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Purpose: Hepatocellular carcinoma (HCC), a prevalent type of liver cancer, is mainly diagnosed in the advanced stage, leading to
a high mortality rate. Recent advances have identified peripheral cytokines as a potential tool to predict disease outcomes and inform
therapeutic decisions. Hence, in this study, we aim to build a predictive model for HCC based on serum levels of different cytokines.
Patients and Methods: We used immunoassay to quantify the concentrations of IL-27, MIP-1f, Perforin, sCD137, sFas, and TNF-a
in the serum of 38 HCC patients and 15 healthy controls. Logistic regression was then used to construct classification models detecting
HCC based on these cytokines. A nomogram of the best-performing model was generated to visualize HCC prediction.

Results: sFas and MIP-1p were found to be significantly higher in HCC patients compared to controls. Predictive models based on
cytokine levels combining sFas, sCD137, and IL-27 performed the best in distinguishing HCC patients from healthy controls. This
model has a bias-corrected area under the receiver operating characteristic (ROC) curve (AUC) of 0.948, a sensitivity of 92.11%,
a specificity of 93.33%, and an accuracy of 0.925.

Conclusion: Our findings suggest that serum cytokines have the potential to be utilized in HCC screening to improve detection rates.
Keywords: hepatocellular carcinoma, cytokines, serum, biomarkers

Introduction

Liver cancer is a global health issue, with 905,700 new cases and 830,200 deaths reported in 2020." Hepatocellular
carcinoma (HCC), which accounts for 90% of liver cancer cases, has a poor prognosis (5-year survival rate was estimated
at 8.37%) due to late detection and a lack of effective treatment.”* Notably, the survival of HCC patients largely depends
on the disease stage at diagnosis, with early-stage patients having better outcomes (5-year survival rates >70% if treated
timely), while advanced-stage patients have limited survival rates (<12.5% after treatment).>~> Ultrasound imaging is the
current standard technology for HCC diagnosis due to its high availability, low cost, and non-invasive nature.® However,
this method is only practical if the tumor is visible, leading to a low HCC early detection rate (27.9%).>’ Advanced
imaging techniques, such as magnetic resonance imaging and computed tomography have been applied in cancer
surveillance for high-risk patients, and while more sensitive than ultrasound,® their widespread adoption remains
challenging due to high costs and low sensitivity. Hence, developing tools for HCC detection is crucial to improve
patient outcomes.

Recently, several molecules have been emerging as potential markers of HCC. For example, alpha-fetoprotein (AFP)
is a promising biomarker for HCC due to its low cost, widespread availability, and ease of measurement.® Additionally,
the FDA has approved AFP-L3 (AFP isoform) and des-gamma carboxyprothrombin (DCP) for HCC diagnosis, thanks to
their high sensitivity and specificity.’ Indeed, the breakthrough device GALAD using a scoring algorithm based on
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gender, age, AFP, AFP-L3, and DCP achieves better HCC detection compared to the current standard.” However, future
studies are still needed to evaluate the cost-effectiveness of GALAD before clinical application.'® Studies of protein
expression suggest that other novel markers for HCC exist and may further improve HCC detection by providing better
performance, shorter detection time, and more accessible assay.''

Particularly, cytokines have also been considered potential biomarkers for cancer diagnosis due to their involvement
in different cancer types and stages.'>'? Inflammatory cytokines released by cancer and immune cells can be pro-tumor
by inducing chronic inflammation and creating a microenvironment for tumor survival, angiogenesis, and metastasis.'*
Meanwhile, anti-inflammatory cytokines inhibit the gene expression and cytokine synthesis of T cells and macrophages
and thus are involved in the anti-tumor response.'* These characteristics make serum cytokines versatile biomarkers for
cancer detection and treatment outcome prediction.'> A set of several cytokines could provide accurate and specific
detection because different cells generate distinct pathogenic cytokines during disease progression.'® Thus, a cytokine-
based assay is an attractive approach to developing non-invasive diagnostic tools for widespread screening programs.
Indeed, several cytokines have been correlated with HCC progression: sFas, IL-27, and TNF-a are identified as risk
factors for HCC,">"!7 and MIP-1p is highly expressed in HCC patients.'® Other cytokines have also been suggested to

° and

play a role in HCC, as sCD137 is associated with hepatitis C virus (HCV) and alcohol-associated liver cirrhosis,’
Perforin influences tumor growth and disease progression.”’ However, the potential of these cytokines as biomarkers for
HCC has not been investigated.

In this study, we measured the concentrations of six cytokines, including IL-27, MIP-1p, Perforin, sCD137, sFas, and
TNF-q, in the sera of HCC and healthy subjects and evaluated their diagnostic potentials. A logistic regression model
was used, with the combination sFas, sCD137, and IL-27 cytokines performing the best in detecting HCC. Our results

demonstrated that these cytokines might serve as diagnostic biomarkers for HCC.

Materials and Methods
Study Design and Ethical Approval

The sample size was calculated using published tools with 5% type I error, 10% marginal error, and 90% sensitivity and
specificity.>' The prevalence of disease was extracted from a previous study on the Vietnamese population.”* A total of
53 volunteers participated in this case—control study, with 38 diagnosed with HCC and 15 healthy donors without
a medical history of cancer, diabetes, hepatitis, or other infectious diseases. The collection of blood samples and use of
clinical data was approved by the Vinmec International General Hospital Joint Stock Company’s ethics committee
(Ethical approval number: 120/2022/CN/HPDD VMEC). All participants provided written informed consent forms prior
to the sample and data collection.

Samples Collection

Whole blood samples were collected and stored in a serum blood collection tube (No. 454095, Greiner Bio-One, North
America). Samples were processed within eight hours after collection following previously published protocol.** In brief,
the blood was allowed to coagulate for 30 minutes at 37°C prior to being centrifugation at 1000 x g at 4°C for 10
minutes. The supernatant was immediately collected, aliquoted into 0.5 mL Eppendorf tubes, and stored at —80°C
downstream cytokine analysis.

Cytokine Quantification

Levels of six cytokines, including IL-27, MIP-1p, Perforin, sFas, sCD137, and TNF-0, were measured using two custom
kits HCD8MAG-15K and HTH17MAG-14K (MerckMillipore, Darmstadt, Germany) following manufacturer’s instruc-
tions. Briefly, all wells were incubated with beads coated with monoclonal antibodies of six analytes overnight at 4°C.
After washing with buffer, a biotinylated secondary antibody was added for one hour, followed by streptavidin
conjugated to phycoerythrin for 30 minutes. Unbound reagents were washed, and a reading buffer was added. Results
were monitored using Luminex™ 100/200™ system with xPONENT 3.1 software (Minneapolis, MN, USA). The
detection ranges for each analyte were sFas: 400-1,650,000 pg/mL, MIP-1p: 7-30,000 pg/mL, TNF-a: 0.5-2000 pg/mL,
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Perforin: 10-50,000 pg/mL, sCD137: 2-10000 pg/mL and IL-27: 61-250,000 pg/mL. A five-parameters logistic curve
was generated using Mycurvefit add-in Excel to construct the standard curve. Samples with concentrations above or
below the detection limit were assigned as the highest and lowest values in the concentration threshold, respectively.

Predictive Modeling
Spearman correlations of six cytokines were calculated and used as an orientation for model construction to detect
possible multicollinearity. R software (v 4.2.2) was used to generate predictive models of HCC based on the level of
cytokines in sera. Logistic regression was used to build classification models using the lrm function and stepwise
strategy. In brief, the models were created by selecting a single cytokine as the predictor variable. To determine whether
the predictive capability of cytokines could be improved by incorporating other cytokines, two-variable models and
three-variable models were analyzed and considered if they had statistically significant with a p-value of all coefficients <
0.05. The diagnostic ability of the generated models was evaluated by the pROC package. ROC curves were created with
the true-positive rate (sensitivity) plotted against the false-positive rate (1 — specificity) at different cut-off points.** AUC
values were calculated, with a higher AUC indicating a better discriminative ability. Models with an AUC of 0.7 or
higher were considered acceptably predictive and subjected to bootstrap validation and calibration.

The optimal cut-off point value for each model is defined as the cut-off point with the highest accuracy. Each optimal
cut-off point corresponds to each sensitivity and specificity value for that model.

Model Correction and Internal Validation
The bootstrap method was employed to create new models (bootstrap model) using resampled datasets. The performance
of the bootstrap model was then evaluated on the original dataset, and the difference between the bootstrap and original
model performance was calculated to determine the model optimism.?® This procedure was repeated to acquire an
optimism-corrected performance estimate. The AUC value and coefficients of the final model were bias-corrected
through 5000 bootstrap iterations.

A calibration plot was generated to show the agreement between the predicted values obtained from the model and
the actual values observed in the data. Better calibrated models will be closer to the 45-degree line, with a minimum
mean squared and absolute error close to 0.

Nomogram Generation

A nomogram is used to map the risk of HCC. The nomogram was generated based on the results of analyses obtained
from the best-performing model using the rms package in R. The total points accumulated by the various variates
correspond to the predicted probability of HCC for a patient.?®

Statistical Analysis

Statistical analysis was performed using GraphPad Prism 8.4.3 (GraphPad, San Diego. CA, USA). The Mann—Whitney
Utest was used to compare cytokine concentrations between patient and control groups, and the non-parametric Kruskal—
Wallis test was used for comparisons of more than two groups. The p-value < 0.05 was considered statistically
significant.

Results
Clinical Characteristics of HCC Patients

The clinical characteristics of 38 HCC patients and 15 controls are summarized in Table 1. The mean age is 63 + 13.3 for
the patient group, with more men (89.5%) than women (10.5%). Of that population, 15.8% were smokers, and 65.8%
consumed alcohol. Hepatitis B virus (HBV) and HCV infection rates were 81.6% and 10.5%, respectively, while 7.9%
were infected with both HBV and HCV. Regarding cancer stage, there are eight patients in stage A, 22 patients in stage B,
six patients in stage C, and two patients in stage D. Among them, nine patients had metastases to spinal, lung, and lymph
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Table | Participant Characteristics in the Study

Item Case (n=38) Control (n=15)
Age 63 £ 13.3 (range: 32-87) 25 + 5 (range: 20-35)
Gender Male 89.5% (n= 34) 20% (n= 3)

Female 10.5% (n= 4) 80% (n=12)
Smoking 15.8% (n= 6) 0% (n=0)
Alcohol consumption 65.8% (n= 25) 0% (n=0)
Virus infection HBV 81.6% (n= 31) -

HCV 10.5% (n= 4) -

Both HBV and HCV 7.9% (n=3) -
HCC stage A 21.1% (n= 8) -

B 57.9% (n=22) -

C 15.8% (n= 6) -

D 5.2% (n=2) -
Metastasis 23.7% (n=9) -

Abbreviations: HCC, hepatocellular carcinoma; HBV, Hepatitis B virus; HCV, Hepatitis C virus.

node metastasis. None of the healthy subjects in this study had either alcohol consumption or smoking, or virus infection.
Additionally, the age ranges from 20 to 35, with more females (80%) than males (20%).

The relationship between clinical parameters (age, gender, alcohol consumption, and smoking) and cytokine levels
was examined using the Spearman correlation (Figure S1). In summary, alcohol consumption, age, and gender had
a positive correlation with sFas serum levels (r = 0.49, p < 0.0001; r = 0.46, p < 0.001; and r = 0.65, p < 0.0001,
respectively), whereas smoking was not found to be correlated with concentrations of all six cytokines (Figure S1). In
conclusion, these clinical parameters had no effect on the cytokine concentrations detected in this study.

Cytokine Profiling of Enrolled Patients and Healthy Controls

The levels of six cytokines (IL-27, MIP-1f, Perforin, sFas, sCD137, and TNF-q) in the serum of HCC patients were
measured using immunoassay (Figure 1A). All six cytokines were detected in both studied groups. Among them, levels
of sFas, MIP1-B, sCD137, and TNF-a were significantly higher in the HCC patients compared to healthy individuals
(p < 0.0001, p < 0.0001, p < 0.01, and p < 0.05, respectively). No significant differences were found in the
concentrations of IL-27 and Perforin between the two groups. In the HCC patient cohort, sFas expressed the highest
concentration (35,805.18 + 15,606.47 pg/mL, range: 8507.28-76,853.16), followed by IL-27 (14,618.57 £ 56,322.06
pg/mL, range: 61.04-250,000), Perforin (9190.60 £ 6017.496 pg/mL, range: 1187.00-27,038.48), MIP-1fB (236.60 +
123.1485 pg/mL, range: 52.60-633.75), sCD137 (36.42 + 106.7834 pg/mL, range: 2.44-519.89), and the lowest
concentration belongs to TNF-a (26.65 + 19.26099 pg/mL, range: 0.5-74.26). Notably, among all studied cytokines,
sFas concentration was higher in HCC patients at all stages (stage A, stage B, and advanced stages C and D) when
compared to healthy subjects (Figure S2).

Analysis of Inter-Cytokine Correlation

Inter-cytokine correlation analysis was performed in control, patient and mixed cohorts (Figure 1B). In general, the
association between cytokines was stronger in HCC patients compared to the healthy controls. In the control group, the
Spearman correlation coefficients (r) of six cytokines were both negative and positive, while in the HCC cohort, most of
the coefficients were positive, except for IL-27 and MIP-1B (r = —0.12, p = 0.478). Interestingly, the correlation
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Figure | Cytokine quantification and Spearman correlation matrix of IL-27, MIP-18, Perforin, sCD137, sFas, and TNF-a in patients and healthy controls. (A) Expression
levels of IL-27, MIP-1, Perforin, sCD137, sFas, and TNF-a in HCC (red color, n= 38) and healthy (grey color, n= 15) cohorts. Each dot represents an individual. Data were
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Abbreviations: C, control; HCC, hepatocellular carcinoma.

coefficient between IL-27 and sCD137 was the highest in the HCC (r = 0.74, p < 0.0001). Notably, two HCC patients had
the highest levels of both IL-27 and sCD137; both are in stage B, but only one has HBV, while the other is HBV- and
HCV-free. This suggests that the elevation in these cytokines levels could be due to unknown factors.

Altogether, Spearman correlation analysis indicated that the concentration of six cytokines was independent of each
other in the control and mixed groups, but a strong correlation was observed between sCD137 and IL-27 in the HCC
patient group. The correlation results were then further used to select the appropriate regression model that would limit
redundancy and potential collaboration between cytokines with similar biological effects.

Predictive Modeling for HCC Incidence and ROC Curve Analysis

In order to avoid bias from the large range of concentrations, we transformed the cytokine concentration to log;q. As
cytokines are independent of each other in the mixed cohort, a logistic regression was employed to construct the
classification model. Firstly, models based on one cytokine were built to present their coefficient value and significance
(Figure 2A). A regression coefficient indicates the size and direction of the relationship between a predictor and the
response variable. Positive coefficients increase the probability of the event, while negative coefficients decrease it. We
found that sFas, MIP-1f, sCD137, and TNF-a were associated positively, Perforin was associated negatively, and 1L-27
was not associated with the HCC disease state. sFas was found to have the highest -logq(p-value) and coefficient among
the six cytokines (3.30 and 7.92, respectively).

However, the models with four individual cytokines (which were statistically different between HCC and control
groups) had insufficient AUC values (all were smaller than 0.9, Table S1). Thus, we decided to combine each of these
cytokines with others to build a more powerful model. Spearman correlation results indicate that we could randomly
combine all studied cytokines together without multicollinearity. We then screened through all the combinations and kept
the ones with statistically significant coefficients and model tests (p < 0.05). Six models were selected, including sFas,
MIP-18, Perforin-sCD137, sCD137-IL-27, Perforin—sCD137-IL-27, and sFas—sCD137-IL-27 models (Table S2). The
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Abbreviations: AUC, area under the curve; ACC, accuracy.

model based on three cytokines, sFas, sCD137, and IL-27, demonstrated a higher AUC value compared to the model that
only employed sFas and the model that utilized both sFas and sCD137 (Figure 2B). Thus, the inclusion of multiple
cytokines can significantly improve the ability to distinguish HCC from healthy individuals. The best-performing model
is sFas—sCD137-IL-27, with the highest AUC = 0.972 (Figure 2C). Figure 3A plots logistic regression to estimate the
probability of HCC based on sFas, sCD137, and IL-27 levels. With the best cut-off point defined at 0.7559, the model
concludes the HCC condition with accuracy (ACC) = 0.925, sensitivity = 92.11%, and specificity = 93.33% (Figure 3A).

Model Validation and Calibration

Although the model has good indexes, when building the model, over-fitting commonly happens, leading to an optimistic
estimation of apparent model performance. To minimize this phenomenon, the coefficients of this model were adjusted by
multiplying them by the Slope of corrected performance (0.596). After bootstrap validation, the AUC of sFas—sCD137-1L-27
was 0.948 (Figure 3B), still the highest AUC model among the six selected models (Figure S3). The calibration plot was then
generated to evaluate how well the probabilistic predictions of a binary classifier were calibrated (Figure 3C). The calibration
resulted in a mean absolute error of 0.039, mean squared error of 0.00362, and quantile of absolute error of 0.059, indicating
superior calibration compared to the other five models evaluated (Figure S4). All in all, we demonstrated that the model based
on serum cytokine levels of sFas, sCD137, and IL-27 could accurately predict HCC in our dataset.

Nomogram Maps the Predicted Probability of the Best-Performing Model
Nomograms are widely used for cancer prognosis due to their ability to condense statistical predictive models into
a single numerical estimate of the probability of an event tailored to the individual patient’s profile.”” Nomogram allows
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Abbreviations: HCC, hepatocellular carcinoma.

integration and synthesis of the relative importance of clinical variables and provides a graphic representation of the odds
ratios, p-values, and confidence intervals of logistic regression prediction models.”” The nomograms of HCC diagnosis
models generated from sFas—sCD137-IL-27 models are presented in Figure 4. The total points accumulated by three
predictors correspond to the anticipated probability of HCC, with higher points meaning a higher probability of cancer.
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Discussion

In this study, serum levels of IL-27, MIP-1p, Perforin, sFas, sCD137, and TNF-oa were measured in a cohort of 38 HCC
patients and 15 healthy controls. Most cytokines were independent of one another, except for sCD137 and IL-27, which
showed a strong correlation in the HCC cohort. From the result, sFas was the most significantly upregulated cytokine in
HCC patients; we constructed a model based on the concentrations of sFas, sCD137, and IL-27 to predict HCC status.
The model with excellent performance in our cohort (92.11% sensitivity, 93.33% specificity, and AUC of 0.972) was well
calibrated and suffered minimal over-fitting. These findings highlight the predictive values of serum cytokines in HCC
and implicate cytokine interactions in HCC.

Among the four cytokines that showed significant differences between HCC patients and healthy people, sFas and
MIP-1f showed the highest degree of disease-associated elevation, indicating their potential as biomarkers for HCC.
MIP-1p has been reported to promote tumor progression by recruiting regulatory T cells and pro-tumorigenic macro-
phages, facilitating cell proliferation.”® Additionally, elevated levels of MIP-1p were found in the serum of patients with
HCC, oral squamous cell carcinoma, and melanoma.'?!%2% On the other hand, sFas, a soluble form of the Fas receptor,
can inhibit Fas-mediated apoptosis by neutralizing its ligand.*” The concentration of sFas serves as a valuable tool to
discriminate benign ovarian cancer patients and healthy female controls from breast cancer patients.’**! Moreover,
circulating sFas level reflects the severity of breast cancer invasion and is related to the future risk of liver cancer.'”*! In
this study, while MIP-1p levels were only significantly higher in HCC stage B, sFas levels were higher at all stages of
HCC, making it remarkable in HCC detection. Regarding IL-27, Yuan et al observed that the concentration of serum IL-
27 in HCC was significantly higher than that in controls both in the Singapore Chinese Health Study and Shanghai
Cohort Study.'> However, our study shows no significant difference in IL-27 levels between the disease and control
groups. This discrepancy could be due to our small sample size and/or differences unique to the Vietnamese population.
A larger sample size is required to verify the cytokine trends observed in our study.

Serum levels of sCD137 and IL-27 were found to be highly correlated in the HCC cohort. A previous study has
demonstrated that agonist antibodies of CD137 on hepatocytes can cause hepatitis via activation and expansion of liver
Kupffer cells and monocytes, which produce IL-27.%% In a different context, Glez-Vaz et al reported that anti-CD137
agonists led to an sCD137 increase in mice bearing syngeneic tumors.*® Taken together, serum levels of IL-27 and
sCD137 could be synergistically elevated by activating the CD137 signaling pathway to trigger an inflammatory response
in liver cancer. This mechanism may be the reason why IL-27 and sCD137 had a positive correlation in our study.
However, in order to draw conclusions, further studies are required to investigate the relationship between IL-27 and
sCD137 in cancer-related processes.

Next, we created models for HCC detection by incorporating one or combinations of cytokines. The model based on
three cytokines sFas, sCD137, and IL-27, had the best performance in differentiating between people with and without
HCC. The presence of sFas in the final model is consistent with our hypothesis when observing the high concentration of
sFas in HCC patients. Interestingly, although sCD137 has not been previously demonstrated as a marker of liver cancer,
sCD137 was secreted by HCC tumors under hypoxic conditions to prevent co-stimulation of T lymphocytes.** Moreover,
a high level of sCD137 was detected in the serum of HCV and alcohol-associated cirrhosis patients, suggesting that
sCD137 does play a role in liver pathologies."®

The inclusion of IL-27 in the final model, despite the fact that this molecule was not different in the serum of patients
compared to healthy people and that it was already correlated with sCD137 in HCC patients. IL-27 may have a complex
and unique role in HCC, distinct from that of sCD137. Previously, IL-27 has been shown to be both pro-tumor and anti-
tumor.> IL-27 directly inhibits proliferation and enhances apoptosis of cancer cells or indirectly exerts anti-tumor effects
by targeting the tumor microenvironment.>> On the other hand, reports have suggested that IL-27 can be immunosup-
pressive by promoting the growth and survival of Treg cells, which support cancer development.'> The results of our
study indicate the need for deeper investigations into the roles of cytokines such as IL-27 in HCC. Multi-omics
approaches enable the investigations of such mechanisms, where the overexpression of cytokines can be correlated

with upstream genetic regulation and downstream functional pathways.*® Understanding the clear causal roles of
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cytokines in HCC is crucial in advancing our understanding of this disease and their potential application in clinical
settings.

While numerous HCC predictive models have been published, most are based on genes rather than cytokines. For
example, a diagnostic model based on two exosome-derived genes, MYL6B and THOC?2, achieved an AUC of 0.8792
(76% sensitivity and 82% specificity) in The Cancer Genome Atlas cohort and an AUC of 0.9077 (76.95% sensitivity
and 85.64% specificity) in International Cancer Genome Consortium cohort.*” Another study by Liu et al found that five
apoptosis genes were associated with HCC prognosis, and the model built based on them had an AUC of 0.74.%
A predictive model using the 3 FDA-approved biomarkers (AFP, DCP, and AFP-L3) had an AUC of 0.940 (93.27%
sensitivity and 75.93% specificity).>” Our model based on the serum cytokines level of sFas—sCD137-IL-27 performs
comparably with an AUC of 0.948, 92.11% sensitivity, 93.33% specificity, and an accuracy of 0.925. However, the small
sample size limits the robustness of our current model. Cytokine levels at different stages of HCC were also not evaluated
due to insufficient numbers of patients at each stage. In addition, the broader cytokine panel should also be investigated
to offer the best cytokine-based detection for HCC. Hence, future studies should aim to increase the sample size, consider
a panel of cytokines, and develop more accurate HCC diagnosis models. Such results will support the implementation of
cytokines-based detection in clinical settings to significantly improve patient survival and treatment outcomes.

Conclusion

In conclusion, six cytokines, including IL-27, MIP-1p, Perforin, sCD137, sFas, and TNF-a, have been quantified in the
serum of Vietnamese HCC patients. MIP-1p and sFas exhibited the most notable increases in HCC patients and could
serve as potential biomarkers for HCC diagnosis. The predictive model constructed from sFas, sCD137, and IL-27
showed high accuracy in detecting HCC, supporting the use of cytokines as novel biomarkers for liver cancer diagnosis.
However, the study’s small sample size calls for further investigation with a larger patient population to validate the
results and enhance the predictive models for clinical applications.
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