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Purpose: To explore the tumor response and propose a nomogram-based prognostic stratification for hepatocellular carcinoma (HCC)
after drug-eluting beads transarterial chemoembolization (DEB-TACE).

Patients and Methods: From the database of two centers, patients who received DEB-TACE as an initial treatment were enrolled
and divided into the training and validation sets. The tumor response after DEB-TACE was estimated according to the Modified
Response Evaluation Criteria in Solid Tumors. Using the independent survival predictors in the training set, a nomogram was
constructed and validated internally and externally by measuring concordance index (C-index) and calibration. A prognostic stratifica-
tion based on the nomogram was established.

Results: A total of 335 patients met the inclusion criteria for the study. Alkaline phosphatase level, tumor maximum diameter, tumor
capsule and portal vein invasion were interrelated with the achievement of complete release after DEB-TACE. Alpha-fetoprotein level,
Child-Pugh class, tumor maximum diameter, tumor number, tumor extent and portal vein invasion were integrated into the nomogram.
The nomogram demonstrated good calibration and discrimination, with C-indexes of 0.735 and 0.854 and higher area under the curve
(AUC) than BCLC and CNLC staging systems in the internal and external validation sets. The prognostic stratification classified
patients into three different risk groups, which had significant differences in survival, complete release and objective response rate
between any two groups (P < 0.05).

Conclusion: The nomogram-based prognostic stratification has a good distinction and may help to identify the patients benefiting
from DEB-TACE.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignancies and the third leading cause of cancer-related
death in the world." Due to the nonspecific symptoms, most HCCs were at an advanced stage when diagnosed and thus
lost the opportunity for surgery and liver transplantation.” Guidelines have recommended transcatheter arterial che-
moembolization (TACE) as a standard therapeutic method for these patients.’ In recent years, drug-eluting beads TACE

(DEB-TACE) has gained growing applications in clinical practice with improved drug release and is less toxic than
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conventional TACE (cTACE).* Studies have reported the superior efficacy of DEB-TACE in comparison with cTACE for
HCC treatment.>*

However, HCC responds differently to DEB-TACE and thus differs in survival, due to the tumor heterogeneity and
considerably various physical conditions, liver function and tumor staging of patients. It is still controversial as to which patients
are the best candidates for DEB-TACE. Currently, several commonly used staging systems, such as Barcelona Clinic Liver
Cancer (BCLC),” China liver cancer staging system (CNLC)® et al, have been applied to estimate the survival of HCC patients.
Unfortunately, they are not designed exclusively for HCC following DEB-TACE and fail to provide the specific survival time,
consequently with limited ability in identifying the subset of patients who benefit from DEB-TACE. It is proposed that
nomogram has advantages over the traditional staging systems, and is even regarded as a new prognostic standard for some
tumors.”'? Therefore, monogram may be an effective and reliable tool to help achieve the aforementioned goal. Nevertheless, up
to now, no nomogram has been established for survival prediction of patients with HCC after DEB-TACE.

In this study, we analyzed the preoperative clinical and biological characteristics of HCC patients undergoing DEB-
TACE as an initial treatment to develop and validate a nomogram for survival prediction. Furthermore, a prognostic
stratification based on nomogram was constructed to help clinicians identify a subset of patients benefiting from DEB-
TACE and guide the tailored treatment and follow-up strategies.

Patients and Methods

Patients

Patients with unresectable HCC who received DEB-ACE as an initial therapy at the First Affiliated Hospital of
Zhengzhou University from June 2016 to May 2020 were retrospectively enrolled to constitute the training and internal
validation sets. Between January 2018 and December 2020, an independent subset of HCC patients ineligible for
excision who underwent DEB-TACE as an initial treatment at the First Affiliated Hospital, Zhejiang University
School of Medicine formed the external validation set.

The diagnosis of HCC followed clinical guidelines'' and included two imaging techniques showing typical features of
HCC or positive findings of one imaging technique together with an alpha fetoprotein (AFP) level of >400 ng/mL or
cytological/histological diagnosis of HCC.

The inclusion criteria were as follows: (1) age between 18 and 85 years; (2) Child-Pugh A or B liver function; (3) Eastern
Cooperative Oncology Group (ECOG) performance scores 0—2; and (4) HCC without previous treatment. The exclusion criteria
were as follows: (1) severe coagulopathy (prothrombin activity <40% or a platelet count of <40,000/mm?); (2) extrahepatic
metastasis; (3) presence of hepatic vein or inferior cava vein invasion; and (4) incomplete data on medical records or follow-up.

This was a retrospective study conducted in two centers, approved by the Ethics Committees of the First Affiliated Hospital,
Zhejiang University School of Medicine and the First Affiliated Hospital of Zhengzhou University, and in accordance with the
Declaration of Helsinki. Informed consents were obtained from all individual participants included in the study.

Data Collection

Each patient underwent a complete medical assessment and collection at admission, including demographics, laboratory
data and tumor characteristics. Laboratory data, including serology for hepatitis virus, liver function tests and AFP, were
captured. The Child-Pugh class, neutrophil-to-lymphocyte ratio (NLR), aspartate aminotransferase (AST)-to-lymphocyte
ratio index (ALRI) and AST-to-platelet ratio index (APRI) were calculated from the clinical and laboratory information.
Tumor characteristics captured by CT/MRI included the tumor number, diameter of the largest lesion, tumor capsule,
extent of tumor and portal vein invasion. Tumor staging was performed for each patient using the above data in light of
the BCLC and CNLN staging criteria.

DEB-TACE Procedure

Using a transfemoral approach, a 5-F RH catheter (Cook) was used to catheterize the celiac trunk or anatomic variant to
gain access to the hepatic arteries, which was achieved with a 2.7-F Progreat microcatheter (Terumo). Diagnostic
angiographic runs were obtained on the celiac trunk and proper hepatic and right and left hepatic arteries to define
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tumor arterial supply. Through the microcatheter, a vial of 100-300 or 300—500um in size CalliSpheres microspheres
(Jiangsu Hengrui Callisyn Biomedical Co., Ltd., Suzhou, China) loaded with 60 mg of pirarubicin or epirubicin were
injected to occlude each tumor artery. If tumor staining was still present on repeated imaging after all DEB, 560-710 pm
gelatin sponge particles or polyvinyl alcohol (ALICON Pharm SCI & TECH) were added until near-stasis was achieved,
defined as the disappearance of tumor stain on angiography. The procedures were conducted by two interventional
radiologists with more than 15 years of experience.

Tumor Response and Follow-Up

The tumor response was estimated through the difference between pre- and 4 weeks post-operative contrast-enhanced
CT/MRI based on the Modified Response Evaluation Criteria in Solid Tumors (mRECIST),'? which was divided into
complete release (CR), partial release (PR), stable disease (SD) and progressive disease (PD). Objective response rate
(ORR) was (CR+PR)/(CR+PR+SD+PD)*x100%; disease control rate (DCR) was (CR+PR+SD)/(CR+PR+SD
+PD)*x100%. In patients undergoing multiple TACE procedures, we used the best response achieved during the
course of treatment to estimate the clinical benefit of the TACE. Repeated DEB-TACE was performed if the tumors
showed residual enhancement in contrast-enhanced CT/MRI, until one of the following endpoints was reached: (1)
technical impossibility to catheterize the arteries of tumor supply; (2) occurrence of contraindications to TACE; or (3)
surgical resection or ablation of tumor. If DEB-TACE could not be continued to work for liver cancer, the patients
were recommended to receive treatments such as oral sorafenib, local ablation, radiotherapy, chemotherapy or best
supportive treatment, either alone or in combination, based on the residual hepatic functional reserve and general
condition of the patient. The patients were followed up via dynamic enhanced CT or MRI 4 weeks post-operatively
and once every 3 months thereafter. Overall survival (OS) and survival status were recorded. OS was defined as the
interval between the date of initial DEB-TACE and patients’ death or last follow-up. Progression-free survival (PFS)
was defined as the time from the date of initial DEB-TACE to disease progression or death from any cause. The
follow-up was administered until death, loss to follow-up, or the cutoff date (31/12/2020 for both training and internal
validation sets, and 30/9/2021 for the external validation set).

Nomogram Construction and Validation

Univariate and multivariate logistic regressions were applied to analyze the independent factors associated with the
achievement of CR at 1 month after DEB-TACE. Then, among the patients from the First Affiliated Hospital of
Zhengzhou University, 70% of them were randomly divided into the training set for nomogram construction, while
the rest constituted the internal validation set for internal verification. The univariate and multivariate Cox regression
analyses were implemented to identify the independent survival factors. A nomogram was developed to predict the
probability of 6-month, 1-year and 2-year OS by integrating the independent prognostic factors.

The discrimination and calibration of the nomogram were validated in both internal and external validation sets. The
concordance index (C-index) is defined as the proportion of all patient pairs whose predictions are consistent with the actual
results.'® The calibration of the nomogram was appraised by a calibration curve that compares nomogram-predicted and
actually observed estimates of survival probability. Moreover, the area under the receiver operating characteristic curve
(AUC) was employed to compare the prediction accuracy of the nomogram with BCLC and CNLN staging systems. In
addition, a nomogram-based prognostic stratification was established to separate the patients into low -, medium -, and high-
risk groups. Kaplan—-Meier (K-M) curves were applied to further compare the survival differences among the three risk
groups. Furthermore, the relationship between tumor response and prognostic stratification was explored.

Statistical Analysis

Statistical analyses were undertaken employing the SPSS software (version 21, IBM Corporation, USA) and the
programming language R (version 4.0.3) for Windows. Categorical variables were categorized on account of clinical
findings. The Student’s t-test and the Chi-square test, for the continuous and categorical variables, respectively, were
utilized to compare their differences. The variables with a P-value below 0.05 in univariate analysis were selected for
entering multivariate regression analysis. Independent prognostic factors were identified through stepwise selection in
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a Cox regression model. Survival curves were depicted using the Kaplan—Meier method and compared using the Log
rank test. The C-index, AUC, nomogram, calibration curves and K-M curves were generated in R with packages “rms”,
“survival”, “foreign”, “timeROC” and “shiny”. The total score of each patient in the three sets was calculated based on
the nomogram. Furthermore, we divided whole patients into three subgroups (low-risk, medium-risk and high-risk)
according to the optimal survival cutoff points of the total score using the X-tile 3.6.1 software (Yale University, USA).
Statistical significance was set as P < 0.05 in a two-sided test.

Results

Patient Characteristics

Among the 335 HCC patients who received DEB-TACE as an initial treatment, there were 189 cases in the training set,
79 cases in the internal validation set and 67 cases in the external validation set. The tumor capsule and portal vein
thrombosis were present in 13.4% and 34.6% of the patients, respectively. More details on patient characteristics are
shown in Table 1.

Treatment Results and Adverse Reactions

The size of DEB was 100-300um in 57.6% of patients and 300-500pm in 42.4% of patients. The main adverse reaction
was post-embolism syndrome and 25 (7.5%) patients suffered from liver abscess or bile leakage, which were improved
after symptomatic treatment. A history of biliary surgery for gallstone may account for 1 (0.3%) patient suffering from
bile leakage, which was improved after administration of percutaneous drainage and antibiotics at last. There were no
DEB-TACE-associated deaths.

Independent Factors Associated with CR and OS

Eighty (23.8%) cases were CR, 200 (59.7%) were cases PR, 27 (8.0%) were SD and 28 (8.3%) were PD, with ORR of
83.5% and DCR of 91.6%. Univariate and multivariate logistic regression analyses displayed that ALP level, tumor
maximum diameter, tumor capsule and portal vein invasion were independent factors interrelated with the achievement of
CR (Table 2). The median OS and PFS were 37.2 and 26.5 months for all patients, respectively. In the training set, the
univariate and multivariate Cox regression revealed that AFP, Child-Pugh class, tumor maximum diameter, tumor number,
tumor extent and portal vein invasion were independent factors for OS after DEB-TACE in HCC patients (Table 3).

Development and Validation of the Nomogram

Based on independent prognostic factors, the nomogram was built to predict the 6-month, 1-year and 2-year survival
rates after DEB-TACE (Figure 1). Each category of the prognostic variables is assigned a score on the Points scale. The
sum of these scores is located on the total points scale and a line is drawn downward to determine the specific probability
of 6-month, 1-year and 2-year survival rates. The score assignment of the variables and the corresponding survival rate
was summarized in Tables 4 and 5. To facilitate the use of the nomogram, a corresponding web calculator was provided
(https://jikun.shinyapps.io/deb_tace) (Figure 2).

The calibration chart demonstrated a high consistency between the predicted and actual survival of the nomogram in
two validation sets (Figure 3A and B). The C-indexes of nomogram were 0.735 (95% CI: 0.649—-0.821) in the internal
validation set and 0.854 (95% CI: 0.740-0.968) in the external validation set. Moreover, the AUCs of the nomogram of
two validation sets were higher than those of the CNLC and BCLC staging systems (P< 0.05) (Figure 3C and D).

Prognostic Stratification

Based on the total scores generated from the nomogram, we subsequently developed a prognostic stratification to
divide the patients into three subgroups: low-risk group (0—158 points), medium-risk group (159-272 points) and
high-risk group (273—-491 points), with the median survival time of >48.0, 22.1 and 8.3 months, separately. As shown
in the K-M curves, the risk groups presented a clear stratification of prognosis with statistically significant survival
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Table | Clinical and Biological Characteristics of Patients with Hepatocellular Carcinoma on Admission
Characteristics Training Set Internal Validation Set | External Validation Set P value
(n=189) (n=179) (n =67)
Age (year)* 56.2+10.4 52.3%10.9 59.7£12.0 <0.001
Gender
Female 31 (16.4) 9(11.4) 8 (11.9) 0.466
Male 158 (83.6) 70 (88.6) 59 (88.1)
ECOG score
0 145 (90.5) 72 (91.1) 62 (92.5) 0.677
-2 18 (9.5) 7 (8.9) 5(7.5)
WBC (10°/L)t 4.8 (3.7-6.3) 5.3 (3.7-6.9) 5.4 (4.3-6.3) 0.065
HB (g/L)’ 129 (119-144) 131 (124-145) 144 (134-156) <0.001
PLT (10°/L)" 134 (87-179) 140 (90-203) 137 (104-184) 0.296
PT (s) 1.7 (11.1-12.9) 11.6 (11.0-12.7) 12.2 (11.6-13.0) 0.008
ALT (U/L)! 38 (24-54) 37 (24-56) 30 (21-44) 0.128
AST (U/L) 49 (33-64) 48 (33-76) 34 (23-47) <0.001
GGT (U/L)t 104 (64-195) 112 (62-184) 79 (47-135) 0.515
ALP (U/L) 115 (90-148) 107 (85-156) 100 (71-128) 0.359
ALB (g/L)f 37.8 (34.641.1) 39.2 (35.6-41.8) 41.8 (38.045.2) <0.001
TBIL (umol/L)* 13.7 (9.6-20.4) 14.3 (9.9-17.4) 13.0 (10.2-20.7) 0.595
AFP (ng/mL)f 199 (15-2708) 105 (17-1699) 128 (11-2108) 0.073
Hepatitis B
No 16 (8.5) 2 (2.5) 8 (11.9) 0.091
Yes 173 (91.5) 77 (97.5) 59 (88.1)
Cirrhosis
No 68 (36.0) 32 (40.5) 23 (34.3) 0.706
Yes 121 (64.0) 47 (59.5) 44 (65.7)
Ascites
No 148 (78.3) 62 (78.5) 53 (79.1) 0.991
Yes 41 (21.7) 17 (21.5) 14 (20.9)
Splenomegaly
No 87 (46.0) 37 (46.8) 30 (44.8) 0.969
Yes 102 (54.0) 42 (53.2) 37 (55.2)
Child-Pugh class
A 150 (79.4) 68 (86.1) 61 (91.1) 0.066
B 39 (20.6) 11 (13.9) 6 (8.9)
Tumor maximum diameter (cm)? 7.8 (5.2-11.3) 8.1 (6.0-11.5) 7.6 (4.2-12.0)
Tumor number
| 93 (49.2) 40 (50.6) 33 (49.3) 0.976
>| 96 (50.8) 39 (49.4) 34 (50.7)
Bilobar disease
No 135 (71.4) 52 (65.8) 49 (73.1) 0.568
Yes 54 (28.6) 27 (34.2) 18 (26.9)
Tumor extent
<50% 159 (84.1) 68 (86.1) 59 (88.1) 0.721
>50% 30 (15.9) 11 (13.9) 8 (11.9)
Tumor capsule
No 162 (86.7) 70 (88.6) 60 (89.6) 0.656
Yes 27 (14.3) 9 (11.4) 7 (10.4)
Portal vein invasion
No 116 (61.4) 52 (65.8) 51 (76.1) 0.093
Yes 73 (38.6) 27 (34.2) 16 (23.9)
(Continued)
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Table | (Continued).

Characteristics Training Set Internal Validation Set | External Validation Set P value
(n=189) (n=179) (n=67)

BCLC
A 44 (23.3) 26 (32.9) 27 (40.3) 0.011
B 43 (22.8) 19 (24.1) 20 (29.9)
C 102 (54.0) 34 (43.0) 20 (29.9)

CNLC
| 63 (33.3) 30 (38.0) 26 (38.8) 0.166
I 53 (28.0) 22 (27.8) 26 (38.8)
1] 73 (38.6) 27 (34.2) 15 (22.4)

Notes: *Data are means#standard deviation. TData are medians, with interquartile range in parentheses.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; AFP, alpha fetoprotein; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; AST, aspartate
aminotransferase; ALT, alanine transaminase; ALB, albumin; TBIL, total bilirubin; WBC, white blood cell; Hb, hemoglobin; PT, prothrombin time; PLT, platelet; BCLC,
Barcelona Clinic Liver Cancer; CNLC, China liver cancer staging.

Table 2 Logistic Analysis of Achievement of Complete Release of Tumor After DEB-TACE

Characteristics Univariate Analysis Multivariate Analysis
OR 95% CI P value OR 95% CI P value
Agelyear (<60/>60) 1.098 0.650-1855 0.727
Gender (Female/Male) 1.114 0.525-2.363 0.779
ECOG score (0/1-2) 1.835 0.985-3.418 0.056
WBC/10%L ™" (210/>10) 2,632 0.689—10.046 0.157
HB/g L' (£120/>120) 1.164 0.616-2.201 0.640
PLT/10%L™"' (£100/>100) 0.590 0.350-0.997 0.048*
PT/s (£13/>13) 0.953 0.510-1.782 0.880
ALT/U*L™" (240/>40) 1.669 0.979-2.846 0.060
AST/UL™" (240/>40) 2.278 1.367-3.795 0.002%*
GGT/U*L ' (<50/>50) 3.561 2.045-6.201 <0.001*
ALP/U*L™' (<125/>125) 3.391 1.860-6.183 <0.001* 2.427 1.226—4.808 0.011*
ALB/g*L ™" (£35/>35) 0.697 0.395-1.230 0.213
TBIL/umolL™ (217.1/>17.1) 1.200 0.701-2.055 0.507
AFP/ng*rmL" (£400/>400) 1.817 1.071-3.083 0.027*
Hepatitis B (No/Yes) 1.109 0.545-2.256 0.775
Cirrhosis (No/Yes) 0.844 0.498-1.431 0.528
Ascites (No/Yes) 1.685 0.834-3.406 0.146
Splenomegaly (No/Yes) 1.084 0.655-1.793 0.753
Child-Pugh class (A/B) 1.045 0.530-2.060 0.898
Tumor maximum diameter/cm (£5/>5) 6.638 3.838-11.483 <0.001* 5.449 3.015-9.847 <0.001*
Tumor number (1/>1) 1.864 I.116-3.113 0.017*
Bilobar disease (<50%/>50%) 3.027 1.521-6.024 0.002%*
Tumor extent (No/Yes) 8.812 2.090-37.151 0.003*
Tumor capsule (No/Yes) 0.167 0.085-0.328 <0.001* 0.206 0.096-0.441 <0.001*
Portal vein invasion (No/Yes) 3.903 2.012-7.571 <0.001* 2.108 1.003—4.430 0.049*

Note: *P < 0.05 means statistical difference.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; AFP, alpha fetoprotein; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; AST, aspartate
aminotransferase; ALT, alanine transaminase; ALB, albumin; TBIL, total bilirubin; WBC, white blood cell; Hb, hemoglobin; PT, prothrombin time; PLT, platelet; OR, odds ratio;

Cl, confidence interval.
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Table 3 Cox Analysis of Prognostic Factors in the Primary Set

Characteristics Univariate Analysis Multivariate Analysis
HR 95% ClI P value HR 95% CI P value
Agelyear (<60/>60) 0.997 0.618-1.608 0.990
Gender (Female/Male) 0811 0.425-1.548 0.525
ECOG score (0/1-2) 0.930 0.549-1.575 0.786
WBC/10%L™" (£10/>10) 1.593 0.500-5.080 0.431
HB/g L' (£120/>120) 0.970 0.745-1.263 0.821
PLT/10%L™" (£100/>100) 1.080 0.842-1.385 0.543
PT/s (213/>13) 1.038 0.793-1.358 0.785
ALT/U*L™" (240/>40) 0.553 0.348-0.879 0.012%*
AST/UL™' (<40/>40) 1.539 1.191-1.991 0.001*
GGT/UL ™' (<50/>50) 0.422 0.252-0.706 0.002%*
ALP/U*L ™' (2125/>125) 0.568 0.355-0.910 0.019*
ALB/g*L™" (<35/>35) 1.620 0.985-2.665 0.058
TBIL/umol L' (<17.1/>17.1) 0.710 0.439-1.148 0.162
AFP/ng*rmL™" (£400/>400) 0.498 0.308-0.806 0.005* 0.490 0.298-0.807 0.005*
Hepatitis B (No/Yes) 1.149 0.840-1.570 0.385
Cirrhosis (No/Yes) 0.859 0.533-1.384 0.533
Ascites (No/Yes) 0.460 0.241-0.684 0.001*
Splenomegaly (No/Yes) 0.757 0.474-1.211 0.246
Child-Pugh class (A/B) 0.603 0.469-0.776 <0.001* 0.362 0.212-0.619 <0.001*
Tumor maximum diameter/cm (25/>5) 0.255 0.125-0.518 <0.001* 0.408 0.195-0.854 0.017%*
Tumor number (1/>1) 0.583 0.363-0.936 0.025%* 0.606 0.370-0.994 0.047%*
Bilobar disease (No/Yes) 0.656 0.392-1.098 0.109
Tumor extent (<50%/=50%) 0.315 0.177-0.563 <0.001* 0.384 0.208-0.710 0.002%*
Tumor capsule (No/Yes) 2.245 1.022-4.931 0.044*
Portal vein invasion (No/Yes) 0.326 0.202-0.527 <0.001* 0.403 0.243-0.669 <0.001*

Note: *P < 0.05 means statistical difference.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; AFP, alpha fetoprotein; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; AST, aspartate
aminotransferase; ALT, alanine transaminase; ALB, albumin; TBIL, total bilirubin; WBC, white blood cell; Hb, hemoglobin; PT, prothrombin time; PLT, platelet; HR, hazard
ratio; Cl, confidence interval.

difference among the three risk groups (P < 0.001) (Figure 4A). The higher risk was associated with a worst
prognosis.

The median survival rate of patients with CR, PR, SD and PD was >48.0, 29.1, 14.0 and 5.8 months, respectively, and
statistical differences were discovered between any both (P < 0.05) (Figure 4B). There were 57 (35.0%), 20 (17.9%) and
3 (5.0%) cases of CR in the low-, medium- and high-risk groups, respectively (Figure 5A). There were significant
differences in CR, ORR and DCR among the three risk groups (Figure 5B).

Discussion

With the improved drug delivery into the tumor, DEB-TACE has gained increasing application for unresectable HCC.
A growing body of evidence suggests a significant advantage of DEB-TACE over ¢TACE in more extensive tumor
necrosis and fewer adverse events.'* The effectiveness and benefit of DEB-TACE varies greatly among patients with
HCC due to the heterogeneity of tumor burden and liver function.” Several attempts have been developed to subdivide
the HCC cohort to predict the benefits of TACE using different scoring systems, such as the OKUDA score,'” the MESH
score,16 the mHAP-II score,17 as well as the SNACOR risk prediction model.'® However, some of them were validated in
western cohorts with alcohol abuse and hepatitis C virus (HCV) infection contributing most of the actiology; others were
not designed exclusively for HCC following DEB-TACE and failed to provide a specific survival time.
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Figure | Nomogram for predicting survival of patients with HCC after DEB-TACE. Each category of the prognostic variables is assigned a score on the Point scale. The sum
of these scores is located on the Total point scale and a line is drawn downward to determine the specific probability of survival.

Abbreviations: HCC, hepatocellular carcinoma; DEB-TACE, transcatheter arterial chemoembolization of drug-eluting beads; AFP, alpha fetoprotein; ALRI, aspartate
aminotransferase-to-lymphocyte ratio index.

Here, we proposed a nomogram for individual survival prediction and further nomogram-based prognostic stratifica-
tion to identify who might benefit from DEB-TACE for patients with HCC. It is worth noting that the prognostic
stratification could be applied to most patients with HCC, not just those treated with DEB-TACE, for risk assessment to

Table 4 Score Assignment for Variables Included in the

Points

Nomogram
Characteristics
AFP/ng*mL™"' <400
>400
Child-Pugh class A
B
Tumor size/cm <5
>5
Tumor number |
>|
Extent <50%
>50%
Portal vein invasion No
Yes

0

70

0

100

88

49

95

89

Abbreviation: AFP, alpha fetoprotein.

Table 5 Total Points and Survival Rate in the Nomogram

Total Points Survival Rate/%

10 20 30 40 50 60 70 80 90
6 months — 486 453 426 399 369 333 287 212
12 months 398 362 334 307 279 249 213 167 93
24 months 305 270 241 214 186 156 121 74 —
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Figure 2 Layout of an online version of the nomogram (https:/jikun.shinyapps.io/deb_tace).

identify those suitable for DEB-TACE, as well as to formulate personalized therapeutic strategies for other populations.
Since we aimed to develop the pre-treatment nomogram, indicators during DEB-TACE such as the size and the type of
loaded drug of DEB were not taken into account in the process of nomogram construction. Furthermore, we found the
two factors have no remarkable effect on survival (both p > 0.05). As the nomogram integrated factors including AFP,
Child-Pugh class, tumor maximum diameter, tumor number, tumor extent and portal vein invasion, it comprehensively
embodied the effect of tumor marker, liver function and tumor biological behavior on the prognosis of HCC patients
treated with DEB-TACE. To facilitate clinical use, a web calculator of nomogram (https://jikun.shinyapps.io/deb tace/)

was offered to obtain the survival information only by clicking on your phone or computer, which not only observably

improves calculation speed but also avoids the error caused by manual measurement.
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Figure 3 Calibration curves of the nomogram in the (A) internal validation set and (B) external validation set. AUC curves of the nomogram, CNLC and BCLC staging
systems in the (C) internal validation set and (D) external validation set.
Abbreviations: AUC, area under the receiver operating characteristic curve; BCLC, Barcelona Clinic Liver Cancer; CNLC, China liver cancer staging.

Both the Chinese University Prognostic Index (CUPI)'” and Cancer of the Liver Italian Program (CLIP)*° incorporate
the preoperative AFP level as a momentous prognostic indicator. As a specific biomarker for HCC, on behalf of tumor
burden and invasiveness,?' serum AFP is reported to be associated with survival of HCC patients after TACE,*** but the
mechanism is still unclear. Scholars considered that increased AFP level might disable the function of antigen-presenting
cells and dendritic cells to exert influence on the prognosis of HCC patients.>**>

Due to the biological behavior of HCC, the portal vein system is prone to be invaded to shape portal vein tumor
thrombus (PVTT) with an incidence of 44.0%~62.2%.?® Patients with PVTT have only an average survival of 2.7-4.0
months, attributing to consequent portal hypertension, intrahepatic and distant metastasis. According to the BCLC
staging system, systemic therapy is recommended for patients with HCC and portal vein invasion. In terms of
a potential risk of hepatic infarction or deterioration of liver function, the presence of PVTT was regarded as
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Figure 4 K-M survival curves of the (A) nomogram-based risk stratification and (B) tumor response. K-M, Kaplan-Meier.
Abbreviations: CR, complete release; PR, partial release; SD, stable disease; PD, progressive disease.

a relative contraindication of TACE, while evidence exists in support of TACE in this subset of patients. The recently
introduced Hong Kong Liver Cancer (HKLC) staging system proposed a more aggressive therapeutic algorithm by
recommending TACE in patients with vascular invasion.”” There have been several reports that showed the safety and
efficacy of TACE (including cTACE and DEB-TACE) for patients with HCC and PVTT from different countries.”® >
Moreover, there was no patient with complete embolism of the main portal vein with cancer embolus in our study, and it
was found that patients with PVTT did not have more complications than those without PVTT. The outcome of HCC
patients was also related to the tumor size, tumor extent and Child-Pugh class,®' which have been included in several
staging systems."'>2!-32

The proposed nomogram exhibited an excellent and reliable survival predictive ability in both internal and external
validation sets. In terms of calibration, the predictive survival of the nomogram has high consistency with the actual
survival; with regard to differentiation, the C-indexes and AUCs were significantly higher than those of BCLC and
CNLC staging systems. There is a distinct impact of each variable on the prognosis of HCC patients, but conventional
staging systems assign equal weight to each variable improperly.** On the contrary, our nomogram distributed an unequal
score to each factor depending on how much influence it has on prognosis. That is the reason why the nomogram
performed well in predicting survival in patients with HCC following DEB-TACE.

The prognostic stratification model based on the nomogram could divide patients into low-, medium- and high-risk
groups, which may be helpful to screen out the patients who are suitable for DEB-TACE, as well as to formulate
personalized therapeutic strategies depending on the different risk groups. For instance, if a patient has a total score less
than 117 at low risk, he/she is inclined to be an appropriate candidate for DEB-TACE; if the total score varies from 118
to 254 at medium risk, radiofrequency ablation or molecular targeted agents might synergize with DEB-TACE to
improve anti-tumor control; if the total score is more than 255 at high risk, he/she may be more suitable for radiotherapy
or targeted drug rather than DEB-TACE. In addition, this prognostic stratification model also corresponded to the tumor
response after DEB-TACE. As the prognostic risk decreased, HCCs gain more sensitivity to DEB-TACE and therefore
are more likely to achieve CR, which demonstrated the reliability of the nomogram from another perspective.
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Abbreviations: CR, complete release; PR, partial release; SD, stable disease; PD, progressive disease; ORR, objective release rate; DCR, disease control rate.

On the other hand, the prognostic factors play an important role in the design, conduction and analysis of the
prospective clinical trial, and their improper distribution among the cohorts may bring about bias in therapeutic benefit.**
As a result, when there is a prospective Phase II or III clinical trial regarding DEB-TACE for HCC patients, the
nomogram could be applied in advance to ensure the consistent distribution of the prognostic factors among the cohorts
to reduce survival bias resulting from differences in baseline characteristics.’* Besides, an individualized follow-up plan
could also be generated according to the different risk groups. For patients in the high-risk group, their follow-up interval
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should be shortened and adjusted on the basis of tumor progression; If patients are in the low-risk group, the follow-up
interval could be appropriately prolonged to reduce their financial and psychological burdens.

Some limitations exist in our study. The retrospective nature of the study may inevitably result in selection bias.
Another limitation is the lack of predictive capability over the last 3 years and beyond, which may be attributed to the
fact that DEB-TACE has not been employed in the clinic for a long time. Finally, improved model accuracy often
requires greater complexity. There is a common problem that the balance between comprehensiveness and comprehen-
sibility is not easy to achieve during modeling for nomogram.*®> Given this, we only selected clinically important and
practical variables, which led to uncertainty of the nomogram. Therefore, we provided 95% CI for the C-index to
determine the degree of uncertainty and validated the nomogram using a second independent cohort of patients from
another medical center as the external validation set.

Conclusions

Taken together, we developed and validated a reliable nomogram with superior survival prediction to stratify prognosis in
patients with HCC after DEB-TACE. The nomogram-based prognostic stratification model might help clinicians identify
patients who benefit most from DEB-TACE and guide the treatment and follow-up strategies.
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