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Purpose: High serum vascular endothelial growth factor (VEGF) levels have been identified as an independent risk factor for
hepatocellular carcinoma (HCC). We aimed to construct a VEGF-included prognostic model to accurately perform individualized
predictions of survival probability for patients with unresectable HCC.

Patients and Methods: From October 2018 to March 2021, 182 consecutive newly diagnosed patients with unresectable HCC were
retrospectively enrolled. Baseline serum VEGF-A and other characteristics were collected for all patients. Univariate Cox regression
analysis and LASSO regression model were applied to develop the prognostic model, enhanced bootstrap method with 100 replicates
was performed to validate its discrimination and calibration. We compared the final model with China Liver Cancer (CNLC) stage,
American Joint Committee on Cancer (AJCC) stage, Barcelona Clinic Liver Cancer (BCLC) stage, and the model without the
“VEGF”. Finally, the established model was stratified by age.

Results: The VEGF-associated prognostic model we established has high accuracy with an overall C-index of 0.7892 after correction
for optimistic estimates. The area under the curve (AUC) of the time-dependent receiver operating characteristic (ROC) curves at
6-month, 1-year, and 2-year after correction were 0.843, 0.860, 0.833, respectively, and the calibration of the model was 0.1153,
0.1514, and 0.1711, respectively. The final model showed significant improvement in predicting OS when compared to the other
models according to Harrell’s C-index, The AUC of the time-dependent ROC, area under the decision curve analysis (AUDC),
integrated discrimination improvement (IDI), and continuous net reclassification index (NRI).

Conclusion: The VEGF-associated prognostic model may help to predict the survival probabilities of HCC patients with favorable
performance and discrimination. However, further validation is required since we only verified this model using internal but not
external data.

Keywords: prognostic model, hepatocellular carcinoma, vascular endothelial growth factor, transcatheter arterial chemoembolization,

sorafenib

Introduction
Liver cancer is the second leading cause of cancer-related mortality worldwide, and the most common type is
hepatocellular carcinoma (HCC).'? The 5-year survival rate for HCC patients is below 50% because of delayed
diagnosis, postoperative recurrence, and distant metastasis.” Most patients with HCC are initially diagnosed at the
advanced stage, leading to an inability to perform surgical resection.*>

Transcatheter arterial chemoembolization (TACE) was recommended as the standard therapy for patients with
intermediate-stage HCC according to the guidelines of the European Association for the Study of Liver (EASL) and
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the American Association for the Study of Liver Disease (AASLD).®” Regrettably, the median overall survival (OS) for
these patients varies widely and ranges from 13 to 43 months,® at the same time, patients with poor local control after
receiving TACE had a significant decrease in OS, so satisfactory therapeutic results cannot be achieved.” Hence,
investigators have tried to combine TACE with other treatment modalities to increase the survival benefit for patients
with advanced HCC. Sorafenib, an oral multikinase inhibitor, which targets multiple receptor tyrosine kinases including
platelet-derived growth factor receptor (PDGFR) and vascular endothelial growth factor receptor (VEGFR), has been
proven to improve the survival of patients with advanced HCC significantly.'®'" However, sorafenib-related adverse
events and resistance diminish its survival benefits.'*> A similar situation also occurred when patients received
regorafenib.'?

Previous studies found that serum VEGF levels increased in HCC patients after the TACE procedure.'*'” In addition,
elevations in circulating VEGF were related to poor prognosis in patients with HCC.'® Thus, the researchers compared
the survival benefit of TACE plus sorafenib and TACE monotherapy in patients with advanced HCC. Some studies have
suggested that the combination therapy of TACE-Sorafenib significantly prolongs the OS of patients compared with
TACE alone.'”' Yet two trials demonstrated that the TACE plus sorafenib treatment only improved time to progression
(TTP) and progression-free survival (PFS) but did not significantly prolong OS.??** Interestingly, the SPACE study
revealed that TACE plus sorafenib failed to improve OS and TTP significantly compared to TACE alone.”* In recent
years, immune checkpoint inhibitors (ICIs) have played a critical role in treating advanced HCC. Despite the disappoint-
ing monotherapy efficacy of ICIs in HCC, promising results have been obtained with the combination treatment of the
antiangiogenic agent and the PD-L1 inhibitor. The IMbravel50 trial showed that atezolizumab-bevacizumab achieved
significant survival benefits in OS and PFS compared to sorafenib. Even so, such therapeutic strategy could be beneficial
only in a proportion of patients with HCC.?>*® It can be concluded that the survival benefit for advanced HCC patients is
highly heterogeneous whether receiving TACE or TACE-Sorafenib. Therefore, accurately estimating the survival of HCC
patients receiving these two treatment modalities remains a challenge.

An ideal prognostic model requires an individualized and accurate prediction of the patient’s probability of survival
for some time to come. However, the current risk scores and models widely applied in clinical work, such as Barcelona
Clinical Liver Cancer (BCLC) stage B,%’ hepatoma arterial embolization prognostic (HAP) score,”® and “four-and-seven”
criteria,”” which are used for risk stratification in HCC patients but unable to provide detailed information on
individualized estimation of survival. In addition, to our knowledge, few studies have integrated two treatment modalities
(TACE and TACE-Sorafenib) to establish a prognostic model to estimate the survival of patients with advanced HCC.

Thus, we performed this retrospective study to (i) integrate VEGF and other clinical characteristics to develop
a clinical prognostic model for OS prediction; (ii) verify the model internally; (iii) compare the final model with the
CNLC stage, AJCC stage, BCLC stage, and the model without “VEGF”; (iv) stratify patients by risk using the
established prognostic model.

Materials and Methods

Patients

From October 2018 to March 2021, 182 consecutive patients with newly diagnosed unresectable HCC were enrolled in
the First Affiliated Hospital of Air Force Medical University and underwent initial treatment with either TACE
monotherapy or TACE plus sorafenib. HCC was diagnosed according to histological examination or imaging criteria,
based on practice guidelines established by the AASLD or the EASL.®’ The inclusion criteria were: (i) an age older than
18 years; (ii) the Eastern Cooperative Oncology Group performance status (ECOG PS) was <I; (iii) patients were treated
with TACE or TACE plus sorafenib after initial diagnosis of unresectable HCC; (iv) Child-Pugh score <7; (v) at least one
measurable lesion larger than 1 cm in diameter. The exclusion criteria were: (i) the patients who have received any
regional or systemic therapies previously, including ablation, resection, radiation, TACE, or targeted therapy; (ii)
spontaneous tumor rupture before treatment; (iii) concomitant with any other malignancies; (iv) contraindications of
sorafenib or TACE therapy; (v) liver transplantation or partial hepatectomy after one or more cycles of TACE due to
tumor shrinkage or any other reasons. The protocol of the present study was performed according to the Declaration of
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Helsinki (as revised in 2013) and approved by the Institutional Review Board of Xijing Hospital of Fourth Military
Medical University (KY20222265-F-1).

Treatment Protocol
Before the first TACE session, the baseline imaging profile was obtained to evaluate the tumor burden of patients
regardless of the treatment modality received (TACE alone or TACE-Sorafenib).

TACE procedure was performed as follows: a SF-RH arterial catheter was selectively inserted into the hepatic artery
to recognize the location, the number of tumors, size, and blood supply of the tumors. Firstly, 1.0g of 5-fluorouracil and
50mg of lobaplatin were injected into the proper hepatic artery through the catheter for infusion chemotherapy.
Subsequently, a microcatheter was super-selectively inserted into the segmental or subsegmental tumor-feeding vessels.
Finally, DC Bead loaded with 40 mg of epirubicin was injected into the feeder’s vessels for embolization. All procedures
were performed by investigators with more than 10 years of experience. 4—6 weeks after the first TACE session,
a magnetic resonance imaging (MRI) or contrast agent-enhanced computed tomography (CT) of the abdomen and
laboratory examinations were conducted to evaluate the necessity of a consecutive TACE treatment. The second TACE
procedure was scheduled if intrahepatic residual viable tumors were shown in follow-up imaging. TACE was discon-
tinued if there was no residual tumor in the imaging data. Patients were re-evaluated by receiving the aforementioned
laboratory examinations and the imaging (CT or MRI) at 4-week and 8-week intervals, respectively.

The TACE procedures, types of drugs, and subsequent periodic evaluation for the patients administrated with TACE-
Sorafenib therapy were consistent with those described for the patients who received TACE alone. Patients initially
underwent sorafenib (Bayer Healthcare, Leverkusen, Germany) at 400 mg twice daily in 3—7 days after the first TACE
session. Dose reduction (from 400 mg/day to 400 mg every other day) or treatment interruption owing to sorafenib-
related adverse events (AEs) was allowed. Continuing the sorafenib treatment was encouraged unless unacceptable drug
toxicity or unmanageable disease progression occurred. To protect liver function, sorafenib was discontinued for 3 days
before each on-demand TACE.

Outcomes

The primary endpoint of our study was OS, defined as the date of HCC diagnosis to the date of death due to any cause or
to their last follow-up. The secondary endpoint was progression-free survival (PFS), defined as the date of HCC
diagnosis to imaging progression based on the modified Response Evaluation Criteria in the Solid Tumors
(mRECIST) criteria,”° or to death, or the last follow-up.

Imaging Assessment

Two radiologists (S.W.Z. and L.C.) measured target lesions (n< 2) and assessed tumor response through the contrast-
enhanced CT or MRI based on the mRECIST criteria. They have no access to the other clinical information of patients,
and any inconsistencies between their results were addressed by achieving consensus. Objective response rate (ORR) was
defined as the proportion of patients achieving the best response of complete response (CR) or partial response (PR).
Disease control rate (DCR) was defined as the proportion of patients achieving a complete response, partial response, or
stable disease (SD). AEs were graded according to the National Cancer Institute Common Terminology Criteria for
Adverse Events 4.0.*! Dose reductions or discontinuation due to AEs and the duration of sorafenib therapy were recorded
for each patient who received TACE-Sorafenib.

Serum VEGF-A Assay and Data Collection

Peripheral venous blood samples (Approximately SmL) were obtained from patients with HCC before the first TACE
session and stored at room temperature (37°C) until use, then drawn into a serum separator tube and centrifuged at
3500 rpm for 10 minutes. The supernatant was removed and frozen at —20°C for storage until analysis. Concentrations of
serum VEGF-A were detected by using a Vascular Endothelial Growth Factor Assay Kit (chemiluminescence) and JR-1
Chemiluminescent Immunoassay Analyzer (Shandong Weigao Group Medical Polymer Co., Ltd., Weihai, China) based
on the manufacturer’s instructions.
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To conduct data analyses, baseline characteristics, diagnostic, and treatment information of patients with HCC were
collected, including the following: gender, age, ECOG PS, etiologic cause, Child-Pugh score, tumor size, BCLC stage,
number of tumors, portal vein tumor thrombus (PVTT), extrahepatic spread (EHS), ascites, alpha-fetoprotein (AFP), total
bilirubin, alkaline phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), neutrophil-
lymphocyte ratio (NLR), and VEGF. There were no missing data for all patients at baseline.

Statistical Analysis

Statistical analyses were conducted using R version 4.1.1 (The R Foundation for Statistical Computing) and SPSS version
26.0 (IBM Corp). Continuous variables were expressed as mean + standard deviations (SDs) or median (interquartile range),
and categorical variables were expressed as frequencies with percentages. Differences between the two treatments were
compared with the % or Fisher exact test for categorical variables and t-tests or Mann—Whitney U-test for continuous
variables. Univariate and multivariate Cox regression was conducted to determine whether VEGF was an independent
prognostic factor for OS or PFS. Kaplan—Meier curves were drawn, and Log rank tests were used to compare the survival of
patients with high and low VEGF. Maximally selected rank statistics were performed to obtain the optimal cutoff for baseline
VEGE,** which showed the most significant association with OS. The median was recognized as the cutoff value for other
continuous laboratory variables: 400ng/mL for AFP, 17.5umol/L for total bilirubin, 122.5 U/L for ALP, and 2.94 for NLR.

Development of the Prognostic Model

Before the variable screening, the relationship between candidate continuous variables and each relative hazard of death
was evaluated with 3-knot restricted cubic splines. The non-linearity was tested, and the continuous variable was
transformed into a categorical variable when the p value was <0.05. Subsequentially, univariate Cox regression was
performed to assess the prognostic value of candidate variables. Those with a p value <0.05 were included in the least
absolute shrinkage and selection operator (LASSO) regression model. The optimal penalization coefficient lambda and
variables entered into the final prediction model were identified with 10-fold cross-validation to improve prediction per-
formance. Finally, the Cox regression model was used to refit the model to obtain the coefficients for each variable. The
total number of primary endpoint events (OS) reached 92, and we took into account a ratio of 10 events per variable.

Validation of the Prognostic Model

We internally validated the final model using an enhanced bootstrap method described by Harrell,*

which calculates the
optimism corrected value by correcting for the overestimation of model performance, such that unbiased estimates could
be obtained. The predictive performance of the model is based on the following evaluation metrics: (1) discrimination:
assessed by the overall C-index and area under the curve (AUC) of time-dependent receiver operating characteristic
(ROC) curves. (2) calibration: the calibration curves with 100 bootstrap resamples based on different time points were
drawn to evaluate the degree to which the predicted probability is consistent with the actual observed outcomes. (3)
model comparison: the new model without the variable “VEGF” was compared with the original final model by Harrell’s
C-index, The AUC of the time-dependent ROC, area under the decision curve analysis (AUDC), integrated discrimina-
tion improvement (IDI), and continuous net reclassification index (NRI). These tests were exploited to identify changes
in the model’s predictive ability and the contribution of baseline serum VEGF levels to the model.

Risk Stratification
Risk stratification was performed according to the risk scores of each patient by the X-Tile program,** which divided the
patients into low-, medium-, and high-risk subgroups, and their survival differences were subsequently assessed.

Results

Patient Characteristics
After screening for inclusion and exclusion criteria, a total of 182 patients who underwent TACE alone (n= 83) or TACE-
Sorafenib (n= 99) were included in the study (Figure 1). There were no statistical differences in baseline demographics
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Patients with serum VEGF
detected before initial TACE
n=230

¥

Eligible patients with unresectable
HCC treated with TACE
n=182

|
| }

TACE TACE-Sorafenib
n=83 n=99

Figure | The flowchart of the study.

Excluded: n=48

History of previous TACE therapy n=23

History of previous ablation therapy n=3

History of spontaneous tumor rupture n=1

ECOG>1 n=6

Combined with other malignant tumor n=2

Child-Pugh >8 n=6

Partial hepatectomy after TACE n=4

Liver transplantation after TACE n=3

and clinical characteristics between patients receiving the two treatment modalities (Table 1). Chronic hepatitis B virus
(HBV) infection was the major etiology of HCC (75.3%).

The median follow-up time was 20.0 (1.3-35.5) months for all patients, 18.5 (1.3-35.4) months for the patients
treated with TACE alone, and 20.0 (3.0-35.5) months for the patients treated with TACE-Sorafenib. The median OS for

Table | Baseline Demographics and Clinical Characteristics in All-Patient

Characteristic All-Patient (n=182) | TACE Alone (n=83) | TACE-Sorafenib (n=99) | p value
Gender 0.312
Male 143 (78.6) 68 (81.9) 75 (75.8)
Female 39 (214) 15 (18.1) 24 (24.2)
Age (y) 54.48+11.41 54.92+12.10 54.12+10.85 0.641
ECOG PS 0.862
0 157 (86.3) 72 (86.7) 85 (85.9)
| 25 (13.7) I (13.3) 14 (14.1)
Etiologic cause 0.539
Hepatitis B 137 (75.3) 65 (78.3) 72 (72.7)
Hepatitis C 7 (3.8) 2 (24) 5(.1)
Other 38 (20.9) 16 (19.3) 22 (22.2)
Child-Pugh score 0.074
5 145 (79.7) 60 (72.3) 85 (85.9)
6 30 (16.5) 19 (22.9) ()
7 7 (3.8) 4 (4.8) 3 3.0
BCLC stage 0.828
A 35 (19.2) 17 (20.5) 18 (18.2)
B 77 (42.3) 36 (43.4) 41 (41.4)
C 70 (38.5) 30 (36.1) 40 (40.4)
Tumor size (cm) 0.690
<5 cm 50(27.5) 24 (28.9) 26 (26.3)
>5 cm 132 (72.5) 59 (71.1) 73 (73.7)
No. of tumors 0.899
| 59 26 (31.3) 33 (333)
2-3 20 10 (12.0) 10 (10.1)
24 103 47 (56.6) 56 (56.6)
(Continued)
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Table | (Continued).

Characteristic All-Patient (n=182) | TACE Alone (n=83) | TACE-Sorafenib (n=99) | p value
PVTT 0.726
No 127 (69.8) 59 (71.1) 68 (68.7)
Yes 55 (30.2) 24 (28.9) 31 (31.3)
EHS 0.202
No 146 (80.2) 70 (84.3) 76 (76.8)
Yes 36 (19.8) 13 (15.7) 23 (23.2)
Ascites 0.693
No 164 (90.1) 74 (89.2) 90 (90.9)
Yes 18 (9.9) 9 (10.8) 9 (9.1
AFP (ng/mL) 0.799
<400 99 (54.4) 46 (55.4) 53 (53.5)
>400 83 (45.6) 37 (44.6) 46 (46.6)
Total bilirubin (umol/L) 17.5 (13.6-23.9) 18.2 (13.7-25.9) 16.4 (13.5-22.2) 0.154
ALP (U/L) 123 (89-183) 136 (89-200) 117 (89—154) 0.151
AST (U/L) 50 (31-75) 50 (31-80) 48 (30-72) 0.623
ALT (U/L) 41 (26-64) 42 (25-69) 40 (27-60) 0.586
NLR 2.95 (1.99—4.44) 3.00 (2.01-4.12) 2.81 (1.97-4.85) 0.545
VEGF (pg/mL) 154.11 (112.70-221.68) | 155.77 (120.83-232.21) 148.45 (103.36-220.27) 0.376

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; PVTT, portal vein tumor thrombus; EHS, extra-
hepatic spread; AFP, alpha-fetoprotein; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NLR,
neutrophil-lymphocyte ratio; VEGF, vascular endothelial growth factor.

all patients was 17.0 (95% CI = 11.8-22.2) months. The median duration of sorafenib therapy was 6.7 (8.2—13.8) months.
The objective response rate (ORR) was 69.7%, and the disease control rate (DCR) was 93.9%.

Sorafenib-Related Adverse Events

The adverse events (AEs) due to sorafenib in patients who received TACE-Sorafenib were listed in Table S1. 76 (76.8%)
of the 99 patients experienced a total of 104 AEs. The majority of AEs were hand-foot skin reactions (54.5%), diarrhea
(24.2%), and rashes (5.1%). 49 (49.5%) patients had dose reductions or temporary drug interruptions. No treatment-
related deaths occurred during TACE-Sorafenib therapy.

Prognostic Value of VEGF for Unresectable HCC

We analyzed the prognostic value of baseline VEGF and other variables in patients with unresectable HCC using
univariate and multivariate Cox regression.

Univariate analysis demonstrated that high serum VEGF was associated with poorer survival (Table 2). The median
OS of patients with low and high VEGF was not reached (NR) and 10.1 months in all-patient (Figure 2A), 21.8 and 6.1
months in the TACE group (Figure 2B), and NR and 16.7 months in the TACE-Sorafenib group (Figure 2C). Multivariate
analysis revealed that VEGF was an independent prognostic factor for OS in all-patient, the TACE group, and the TACE-
Sorafenib group (Table 3).

Based on univariate analysis, we found that high serum VEGF was correlated significantly with worse PFS in all-
patient and the TACE-Sorafenib group (Table S2). The median PFS of patients with low and high VEGF were 13.3 and
5.6 months in all all-patient (Figure 2D) and 13.1 and 5.3 months in the TACE-Sorafenib group (Figure 2E). Multivariate
analysis showed that VEGF was an independent prognostic factor for PFS in all-patient and the TACE-Sorafenib group
(Table S3). While in the TACE group, there was no significant difference in PFS between HCC patients with high and
low VEGF (Figure 2F).

I 4 4 https:

Dove!

Journal of Hepatocellular Carcinoma 2023:10


https://www.dovepress.com/get_supplementary_file.php?f=399299.docx
https://www.dovepress.com/get_supplementary_file.php?f=399299.docx
https://www.dovepress.com/get_supplementary_file.php?f=399299.docx
https://www.dovepress.com
https://www.dovepress.com

Dove He et al

Table 2 Identification of Prognostic Factors for OS in All-Patient, the TACE Group, and the TACE-Sorafenib
Group Based on Univariate Cox Regression

Baseline Factor All-Patient TACE Group TACE-Sorafenib Group
HR (95% CI) | p value HR (95% CI) p value HR (95% CI) p value

Treatment (T+S vs T) 0.53 (0.35-0.79) 0.002 — — — —
Age (> vs <60) 0.74 (0.47-1.17) 0.198 0.75 (0.41-1.37) 0.347 0.64 (0.33-1.27) 0.203
Child-Pugh stage (B vs A) 1.71 (0.69-4.22) 0.247 0.82 (0.20-3.40) 0.789 3.74 (1.13-12.40) 0.031
Tumor size (> vs <5cm) 1.83 (1.12-3.01) 0.017 3.04 (1.46-6.32) 0.003 1.25 (0.63-2.46) 0.528
No. of tumors

2-3 vs.| 0.98 (0.41-2.30) 0.955 1.93 (0.69-5.44) 0.211 0.25 (0.03-1.89) 0.177

2 4 vs.| 2.65 (1.61—4.37) | <0.001 4.05 (1.88-8.72) <0.001 2.03 (1.04-3.98) 0.038
PVTT (Yes vs No) 3.50 (2.29-5.34) | <0.001 | 533 (2.73-10.42) | <0.00I 3.31 (1.83-5.99) <0.001
EHS (Yes vs No) 3.70 (2.38-5.74) | <0.001 | 7.29 (3.49-15.21) | <0.00I 3.70 (2.03-6.77) <0.001
AFP (> vs <400ng/mL) 2.30 (1.52-3.49) | <0.001 2.44 (1.354.42) 0.003 2.62 (1.43-4.80) 0.002
Tbil (> vs <17.5umol/L) 1.50 (0.99-2.27) 0.053 0.84 (0.47-1.48) 0.540 2.34 (1.294.25) 0.005
ALP (> vs <122.5U/L) 2.22 (1.46-3.38) | <0.001 1.84 (1.02-3.30) 0.042 2.50 (1.374.55) 0.003
NLR (> vs £2.94) 1.82 (1.20-2.76) 0.005 1.96 (1.09-3.52) 0.025 1.82 (1.01-3.31) 0.049
VEGF (> vs <172.48pg/mL) | 2.80 (1.84—4.26) | <0.001 3.20 (1.77-5.81) <0.001 2.50 (1.37-4.56) 0.002

Abbreviations: T+S, TACE plus sorafenib; PVTT, portal vein tumor thrombus; EHS, extrahepatic spread; AFP, alpha-fetoprotein; Tbil, total
bilirubin; ALP, alkaline phosphatase; NLR, neutrophil-lymphocyte ratio; VEGF, vascular endothelial growth factor.

Development and Validation of the VEGF-Associated Model
The total number of primary events that occurred in all patients was 92. By the results of the restricted cubic splines,
VEGF (p=0.02) and ALP (p=0.001) presented a non-linear profile, while NLR presented a linear profile (p=0.20)
(Figure 3A-C). Thus, we converted ALP and VEGF into dichotomous variables according to the respective cut-off
values that were previously determined (122.5 U/L for ALP and 172.48pg/mL for VEGF).

After identifying prognostic factors for OS based on univariate Cox regression analysis (Table 2), we used the LASSO
regression (Figure 3D and E) to conduct variable screening, and a Cox regression was performed to refit the model immediately

A

Figure 2 Kaplan—Meier curves for OS and PFS in HCC patients with high and low baseline serum VEGF. OS curves in (A) all-patient, (B) the TACE group, and (C) the
TACE-Sorafenib group. PFS curves in (D) all-patient, (E) the TACE-Sorafenib group, and (F) the TACE group.
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Table 3 Identification of Independent Prognostic Factors for OS in All-Patient, the TACE Group, and the TACE-
Sorafenib Group Based on Multivariate Cox Regression

Baseline Factor All-Patient TACE Group TACE-Sorafenib Group
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Treatment (T+S vs T) 0.30 (0.19-0.47) <0.001 — — — —
No. of tumors — — — — — —
2-3 vs.| 0.97 (0.39-2.41) 0.948 2.35 (0.81-6.83) 0.116 — —
2 4 vs.| 2.32 (1.35-3.98) 0.002 3.09 (1.38-6.89) 0.006 — —
PVTT (Yes vs No) 2.07 (1.18-3.65) 0.012 3.56 (1.49-8.53) 0.004 — —
EHS (Yes vs No) 249 (1.434.34) 0.001 3.65 (1.56-8.59) 0.003 2.42 (1.27-4.58) 0.007
AFP (> vs £400ng/mL) 1.78 (1.12-2.82) 0.014 — — 2.85 (1.50-5.43) 0.001
Tbil (> vs <17.5umol/L) — — — — 2.03 (1.07-3.86) 0.031
ALP (> vs <122.5U/L) 1.81 (1.15-2.86) 0.011 — — 2.46 (1.314.64) 0.005
VEGF (> vs <172.48pg/mL) | 1.95 (1.26-3.02) 0.003 2.21 (1.194.13) 0.013 1.92 (1.02-3.61) 0.044

Abbreviations: T+S, TACE plus sorafenib; PVTT, portal vein tumor thrombus; EHS, extrahepatic spread; AFP, alpha-fetoprotein; Tbil, total
bilirubin; ALP, alkaline phosphatase; VEGF, vascular endothelial growth factor.

followed. The final model contained eight elements, treatment modalities (TACE or TACE-Sorafenib), number of tumors (1, 2—
3,>3), PVTT (Yes, No), EHS (Yes, No), AFP (>400, <400 ng/mL), ALP (>122.5, <122.5U/L), NLR (Continuous data), and
VEGF (>172.48, <172.48pg/mL). The HRs and coefficients are shown in Table 4. Accordingly, we created a nomogram for
predicting the survival probabilities of 6-month, 1-year, and 2-year in patients with HCC (Figure 4). We provide a specific
example of the point system, patient A, who has HCC and PVTT, will earn 35 points. Furthermore, he has no symptoms of EHS
(0 points) and has a net count of four tumors (50 points). Patient A received treatment of sorafenib (0 points) after the first TACE
treatment, and his laboratory test results showed a baseline AFP of 193 ng/mL (0 points), an ALP of 253 U/L (24 points), an
NLR of 4 (25 points) and a VEGF of 182.4pg/mL (37 points); according to the nomogram, patient A totaled 171 points, which
suggest that the patient’s 6-month, 1-year, and 2-year survival probabilities were 0.81, 0.38, and 0.11, respectively.

Upon calibration of the final model, after 100 bootstrap resamples, the brier score of the final model before and after correction
at 6-month, 1-year, and 2-year intervals were 0.1071 (Figure 5A) and 0.1153, 0.1367 (Figure 5B) and 0.1514, 0.1516 (Figure 5C)

A B C

Cosficans

......

Figure 3 The association between VEGF, ALP, NLR, and relative hazard and variable screening by Lasso. The restricted cubic splines of (A)VEGF, (B) ALP, and (C) NLR in
all-patient. (D) and (E) LASSO regression analysis identified variables screened into the VEGF-associated model.
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Table 4 Variables Included in the Final Model After LASSO Regression Analysis

Characteristics Coefficient HR 95% CI p value
Treatment

T+Svs T —1.22783 0.30 0.19-0.46 <0.001
No. of tumors

2-3 and 24 vs.| 0.51551 1.67 1.26-2.22 <0.001
PVTT

Yes vs No 0.70540 2.02 1.15-3.56 0.014
EHS

Yes vs No 0.89631 245 1.41-4.26 0.001
AFP

> vs £400ng/mL 0.54318 1.72 1.10-2.70 0.018
ALP

> vs £122.5U/L 0.49200 1.64 1.04-2.57 0.032
NLR 0.12746 1.14 1.03-1.26 0.014
VEGF

> vs.£172.48 pg/mL 0.75084 2.12 1.35-3.32 0.001
The statistic of the prognostic model

Likelihood ratio test <0.001

Wald test <0.001

Score (log-rank) test <0.001

Abbreviations: T+S, TACE plus sorafenib; T, TACE; PVTT, portal vein tumor thrombus; EHS,
extrahepatic spread; AFP, alpha-fetoprotein; Tbil, total bilirubin; ALP, alkaline phosphatase; NLR,
neutrophil-lymphocyte ratio; VEGF, vascular endothelial growth factor.

and 0.1711, respectively. As for discrimination, we found that the overall C-index of the model before and after correction for

optimistic estimates was 0.8083 and 0.7892, respectively. The AUC of the final model before and after correction for optimistic
estimates at 6-month, 1-year, and 2-year were 0.861 and 0.843, 0.882 and 0.860, 0.862 and 0.833 (Figure 5D), respectively.
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Figure 4 The prognostic nomogram constructed from all-patient to predict OS of unresectable HCC patients. The sum of the points corresponding to each variable (total
points) was used to predict the likelihood of an individual patient’s 6-month, |-year, or 2-year survival.
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Figure 5 The performance of the final model for predicting OS. The calibration curve of the model for predicting (A) 6-month, (B)|-year, and (C) 2-year OS. (D) the time-
independent ROC curve of the model for predicting 6-month, |-year, and 2-year OS.

Comparisons of the predictive power of different Models

We compared the power to predict OS of the VEGF-associated model with that of CNLC stage, TNM stage (AJCC),
BCLC stage, and the model without the “baseline VEGF” variable in 6-month, 1-year, and 2-year. The results are shown
in Table 5 and Figure 6. Both the Harrell’s C-index and the time-dependent AUC of the ROC of the final model at
different cutoff times were higher than that of CNLC stage (Figure 6A), AJCC stage (Figure 6B), BCLC stage
(Figure 6C) and the model without the “baseline VEGF” (Figure 6D). Similarly, the VEGF-associated model also
achieved a higher area under the decision curve analysis (AUDC) than other models in 6-month (Figure 6E), 1-year
(Figure 6F), and 2-year (Figure 6G).

In addition, we evaluated the improvement in the performance and predictive ability of the final model compared to
other models by using integrated discrimination improvement (IDI) and continuous net reclassification index (NRI)
(Table 5). According to the IDI, the final model showed significant improvement in predicting 1-year and 2-year OS
compared to AJCC stage (Figure S1A and B) and BCLC stage (Figure S1C and D). According to the continuous NRI, the
final model performed better for predicting OS of all time points compared to the model without the “baseline VEGF”
(Figure S1E-G) and better for predicting 1-year and 2-year OS compared to CNLC stage (Figure S1H and I), AJCC stage
(Figure S1A and B), and BCLC stage (Figure S1C and D).

Model Stratification and Subgroup Analysis
We scored each patient in the dataset based on the nomogram mentioned above. We stratified the patients into three
stratification groups: low-, medium-, and high-risk, based on the optimal cutoff value set by the X-Tile program. The
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Figure 6 The time-independent ROC curves of other models for predicting 6-month, |-year, and 2-year OS and decision curve analysis (DCA). The time-independent
ROC curves of (A) CNLC stage, (B) AJCC stage, (C) BCLC stage, and (D) the model without “VEGF”. The DCA of the five models for predicting (E) 6-month, (F)|-year,
and (G) 2-year OS.

low-risk group was defined as patients with a total point <148, the medium-risk group with a net point ranging from 148
to 215, and the high-risk group with a total point >215. The number of patients in the three groups was 109 (59.9%), 49
(26.9%), and 24 (13.2%), respectively. The median OS of the low-, medium-, and high-risk groups were not reached
(NR), 8.9 months and 5.3 months, respectively (Figure 7A). The median PFS of the low-, medium-, and high-risk groups
were 15.2 months, 5.6 months, and 3.4 months, respectively (Figure 7B).

Subsequently, we analyzed the performance of the final model stratification in a subgroup of patients aged <55 or >55
years. The result indicated that the model stratification was consistently robust and capable in the subgroup analysis
(Figure 7C-F).

Discussion

HCC accounts for more than 80% of primary liver cancer cases.’ It acts as a tremendous global threat to human health.*
Although technological advances have changed the landscape of HCC treatment, the long-term prognosis of patients
remains unsatisfactory, especially for those with unresectable HCC. For those patients who are ineligible for resection,
TACE is a standard locoregional treatment for intermediate-stage HCC. It can increase their survival significantly, even
though it is a palliative option.*® Sorafenib is the first multikinase inhibitor approved by FDA to treat advanced HCC, and
it could inhibit neoangiogenesis by blocking VEGF receptors. According to the EASL Clinical Practice Guidelines,’
TACE was the only recommended standard treatment for intermediate-stage HCC (BCLC stage B), and sorafenib was the
frontline treatment option for advanced HCC (BCLC stage C). However, based on the CNLC staging system,’’ TACE-
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Sorafenib combination therapy was recommended in CNLC stage IIb patients (belongs to stage B in the BCLC system)
because of the reported prolonged PFS in the TACTICS Trial.>* In addition, some studies have revealed a significant
survival benefit in HCC patients with PVTT (equivalent to BCLC stage C) who received TACE,***° the TACE in
combination with system therapy was also allowed in patients with advanced HCC, which is recognized as
a contraindication for TACE in Western countries.

Regarding the OS of HCC patients, there were two main reasons for the difference between our results and the
TACTICS trial.*® Firstly, the inclusion criteria were different between the two studies. The tumors of patients included in
the TACTICS trial were confined to the liver, while in our study, we also included patients with PVTT and patients with
BCLC stage B. A retrospective study reported that TACE-Sorafenib could significantly prolong the OS in HCC patients

Table 5 Comparison of the Predictive Power Between the Different Model

6-Month

I-Year

2-Year

AUC, n (95% Cl)
Final model
CNLC stage
AJCC stage
BCLC stage
Model without VEGF

0.861 (0.794-0.928)
0.850 (0.783-0.910)
0.842 (0.768-0.916)
0.839 (0.763-0.914)
0.848 (0.773-0.923)

0.882 (0.824-0.939)
0.857 (0.791-0.923)
0.830 (0.762-0.899)
0.834 (0.767-0.902)
0.856 (0.790-0.921)

0.862 (0.751-0.974)
0.826 (0.726-0.926)
0.799 (0.692-0.905)
0.797 (0.689-0.905)
0.839 (0.734-0.943)

Overall C-index
Final model
CNLC stage
AJCC stage
BCLC stage
Model without VEGF

0.8083
0.7900
0.7759
0.7761
0.7892

IDI, n (95% Cl), p value
Vs CNLC stage

Vs AJCC stage

Vs BCLC stage

Vs Model without VEGF

0.023 (~0.055 0.102)
p=0.465

0.042 (~0.024 0.110)
p=0.193

0.037 (~0.023-0.107)
p=0.286

0.015(~0.029-0.060)
p=0.512

0.036 (-0.011-0.087)
p=0.199

0.070 (0.004-0.124)
p=0.040

0.065 (0.007-0.116)
p=0.027

0.028(~0.013-0.071)
p=0.252

0.067 (-0.018 0.139)
p=0.093

0.090 (0.012-0.169)
p=0.013

0.091 (0.008-0.166)
p=0.033

0.039(-0.015-0.096)
p=0.113

Continuous NRI, n (95% ClI), p value
Vs CNLC stage

0.146 (—0.116-0.393)

0.185 (0.010-0.373)

0.333 (0.079-0.545)

p=0.279 p=0.033 p=0.027
Vs AJCC stage 0.188 (—0.074 0.458) | 0.321 (0.066-0.510) | 0.476 (0.154-0.646)
p=0.199 p<0.001 p=0.007
Vs BCLC stage 0.162 (~0.069-0.454) | 0.306 (0.075-0.469) | 0.486 (0.059-0.654)
p=0.179 p=0.007 p=0.020
Vs Model without VEGF 0.298 (0.042-0.470) | 0.339(0.017-0.489) | 0.390 (0.049-0.574)
p=0.033 p=0.040 p=0.027
AUDC
Final model 0.052 0211 0331
CNLC stage 0.044 0.194 0302
AJCC stage 0.042 0.174 0.291
BCLC stage 0.043 0.178 0.291
Model without VEGF 0.047 0.197 0312

Abbreviations: AUC, area under the curve; VEGF, vascular endothelial growth factor; IDI, integrated discrimination improvement;

NRI, net reclassification index; AUDC, area under the decision curve.
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Figure 7 Kaplan—Meier curves of the final model stratification. (A) OS of all patients was stratified by the model stratification. (B) PFS of all patients was stratified by the
model stratification. OS of patients with (C) age <55 and (D) age >55 was stratified by the model stratification. PFS of patients with (E) age <55 and (F) age >55 was
stratified by the model stratification.

with PVTT compared to those with TACE administration.”' Secondly, the time point of initial treatment with sorafenib
was also different between the two studies. In the TACTICS trial, patients received pretreatment with sorafenib for 2-3
weeks before the first TACE session and continued to use it after TACE. However, treatment with sorafenib was
scheduled after the initial TACE in our study; the protocol was the same as the retrospective study mentioned above.?'
The difference in the treatment order may explain the inconsistency between the results of the two studies. Of course, this
speculation needs further confirmation. For PFS, our results are consistent with a phase-III trial,** and the calculated
DCR and ORR trends are also similar to the findings of the SPACE trial.** Notably, the high DCR and ORR in all
patients were probably due to the super-selective nature of the TACE treatment that was performed.

VEGF and its receptors are the most well-known and fully discovered regulators of angiogenesis in HCC. In
mammals, the VEGF family comprises five members: VEGF-A, B, C, D, and placental growth factor.** Circulating
VEGA levels were identified as an independent OS predictor of HCC,** and were associated with HCC growth and
metastasis.*> A previous study showed that the decrease in serum VEGF after treatment with sorafenib was significantly
correlated with OS and PFS.*® Nevertheless, by secreting VEGF, TACE induces an angiogenic response, resulting in new
blood vessel growth and, eventually, tumor procession and recurrence.*’ Thus, there was believed to be a close
association between an elevated serum VEGF level and distant metastasis and unfavorable outcomes in HCC patients
treated with TACE.*® We also showed that baseline VEGF was an independent prognostic factor for OS in unresectable
HCC patients treated with TACE or TACE-Sorafenib. Therefore, to illustrate the clinical value of VEGF, we developed
a VEGF-included clinical prognostic model via LASSO regression to predict HCC-related death and validated the model
internally. As a result of our study, we were able to confirm the robustness of the scoring algorithm and its prognostic
value.

Our novel multiparameter model incorporates eight factors. It has consistently been supported that the number of
tumors is an important prognostic factor for HCC.** Similarly, PVTT and EHS were also associated with a dismal
prognosis.”” Laboratory parameters such as VEGF and AFP were the highest-ranked factors. The tumor burden of HCC
may be quite heterogeneous at the unresectable stage, and AFP concentration can influence prognosis.”’ Serum AFP
levels after the treatment of oxaliplatin chemotherapy or sorafenib often predict an improved therapeutic response and
prolonged OS,’*" but the causal relationship is not known clearly. It was shown that AFP was inhibited at 0.1—1 pumol
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sorafenib in two AFP-positive human HCC cell lines.>* However, another study concluded that AFP expression in HCC
cells did not change significantly after treatment with sorafenib, indicating that the decline in serum AFP level was most
likely attributable to the tumor regression after sorafenib intervention.’> The risk scoring nomogram also incorporated
NLR. High NLR was predictive of poor tumor response and resulted in shorter PFS after treatment with TACE. In
addition, the tumors of patients with HCC with high NLR were more aspherical, as shown by imaging results. This
finding indicates that they may be more invasive and metastatic.’® In a previous study, the magnitude of benefit produced
by sorafenib was greater in patients with lower NLR.>*> This may be because, in the context of chronic inflammation
caused by HCC, NLR is a systemic indicator of immune status. It is possible that sorafenib could provide better survival
benefits against tumors with higher adaptive immune infiltrations or lower innate immune infiltrations. The specific
mechanisms of NLR’s action in HCC remain largely unknown, but its mechanisms may be related to tumor immune
microenvironment and inflammatory factors. However, the coefficient of NLR (=0.13) and HR value (=1.14) in our final
model are the smallest among all factors, so it is reasonable that the predictive effect of NLR in patients with HCC is
limited. An elevated serum ALP value usually indicates liver damage in patients with cholestasis or parenchymal
disease.’” Several possible mechanisms have been proposed for how ALP enhances cancer cell proliferation, invasion,
and metastasis.”®>° A meta-analysis included 27 studies and found that higher serum ALP levels in HCC patients may be
associated with a worse prognosis.®® Abnormally heightened ALP level was found to have predicted a worse survival
rate.®' Here, we again confirmed the potential roles of ALP in predicting the prognosis of patients with HCC.

To validate our VEGF-included model, the enhanced bootstrap resampling was applied. Our predictive model was
discovered to be consistently robust regardless of the length of prognostic time, with an overall C-index of 0.7892 and
Brier scores lower than 0.2. Additionally, the AUC of ROC at 6-month, 1-year, and 2-year exceeded 0.8. Based on
available objective clinical parameters and statistical methods, our survival prediction model incorporates relevant,
statistically significant factors to provide accurate predictions for advanced patients with HCC treated with TACE alone
or TACE-Sorafenib. Several prediction models have been introduced to predict the survival of patients undergoing TACE

6264 and those undergoing TACE plus sorafenib treatment.*>° Encouragingly, our model showed demon-

monotherapy,
strated a better ability to discriminate than models. The largest AUC in the models mentioned above is 0.851, with the
highest C-index of only 0.68. Our model evaluation index is higher than these values. In addition, our model was mainly
constructed based on laboratory and imaging indicators, so our model was relatively simple and had more clinical
applicability than many models or signatures constructed by various gene expressions or modifications.®”-**

To further evaluated the prediction performance of the VEGF-associated model, we compared it with CNLC stage,
AJCC stage, BCLC stage, and the model without “VEGF”. The results showed that the performance of the final model
was superior to the other models at each time point, and we confirmed that VEGF is indispensable to this model.
Moreover, our current model includes two treatment options, and clinicians can pre-judge the prognosis by assuming
clinical parameters to aid in planning treatment strategies for patients with inoperable HCC. Notably, an ideal prognosis
predictive model requires not only appropriate development methods but also conciseness for clinical application.®®
Thus, we stratified the cases into three prognostic strata according to scores drawn by the nomogram to meet this
demand. Significant differences in survival were demonstrated among patients divided into three categories, with the
median OS of NR, 8.9 months, and 5.3 months, respectively. Using the same prognostic index, PFS was also found to be
significant. In subgroup analyses categorized by age, the survival rate of the three strata by scores was consistently
discriminative. The accuracy of risk stratification in patients treated with TACE or TACE-Sorafenib may lead to more
appropriate clinical management, such as enabling more effective communication with the patient’s family, selectively
filtering patients who still have a poor prognosis after TACE plus sorafenib treatment, decreasing the unnecessary
expenditure of medical resources, and reduce the patients’ medical financial burden. Furthermore, we can first adjust
variables within the model to attempt to improve the prognosis of patients who are otherwise predicted to have a poor
prognosis to a relatively satisfactory prognosis.

The current study is characterized by the following strengths and novelties: (i) based on the hypervascular nature of
the vast majority of HCCs and the importance of VEGF for prognosis, we included VEGF and constructed a completely
novel prognostic model for HCC, which was validated to perform favorably as compared to previous models, and VEGF

was proved to be essential for the model; (ii) we established the first model specifically for patients receiving the above
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two treatment modalities. It is available to a broader range of objects and consists of continuous and other categorized
factors to provide individualized and stratified survival estimates for clinical trials and clinical practice. (iii) This study is
the first to validate the prognostic significance of VEGF in patients with advanced hepatocellular carcinoma after
receiving TACE in combination with Sorafenib. Immune checkpoint inhibitors in combination with VEGF inhibitors
can overcome primary drug resistance that may occur after immune checkpoint inhibitors treatment,’® while it is
unknown whether VEGF has an indicative role in the treatment of immune checkpoint inhibitors. We believe that in
the years to come, with deepening research of the heterogeneity of the tumor itself and the differences in patient
sensitivity to drugs, ICIs-based therapy combined with other modalities, such as TACE, sorafenib, and regorafenib, will
be the mainstream treatment for patients with intermediate to advanced HCC. Our study may be instructive in this area.

The study that we have conducted has some limitations that must be noted. Firstly, this is a retrospective single-center
study. Under this premise, the retrospective confounding bias is inevitable. Only basal variables are accounted for in the
current model, and other clinical or laboratory parameters that may affect HCC prognosis are not included. For instance,

7071 and it

alterations in the microenvironment of the tumor were acquired after receiving TACE or sorafenib treatment,
contributes to predicting the prognosis and therapeutic refractoriness. However, our model did not incorporate factors
related to the tumor microenvironment, such as CD4+/CD8+ T cells’* or interleukin-6 and 8" into the model. Including
these factors could help optimize the predictive power of this model, despite their potential risk towards parameterizing
the model. Secondly, the majority of HCC patients in our study were HBV-related. However, in other countries, HCV-
related or NAFLD-related HCC is more common.’* Differences in etiology may result in differences in clinical
symptoms, tumor burden, liver function, and some of the important factors in our model. In addition, all patients
included in this study were Chinese; different ethnicity, social environment, and living habits may make our model not
applicable to HCC patients from other countries or cultures. These limitations may impede our model’s scope of
application, and how to increase its applicability will be one of the priorities of our subsequent studies. Thirdly, we
only performed an internal validation because of the paucity of external data. It is, however, necessary to further validate
and refine this model with external validation in another setting.

Conclusion

In conclusion, from 182 patients with HCC who underwent TACE alone or TACE plus sorafenib therapy, we constructed
an easy-to-use prognostic model that incorporated laboratory parameters, image characters, and treatments. Because of
the accessibility and availability of the factors found within this model, utilizing this scoring model to predict the clinical
outcomes of patients and stratify patients is highly desirable. Further requirements for validating and optimizing this

model with external data, especially for different etiologies, remain unmet.
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