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Purpose: Portal vein tumor thrombosis (PVTT) is one of the hallmarks of advanced Hepatocellular carcinoma (HCC). Platelet (PLT)
function parameters and CD8'T cells (CD8"Ts) play an important role in HCC progression and metastasis. This study is committed to
establishing an efficient prognosis prediction model and exploring the combined effect of PLT and CD8"Ts on PVTT prognosis.
Patients and Methods: This retrospective study collected 932 HCC patients with PVTT from 2007 to 2017 and randomly divided
them into a training cohort (n = 656) and a validation cohort (n = 276). We performed multivariable Cox and Elastic-net regression
analysis, constructed a nomogram and used Kaplan—Meier survival curves to compare overall survival and progression-free survival
rates in different substrata. Relationships between indicators involved were also analyzed.

Results: We found tumor number, size, treatment, PLT, y-glutamyl transferase, alpha-fetoprotein, mean platelet volume, and CDS"Ts
were related to the 5-year OS of patients with PVTT, and established a nomogram. The area under the receiver operating characteristic
curve (AUCs) for predicting the 1-year OS rates were 0.767 and 0.794 in training and validation cohorts. The calibration curve and
decision curve indicated its predictive consistency and strong clinical utility. We also found those with low PLT (<100*1079/L) and
high CD8"Ts (>320 cells/uL) had a better prognosis.

Conclusion: We established a well-performing prognostic model for PVTT based on platelet functional parameters and CD8"Ts, and
found that PT-8 formed by PLT and CD8'Ts was an excellent predictor of the prognosis of PVTT.

Keywords: hepatocellular carcinoma, portal vein tumor thrombus, platelet, CD8+T cells counts, prognostic model, correlation
analysis

Introduction

Hepatocellular carcinoma (HCC) is one of the major diseases that seriously endangers human life and health. According
to the latest global cancer burden data released by WHO, the incidence and mortality of HCC rank sixth and fourth
among malignant tumors, respectively.! Due to the biological characteristics of liver cancer and the anatomical
characteristics of the liver, HCC easily invades intrahepatic blood vessels, especially the portal vein system. In China,
the incidence rate of portal vein tumor thrombosis (PVTT) is as high as 44-62.2%. Without treatment, the median
survival time of HCC patients with PVTT is only 2.7-4 months.> PVTT progresses rapidly and can lead to serious
complications such as portal hypertension, hepatic jaundice, and refractory ascites. Therefore, the treatment strategy for

PVTT has become a global medical problem.
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Currently, Barcelona Clinic Liver Cancer (BCLC), Child-Pugh and Model for end-stage liver disease (MELD), etc.
are often used to evaluate the prognosis of HCC patients.> PVTT, as a marker of advanced liver cancer, is also a major
factor affecting the prognosis of HCC. However, it is still unclear whether the prognostic indicators of HCC are still
applicable to PVTT. Multiple studies have shown that platelets are closely related to the occurrence and development of
tumors and have certain prognostic predictive value.*”” Decades ago, lots of scientists demonstrated that platelets could
promote tumor vascular invasion and metastasis.®’ Platelets exercise a function as if it were a double-edged sword.
Recent studies have also identified thrombocytopenia as a risk factor for recurrence and survival in patients with HCC
after hepatectomy, which explains that platelet count reflects liver function to a certain extent, and thrombocytopenia
implies a poor prognosis.'” In summary, platelets play different roles in liver cancer at different stages. In addition,
immune status has always been considered a prognostic factor for patients at all stages, especially for advanced liver
cancer.'! There is a correlation between PLT and immune response,'? but there are few studies that combine them to
comprehensively evaluate the prognosis of PVTT patients, which is a potential direction that has been ignored.

Here, we first explored the relationship between platelet and immune-related indicator CD8'T cells counts and the
prognosis of HCC patients with PVTT, and then established a model based on clinical data to screen advantaged groups,
which will play a role in promoting personalized medicine. It is convenient for clinicians to predict prognosis and
provides new solutions to the difficult problem of PVTT.

Materials and Methods

Patients

This retrospective study included 932 HCC patients with PVTT at Beijing Ditan Hospital of Capital Medical University
from December 2007 to December 2017. The research project received approval from the ethical committee at Capital
Medical University’s Beijing Ditan Hospital (no. JDLKZ [2017] D [028] -02), along with a waiver of informed consent.
All procedures were conducted in accordance with the 2008 Helsinki Declaration and the ethical standards outlined by
the relevant national and institutional committees governing human research. The patients were divided into two groups
in a ratio of 7:3, using randomization, with 656 patients in the training cohort and 276 patients in the validation cohort.
The inclusion criteria were as follows: (1) age >18 years; (2) HCC diagnosis based on imaging or histological assessment
guidelines of the Asia Pacific Society for the Study of the Liver (APSAL);"? and (3) diagnosis of PVTT confirmed by at
least one imaging test such as ultrasound, computed tomography (CT), magnetic resonance imaging (MRI), or digital
subtraction angiography (DSA). The exclusion criteria were as follows: (1) patients with combined HIV and tuberculosis
infection; (2) patients with serious diseases affecting important organs; (3) patients with metastatic hepatocellular
carcinoma or other tumors; (4) pregnant or lactating women; and (5) patients with incomplete clinical data, relevant

examinations, or test results.

Demographic and Clinical Data

Baseline data included patient’s background such as age, gender, hypertension, diabetes mellitus, etiology and treatment
modalities; laboratory data included routine blood markers such as white blood cells counts (WBC), hemoglobin (Hgb),
platelets (PLT), mean platelet volume (MPV), liver function markers such as aspartate aminotransferase (AST), alanine
aminotransferase (ALT), y-glutamyl transpeptidase (y-GGT), etc., coagulation parameters such as prothrombin activity
(PTA), immune cell-related parameters such as CD4'Ts, CD8Ts, etc., and tumor-related parameters, such as alpha-
fetoprotein (AFP), tumor size and number, and HCC comprehensive evaluation parameters, such as BCLC, Child-Pugh,
Meld, APRI (AST-to-Platelet Ratio Index), FIB-4 (fibrosis-4 score). The data source was the testing report from the
Laboratory Department of Beijing Ditan Hospital. We consulted relevant departments and when using flow cytometry,
the following antibodies were used: anti-human BV786-conjugated anti-CD3, APC-H7-conjugated anti-CD4, BV510-
conjugated anti-CD8 (BD Biosciences). Data were acquired with an FACS Cantol flow cytometer, and then analysis with
FlowJo software (Tree Star). The observation time of patients was defined as the time from the first enrolment of patients
into the study to the end of progression, death or follow-up.
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Statistical Analysis

All statistical analyses were performed through R version 4.3.1, and in this study, all the data were randomly grouped in a 7:3
ratio using the “caret” package, other packages involved were rms, survival, etc. The condition when p-value of any test was less
than 0.05 was considered statistically different for the study results. In order to elaborate the scientific issues more distinctly, we
successively converted individual continuous variables into categorical variables during the study process. The cut-off values of
categorical variables were the normal values of clinical laboratory tests. The numerical cut-offs were as follows: Platelets were
100*10"9/L, AFP was 400 ng/mL, laboratory values of which at the time of diagnosis of HCC patients with PVTT were
classified as elevated when they were higher than clinical normal values, and CD8+Ts was 320 cells/uL. This means that ‘Low
PLT and High CD8"Ts’ represented PLT<100*10"9/L&CD8 " Ts>320 cells/uL, ‘Low PLT and Low CD8 Ts/ High PLT and High
CD8'Ts’ represented PLT<100*10"9/L&CD8 Ts<320 cells/uL or PLT>100*10"9/L&CD8 Ts>320 cells/uL, and ‘High PLT
and Low CD8'Ts’ represented PLT>100*10"9/L&CD8 Ts<320 cells/uL. In addition, we divided the nomogram into three
categorical variables using quarter and three sites as cut-off values (154.3798 and 190.307). In other words, Low risk is points
<154.3798, Median risk is 1.543798<points<190.307, and High risk is points>190.307. MELD cut-off values of 10 and 15 were
determined based on the relevant literature.'* In addition, quantitative data that conformed to normal distribution were expressed
as mean + standard deviation (SD) and compared between the two means using the #-test. Non-normally distributed data were
expressed as median (M), interquartile range (QR) of the form (M, QR), and Mann—Whitney U-test was used for comparison
between two groups of this type. Qualitative data were expressed as frequencies (number of individuals) and compared using the
%2 test.

In this study, we used univariable and multivariable Cox hazards analysis to find independent influences on HCC patients
with PVTT, and subsequently combined multivariable Cox regression with Elastic-net regression to analyze the data, with the
final outcome being a nomogram using R (rms package). Most of the existing linear regression methods exploit the
conventional zero-one matrix as the regression targets, which greatly narrows the flexibility of the regression model, but
elastic network regression avoids this shortcoming and performs well in research on multiple parameters and large parameter
correlations.'> We evaluated the degree of model differentiation by subject work characteristics (ROC) curves and area under
the curve (AUC). Calibration curves were used to assess the degree of calibration between the actual and predicted
probabilities of the nomogram model. Decision curves were used in this clinical study to assess the clinical utility of the
nomogram model. Kaplan—Meier survival analysis was used to compare the Overall Survival (OS) and Progressive Free
Survival (PFS) rates for each subpopulation in 1, 3, and 5 years, and survival comparisons were made by the Log rank test.

Results

Baseline Characteristics

We retrospectively included 932 HCC patients with PVTT between 2007 and 2017 and divided them into a training cohort
(n=656) and a validation cohort (n =276) in a 7:3 ratio. In the training and validation cohorts, 302 (46.04%) and 139 (50.36%)
patients had single tumor and 354 (53.96%) and 137 (49.64%) patients had multiple tumors, respectively (p = 0.26>0.05,
Table 1). Whereas in terms of tumor size, the median tumor diameter (mm), the median quadratic range (QR) were 50.00

Table 1 Demographic Data and Clinical Characteristics of Patients of Hepatocellular Carcinoma with Portal Vein Tumor Thrombus

Variable Overall n=932 Training Cohort, Validation Cohort, P value
n=656(%) n=276(%)
Gender Female 187(20.06) 131(19.97) 56(20.29) 0.98
Male 745(79.94) 525(80.03) 220(79.71)
Age (y) <55 271(29.08) 198(30.18) 73(26.45) 0.29
255 661(70.92) 458(69.82) 203(73.55)
Hypertension No 703(75.43) 494(75.30) 209(75.72) 0.96
Yes 229(24.57) 162(24.70) 67(24.28)
Diabetes No 730(78.33) 515(78.51) 215(77.90) 091
(Continued)
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Table 1 (Continued).

Variable Overall n=932 Training Cohort, Validation Cohort, P value
n=656(%) n=276(%)
Yes 202(21.67) 141(21.49) 61(22.10)
Etiology HBV 719(77.15) 508(77.44) 211(76.45) 0.8l
HCV 64(6.87) 42(6.40) 22(7.97)
Alcohol abuse 118(12.66) 85(12.96) 33(11.96)
Other 31(3.33) 21(3.20) 10(3.62)
Tumor number Solitary 441(47.32) 302(46.04) 139(50.36) 0.26
Multiple 491(52.68) 354(53.96) 137(49.64)
Tumor size (mm) 50.00[27.00,62.00] 50.00[27.00,61.25] 50.00[26.75,65.25] 0.74
Treatment Palliative 277(29.72) 180(27.44) 97(35.14) 0.06
Minimally invasive | 613(65.77) 446(67.99) 167(60.51)
Resection 42(4.51) 30(4.57) 12(4.35)
Child-Pugh A stage 374 (40.13) 265 (40.40) 109 (39.49) 0.72
B stage 413 (44.31) 293 (44.66) 120 (43.48)
C stage 145 (15.56) 98 (14.94) 47 (17.03)
BCLC C stage 758 (81.33) 538 (82.01) 220 (79.71) 0.46
D stage 174 (18.67) 118 (17.99) 56 (20.29)
WRBC (*1019/L) 4.40[3.11,5.97] 4.41[3.10,5.94] 4.35[3.13,6.07] 0.77
NLR 2.83[1.79,4.26] 2.87[1.83,4.47] 2.68[1.67,3.90] 0.07
Hgb (g/L) 124.80[107.75,140.70] | 124.10[107.00,140.35] | 126.60[108.83,140.93] | 0.31
PLT (*1079/L) 90.00[62.15,133.77] 87.70[61.75,132.15] 95.60[63.32,139.00] 0.24
PLR 91.59[64.84,142.84] 94.38[66.47,142.84] 86.76[62.37,142.94] 0.22
BUN (mmol/L) 5.25[4.28,6.61] 5.28[4.33,6.73] 5.10[4.15,6.41] 0.13
Cr (n mol/L) 66.00[58.00,77.00] 66.00[57.10,77.00] 66.00[58.00,77.25] 0.62
ALT (U/L) 36.60[24.60,59.95] 36.20[24.78,58.32] 37.70[24.30,61.27] 0.6
AST (U/L) 49.60[34.80,84.58] 49.50[33.70,82.93] 50.75[35.48,87.70] 0.54
TBIL (p mol/L) 22.00[14.47,35.35] 20.95[14.38,34.15] 23.55[14.97,39.05] 0.08
ALB (g/L) 34.35[30.10,39.00] 34.50[30.28,38.92] 33.60[29.60,39.10] 0.37
v-GGT (IU/L) 88.65[44.90,171.57] 89.15[44.90,166.43] 86.50[42.90,175.80] 0.99
ALP (U/L) 112.20[81.70,151.20] 111.65[81.77,149.43] 114.55[81.60,161.52] 0.38
TC (mmol/L) 3.63[3.09,4.07] 3.62[3.12,4.07] 3.63[3.07,4.07] 0.69
PT (s) 13.60[12.50,14.80] 13.60[12.40,14.70] 13.70[12.50,15.10] 0.44
PTA (%) 73.00[63.35,84.93] 73.30[64.00,85.00] 72.00[61.15,83.00] 0.34
AFP (ng/mL) <400 779 (83.58) 553 (84.30) 226 (81.88) 0.42
>400 153 (16.42) 103 (15.70) 50 (18.12)
CRP (mg/L) 9.80[3.20,12.50] 9.70[3.20,12.50] 9.95[3.20,12.53] 0.71
MPV (fL) 10.70[9.10,11.90] 10.60[9.07,11.90] 10.70[9.10,11.72] 0.77
PCT (%) 0.11[0.07,0.17] 0.11[0.07,0.17] 0.11[0.07,0.18] 0.59
P-LCR (%) 33.10[29.67,37.40] 33.10[29.10,37.42] 33.10[30.50,36.88] 0.51
PDW (%) 13.60[12.30,15.40] 13.60[12.20,15.60] 13.60[12.40,14.80] 0.9
T cells/lLymphocytes (%) 66.00[58.00,71.00] 66.00[58.00,70.86] 66.00[58.00,71.80] 0.98
T cells counts (cells/pL) 584.00[455.00,823.50] 588.00[455.00,829.00] | 568.00[455.00,816.00] | 0.85
CD8'T cells counts (cells/uL) 207.00[146.00,290.00] | 207.00[147.00,290.00] | 207.00[142.00,288.00] | 0.75
CDA4'T cells counts (cells/pL) 368.00[274.00,525.00] | 368.00[273.75,521.50] | 368.00[276.00,559.00] | 0.53
CD4'TI/CD8*T cells counts (cells/pL) 1.79[1.31,2.43] 1.79[1.31,2.39] 1.79[1.39,2.48] 0.22

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease; BCLC, Barcelona Clinic Liver Cancer classification system; WBC,
white blood cell; NLR, neutrophil-lymphocyte ratio; Hgb, hemoglobin; PLT, platelet; PLR, platelet-lymphocyte ratio; BUN, blood urea nitrogen; Cr, endogenous creatinine
clearance rate; ALT, alanine aminotransferase; AST, aspartate transaminase; TBIL, total bilirubin; ALB, albumin; y-GGT, y-glutamyl transferase; ALP, alkaline phosphatase; TC,
total cholesterol; PT, Prothrombin time; PTA, prothrombin time activity; AFP, alpha-fetoprotein; CRP, C reactive protein; MPV, mean platelet volume; PCT, plateletcrit,
P-LCR, platelet -larger cell ratio; PDWV, platelet distribution width.
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[27.00,61.25] (training cohort) and 50.00 [26.75,65.25] (validation cohort), respectively (p = 0.74>0.05). In terms of treatment,
the numbers of patients in the training cohort who underwent palliative, minimally invasive, and resection were 180 (27.44%),
446 (67.99%), and 30 (4.57%), compared to 97 (35.14%), 167 (60.51%), and 12 (4.35%) in the validation cohort, respectively
(p=0.06>0.05). We compared the characteristics of two cohorts and obtained a result that it did not show significant differences
in demographic background, clinical indicators, and treatment, especially those indicators that would be incorporated into the
nomogram model, including PLT, y-GGT, AFP, MPV, and CD8 "Ts. Overall, these observations might indicate that there were no

differences in baseline characteristics between the training and validation cohorts.

Filtration for Prognostic Index

We filtrated the risk factors and independent risk factors associated with 5-year OS in the training cohort by univariable and
multivariable Cox regression analysis, and the results are presented in Table 2. Univariable analysis found Etiology as Alcohol
abuse, multiple tumors, tumor size, treatment as minimally invasive and Resection, WBC, PLT, ALT, AST, TBIL, y-GGT,

Table 2 Univariable and Multivariable Cox Hazards Analysis of the Training Cohort

Variable Univariable Analysis Multivariable Analysis
HR [95% CI] p values | HR [95% CI] p values

Gender 1.136 [0.922, 1.399] 0.232
(Female vs Male)
Age (< 55 vs. 2 55) 1.001 [0.834, 1.201] 0.989
HTN (No vs Yes) 1.138 [0.942, 1.375] 0.182
Diabetes(No vs Yes) 1.038 [0.850, 1.266] 0.716
Etiology

HBV Ref

HCV 0.744 [0.520, 1.066] 0.107

Alcohol abuse 1.379 [1.088, 1.747] 0.008

Other 0.952 [0.594, 1.525] 0.837
Tumor number (Solitary vs Multiple) | 1.337 [I.131, 1.579] 0.001 1.264 [1.064, 1.502] 0.008
Tumor size 1.008 [1.005, 1.010] <0.001 1.0031 [1.0001, 1.0061] | 0.033
Treatment

Palliative Ref Ref

Minimally invasive 0.534 [0.444, 0.641] <0.001 0.630 [0.517, 0.769] <0.001

Resection 0.326 [0.205, 0.518] <0.001 0.415 [0.258, 0.667] <0.001
WBC 1.084 [1.053, 1.116] <0.001 1.036 [0.999, 1.074] 0.06
Hgb 0.999 [0.996, 1.002] 0.644
PLT 1.005 [1.003, 1.006] <0.001 1.004 [1.003, 1.006] <0.001
BUN 1.010 [0.984, 1.036] 0.461
ALT 1.003 [1.001, 1.004] <0.001 1.001 [0.998, 1.003] 0.565
AST 1.002 [1.001, 1.003] <0.001 1.0004 [0.999, 1.002] 0.555
TBIL 1.0017 [1.0004, 1.003] | 0.009 1.001 [0.999, 1.002] 0.345
ALB 0.994 [0.981, 1.007] 0.351
v-GGT 1.002 [1.002, 1.003] <0.001 1.0012 [1.0005, 1.0021] | 0.001
PTA 1.002 [0.998, 1.007] 0.316
AFP (<400vs. >400) 1.569 [1.257, 1.957] <0.001 1.274 [1.012, 1.606] 0.04
MPV 1.059 [1.035, 1.084] <0.001 1.041 [1.017, 1.067] 0.001
PCT 3.386 [1.465, 7.827] 0.004 0.690 [0.237, 2.006] 0.495
P-LCR 0.993 [0.982, 1.004] 0.204
PDW 0.996 [0.966, 1.028] 0.821
T cells/Lymphocytes 1.001 [0.999, 1.003] 0.346
CD8'T cells counts 0.9994 [0.9989, 0.9999] | 0.023 0.9990 [0.9984, 0.9995] | <0.001
CD4'T cells counts 0.9999 [0.9996, 1.0003] | 0.733
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AFP, MPV, PCT, CDS8"Ts were the risk factors for 5-year OS in training cohort, while multivariable analysis revealed that
independent risk factors included tumor number (multiple, Hazard Ratio [HR] = 1.260, 95% confidence interval [CI]: 1.064—
1.502, p =0.008), tumor size ((HR] = 1.0031, [CI]: 1.0001, 1.0061, p = 0.033), treatment (minimally invasive, [HR] = 00.630,
[CI]: 0.517-0.769, p < 0.001; resection, [HR] = 0.415, [CI]: 0.258-0.667, p = 0.001), PLT ([HR] = 1.004, [CI]: 1.003—1.006,
p <0.001), y-glutamyl transferase (y-GGT, [HR] = 1.0012, [CI]: 1.0005, 1.0021, p = 0.001), alpha-fetoprotein (AFP > 400,
[HR] = 1.274, [CI]: 1.012—1.606, p = 0.04), mean platelet volume (MPV, [HR] = 1.041, [CI]: 1.017, 1.067, p=0.001, CD8"Ts
([HR]=0.9990, [CI]: 0.9984, 0.9995, p < 0.001). We performed Elastic-net Cox regression analysis (Figure 1a and 1b) on the
clinical indicators available in Table 1, which included demographics, laboratory tests, and oncology. After setting A = 0.09
and obtaining 10 variables, we took the intersection of the results of the elastic net analysis and the multivariable COX
regression analysis. Finally, we considered tumor size, tumor number, treatment, PLT, y-GGT, AFP, MPV, and CD8'Ts to be
significantly associated with 5-year prognosis of HCC patients with PVTT.

Development and Performance of Prognostic Model
Through the above screening steps, we identified 8 factors together to form the final model (Figure 1c), including tumor
size, number, treatment, PLT, y-GGT, AFP, MPV, CD8"Ts. This nomogram was used to predict the OS of HCC patients
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Figure | Visualization of elastic-net regression screening indicators and nomogram for predicting HCC patient with PVTT prognosis. (a) Elastic-net coefficient profiles of
the 26 risk factors. (b) 10 risk factors selected using Elastic-net Cox regression analysis. The two dotted vertical lines were drawn at the optimal scores by minimum
criteria(left) and I-s.e. criteria(right) (At minimum criteria including: tumor number, tumor size, treatment, WBC, Hgb, PLT, BUN, ALT, AST, TBIL, ALB, y-GGT, PTA, AFP,
MPV, PCT, P-LCR, PDW, T cells/Lymphocytes, CD8"T cells counts, CD4"T cells counts). (c) Nomogram for predicting the |, 3, 5-year-Overall Survival probability in HCC
patient with PYTT. When using the nomogram, find the position of each variable on the axis and the corresponding point vertically. Then, add the points of all variables, and
determine the prediction probability of OS in different 3 years on the bottom axis. The green represents categorical variables and the red represents continuous variables,
and the filled portion represents the data distribution for constructing the nomogram model. The symbol “*” represents the significance of the p-value, that is, “*” indicates
p=0.033, “**” indicates p=0.008, and “***” indicates <0.001.

Abbreviations: AFP, alpha-fetoprotein; PLT, platelet; y-GGT, y-glutamyl transferase; MPV, mean platelet volume.
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with PVTT in 1, 3 and 5 years. Users of the model should bring the 8 indicators into the model, find the upward vertical
point of each indicator, add the values represented by the 8 points to obtain the total score, and then draw a vertical line
according to the total score at the corresponding position and intersect it with the line representing the probability of
survival in 1, 3, and 5 years to obtain the survival rate in different years. The nomogram showed good predictive realism
in estimating the 1, 3, and 5-year OS risk of HCC patients with PVTT. The AUC of 1 and 3-year ROC curves in the
training cohort was up to 0.767 and 0.726 (Figure 2b and c), and in the validation cohort it was up to 0.794 and 0.711
(Figure 2f and g), which were significantly higher than those of the other models. The predictive efficacy of this
nomogram was excellent in different outcomes, because when we used the same method to predict 1, 3, 5 years PFS, the
area under the ROC curve AUC of 1, 3, 5 years in the training cohort can also be up to 0.770, 0.728, 0.741 (Figure 2a),
and in the validation cohort can be up to 0.797, 0.795, 0.780 (Figure 2¢). The consistency between the actual probability
of events and the predicted probability of the model is an important indicator for evaluating the performance of the
model, so we plotted the calibration curves and found that there was a high degree of consistency between the actual
probability of events and the predicted probability of the training cohort (Figure 2d) and validation cohort (Figure 2h).
DCA is used to evaluate the usability and validity of the prediction model, and this nomogram demonstrated strong
clinical utility in the comparison of different time periods (Figure 2i-k) and different models (Figure 2j-1).
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Figure 2 Performance of Nomogram model in predicting the outcome of HCC patient with PVTT. (a) ROC analysis of |-year;, 3-year, and 5-year PFS; (b and ¢) ROC analysis
of |-year, 3 years OS; (d) Calibration curve for predicting |-year,3-year, and 5-year OS in the training cohort. () ROC analysis of |-year, 3-year, and 5-year PFS; (f and g)
ROC analysis of |-year, 3 years OS; (h) Calibration curve for predicting |-year,3-year, and 5-year OS in the validation cohort. (i and j) DCA for predicting |-year,3-year, and
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Abbreviations: APRI, AST-to-Platelet Ratio Index; FIB-4, fibrosis-4 score; ROC, receiver operating characteristic; AUC, area under the curve; DCA, decision curve
analysis, OS, overall survival; PFS, progression-free survival.
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Risk Stratification

The nomogram model developed in this study can classify HCC patients with PVTT into low, median and high risk
groups according to the two outcomes of OS and PFS in each subpopulation, whether it is the training or validation
cohort, with different treatment, Child-Pugh stage, BCLC stage, large or small tumor, single or multiple tumors, AFP
<400 or > 400 ng/mL, the OS and PFS of the group predicted to be at median or low risk were significantly higher than
those of the high risk group (p < 0.0001) (Figure 3). However, in Child-Pugh Cs (Figure 3g), BCLC Ds (Figure 3i), AFP
> 400 ng/mL (Figure 30), and subgroup treated with palliative (Figure 3p), the ability of the model to stratify for low and
median-risks was slightly worse than the others. Unfortunately, there was no clear advantage in the subgroup treated with
resection (Figure 3r).

Prognostic Value of “PT-8”, a Joint Index of PLT and CD8"Ts in HCC Patients with
PVTT

Analyzing the correlation between the model metrics by heatmap (Figure 4a), we found that three groups of parameters with
platelets as a like item had the highest correlation and plotted scatter plots (Figure 4b—d), including PLT and CD8 " Ts (correlation
[95% CI] = 0.249 [0.176.0.320], p < 0.001), PLT and y-GGT (correlation [95% CI] = 0.248 [0.174,0.318], p < 0.001), PLT and
tumor size (correlation [95% CI] = 0.244 [0.171,0.315], p < 0.001). We dichotomized platelets with a cut-off value of 100*10"9/
L at and CD8"Ts with a cut-off value of 320 cells/uL and formed a new triple categorical variable “PT-8*. The stacked bar chart
shows that this joint variable “PT-8” is closely related to the model’s high, medium and low risk, in which the percentage of “Low
PLT and High CDS8"Ts” (LP-HT) decreases with the increasing risk level, which is 19.74%, 4.72%, and 0.86%, respectively,
while “High PLT and Low CD8'Ts” (HP-LT) is the opposite, at 4.29%, 27.47%, and 66.09% (Figure 4¢). Similarly, in the
population classified as high risk by the model in HP-LT, ”’Low PLT and Low CD8 Ts/High PLT and High CD8Ts” (LP-LT/HP-
HT), and LP-HT population has a decreasing share of 52.74%, 13.51%, and 2.86%, respectively, and the opposite is true for the
low-risk population, which is 3.42%, 31.05%, and 65.71%, respectively (Figure 4f). Therefore, we concluded that LP-HT was
positively associated with better prognosis and HP-LT was negatively associated with better prognosis. By using the Kaplan—
Meier curves analyze, we verified that the LP-HT sub-stratum had the best prognosis (OS), followed by LP-LT/HP-HT, and HP-
LT had the worst prognosis (Figure 4g). By further observing the composition of PT-8 and 3-year survival of different risk groups
through the Sankey diagram, we found that LP-LT/HP-HT and HP-LT had a much higher rate of death in 3 years than the LP-HT
population (Figure 5a).

We usually believe that patients with poorer liver function and higher tumor load have a worse prognosis. Thus, we compared
the PT-8 of patients with multiple tumors, size > 50mm, AFP > 400 ng/mL, Child-Pugh Cs, BCLC Ds with the overall
population, and the results showed that the proportion of LP-HT was significantly reduced and the proportion of HP-LT was
significantly increased among the above groups with poor prognosis (Figure 5b). By using the Kaplan—Meier method, we verified
the survival of different Child-Pugh, BCLC, AFP, and treatments subgroups, except for the Child-Pugh Cs (Figure 5¢), BCLC Ds
(Figure 5g) and Resection (Figure 51) groups, the LP-HT sub-stratum had the best prognosis (OS), followed by LP-LT/HP-HT,
and HP-LT with the worst prognosis (Figure 5c, d, f, h and k, p < 0.05). In order to investigate the effect of PT-8 and the
Nomogram on 5-year OS, based on multifactorial forest plot, this study found that APRI ([HR] = 1.0412, [CI]: 1.0022—1.0818,
p = 0.0381), Low PLT and High CD8"Ts ([HR]: 0.6970, [CI]: 0.4985-0.9744, p = 0.0347), Nomogram (Median risk, [HR] =
1.8816, [CI]: 1.5233-2.3241, p < 0.0001; High risk, ((HR] = 4.6518, [CI]: 3.5545-6.0878, p < 0.0001) (Figure 6), which may
explain the effect of PT-8, a combined indicator of PLT and CD8'Ts counts, and the Nomogram have a strong prognostic
relevance for HCC patients with PVTT.

Discussion

PVTT is a disease with high incidence and mortality. According to researches, the incidence of PVTT is as high as 44—
62.2%, and without treatment, the median survival time of these patients is only 2.7-4 months. So far, PVTT is
a bottleneck in the treatment of HCC'® and it is the difficulty of selecting the prediction tool with the best prognostic

17,18

value that still plagues the world.'® This study involved two cohorts with complete records and adequate follow-up,

including a training and a validation cohort. Based on the screened predictors, namely tumor-related indicators, platelet
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Figure 3 Risk stratification survival analysis of HCC patient with PVTT divided by nomogram model. (a-d) Kaplan—Meier survival curves of OS and PFS in training and
validation cohort; (e—g) Comparison of Kaplan—Meier OS curves between the high-risk, median risk and low-risk score subgroups in subpopulations with Child-Pugh A,
B, or C stage; (h and i) BCLC stage C or D stage, (j and k) solitary or multiple tumors, (I and m) tumor size <50mm or >50mm, (n and o) AFP<400ng/mL or >400ng/
mL, (p-r) Palliative, Minimally invasive or Resection.

Abbreviations: OS, overall survival; PFS, progression-free survival, BCLC, Barcelona Clinic Liver Cancer, AFP, alpha-fetoprotein.
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Figure 4 Correlation analysis of indicators included in nomogram model. (a) Heat map reflecting the correlation of indicators. The larger the absolute value of the number, the
stronger the positive or negative correlation; (b—d) Scatter plot displaying the 3 pairs of parameters with the strongest correlation: PLT-CD8"T cells counts, PLT—y-GGTand PLT—
Tumor size; (e and f) Percent Stacked Column Chart displaying the distribution of PT-8 indicators among different risk groups among all patients, as well as the proportion of PT-8
indicators among different risk groups; (g) Kaplan-Meier OS curves in subgroups of combination of PLT (<100¥10A9/L vs. 2100%10A9/L) and CD8"T cells counts (<320 cells/pL vs. >
320 cells/uL). LP-HT, Low PLT and High CD8"Ts; LP-LT/ HP-HT, Low PLTand Low CD8"Ts/ High PLT and High CD8"Ts; HP-LT, High PLT and Low CD8"Ts.

function parameters, immune-related indicators and treatment methods, we constructed a prognosis prediction model in
the form of a nomogram. We confirmed the robustness of this model and its prognostic value in different subpopulations,
which may provide more possibilities for the treatment direction and prognosis of HCC patients with PVTT.

This prediction model contains 8 features. Tumor size and number,*%*'

and AFP are widely accepted as important
prognostic markers for HCC.**** The independent prognostic value of y-GGT has also been demonstrated in previous
studies.”>*° Due to its independent influence on prognosis, treatment modalities are often used to construct prognostic
tools for HCC patients.?” In multiple cancer-related studies, the impact of MPV on prognosis is not uniform. According to
a meta-analysis, among 12 types of cancer (excluding liver cancer), the MPV of patients with gastric cancer, breast
cancer, endometrial cancer, thyroid cancer, and lung cancer was significantly increased, while the MPV of patients with
renal cell carcinoma and gallbladder cancer was decreased. In addition, for patients with colon cancer and lung cancer, an
increase in MPV implies a poor prognosis.”® In studies related to HCC, the ratio of mean platelet volume to platelet is
found significantly elevated in HCC patients,”’ low-level MPV might be one of the risk indicators for liver cancer
recurrence after liver transplantation,®® and for patients with liver cirrhosis and those who cannot undergo resection,
patients with advanced HCC, those with thrombocytopenia and higher MPV have longer survival times.>'

HCC patients with PVTT are often accompanied by abnormal platelet counts.’>** Recently, the opinion that high-
platelet is an independent risk factor for OS and PFS in HBV-HCC patients with BCLC C-Ds is articulated by members
of our group.®* In addition, platelet count may affect the prognosis of patients with PVTT. Among patients with PVTT
after liver resection, the patient with thrombocytopenia had a better prognosis (median OS, 16.6 vs. 8.6; median RFS, 3.7
vs. 1.7, p < 0.05).* For HBV-HCC patients with PVTT, high platelet count (platelet>130*10°/L) is a risk factor for OS
([HR]=1.329 [CI]: 1.091-1.617,p = 0.005).%¢ Similarly, among patients with PVTT who underwent TACE, survivors had
a significantly higher rate of thrombocytopenia than those who died (89.0¥10°/L vs. 119.0¥10°/L, p = 0.046).”” In
addition, patients with PVTT who did not develop distant tumor metastases were more likely to exhibit thrombocytopenia
than those who did.*® In the reverse direction, a major study of the Lancet concluded that antiplatelet therapy could

inhibit tumor metastasis and improve patient prognosis, but the survival rate of the low-concentration drug group was
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Figure 5 Comparison of survival distribution by the risk score and PLT-CD8"T cells counts in different subpopulations. (a) Sankey diagram displaying the relationship
between different risk subgroups, PLT-CD8"T cells counts subgroups and 3-year outcome; (b) The rose plot displaying the distribution of PT-8 indicators in all patients and
subgroups with tumor size>50mm, multiple tumors, Child Pugh C stage, BCLC D stage, and AFP>400ng/mL. (c—e) Comparison of Kaplan—Meier OS curves between
patients with different PT-8 metrics at Child-Pugh A, B, or C stage, (f and g) BCLC C or D stage, (h and i) AFP <400ng/mL or >400ng/mL, and (j-l) Palliative, Minimally
invasive or Resection. LP-HT, Low PLT and High CD8"Ts; LP-LT/ HP-HT, Low PLT and Low CD8"Ts/ High PLT and High CD8"Ts; HP-LT, High PLT and Low CD8"Ts.

significantly higher than that of the high-concentration group.’® These support our findings that thrombocytopenia may
be an important prognostic factor in patients with PVTT. The study also found that platelets were significantly correlated
with CD8'Ts, y-GGT and tumor size, which suggested that platelets could aggravate liver inflammation and tumor

infiltration.*°
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Characteristics Number (%) HR (95%Cl) _____ P.value

Tumor size

Less than 50 (mm) 425 (45.6)

More than 50 (mm) 507 (54.4) 1 HH ' 0.9819[0.8400, 1.1478]  0.8187

APRI 2.41 (3.02) 4 1.0412[1.0022, 1.0818] 0.0381

FIB_4 753 (6.58) ! ' 0.9905[0.9716, 1.0098]  0.3317

BCLC

C stage 758 (81.3) ' '

D stage 174 (18.7) i+ ! 0.7717[0.5017,1.1870]  0.2381

Child-pugh : :

A stage 374 (40.1) ! :

B stage 413 (443) ¢ KA ' 1.0984[0.9241,1.3057]  0.2869

C stage 145(15.6) | H—e— | 1.3810[0.8563,2.2272]  0.1856

PT-8 |

Low PLT and Low CD8*T/High PLT and High CD8*T 570 (61.2) | )

High PLT and Low CD8*T 202(31.3) ' HH ' 1.0451[0.8617, 1.2674]  0.6543

Low PLT and High CD8*T 70 (7.5) T ! 0.6970[0.4985,0.9744]  0.0347

Nomogram | |

Low risk 233 (25.0) | |

Median risk 466 (50.0) ! —— | 1.8816[1.5233,2.3241]  <0.0001

Highrisk 233 (25.0) | F—————> 46518(3.5545,6.0878] <0.0001
T T T T 1 T T |

03 1152253 4 5 6

Figure 6 Forest map comparing mortality risk in overall survival. PT-8, indicators of binding of different levels of platelets and CD8"T cells counts.
Abbreviations: HR, hazard ratios; Cl, confidence interval, BCLC, Barcelona Clinic Liver Cancer, Child-Pugh; APRI, AST-to-Platelet Ratio Index; FIB-4, fibrosis-4 score.

Mechanistically, higher level of platelets releases more proteins, nucleotides, and bioactive lipids, which can promote
the extravasation of liver cancer cells from the primary focus. Platelets promote liver cancer invasion and colonization
through adhesion, aggregation and coagulation, leading to tumor progression. Based on research on the relationship
between platelets and inflammatory response, we believe that inflammatory response plays a decisive role in prognosis in
advanced tumors.*' Peritonitis and sepsis are the main causes of death in patients with cirrhosis, and thrombocytopenia
inhibits the biological behavior of inflammatory response. Improve the prognosis of PVTT patients.**

The formation of PVTT is based on the vascular invasion of cancer cells and hemodynamic changes,****

which are closely
related to the release, adhesion and immune regulation of platelets. Fortunately, among the included indicators, platelet counts
and CD8 "Ts showed the strongest correlation. At the same time, we made a breakthrough discovery that the new indicator PT-
8 established based on these two indicators showed different effects on the subgroup of patients with PVTT has a significant
impact on the prognosis, that is, the LP-HT group has a better prognosis, the LP-LT/HP-HT group is second, and the HP-LT
group has the worst prognosis. This is consistent with the findings of a study that examined the mechanism of action of
CD8'Ts.* Based on PT-8, we stratified patients into five subgroups: Child-Pugh Cs, BCLC Ds, AFP > 400ng/mL, multiple
tumors, and tumor size > 50mm, and found that compared with the overall population, their proportion of LP-HT decreased
significantly, and the proportion of HP-LT increased significantly, and in extensive studies, these 5 subgroups all showed poor
prognosis. In addition, we observed that the survival difference between LP-HT and LP-LT/HP-HT in patients with Child-
Pugh Cs, BCLC Ds or who have undergone resection was not obvious, which may indicate that for these three subgroups of
patients, it is no longer possible to obtain prognostic prediction suggestions with the help of PLT and CD8'Ts, and the
predictive value of HP-LT is not affected by factors such as liver function and tumor burden.

In recent years, the phenomenon that platelets play an immune regulatory role as non-immune cells has gradually
attracted the attention of scholars.*®*” It has been demonstrated that platelets and their parent cells, the megakaryocytes
(MK), can also uptake, process and present both foreign and self-antigens to CD8"Ts conferring on them the ability to
directly alter adaptive immune responses.** In addition, platelets inhibit the number and function of antigen-specific
CDS8'T cells by increasing MHC-1.*’ Immune checkpoints have been a hot topic in cancer-related research and a study
found that platelets regulated the expression and diffusion of PD-1 and PD-L1 and the production of IFN-y and TNF-a
through direct or indirect contact with T cells, thus affecting the function of immune cells including CD8"Ts.>® At the
same time, after the balance between CD8'Ts and blood cells is disrupted, CXCL4 produced by platelets can induce
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monocytes to differentiate into bone marrow-derived suppressor cells (MDSCs), thereby inhibiting CD8*Ts function.*’
These can well explain the results of our study: the prognosis of the LP-HT subgroup is significantly better than that of
the other subgroups.

This study still has certain limitations. First, the sample size included in this study was not large enough, and the sample
size of certain subgroups during the research process was small, which may affect the research results. Second, some studies
believe that antiplatelet therapy has no significant relationship with bleeding events in patients with liver cancer and the main
influencing factors of bleeding events are Child-Pugh and tumor stage. However, some studies have found that in antiplatelet
therapy, the survival rate of the low-concentration group was lower than that of the high-concentration group. Therefore, based
on the clinical fact that gastrointestinal bleeding is one of the causes of death in patients with advanced liver cancer, this study
should further analyze thrombocytopenic patients with low and lower platelet levels. Third, compared with other major
research countries or regions around the world, liver cancer in my country is mainly derived from hepatitis B and exhibits
different tumor characteristics. Therefore, there are differences in screening HCC patients with PVTT and pursuing appro-
priate treatment strategies. Aspects still require further exploration.

Conclusion

In summary, based on two imaging indicators (tumor size, tumor number), five laboratory indicators (PLT, MPV, y-GGT,
AFP and CD8'Ts) and treatment methods, this study constructed a nomogram for predicting prognosis of HCC patients
with PVTT. It not only has robust performance but also has the function of distinguishing among high, medium and low-
risk patients. The new parameter, PT-8, discovered by platelets and CD8"Ts is considered to be significantly related to the
prognosis of PVTT. PVTT patients with thrombocytopenia and high CD8"Ts have a better prognosis, which provides
a simple and reliable basis for clinical decision-making.
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