, USA) was used to perform statistics analysis. Normally distributed continuous variables
data are showed as mean =+ standard deviation (SD), difference between groups are performed using a Student’s #-test or analysis
of variance (ANOVA). Skewed continuous variables as median (interquartile range), and difference between groups are
performed using Wilcoxon rank sum test. Categorical variables as count (percent), ¥2 test is used to evaluate difference of
categorical variables. Logistic regression analysis was used to examine the relationship between variable parameters and renal
dysfunction, with effect sizes expressed as odds ratios (ORs) and their 95% confidence intervals (95% Cls). The “RMS” package
in R software (version 3.5) was used to construct the nomogram, and “forestplot” package is used for drawing forest plots. To
evaluate whether there were statistically significant differences in predictive performance among the models, the bootstrap
method was applied.

Results

Population Characterized

This study design and the number of included patients were presented in detail in Figure 1. Baseline characteristics of all
study cohorts are presented in Table 1. In the T2DM-HCC cohort, the median age was 60 years and the median BMI was
23.928, with males accounting for 54% of the population. In the T2DM cohort, the median age was 53 years and the
median BMI was 22.262, with males accounting for 69.231%. In the HCC cohort, the median age was 67 years and the
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Figure | Flowchart of the study design. A total of 56 patients with T2DM-HCC, 89 with HCC, 72 with T2DM, and 86 healthy individuals were initially enrolled. Participants
were excluded for reasons including prior surgical treatment, history of other malignancies, use of antidiabetic or immunosuppressive medications, antiviral therapy,
pregnancy, cardiovascular disease, liver disease, steroid use, or familial hypercholesterolemia. The final study population consisted of 50 T2DM-HCC patients, 72 HCC
patients, 52 T2DM patients, and 84 healthy controls. T2DM-HCC and HCC patients underwent follow-up at I, 3, 6, 12, and 24 months postoperatively to monitor sCD36
levels and tumor recurrence. During follow-up, 12 T2DM-HCC patients (8 lost to follow-up, 4 withdrew) and 15 HCC patients (10 lost to follow-up, 5 withdrew) were
excluded from final analysis.

median BMI was 21.931, with males accounting for 79.167%. In the HC cohort, the median age was 54.5 years and the
median BMI was 22.140, with males accounting for 45.238%.

Compared with the HC cohort, individuals in the T2DM-HCC cohort were older and had higher levels of CRP, ALT,
AST, TBIL, DBIL, TG, FBG, HbAlc, and AFP, while showing lower levels of RBC, Hb, Plt, PA, TP, ALB, A/G, and TC
(sTable 1). These findings suggest that individuals in the T2DM-HCC group exhibit mild chronic inflammation, impaired
liver function, and dysregulated glucose and lipid metabolism. Compared with the T2DM cohort, the T2DM-HCC group
still showed evident liver function impairment, although differences in glucose and lipid metabolism were observed
(sTable 2). When compared to the HCC cohort, the T2DM-HCC group exhibited higher BMI, FBG, and HbAlc levels,
along with gender differences, indicating that T2DM-HCC may have distinct disease characteristics (sTable 3).

These results indicated that the observed differences in baseline characteristics were likely attributable to the diverse
physiological and pathological states of the study populations.

sCD36 is Associated with the Progression of T2DM-HCC and HCC

sCD36 has been reported to play an important role in various diseases.?® In this study, we analyzed sCD36 concentrations
in all cohorts and found that they were significantly higher in both the T2DM-HCC and HCC cohorts compared to the
HC cohort. Moreover, sCD36 concentrations in the T2DM-HCC cohort were significantly higher than those in the HCC
cohort. However, there was no significant difference in sCD36 levels between the T2DM and HC cohorts (Figure 2A).
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Table | The Characteristics of the Four Study Cohorts

Characteristic HC N=84 HCC N=72 T2DM N=52 T2DM-HCC N=50 p
Age, Median [P25, P75] 54.500 [38.750;65.250] 67.000 [53.000;71.000] 53.000 [39.500;70.250] 60.000 [51.500;67.750] 0.001
BMI, Median [P25, P75] 22.140 [19.912;24.845] 21.931 [18.991;24.146] 22.262 [19.731;25.172] 23.928[21.774;24.765] 0.023
CRP, Median [P25, P75] 6.490 [5.060;8.120] 21.440 [7.475;62.330] 2.605 [1.228;3.822] 11.910 [2.660;28.200] <0.001
WBC (107/L), Median [P25, P75] 5.950 [5.050;7.150] 6.900 [4.345;8.985] 7.295 [6.050;8.390] 5.850[4.500;7.100] 0.0l
RBC (10'%/L), Median [P25, P75] 4.805 [4.442;5.147] 3.690 [2.932;4.170] 4.555 [4.110;5.175] 4.180 [3.310;4.502] <0.001
PLT (10°/L), Median [P25, P75] 240.000 [217.750;270.250] | 141.000 [93.500;175.750] | 202.500 [145.000;248.750] | 93.000 [68.000;126.250] | <0.00l
Hb (g/L), Median [P25, P75] 145.500 [136.750;157.250] | 110.500 [89.500;126.000] | 145.500 [131.750;162.500] | 100.000 [85.000;117.750] | <0.001
PA, Median [P25, P75] 212.500 [188.500;244.000] | 147.170 [73.365;189.000] | 226.930 [183.500;265.432] | 102.270 [64.942;172.368] | <0.001
TP, Median [P25, P75] 73.800 [70.650;77.425] 65.300 [58.450;70.025] 73.400 [68.000;79.025] 68.250 [64.950;71.625] <0.001
ALB, Median [P25, P75] 46.425 [45.310;48.623] 33.200 [28.773;38.975] 46.895 [43.808;51.750] 36.630 [31.372;41.100] <0.001
A/G, Median [P25, P75] 1.765 [1.508;2.047] 1.130 [0.955;1.406] 1.834 [1.670;1.990] 1.210 [0.912;1.483] <0.001
ALT, Median [P25, P75] 19.000 [15.000;25.250] 32.000 [20.000;51.250] 24.500 [14.000;35.000] 34.000 [18.250;66.000] <0.001
AST, Median [P25, P75] 22.500 [18.000;27.000] 48.500 [34.000;84.250] 25.000 [18.750;34.250] 47.000 [25.000;69.000] <0.001
TBIL, Median [P25, P75] 9.400 [7.250;13.025] 21.600 [13.225;35.850] 12.500 [9.250;13.725] 27.150 [18.950;79.450] <0.001
DBIL, Median [P25, P75] 4.350 [3.200;5.525] 10.935 [6.350;18.125] 5.150 [3.747;6.425] 16.300 [9.295;66.950] <0.001
UN, Median [P25, P75] 5.720 [4.482;6.982] 7.450 [5.252;9.692] 5.435 [4.185;11.012] 5.205 [3.963;7.600] 0.001
Cr, Median [P25, P75] 64.000 [54.325;75.400] 66.500 [48.625;90.750] 59.900 [54.475;66.275] 56.650 [46.525;72.375] 0.104
TG, Median [P25, P75] 1.180 [0.853;1.382] 1.010 [0.835;1.382] 1.670 [1.168;2.740] 1.465 [0.952;2.188] <0.001
TC, Median [P25, P75] 3.690 [2.725;4.450] 2.685 [2.020;3.372] 4.030 [2.888;4.543] 2.705 [1.930;3.665] <0.001
FBG, Median [P25, P75] 5.100 [4.700;5.500] 5.245 [4.575;5.670] 9.580 [7.575;12.008] 7.250 [6.820;8.060] <0.001
HbAIc, Median [P25, P75] 5.500 [5.200;5.800] 5.600 [5.300;5.900] 7.950 [7.050;11.150] 7.200 [6.800;8.100] <0.001
AFP, Median [P25, P75] 2.440 [1.660;4.070] 4.155 [2.100;12.840] 2.535 [1.802;4.152] 4.250 [2.272;92.315] <0.001
Gender, N (%): <0.001
Female 46 (54.762%) 15 (20.833%) 16 (30.769%) 23 (46.000%)

Male 38 (45.238%) 57 (79.167%) 36 (69.231%) 27 (54.000%)

Abbreviations: BMI, Body mass index, calculated as body weight (kg) divided by height squared (m?); A/G, Albumin to globulin ratio; PA, Prealbumin (mg/L);
TP, Total protein (g/L); ALB, Albumin (g/L); ALT, Alanine aminotransferase (U/L); AST, Aspartate aminotransferase (U/L); TBIL, Total bilirubin (umol/L); DBIL,
Direct bilirubin (umol/L); UN, Urea nitrogen (mmol/L); Cr, Creatinine (umol/L); TG, Triglycerides (mmol/L); TC, Total cholesterol (mmol/L); FBG, Fasting
blood glucose (mmol/L); HbAlc, Glycated hemoglobin Alc (%); AFP, Alpha-fetoprotein (ng/mL).

To further explore the relationship between sCD36 and the progression of T2DM-HCC and HCC, we analyzed the
baseline characteristics and sCD36 concentrations in patients at different disease stages within the T2DM-HCC and HCC
cohorts. In the T2DM-HCC cohort, sCD36 concentrations increased progressively with advancing stages. Advanced
stages were also associated with greater liver function impairment, as indicated by elevated ALT and AST levels, as well
as increased AFP concentrations (Table 2). Similarly, in the HCC cohort, sCD36 concentrations, along with ALT and
AST levels, increased with disease progression (sTable 4). These findings suggest that sSCD36 may play an important role
in the progression of both T2DM-HCC and HCC.

sCD36 Correlates with Tumor Cell Proliferation and Tumor Burden

Given that sCD36 may contribute to the progression of both T2DM-HCC and HCC, and considering that T2DM-HCC
represents a distinct subtype of liver cancer characterized by coexisting diabetes, with previous studies reporting that
sCD36 promotes the development of HCC in diabetic patients, we aimed to further investigate the relationship between
sCD36 and tumor characteristics. Firstly, we compared tumor burden between the T2DM-HCC and HCC cohorts
(Table 3). The results showed that patients in the T2DM-HCC cohort had larger tumors than those in the HCC cohort.
In addition, sCD36 levels were associated with tumor size in the T2DM-HCC cohort, but no such correlation was
observed in the HCC cohort (Figure 2B and C). Therefore, patients in both cohorts were divided into sCD36"€" and
sCD36™°" groups based on the median sCD36 concentration to evaluate the correlation between sCD36 and tumor
burden in the two cohorts. The Ki67 staining results showed that the sCD36"" group exhibited greater proliferative
ability in the T2DM-HCC cohort, whereas this phenomenon was not observed in the HCC cohort (Figure 2D). These
findings suggest that sCD36 may play a unique role in tumor growth in T2DM-HCC, but not in HCC.
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Figure 2 sCD36 is associated with tumor progression in T2DM-HCC. (A) Serum sCD36 levels were measured in all four study cohorts using an ELISA kit. B-C:The
correlation between sCD36 and tumor size was evaluated using Pearson analysis in the T2DM-HCC (B) and HCC (C) groups. (D) Representative images of Ki-67 staining
with quantitative analysis in T2DM-HCC (n=12) and HCC groups (n=12). *, p<0.05, ***p<0.001, ***p<0.0001.

sCD36 Serves as a Potential Predictor of T2DM-HCC Recurrence
To further investigate the association between sCD36 and postoperative recurrence in T2DM-HCC, we first analyzed
sCD36 levels in recurrence and non-recurrence patients within the T2DM-HCC cohort. The results demonstrated that
sCD36 levels were significantly elevated in recurrent patients compared to non-recurrence individuals at 6 months after
surgery (Figure 3A), indicating that sCD36 may serve as a potential biomarker for predicting recurrence. In contrast, no
such difference in sCD36 levels was observed between recurrent and non-recurrent patients in the HCC cohort
(Figure 3B). Moreover, the postoperative sCD36 concentration at 6 months was significantly higher in the T2DM-
HCC cohort than in the HCC cohort (sTable 5), further suggesting a possible T2DM-specific role of sCD36 in recurrence.
To further elucidate the role of sCD36 in T2DM-HCC, we performed univariate and multivariate analyses to identify
risk factors associated with postoperative recurrence in T2DM-HCC patients (Figure 3C). In the univariate analysis, both
AFP and sCD36 were identified as statistically significant risk factors (sTable 6), with odds ratios of 1.81 (95% CI:
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Table 2 Baseline Characteristics of T2DM-HCC Patients According to Tumor Stage

Characteristics

I N=18

11 N=23

11 N=9

Age, Median [P25, P75]

BMI, Median [P25, P75]

CRP, Median [P25, P75]

WBC (10°/L), Median [P25, P75]
RBC (10'%/L), Median [P25, P75]
PLT (10°/L), Median [P25, P75]
Hb (g/L), Mean (SD)

PA, Median [P25, P75]

TP, Median [P25, P75]

ALB, Median [P25, P75]

AG, Mean (SD)

ALT, Median [P25, P75]

AST, Median [P25, P75]

TBIL, Median [P25, P75]

DBIL, Median [P25, P75]

Cr, Median [P25, P75]

UN, Median [P25, P75]

TG, Median [P25, P75]

TC, Median [P25, P75]

FBG, Mean (SD)

HbAIC, Median [P25, P75]
AFP, Median [P25, P75]
sCD36, Median [P25, P75]
Gender, N (%):

Female

Male

63.000 [57.250;70.250]
24.312 [23.942;25.062]
11.640 [6.758;46.057]
5.900 [4.400;7.788]
93.000 [68.000; | 12.000]
4.225 [3.260;4.435]
94.056 (23.957)
101.420 [52.022;157.977]
69.200 [68.100;72.775]
41.190 [39.085;43.145]
1429 (0.185)
28.500 [18.750;37.750]
44.000 [24.000;67.750]
26.100 [19.500;31.550]
14.950 [10.100;17.675]
71.200 [48.950;76.975]
5.735 [4.885;8.500]
1.135 [0.897;1.587]
2.740 [2.277;3.468]
7.302 (1.044)
7.150 [6.800;8.025]
2.350 [1.525;4.200]
4.350 [2.325;5.425]

8 (44.444%)
10 (55.556%)

58.000 [51.000;61.000]
23.030 [21.635;24.610]
16.790 [2.850;28.200]
5.900 [5.100;7.700]
93.000 [71.500;127.500]
4.200 [3.290;4.535]
102.174 (23.554)
116.890 [75.000;180.065]
67.300 [65.300;70.500]
35.990 [28.690;38.930]
1.078 (0.347)
60.000 [34.500;66.000]
67.000 [45.500;1 18.000]
27.900 [19.000;80.300]
16.500 [8.800;64.250]
53.000 [45.700;70.350]
4.800 [3.995;7.335]
1.740 [0.950;3.040]
3.110 [1.650;3.710]
7.786 (1.157)
7.000 [6.750;8.000]
10.000 [3.450;125.000]
8.000 [3.650; | 1.000]

10 (43.478%)
13 (56.522%)

64.000 [53.000;71.000]
23.833 [21.484;25.352]
2.660 [2.450;28.200]
5.200 [4.400;6.140]
88.000 [67.000;124.000]
4.150 [4.000;4.280]
105.222 (27.504)
86.890 [64.410;148.480]
66.200 [59.000;73.500]
29.180 [26.600;36.140]
0.921 (0.390)
180.000 [96.000;288.000]
252.000 [126.000;380.000]
120.500 [1 1.800;147.800]
82.000 [7.900; 1 11.600]
51.600 [46.000;60.500]
4300 [3.370;5.930]
1.520 [1.010;1.610]
2.660 [2.250;3.380]
7.102 (1.403)

7.700 [7.200;8.100]
85.000 [4.000;220.000]
9.000 [6.500;12.000]

5 (55.556%)
4 (44.444%)

0.079
0.13
0.454
0.436
0.976
0.996
0.443
0.485
0.235
<0.001
<0.001
<0.001
<0.001
0.563
0.696
0.174
0.107
0.394
0.874
0.239
0.406
0.007
0.031
0.866

Notes: Tumor staging was performed according to the Chinese Guidelines for the Diagnosis and Treatment of Primary Liver Cancer (2022 Edition).

Discussion
In this prospective study, we systematically investigated the potential role of sSCD36 in T2DM-HCC. Our findings suggest that
sCD36 may be involved in tumor staging, tumor size, tumor cell proliferation, and postoperative recurrence in T2DM-HCC,

Table 3 Tumor Burden Comparison Between T2DM-
HCC and HCC Groups

Characteristics HCC T2DM-HCC P
<2 68(75.581) | 30(58.209%) | 0.009
>2cm 18(24.419) | 37(41.791%)

Single tumor 53(73.611) 37(74.000) 0.962
Multiple tumors 19(26.389) 13(26.000)

performance (Table 4), the results were visualized in Figure 3D.

1.44-2.66) and 3.15. (95% CI: 1.52-6.54), respectively. However, when these two variables were included in
a multivariate logistic regression model (sTable 7), sCD36 did not show statistically significant, which may be attributed
to the limited sample size of our cohort.

Interestingly, when we evaluated the predictive value of sCD36 and AFP using their optimal cut-off values (sCD36:
2.589; AFP: 5.849), as well as that of a combined diagnostic model constructed using logistic regression (cut-off: 0.27)
we found that the AUCs of sCD36 and AFP alone were not significantly different (sTable 8). However, the AUC of the
combined model was significantly higher than that of either marker used alone, indicating improved predictive
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Figure 3 Serum sCD36 levels were significantly associated with postoperative recurrence in patients with T2DM-HCC. (A and B), Serum sCD36 concentrations were
measured using an ELISA kit at |, 3, émonths postoperatively. (C) Forest plot integrating the results of both univariate and multivariate analysis. (D) ROC curves for sCD36,
AFP, and their combined model in predicting postoperative recurrence. Preoperative, the serum sCD36 of preoperative. sCD36, the serum sCD36 of 6 months
postoperative.

indicating its potential predictive value. In addition, elevated sCD36 expression was also observed in HCC patients and was
found to be associated with disease stage, suggesting a broader relevance of sCD36 in liver cancer progression.

sCD36 is a soluble form of CD36 detectable in peripheral blood, primarily derived from the cleavage or secretion of
membrane-bound CD36. Hepatocytes are among the major cell types expressing CD36, and earlier research has
demonstrated that hepatic CD36 plays a critical role in various liver and metabolism-related diseases by regulating

17:29 and inflammatory responses.>° Therefore, circulating sCD36 levels

fatty acid uptake, lipid metabolic reprogramming,
may, to some extent, reflect the expression activity and metabolic status of hepatic CD36.The development of T2DM is
closely associated with hepatic metabolic homeostasis. One study has shown that the loss of CD36 in hepatocytes may
disrupt insulin signaling by inducing endoplasmic reticulum stress, thereby contributing to insulin resistance and
promoting the onset of T2DM.?' Notably, in our study cohort, we did not observe a significant elevation of sCD36
levels in patients with T2DM, which is consistent with findings from a previous report.*> sCD36 has been widely
recognized as playing an important role in the pathogenesis of T2DM.?*** One studies have reported that elevated

sCD36 levels are associated with insulin resistance; however, its predictive value often depends on additional metabolic

Table 4 Diagnostic Performance of sCD36, AFP, and
the Combined Model for Predicting Postoperative
Recurrence in T2DM-HCC Patients

Models Cut-Off Value | Sensitivity | Specificity
sCD36 2.589 0.727 0.889
AFP 5.849 0.727 0.963
Combined 0.27 0.909 0.926

Notes: Combined model =—5.629 + (0.729 x sCD36-6 month) + (0.702
x AFP-6 month).
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parameters such as FBG and insulin levels.”> Moreover, a large-scale prospective cohort study confirmed that sCD36
levels are generally higher in individuals with T2DM.** Collectively, these findings suggest a potential biological role of
sCD36 in T2DM and its related conditions, although its utility as a predictive biomarker warrants further investigation.

T2DM not only promotes pathological changes in the liver through mechanisms such as hyperglycemia, insulin
resistance, and chronic inflammation, but also accelerates the development and progression of HCC.>® Therefore, T2DM-
HCC, as a comorbid condition in which T2DM and HCC coexist, may simultaneously exhibit pathological and
physiological processes associated with both diseases. In the context of T2DM-HCC comorbidity, abnormal glucose
metabolism and alterations in the tumor microenvironment interact and form a vicious cycle, further exacerbating disease
progression. This dual pathological basis leads to more complex pathogenesis, more severe clinical manifestations, and
poorer prognosis.*®*” However, current prognostic biomarkers for T2DM-HCC remain limited and are primarily based
on conventional tumor-related indicators such as AFP,*® tumor size,*” and liver function scores.*’ These markers fail to
reflect the metabolic characteristics unique to T2DM-HCC. In recent years, CD36 has emerged as a key metabolic
regulator with dual roles in both T2DM and HCC. It has been shown that CD36 promotes aerobic glycolysis and tumor
cell proliferation by activating the Src/PI3K/AKT signaling axis, thereby reshaping cellular metabolism in favor of tumor
progression.*' In this study, we observed that higher serum levels of sCD36 in T2DM-HCC patients were associated with
greater proliferative capacity in tumor cells. Additionally, sCD36 levels were positively correlated with tumor size,
suggesting that it may reflect tumor burden. Notably, such associations were not observed in HCC patients without
T2DM, indicating a potential specificity of sCD36 for the T2DM-HCC subtype. Furthermore, we found that sCD36
levels were significantly associated with tumor stage in both T2DM-HCC and HCC cohorts, implying its potential as an
indicator of disease progression. Our previous studies*® also reported a close relationship between sCD36 and hepatic
dysfunction in HBV-infected patients. Based on these findings, we hypothesize that the stage-dependent changes in
sCD36 observed in HCC may be more reflective of liver dysfunction rather than tumor progression. In contrast, sSCD36
appears to have higher predictive value in T2DM-HCC, where it may serve as a biomarker linking metabolic disturbance
with tumor development.

A recent meta-analysis that reviewed multiple studies on T2DM-HCC identified T2DM as a significant risk factor for
postoperative recurrence and poor long-term prognosis in patients with HCC.** Given this context, we further investi-
gated the association between serum sCD36 levels and postoperative recurrence in patients with T2DM-HCC. Our results
demonstrated that patients with T2DM-HCC, who represent a metabolically distinct subgroup, exhibited a higher
recurrence rate compared to those with HCC alone, indicating a worse overall prognosis. Notably, elevated serum levels
of sCD36 were consistently observed in T2DM-HCC patients with recurrence. To identify potential predictors of
recurrence, both univariate and multivariate analyses were conducted. In the univariate model, significant correlations
with recurrence risk were observed for both sCD36 and AFP. However, the association between sCD36 and recurrence
risk did not remain statistically significant in the multivariate model, suggesting that the predictive ability of sCD36 for
recurrence in T2DM-HCC may be weaken in this cohort. Several factors may account for this result. First, the sample
size of the present study was relatively small. The sample size estimation was based on the population distribution of
serum sCD36 levels, whereas recurrence is a time-dependent event. After the corresponding power estimation (data not
shown), the sample size appeared insufficient to fully evaluate the prognostic potential of sCD36 for recurrence in
T2DM-HCC. Second, the relatively short follow-up period may have constrained the detection of long-term recurrence
events. Since recurrence is a dynamic and cumulative process, the current follow-up duration might only reflect the
predictive value of sCD36 for early recurrence rather than long-term outcomes. Interestingly, ROC curve analysis
revealed that the diagnostic performance of sCD36, which was comparable to that of AFP in predicting postoperative
recurrence, supports its potential clinical utility in T2DM-HCC. Furthermore, the combination of sCD36 and AFP in
a logistic regression model yielded a significantly higher diagnostic accuracy than either marker alone. These findings
indicate that sCD36, by capturing both metabolic and tumor-related alterations, may act as a promising biomarker
complementary to AFP for assessing postoperative recurrence and long-term prognosis in T2DM-HCC patients.
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Limitation
In this study, several limitations of this study should be acknowledged. First, during the follow-up period, no definitive cases of
HCC development were identified in the diabetic cohort, limiting our ability to assess the predictive value of sCD36 in early
tumorigenesis. Second, although this was a multicenter study, the relatively short follow-up duration and limited sample size may
have contributed to the lack of a significant difference in sCD36 levels between the T2DM and HC cohorts. Third, the limited
sample size and relatively short follow-up duration in this study may have reduced the statistical power to detect the prognostic
effect of sCD36 on recurrence. Therefore, the present findings only provide preliminary evidence that the combination of sCD36
and AFP may have potential value in assessing the risk of early recurrence in T2DM-HCC. Further validation in larger cohorts
with longer follow-up is warranted to confirm the independent predictive role of sCD36. Finally, adjuvant pharmacological
treatments administered to T2DM-HCC patients during the postoperative period may have introduced confounding effects.
Therefore, future studies with larger cohorts, longer follow-up periods, and more rigorous control of confounding
variables are needed to further clarify the causal relationship between sCD36 and the development and progression of
T2DM-HCC.

Conclusion

Overall, this study is the first to reveal a potential association between sCD36 levels and both tumor stage and tumor size
in patients with T2DM-HCC. These findings may be attributed to the elevated levels of sSCD36 observed in T2DM-HCC,
which could be linked to enhanced tumor cell proliferation. In addition, we demonstrated that the combination of sCD36
and AFP provides a robust model for predicting postoperative recurrence in T2DM-HCC patients. However, the
predictive ability of sCD36 alone appeared to be limited in this cohort, suggesting that its prognostic value may be
enhanced when used in conjunction with AFP.
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