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Objective: CD8+T cells are essential components of the adaptive immune system and are crucial in the body’s immune system. This 
study aimed to investigate how the prognosis of patients with advanced hepatocellular carcinoma (HCC) was affected by their CD8+ 

T cell counts and age and established an effective nomogram model to predict the overall survival (OS).
Methods: A total of 427 patients with advanced HCC from Beijing Ditan Hospital, Capital Medical University, were enrolled in 
this study and randomly divided into training and validation groups, with 300 and 127 individuals in each group, respectively. 
Cox regression analysis was used to screen for independent risk factors for advanced HCC, and the interactive relationship between 
CD8+T cells and patient age was examined to establish a nomogram prediction model.
Results: Cox multivariate regression and interaction analyses indicated that tumor number, tumor size, aspartate aminotransferase 
(AST), C-reactive protein (CRP), relationship of CD8+T cell counts and age were independent predictors of 6-month OS in patients 
with advanced HCC, and the nomogram model was established based on these factors. The area under the receiver operating 
characteristic curve (AUC) of the nomogram model for predicting the 3-month, 6-month, and 12-month OS rates were 0.821, 
0.802, and 0.756, respectively. Moreover, in clinical practice, patients with true-positive survival benefit more than true-positive 
death, therefore, we selected 25% as the clinical decision threshold probability based on probability density functions (PDFs) and 
clinical utility curves (CUCs), which can distinguish approximately 92% of patients who died and 37% of patients who survived.
Conclusion: The nomogram model based on CD8+T cell counts and age accurately assessed the prognosis of patients with advanced 
HCC and suggested that high CD8+T cell levels are beneficial to the survival of patients with advanced HCC.
Keywords: advanced hepatocellular carcinoma, nomogram, CD8+T cell counts, age, overall survival

Introduction
According to global cancer statistics for 2020,1 primary liver cancer has a high incidence and mortality rate, accounting for the 
sixth and third of new cancer cases and deaths worldwide, respectively. In 2020, approximately 906,000 new cases and 830,000 
deaths occurred worldwide, and hepatocellular carcinoma (HCC) accounted for 75%–85% of primary liver cancer cases. 
Approximately 50% of HCC cases are diagnosed at an advanced diagnosis.2 The Barcelona Clinic Liver Cancer (BCLC) 
staging system is the most commonly used staging system for HCC in clinic.3 According to the European Society of Oncology 
(EASL) clinical practice guidelines, advanced HCC is defined as BCLC stage C, specifically referring to patients with HCC with 
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macrovascular invasion (either segmental or portal invasion) or extrahepatic spread (lymph node involvement or metastases)2,4,5 

and well-compensated liver function (Child-Pugh A or B).
Currently, sorafenib and lenvatinib systematic therapies for advanced HCC have a progression-free survival (PFS) of 

3.7–7.4 months.6,7 With the development of immunotherapy, clinical trials have proven the efficacy of immune 
checkpoint inhibitors, such as anti-programmed cell death-1 (PD-1), anti-programmed cell death-ligand 1 (PD-L1), 
and anti-cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) antibodies, in the treatment of advanced HCC. These 
drugs promote T-cell activation and proliferation by targeting immunological checkpoint molecules on the surface of 
cancer cells and relieving the immunosuppression of T cells, thus recognizing and attacking cancer cells.8–10 Notably, the 
greater the number and variety of T cells, the more specific receptors that can be provided to fight against different types 
of cancer cells and comprehensively kill cancer cells.11

Currently, the tumor node metastasis (TNM) stage,12 Okuda staging,13 model for end-stage liver disease (MELD),14 

Cancer of the Liver Italian Program (CLIP) score,15 the Chinese University Prognostic Index (CUPI),16 and Japan 
Integrated Staging (JIS)17 are some of the most commonly used tumor prediction models. These models lack immune- 
related factors and consider only clinically relevant factors.

Our team previously found that T and NK cell counts could help predict the long-term survival of patients with 
HCC.18,19 Moreover, some studies have found that the prognosis of patients with various tumors, such as kidney, 
prostate, and bladder cancers, strongly correlates with CD8+T cell expression. If the infiltration level of CD8+T cells in 
the tumor is < 2.2%, the risk of disease progression is four times higher (hazard ratio (HR) = 3.84).20 Moreover, previous 
studies have confirmed that immune function weakens with age, particularly in T-cell defects.21–23 However, it remains 
unclear whether the prognosis of patients with advanced HCC is affected by the relationship between T cells and age. 
Therefore, we conducted an interaction analysis and established an advanced HCC prognostic model combined with 
clinically relevant factors to evaluate prognostic risk in patients with advanced HCC.

Materials and Methods
Patients Information
This was a retrospective cohort study. A total of 427 patients with advanced HCC were consecutively admitted to Capital 
Medical University-Affiliated Beijing Ditan Hospital between June 2009 and December 2019. This study was approved 
by the Beijing Ditan Hospital Ethics Committee. The patient inclusion criteria were as follows: (1) diagnosis of advanced 
HCC; (2) age (18–75 years old); and (3) availability of complete clinical information. The exclusion criteria were as 
follows: (1) cholangiocarcinoma; (2) metastatic liver cancer; (3) other types of cancer; (4) lost to follow-up; (5) 
incomplete clinical data. Finally, 427 patients were randomly divided into training and validation groups (300 and 127 
patients, respectively) at a ratio of 7:3. The diagnostic criteria for advanced HCC were based on the EASL Clinical 
Practice Guidelines.4

We collected important clinical data including age; sex; family history; personal life history (history of smoking and 
alcohol consumption); aetiology of HCC; HBV-related indicators (hepatitis B virus (HBV) DNA, HBeAg); tumor-related 
indicators (tumor number, tumor size, portal vein tumor thrombus (PVTT), extrahepatic spread); and laboratory 
parameters (white blood cells (WBC), alanine aminotransferase (ALT), aspartate aminotransferase (AST), neutrophil- 
lymphocyte ratio (NLR), total bilirubin (TBIL), platelet counts (PLT), albumin (ALB), γ-glutamyl transferase (γ-GGT), 
lactate dehydrogenase (LDH), alkaline phosphatase (ALP), creatinine, prothrombin time activity (PTA), C-reactive 
protein (CRP), International Normalized Ratio (INR), alpha fetoprotein (AFP), Child-Pugh stage, and T lymphocytes).

Follow-Up and Endpoint
Overall survival was the primary outcome measure and was determined as the interval between the date of the initial 
advanced HCC diagnosis and the conclusion of follow-up in December 2021, or death from any cause. Our follow-up 
methods included regular reviews of hospital records and telephone follow-ups.
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Statistical Analysis
IBM SPSS Statistics 25.0 and R software 4.0.5 were used for the statistical analysis. Continuous variables were 
compared using the t-test or Mann–Whitney U-test, whereas categorical variables were compared using the chi-square 
test or Fisher’s exact test. Patients with advanced HCC have limited treatment options and a poor prognosis, with 
a 6-month mortality rate as high as 50% after diagnosis.24,25 Therefore, we used Cox proportional hazards regression ana-
lysis to screen candidate variables for 6-month overall survival with advanced HCC patients. The nonlinear relationships 
were studied using restricted cubic splines. Two-way interactions between some factors of the multivariate analysis and 
CD8+ T-cell counts were investigated and considered in the model. Finally, based on the results of the Cox multivariate 
and interaction term analyses, a nomogram model was established using the rms package in R project version 4.0.5. The 
areas under the receiver operating characteristic (ROC) and calibration curves were used to evaluate the discrimination 
and calibration of the nomogram model, respectively. Moreover, probability density functions (PDFs) and clinical utility 
curves (CUCs) were plotted to select an appropriate cutoff point for clinical practice by comparing the net benefits of 
various thresholds.

Results
Patient Characteristics
In this study, 427 patients with advanced HCC were randomly divided into training (n = 300) and validation (n = 127) 
sets using 70% and 30% proportions, respectively. Table 1 presents patient characteristics. Among all patients, 344 
(80.6%) were males and 83 (19.4%) were females, with an average age of 57.36 years. There were 359 (84.1%) patients 
with hepatitis B virus (HBV) infection, including a case of chronic alcohol consumption complications and two cases of 
hepatitis C virus (HCV) infection. Additionally, 28 patients (6.6%) had hepatitis C infections, with consequences from 
chronic alcohol use occurring in two of them. Forty-five (10.5%) patients had HCC caused by alcoholic liver disease. 
Twenty-seven (6.3%) patients had other causes, including five cases of autoimmune liver disease and two cases of 
nonalcoholic fatty liver disease. Regarding tumor characteristics, 341 (79.9%) patients had portal vein tumor thrombus 
(PVTT), and 169 (39.6%) had extrahepatic spread. Among the types of treatment, 250 (58.5%) patients with advanced 
HCC received local minimally invasive therapy, and 177 (41.5%) received palliative treatment. Generally, no significant 
differences occurred between the training and validation cohorts (p > 0.05).

Development of Nomogram Model
Risk Factors Associated with Advanced HCC
Table 2 displays the results of univariate and multivariate Cox regression analyses for the 6-month overall survival of 
patients with advanced HCC. Univariate analysis indicated that HBV-DNA, HBeAg positive, tumor size ≥ 5 cm, tumor 
numbers ≥ 2, Child-Pugh Stage B, WBC, NLR > 2.41, AST > 40 U/L, ALT > 50 U/L, γ-GGT, LDH, ALP, CRP > 5 mg/ 
L, AFP ≥ 400 ng/mL, T cell ≥ 1027 cells/μL, CD8+T cell ≥ 320 cells/μL, CD4+T cell ≥ 706 cells/μL, CD4/CD8 ≥ 1.5, and 
types of treatment were significantly related to the 6-month overall survival of advanced HCC in the training set (p < 
0.05). Subsequently, these factors were placed into cox multivariate analysis, indicating that tumor size ≥ 5 cm (hazard 
ratio [HR] = 1.549, 95% confidence interval [CI]: 1.095–2.193, p = 0.014), tumor numbers ≥ 2 (HR = 1.677, 95% CI: 
1.170–2.405, p = 0.005), AST (> 40 U/L; HR = 1.769, 95% CI: 1.156–2.706, p = 0.009), CRP (> 5 mg/L, HR = 3.004, 
95% CI: 1.777–5.077, p < 0.001), and CD8+T cell counts (> 320 cells/μL, HR = 0.371, 95% CI: 0.244–0.565, p < 0.001) 
were the independent prognostic factors of advanced HCC (Table 2). These factors were incorporated into the nomogram 
models.

Interaction Term Analysis
We tested whether the interaction term between CD8+T cell counts and the other predictors was significant in the Cox 
regression analysis for advanced HCC (Table 3) and found a significant interaction between age or tumor number and 
CD8+T cell counts. Second, we plotted restricted cubic splines and demonstrated the relationship between CD8+T cell 
counts and the hazard ratio for survival in patients with advanced HCC stratified by age, tumor number, and tumor size 
(Figure 1). Regardless of the patient group, the number of CD8+T cells was greater than a certain threshold, which had 
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Table 1 Baseline Characteristics of Patients with Advanced Hepatocellular Carcinoma

Characters Total (n=427) Training Set (n=300) Validation Set (n=127) P values
%/Median (IQR) %/Median (IQR) %/Median (IQR)

Patients background
Age(y) (mean ± SD) 57.36±10.92 57.39±11.06 57.28±10.64 0.921

Gender 0.536
Male 344(80.6%) 244(81.3%) 100(78.7%)

Female 83(19.4%) 56(18.7%) 27(21.3%)

Family history of HCC 0.601
Yes 24(5.6%) 18(6.0%) 6(4.7%)

No 403(94.4%) 282(94.0%) 121(95.3%)

Smoking history 0.635
Yes 216(50.6%) 146(48.7%) 65(51.2%)

No 211(49.4%) 154(51.3%) 62(48.8%)

Alcohol abuse 0.609
Yes 197(46.1%) 136(45.3%) 61(48.0%)

No 230(53.9%) 164(54.7%) 66(52.0%)

Etiology
HBV (Yes/No) 359/68 (84.1%/15.9%) 251/49(83.7%/16.3%) 108/19(85.0%/15.0%) 0.723

HCV (Yes/No) 28/399 (6.6%/93.4%) 18/282(6.0%/94.0%) 10/117(7.9%/92.1%) 0.475

Alcohol (Yes/No) 45/382(10.5%/89.5%) 30/270(10.0%/90.0%) 15/112(11.8%/88.2%) 0.577
Others (Yes/No) 27/400(6.3%/93.7%) 20/280(6.7%/93.3%) 7/120(5.5%/94.5%) 0.654

HBV-related indicators at baseline
HBV-DNA (IU/mL) 0.318

< 500 200(46.8%) 139(46.3%) 61(48.0%)

≥ 500 186(43.6%) 128(42.7%) 58(45.7%)

Not available 41(9.6%) 33(11.0%) 8(6.3%)
HBeAg 0.548

Negative 274(64.2%) 188(62.7%) 86(67.7%)
Positive 123(28.8%) 89(29.7%) 34(26.8%)

Not available 30(7.0%) 23(7.7%) 7(5.5%)

Laboratory parameters
WBC (109/L) 4.82(3.59,6.51) 4.82(3.56,6.42) 4.60(3.59,6.64) 0.987

NLR 3.16 (2.22, 4.68) 3.15(2.22,4.71) 3.17(2.23,4.68) 0.961

Platelets (109/L) 108.0(72.3, 162.4) 108.4(73.7,160.53) 108.0(70.0,168.1) 0.963
ALT (U/L) 36.7 (23.0, 59.4) 39.2(24.25,61.3) 33.3(22.8,53.3) 0.144

AST (U/L) 54.8 (35.1, 89.5) 59.9(35.9,92.75) 51.4(34.4,81.6) 0.157

TBIL (umol/L) 20.7(13.4, 31.0) 20.95(13.43,31.25) 20.4(13.2,30.6) 0.838
ALB (g/L) 35.07 ± 5.47 34.86 ± 5.48 35.59±5.42 0.207

γ-GGT(U/L) 121.4 (62.0, 212.4) 123.95(63.55,215.75) 121.0(55.3,212.4) 0.747

LDH (U/L) 204.9(173.7,250.4) 204.9(174.78,250.49) 202.6(173.7,249.4) 0.230
ALP (U/L) 125.3(87.0,179.2) 125.3(85.18,185.4) 125.3(88.1,169.5) 0.903

Creatinine (µmol/L) 66.4(58.0,76.0) 66.0(57.48,76.0) 67.0(59.0,76.0) 0.464

PTA (%) 77.36±14.98 77.57±14.76 76.86±15.53 0.652
INR 1.15(1.08,1.26) 1.15(1.08,1.26) 1.15(1.08,1.26) 0.848

CRP (mg/L) 16.4 (3.56, 26.1) 16.8(4.05,27.5) 15.2(3.4,24.5) 0.543

AFP (ng/mL) 0.964
< 400 238(55.7%) 167(55.7%) 71(55.9%)

≥ 400 189(44.3%) 133(44.3%) 56(44.1%)

T cell counts (cells/μL) 684.0 (461.0, 989.0) 708.5(462.25,1040.0) 633.0(452.0,856.0) 0.053
CD8+ T cell counts (cells/μL) 228.0 (145.0, 360.0) 228.0(153.25,368.0) 228.0(124.0,353.0) 0.245

CD4+ T cell counts (cells/μL) 438.0 (269.0, 606.0) 444.5(270.0,630.25) 413.0(268.0,558.0) 0.101

CD4/CD8 (%) 1.86 (1.27, 2.50) 1.85(1.26,2.49) 1.9(1.28,2.66) 0.490

(Continued)
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Table 1 (Continued). 

Characters Total (n=427) Training Set (n=300) Validation Set (n=127) P values
%/Median (IQR) %/Median (IQR) %/Median (IQR)

Child-Pugh Stage 0.487
A 162(37.9%) 117(39.0%) 45(35.4%)

B 265(62.1%) 183(61.0%) 82(64.6%)

Tumor-related indicators
Tumor multiplicity 0.329

Solitary 163(38.2%) 119(39.7%) 44(34.6%)

Multiple 264(61.8%) 181(60.3%) 83(65.4%)
Tumor size (cm) 0.566

< 5 194(45.4%) 139(46.3%) 55(43.3%)

≥ 5 233(54.6%) 161(53.7%) 72(56.7%)
Portal Vein Tumor Thrombus 0.523

Yes 341(79.9%) 242(80.7%) 99(78.0%)

No 86(20.1%) 58(19.3%) 28(22.0%)
Extrahepatic spread 0.419

Yes 169(39.6%) 115(38.3%) 54(42.5%)

No 258(60.4%) 185(61.7%) 73(57.5%)
Types of treatment 0.724

Palliative 177(41.5%) 126(42.0%) 51(40.2%)

Minimally invasive 250(58.5%) 174(58.0%) 76(59.8%)

Abbreviations: SD, standard deviation; HBV, hepatitis B virus; HCV, hepatitis C virus; WBC, white blood cells; NLR, Neutrophil-lymphocyte ratio; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALB, albumin; γ-GGT, γ-glutamyl transferase, LDH, lactate dehydrogenase; ALP, alkaline phosphatase; 
PTA, prothrombin time activity; INR, international normalized ratio; CRP, C reactive protein; AFP, alpha-fetoprotein.

Table 2 Univariate and Multivariate Cox Regression Analyses for 6-Month Overall Survival in Patients with 
Advanced Hepatocellular Carcinoma

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P values HR 95% CI P values

Age(years) ≥50 1.232 0.811–1.872 0.327

Gender, male 1.121 0.733–1.712 0.598
Family history of HCC 0.819 0.402–1.671 0.583

Smoking history 1.142 0.826–1.580 0.422

Alcohol abuse 1.037 0.749–1.437 0.825
Etiology 0.913

HBV REF

HCV 0.622 0.221–1.753 0.369
Alcohol 0.679 0.168–2.741 0.587

Others 0.608 0.184–2.008 0.414

HBV-DNA ≥ 500 IU/mL 1.272 1.013–1.598 0.039
HBeAg positive 1.366 1.077–1.733 0.01

Tumor size ≥ 5cm 1.743 1.243–2.445 0.001 1.549 1.095–2.193 0.014

Tumor numbers ≥ 2 1.880 1.320–2.678 <0.001 1.677 1.170–2.405 0.005
Portal Vein Tumor Thrombus 1.133 0.741–1.731 0.564

Extrahepatic spread 0.823 0.585–1.156 0.256

Child-Pugh Stage (A/B) 1.784 1.252–2.541 0.001
WBC (109/L) 1.082 1.017–1.152 0.012

NLR > 2.41 1.104 1.055–1.156 <0.001

Platelets (109/L) 1.001 0.999–1.003 0.525
ALT > 50 U/L 1.534 1.103–2.132 0.011

(Continued)
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a protective effect on the patient. Moreover, no matter the CD8+T cell count, the HR in patients of age < 50 years was 
always lower than that in patients of age ≥ 50 years (Figure 1A), and patients with tumor number < 2 always lower than 
patients with tumor numbers ≥ 2 (Figure 1B); however, the HR in patients with tumors smaller than 5 cm was getting 
closer to that of patients with tumors larger than 5 cm (Figure 1C). Therefore, no significant difference occurred between 
patients with tumors < 5 cm and those with tumors ≥ 5 cm. Finally, based on the interaction of these factors, we further 
investigated the relationship between CD8+T cell counts and median survival times in patients with advanced HCC in 
different sublayers. In Figure S1, as a cutoff value for the CD8+T cell count, patients were divided into two groups 
according to a maximum Youden index of 320 cells/μL. We then compared the effect of high (CD8+ T cell ≥ 320 cells/ 
μL) and low (CD8+ T cell < 320 cells/μL) CD8+T cell groups on the median survival time in different groups and found 
that high CD8+T cells have a protective effect on patients with high or low age, single or multiple tumors, and tumor size 
≥ 5 cm, but no significant protective effect on patients with tumor size < 5 cm.

Table 2 (Continued). 

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P values HR 95% CI P values

AST > 40 U/L 2.603 1.723–3.933 <0.001 1.769 1.156–2.706 0.009

TBIL (umol/L) 1.001 0.999–1.003 0.458
γ-GGT (U/L) 1.001 1.000–1.002 0.002

LDH (U/L) 1.000 1.000–1.001 <0.001

ALP (U/L) 1.003 1.002–1.004 <0.001
PTA (%) 0.989 0.979–1.000 0.059

INR 1.318 0.448–3.879 0.616

CRP > 5 mg/L 4.134 2.496–6.877 <0.001 3.004 1.777–5.077 <0.001
AFP ≥ 400 ng/mL 1.419 1.02–1.972 0.038

T cell counts ≥ 1027 cells/μL 0.471 0.306–0.725 0.001

CD8+T cell counts ≥ 320 cells/μL 0.379 0.250–0.576 <0.001 0.371 0.244–0.565 <0.001
CD4+T cell counts ≥ 706 cells/μL 0.452 0.261–0.785 0.005

CD4/CD8(%) ≥ 1.5 1.438 1.002–2.064 0.049

Types of treatment, Palliative 2.008 1.524–2.646 <0.001

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; WBC, white blood cells; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; NLR, Neutrophil-lymphocyte ratio; TBIL, total bilirubin; γ-GGT, γ-glutamyl transferase, LDH, lactate dehydrogenase; 
ALP, alkaline phosphatase; PTA, prothrombin time activity; INR, international normalized ratio; CRP, C reactive protein; AFP, alpha- 
fetoprotein.

Table 3 Interaction Terms

P value

CD8+T cell counts*Age 0.002

CD8+T cell counts*Tumor size 0.547

CD8+T cell counts*Tumor number 0.016

CD8+T cell counts*CRP 0.149

CD8+T cell counts*AST 0.122

CD8+T cell counts*NLR 0.503

Abbreviations: CRP, C reactive protein; AST, aspartate 
aminotransferase; NLR, Neutrophil-lymphocyte ratio.
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Nomogram Model Establishment
We combined the interaction term factors, such as CD8+T cell counts and age or tumor number, with the factors obtained 
from Cox multivariate analysis and used backward stepwise Cox regression analysis to establish the best nomogram 
model by comparing the Akaike Information Criterion (AIC) (lower AIC value indicates better outcomes) and C-statistic 
(higher C-statistic indicates better outcomes). The final model included the following factors: age, tumor number, tumor 
size, AST, CRP, and CD8+ T-cell count (Figure S2). A nomogram model was established to show the 3-month, 6-month, 
and 12-month overall survival (OS) rates of patients with advanced HCC. As shown in Figure 2, based on each factor’s 
risk score in the nomogram model, CRP level was the most important factor for predicting overall survival in patients 
with advanced HCC, followed by CD8+T cell count; the remaining factors had moderate predictive value. Compared with 
patients of age < 50 years, low CD8+T cell counts accounted for a greater point in patients of age ≥ 50 years (the points 
51 vs 46), indicating that CD8+T cell were effective in both older and younger patients, but had a more prominent effect 
on older patients. Each factor’s risk score can be read on a relevant point scale, and the total points can then be 
determined. Based on the 3-month, 6-month, and 12-month OS total-point scales, predicting the survival of patients with 
advanced HCC is easy.

Evaluation and Application of This Nomogram
Performance of the Model
The areas under the ROC and calibration curves were used to evaluate the performance of the model. The AUC values of 
the nomogram model for predicting the 3-, 6-, and 12-month survival of patients with advanced HCC in the training set 
were 0.821, 0.802, and 0.756, respectively (Figure 3A). In addition, they were 0.839, 0.795, and 0.807, respectively, in 
the validation set (Figure 3B). Calibration curves demonstrated that the 3-month, 6-month, and 12-month OS probabil-
ities predicted by the nomogram model fit the actual data in the training and validation sets with a high degree of 
accuracy. (Figure 3C–H). Therefore, the nomogram model performed satisfactorily.

Application in Clinic
As shown in Figure 4, we used PDFs and CUCs to select the optimal nomogram model threshold. As shown in 
Figure 4A, some of the PDF curves of the surviving and dead patients overlapped. The percentages of surviving and 
undetected dead patients at any probability threshold are shown in Figure 4B. From a clinical point of view, we 
considered that additional intensive treatment would be more beneficial for patients who survive than for those who 
die; therefore, a threshold probability of 25% was chosen as the clinical decision. In this study, we could distinguish 
approximately 92% of patients who died (blue area in Figure 4A) and approximately 37% of surviving patients (red area 
in Figure 4A).

Figure 1 Plots of the non-linear interaction effect between CD8+T cell counts and key predictors using restricted cubic splines. (A) age (years), (B) tumor number, and (C) 
tumor size (cm). The gray area indicates 95% CIs of the relative risk (HR) estimate. 
Abbreviation: CIs, confidence intervals.
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Risk Stratification
Patients were divided into low-risk (< 170 points) and high-risk (≥ 170 points) groups based on the maximum Youden 
index value of the nomogram model score. The nomogram model could discriminate between high- and low-risk patients 
in the training and validation sets according to the Kaplan–Meier survival curves. (Figure 5A and B) and in patients aged 
≥ 50 years and < 50 years (Figure 5C and D) (p< 0.0001).

Prognostic Value of CD8+T Cell Counts in Advanced HCC Patients
Based on the cut-off value of 320 cells /μL for CD8+T cell count, the patients were split into two groups. The Kaplan– 
Meier survival curve was used to analyze the 12-month overall survival rate. We found that in both training and 
validation sets, advanced HCC patients with a high level of CD8+T cells had a significantly reduced risk of death (death 
risk: HR = 0.74, 95% CI: 0.55–0.98, P = 0.036 and HR = 0.50, 95% CI: 0.30–0.81, P = 0.004 in training and validation 
cohorts separately). (Figure 6A and B). We further divided the patients into different subgroups based on clinical factors 
to explore whether CD8+ T-cell counts were closely associated with the overall survival of patients with advanced HCC. 
We found that patients in age ≥ 50 years, age < 50 years, tumor multiple, tumor solitary, tumor size ≥ 5 cm, tumor size < 

Figure 2 Nomogram predicted the survival risks of patients with advanced HCC.
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Figure 3 Performance of the nomogram model. ROC curves of 12-, 6- and 3-month OS for evaluating the discrimination ability of nomogram in the training (A) and 
validation groups (B). Calibration curves for 12-, 6-, and 3-month OS for the training (C-E) and validation groups (F-H).

Figure 4 Probability density functions (A) and clinical utility curves (B) of the nomogram model.
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5 cm, Child-Pugh A, Child-Pugh B, with HBV, and male subgroups, advanced HCC patients with a high CD8+T cell 
count had a higher survival rate than those with a low CD8+T cell count (Figure 6C–K and M). However, no statistically 
significant difference occurred in patients without HBV infection or in the female subgroups (p = 0.34 and p = 0.24, 
respectively) (Figures 6L and N). Therefore, the high expression of CD8+T cells can improve the survival rate of patients 
with advanced HCC.

Discussion
Recently, nomogram prediction models have been widely used in clinical settings. It can be used to make clinical decisions 
based on a single variable or combination of variables in the model.26 Nomogram models have been shown to help patients 
with breast cancer, nasopharyngeal carcinoma, and hepatocellular carcinoma make accurate clinical predictions, including 
disease progression and overall survival.27–29 Although some models associated with the prognosis of advanced HCC have 
been reported, there is a lack of prognostic models that combine immunological and clinical indicators. Such as Ke Su et al 
performed PD-1 inhibitors combined with radiotherapy and antiangiogenic therapy in advanced HCC, it was found that PD-L1 
expression on circulating tumor cells, Child-Pugh classA/B, the number of tumors and AFP could predict the OS and PFS of 

Figure 5 Risk stratification. The patients were divided into low-risk and high-risk groups based on the risk score (low risk group < 170 points, high risk group ≥ 170 points) 
in the training group (A) validation group (B), and age ≥ 50 years (C), age < 50 years (D).
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advanced HCC.30 Besides, Han Li et al evaluated the 3-year overall survival of HCC patients treated with TACE or TACE 
combined with systemic therapy, and found that ALR scores (AST and lymphocyte rate) could predict the prognosis of 
patients and constructed a prognostic nomogram model.31 Thus, this study retrospectively enrolled patients with advanced 
HCC, collected complete clinical data including the expression of circulating T cells in peripheral blood, and explored the 
factors that may affect the survival of patients with advanced HCC.

In recent years, with the deepening of research on tumor immunity and the continuous development of immunology and 
molecular biology, tumor immunotherapy has shown good clinical value and advantages in clinical practice. At present, the 
treatment of HCC mainly includes sorafenib, PD-1 inhibitors, anti-angiogenic therapy, intensity-modulated radiotherapy 
(IMRT), transcatheter arterial chemoembolization (TACE) and hepatic artery infusion chemotherapy. In the study of patients 
with advanced HCC, Ke Su et al found that PD-1 inhibitors combined with anti-angiogenic therapy and IMRT had better OS 
and PFS than PD-1 inhibitors combined with anti-angiogenic therapy.32 And Han Li et al conducted a meta-analysis to 

Figure 6 The 12-month overall survival analysis of advanced HCC patients with different CD8+ T cell counts. KM curves with CD8+T cell counts ≥ 320 cells/μL and < 320 
cells/μL in training cohort (A); validation cohort (B); age ≥ 50 years (C); age < 50 years (D); tumor multiple (E); tumor solitary (F); tumor size ≥ 5cm (G); tumor size < 5cm 
(H); Child-Pugh A (I); Child-Pugh B (J); with HBV (K); without HBV (L); male (M); female (N).
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compare the efficacy of different treatments for unresectable HCC and found that sorafenib combined with and external 
radiotherapy had longer OS and PFS and fewer the adverse events.33 So, we have to admit that immunotherapy is more and 
more helpful for cancer patients. CD8+T cells play a key role in anti-tumor immune response and immune checkpoint inhibitor 
therapy and it can selectively kill tumor cells. Tumor-associated antigens include specific neoantigens and autoantigens 
produced by tumor mutations. CD8+T cells can recognize these antigens and induce antitumor responses.34 CD8+T cells can 
also be detected in human and mouse tumor-infiltrating lymphocytes, including melanoma and ovarian, breast, and lung 
cancers.35 A systematic review and meta-analysis indicated that high levels of CD8+ T-cell infiltration are linked to better 
outcomes in breast cancer patients,36 which was consistent with the results of this study. CD8+T cells kill tumor cells in three 
main ways. First, they bind with tumor cells and use perforin and granzyme B to directly kill tumor cells. Second, activated 
CD8+T cells express FAS-L and bind to FAS on the surface of tumor cells to induce tumor cell apoptosis. Third, tumor cells 
can be indirectly killed by releasing cytokines such as TNF-α and IFN-γ.37,38 Therefore, this study focused on the effect of 
CD8+T cells on the prognosis of patients with advanced HCC.

In this study, we identified five important factors (tumor size, tumor number, AST, CRP, and CD8+T cell counts) affecting 
the 6-month overall survival of patients with advanced HCC using Cox univariate and multivariate regression analyses. Then 
according to previous studies, it was found that the expression of CD8+T cells changed with age, and the elderly were more 
susceptible to infectious diseases because of their aging immune system.35,39 According to statistics, the median age of HCC 
patients was 55 years in China,40 which was consistent with the age of our enrolled patients. And HCC was mainly caused by 
hepatitis B virus (HBV) in China,41 which most from mother to child transmission.42 Although the elderly was more 
susceptible to infectious diseases, the viral infections that caused HCC in our population may not be affected by age. In 
addition, cox univariate and multivariate regression analysis showed that age had no independent effect on the mortality of 
patients with advanced HCC. Furthermore, some studies have confirmed that some factors affect the expression of 
CD8+T cells in cancer patients, such as aging, inflammation, and immunosuppression, due to the tumor burden.43 

Therefore, we assessed the interaction terms between CD8+T cell count, tumor factors, infection factors, and age. The results 
indicated that although age was not an independent prognostic factor for advanced HCC, the interaction between age and 
CD8+ T-cell count had a significant effect on the prognosis of advanced HCC. We then established the final nomogram model 
by combining and comparing the results of the Cox regression and interaction term analyses. A model with only the results of 
Cox regression analysis vs a model combined with Cox regression analysis and an interaction term was fairly similar but with 
a small advantage for the latter (C-statistic 0.73 vs 0.75, AIC 1500.1 vs 1498.3). Therefore, the final nomogram model 
included age, tumor number, tumor size, AST, CRP levels, and CD8+T cell count. The area under the receiver operating 
characteristic (ROC) curve (AUC) and calibration curve were used to assess the nomogram model’s performance, and it was 
found that both the model’s calibration and discrimination were good. Moreover, 25% was chosen as the threshold probability 
for clinical decision-making in this study. As correctly detecting a patient’s risk of death is crucial, with a threshold probability 
of 25%, we could identify approximately 92% of the patients who died. Thus, it can help doctors choose the appropriate 
treatment methods in clinical practice. In fact, in clinical practice, doctors can choose different cutoff values for PDFs and 
CUCs according to different clinical situations to choose a more suitable treatment for patients.

This study has certain limitations, such as a small sample size. Although we performed internal verification, there was 
a lack of external verification. In the future, we will need to use more samples to further verify the predictive accuracy of 
this nomogram model and compare it with other models.

Conclusion
In conclusion, we developed a prognostic nomogram model for patients with advanced HCC based on CD8+ T-cell count 
and age. It can predict the overall survival of patients accurately and conveniently. High expression of CD8+T cells 
protects against advanced HCC.
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HBV, hepatitis B virus; HCV, hepatitis C virus; WBC, white blood cells; ALT, alanine aminotransferase; AST, aspartate 
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