:' frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY
Ali H. Zaidi,
Allegheny Health Network, United States

REVIEWED BY
Zhenwei Peng,

The First Affiliated Hospital of Sun Yat-sen
University, China

Jitao Wang,

Xingtai City People’s Hospital, China

*CORRESPONDENCE
Shixiong Liang
shixliang@vip.sina.com
Jianxu Li
lijlanxul236@sr.gxmu.edu.cn
Zhenggiang Yang
ntdoctoryang@hotmail.com

RECEIVED 16 January 2024
ACCEPTED 12 August 2024
PUBLISHED 02 September 2024

CITATION

Chen L, Wu Q, Fu J, Jiang M, Qiu J, Tao J,
LinL, Chen S, Wu Y, Yang Z, Li J and Liang S
(2024) Prognostic nomogram of overall
survival for radiation therapy in hepatocellular
carcinoma: a population study based on the
SEER database and an external cohort.

Front. Oncol. 14:1371409.

doi: 10.3389/fonc.2024.1371409

COPYRIGHT

© 2024 Chen, Wu, Fu, Jiang, Qiu, Tao, Lin,
Chen, Wu, Yang, Li and Liang. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Oncology

TvPE Original Research
PUBLISHED 02 September 2024
D01 10.3389/fonc.2024.1371409
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population study based on the
SEER database and an

external cohort
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Jiaomei Tao?, Litong Lin*, Shenshen Chen, Yi Wu,
Zhenggiang Yang®, Jianxu Li* and Shixiong Liang™

‘Department of Radiation Oncology, Guangxi Medical University Cancer Hospital, Nanning, China,
2Department of Interventional Therapy, National Cancer Center/National Clinical Research Center for
Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing, China

Purpose: Radiotherapy (RT) plays an important role in the treatment of
hepatocellular carcinoma (HCC). To screen patients who benefit most from
RT, a nomogram for survival prediction of RT based on a large sample of patients
with HCC was created and validated.

Methods: A total of 2,252 cases collected from the Surveillance, Epidemiology,
and End Results (SEER) database were separated into a training or an internal
validation cohort in a 7:3 ratio (n = 1,565:650). An external validation cohort of
cases from our institute was obtained (n = 403). LASSO regression and Cox
analyses were adopted to develop a nomogram for survival prediction. The
decision curve analysis (DCA), calibration curve, and time-dependent receiver
operating characteristic curves (TROCs) demonstrated the reliability of the
predictive model.

Results: For patients with HCC who received RT, the analyses revealed that the
independent survival prediction factors were T stage {T2 vs. T1, hazard ratio (HR)
=1.452 [95% Cl, 1.195-1.765], p < 0.001; T3 vs. T1, HR = 1.469 [95% CI, 1.168-
1.846], p <0.001; T4 vs. T1, HR = 1.291 [95% CI, 0.951-1.754], p = 0.101}, N stage
(HR = 1.555 [95% ClI, 1.338-1.805], p < 0.001), M stage (HR = 3.007 [95% ClI,
2.645-3.418], p < 0.001), max tumor size (>2 and <5 vs. <2 cm, HR = 1.273 [95%
Cl, 0.992-1.633], p = 0.057; >5 and <10 vs. <2 cm, HR = 1.625 [95% CI, 1.246—
2.118], p < 0.001; >10 vs. <2 cm, HR = 1.784 [95% ClI, 1.335-2.385], p < 0.001),
major vascular invasion (MVI) (HR = 1.454 [95% Cl, 1.028-2.057], p = 0.034),
alpha fetoprotein (AFP) (HR = 1.573 [95% CI, 1.315-1.882], p < 0.001), and
chemotherapy (HR = 0.511 [95% ClI, 0.454-0.576], p < 0.001). A nomogram
constructed with these prognostic factors demonstrated outstanding predictive
accuracy. The area under the curve (AUC) in the training cohort for predicting
overall survival (OS) at 6, 12, 18, and 24 months was 0.824 (95% ClI, 0.803-0.846),
0.824 (95% Cl, 0.802-0.845), 0.816 (95% ClI, 0.792-0.840), and 0.820 (95% ClI,
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0.794-0.846), respectively. The AUCs were similar in the other two cohorts. The
DCA and calibration curve demonstrated the reliability of the predictive model.

Conclusion: For patients who have been treated with RT, a nomogram
constructed with T stage, N stage, M stage, tumor size, MVI, AFP, and
chemotherapy has good survival prediction ability.

KEYWORDS

hepatocellular carcinoma (HCC), nomogram, LASSO regression, radiation therapy (RT),
SEER database, overall survival (OS)

Introduction

Of the total primary liver cancers, 78%-85% are hepatocellular
carcinomas (HCCs). Among all malignant diseases, HCC has the
third highest fatality rate worldwide (1). Treatments for patients
with HCC include surgery, radiation therapy (RT), radiofrequency
ablation, chemotherapy, immunotherapy, biological therapy, and
arterially directed therapies. Despite the current therapeutic
options, patients with HCC continue to have a high mortality and
poor prognosis (2-4). Liver resection and transplantation are
preferred therapies if feasible, especially for patients with suitable
tumor location and reserved adequate liver. About 70% of patients
with HCC are ineligible for liver resection and transplantation at
first diagnosis because they have a bad performance status, late
staging, or poor liver function (5). Most patients require
combined treatments.

RT now is commonly used as a locoregional therapy for HCC,
especially external beam radiation therapy (EBRT). It is currently
the most commonly used radiotherapy technique in the clinical
radiotherapy department. RT has been regarded as a standard
therapeutic approach for HCC (6, 7). Better local control is
achieved with stereotactic body radiation therapy (SBRT), which
also results in a shorter treatment period and lower expenses (8).
Hypofractionated three-dimensional conformal RT can result in an
overall survival (OS) rate of 65% at 1 year (9). RT is suggested as the
typical form of treatment for HCC by the National Comprehensive
Cancer Network guidelines (10).

The primary dose-limiting toxicity of RT is radiation-induced
hepatic toxicity (RIHT) (11). Advances in imaging and RT
technologies have significantly enhanced the precision and
conformity of RT. RT has become an essential and effective
component of HCC treatment, particularly for patients with poor
Child-Pugh scores or portal vein tumor thrombosis (12, 13). The
combination of RT and other treatment methods has contributed to
improved prognosis and pain relief in patients with advanced HCC.
The combination of RT and antibodies against programmed cell
death protein 1 (anti-PD1) has been effective in patients with
advanced HCC, with a median survival of 20.9 months without
an increase in treatment side effects (14).
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Some studies about patients with HCC who received RT have
constructed models to make survival prediction, but studies based
on large-scale populations are still needed (15-19). The American
National Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) registry is a publicly available and open database; it
records the diagnosis and treatment information of many kinds of
cancers. Based on the large-scale populations of the SEER database,
we analyzed the long-term survival of patients with HCC with
different clinicopathological features. A nomogram model for
survival prediction in patients with HCC with RT was created
and validated.

Methods
Patients and study design

Training and internal validation cohorts: Using SEER*Stat
Software (Version 8.4.0), we searched for patients in the SEER 17
registry diagnosed with HCC between 2000 and 2019 to create
training and internal validation cohorts. The SEER 17 registry has
information, including survival data, for most patients diagnosed
with HCC. The information available includes age, sex, T stage, N
stage, M stage, histological or clinical grade, tumor number, max
tumor size, major vascular invasion (MVI), alpha fetoprotein
(AFP), fibrosis, chemotherapy, surgery, vital status, and survival
time of the patients.

In the SEER database, the inclusion criteria were patients aged
20 years or older and diagnosed with HCC. The exclusion criteria
were patients who did not receive EBRT or without a precise TNM
stage. Patients were included in the analysis, although some
information other than EBRT conditions or TNM stage were
unknown. In our study, the included patients with HCC in the
SEER database had complete information about sex, age, TNM
stage, chemotherapy, and surgery or not, as well as survival status
and survival time. However, other data, including histological or
clinical grade, tumor number, max tumor size, MVI, AFP levels,
and fibrosis, were unknown in some patients. In Tables 1 and 2, a
detailed list of unknowns is presented.
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TABLE 1 The basic clinicopathological features of patients in the SEER cohorts and external cohorts.

Variable Overall SEER cohort SEER training cohort SEER internal External validation
validation cohort cohort (n = 403) (%)

(n = 2,251) (%) (n = 1595) (%) (n = 656) (%)

Age (years), n (%)

<50 147 (6.6) 110 (6.9) 37 (5.7) 124 (30.8)
>50, <70 1,455 (64.6) 1,024 (64.2) 431 (65.7) 250 (62.0)
>70 649 (28.8) 461 (28.9) 188 (28.6) 29 (7.2)

Sex, n (%)

Male 1,845 (82.0) 1,325 (83.1) 520 (79.3) 369 (91.6)

Female 406 (18.0) 270 (16.9) 136 (20.7) 34 (8.4)

‘ T stage, n (%)

T1 912 (40.5) 640 (40.1) 272 (41.5) 85 (21.1)
T2 438 (19.5) 301 (18.9) 137 (20.9) 52 (12.9)
T3 691 (30.7) 507 (31.8) 184 (28.0) 57 (14.1)
T4 210 (9.3) 147 (9.2) 63 (9.6) 209 (51.9)

‘ N stage, n (%)
NO 1,885 (83.7) 1,321 (82.8) 564 (86.0) 321 (79.7)

N1 366 (16.3) 274 (17.2) 92 (14.0) 82 (20.3)

‘ M stage, n (%)

Mo 1,136 (50.5) 800 (50.2) 336 (51.2) 348 (86.4)

M1 1,115 (40.5) 795 (49.8) 320 (48.8) 55 (13.6)

Grade, n (%)

Well/moderately 472 (21.0) 350 (21.9) 122 (18.6) 83 (20.6)
Poorly/undifferentiated 193 (8.6) 128 (8.0) 65 (9.9) 93 (23.1)
Unknown 1,586 (70.4) 1,117 (70.1) 469 (71.5) 227 (56.3)

Tumor number, n (%)

Single 628 (27.9) 440 (27.6) 188 (28.7) 174 (43.2)
Multiple 479 (21.2) 340 (21.3) 139 (21.2) 229 (56.8)
Unknown 1,144 (50.9) 815 (51.1) 329 (50.1) 0 (0)

Max tumor size (cm), n (%)

E) 167 (7.4) 121 (7.7) 46 (7.0) 46 (11.4)
>2, <5 793 (35.2) 555 (34.8) 238 (36.3) 115 (28.5)
>5,<10 759 (33.7) 537 (33.6) 222 (33.8) 154 (38.2)
>10 310 (13.8) 222 (13.9) 88 (13.4) 88 (21.8)
Unknown 222 (9.9) 160 (10.0) 62 (9.5) 0 (0)
MVI, n (%)
No 1,218 (54.1) 853 (53.5) 365 (55.6) 194 (48.1)
Yes 229 (10.2) 173 (10.8) 56 (8.5) 209 (51.9)
Unknown 804 (35.7) 569 (35.7) 235 (35.9) 0(0)

(Continued)
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TABLE 1 Continued

Overall SEER cohort SEER internal

validation cohort

(n = 656) (%)

External validation
cohort (n = 403) (%)

Variable

SEER training cohort

(n = 2,251) (%) (n = 1595) (%)

AFP, n (%)
Negative 345 (15.3) 251 (15.7) 94 (14.3) 162 (40.0)
Positive 1,084 (48.2) 756 (47.4) 328 (50.0) 242 (60.)
Unknown 822 (36.5) 588 (36.9) 234 (35.7) 0 (0)
Fibrosis, n (%)
Yes 389 (17.3) 275 (17.2) 542 (82.8) 227 (56.3)
No/unknown 1,862 (82.7) 1320 (82.8) 114 (17.3) 176 (43.7)
Chemotherapy, n (%)
No 1,182 (52.5) 835 (52.4) 347 (52.9) 127 (31.5)
Yes 1,069 (47.5) 760 (47.6) 309 (47.1) 276 (68.5)
Surgery, n (%)
No 2,039 (90.6) 1,453 (91.1) 586 (89.3) 189 (46.9)
Yes 212 (9.4) 142 (8.9) 70 (10.7) 214 (53.1)

AFP, alpha fetoprotein; MVI, major vascular invasion; SEER, Surveillance, Epidemiology, and End Results; HR, hazard ratio; CI, confidence interval. The data were presented as number of

patients (n) and the percentage of the respective group (%).

External validation cohort: We collected patients from Guangxi
Medical University Cancer Hospital. The patients who had been
diagnosed with HCC between September 2014 and July 2021 were
used to create an external validation cohort. The inclusion and
exclusion criteria were as follows: patients diagnosed with HCC
(based on history and imaging or histopathology), those with liver
function of Child-Pugh class A or B, those with an Eastern
Cooperative Oncology Group (ECOG) performance score of 0-2,
those who received RT and available laboratory tests, and those who
were able to complete the treatment plan were included. Patients
with combined intrahepatic cholangiocarcinoma and those who
lacked laboratory indicators and complete follow-up outcomes were
excluded. Ultimately, 403 patients with HCC were included. This
study plan was carried out in compliance with the Declaration of
Helsinki. The ethics committee gave permission to this
retrospective study (ethic no. KYB2024010).

Statistical analysis

Random number generator by SPSS Statistics software
(version 26.0) was adopted to separate the cases from SEER
registry into two cohorts. About 70% of the cases in the total
sample served as the training set. The remaining 30% of the cases
served as the validation set. An additional external validation set
was created with the patients from the Guangxi Medical
University Cancer Hospital. R and Rstudio software (version
4.3.2) were used to do further survival analysis. Categorical
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variables were described as frequencies and percentages. The
“glmnet” package of R was used to make LASSO regression
analysis. The “survival” and “survminer” packages of R were
used to do survival analysis. LASSO regression and univariate and
multivariate Cox regression analyses were conducted to select the
best prognostic factors to be included in, and identify
meaningless factors to be excluded for the nomogram. A

« >

nomogram model was constructed by the “rms” package of
R. The Kaplan-Meier method and log-rank test were
used to compare the survival time of patients with different
independent factors.

The packages “timeROC” and “foreign” were adopted to plot
time-dependent receiver operating characteristic (TROC) curves.
Areas under the curve (AUCs) and C-index were counted to
evaluate the capability of the nomogram. Decision curve analysis
(DCA) by the “ggDCA” package of R and calibration curve by the
“tidyr” and “dplyr” packages of R were employed to estimate the
clinical effectiveness of the nomogram. All data with p < 0.05 were
statistically significant.

Results
Patients
The SEER database included a total of 88,491 patients aged

over 20 who had been diagnosed with HCC between 2000 and
2019. After applying the exclusion criteria, 2,251 patients
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TABLE 2 Cox analyses of the clinicopathological variables.

Variable

Age (years)

Univariable
analysis

HR (95% CI)

10.3389/fonc.2024.1371409

Multivariable
analysis

HR (95% Cl)

(>50, <70 vs. <50) 0.989 (0.794-1.232) 0.925
(=70 vs. <50) 1.047 (0.830-1.321) 0.697
Sex (female vs. male) 0.911 (0.782-1.061) 0.231
T stage (T2 vs.T1) 1.181 (1.009-1.383) 0.037 1.452 (1.195-1.765) <0.001
(T3 vs.T1) 2.024 (1.775- 2.307) <0.001 1.469 (1.168-1.846) <0.001
(T4 vs.T1) 1.984 (1.613-2.441) <0.001 1.291 (0.951-1.754) 0.101
N stage (N1 vs.N0) 1.741 (1.477-2.053) <0.001 1.555 (1.338-1.805) <0.001
M stage (M1 vs.MO0) 3.225 (2.868-3.625) <0.001 3.007 (2.645-3.418) <0.001
Grade(poorly/undifferentiated vs. 1.374 (1.099-1.719) 0.005 1.227 (0.976-1.541) 0.141
well/moderately)
Tumor number (multiple vs. single) 1.496 (1.289-1.736) <0.001 0.895 (0.714-1.122) 0.337
Max tumor size (cm)
(>2, <5 vs. £2) 1.428 (1.119-1.823) 0.004 1.273 (0.992-1.633) 0.057
(>5, <10 vs. <2) 2.362 (1.851-3.013) <0.001 1.625 (1.246-2.118) <0.001
(>10 vs. <2) 2.916 (2.232-3.809) <0.001 1.784 (1.335-2.385) <0.001
MVI (yes vs. no) 1.570 (1.320-1.867) <0.001 1.454 (1.028-2.057) 0.034
AFP (positive vs. negative) 1.823 (1.528-2.175) <0.001 1.573 (1.315-1.882) <0.001
Fibrosis (yes vs. no/unknown) 0.797 (0.684-0.929) 0.003 0.918 (0.782-1.077) 0.295
Chemotherapy (yes vs. no) 0.737 (0.660-0.823) <0.001 0.511 (0.454-0.576) <0.001
Surgery (yes vs. no) 0.973 (0.801-1.183) 0.787

AFP, alpha fetoprotein; MVT, major vascular invasion; HR, hazard ratio, CI, confidence interval.

remained. A total of 1,595 patients were randomly assigned to a
training cohort and 656 patients were assigned to an internal
validation cohort in a 7:3 ratio. The screening process is illustrated
in Figure 1.

Additionally, an external validation cohort including 403
patients with HCC was from the Guangxi Medical University
Cancer Hospital.

The baseline clinical features of all the included patients across
the three cohorts are presented in Table 1. Most patients (64.6% in
the SEER cohort and 62.0% in external validation cohort) were
between the ages of 50 and 70; 82.0% of patients in the SEER
cohort and 91.6% of patients in the external validation cohort
were male. In the SEER cohort, 40.5% of the patients were at the
T1 stage, 83.7% were at the NO stage, and 50.5% were at the MO
stage. In the external validation cohort, 51.9% of the patients were
at the T4 stage, 79.7% were at the NO stage, and 86.4% were at the
MO stage; 47.5% and 68.5% of the patients had undergone
chemotherapy in the SEER cohort and external validation
cohort, respectively; 9.4% and 53.1% of the patients had
undergone surgery in the SEER cohort and external validation
cohort, respectively.
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LASSO regression and Cox
regression analysis

L1 regularization was incorporated into the LASSO regression
to constrain the complexity of the regression model, as it reduces
the weight of certain independent variables, potentially reducing
them to zero. It is particularly useful for feature selection in cases of
variable correlation or collinearity.

In this study, 13 clinical characteristics were considered for LASSO
regression analysis: age, sex, T stage, N stage, M stage, histological or
clinical grade, tumor number, tumor size, MVI, AFP, fibrosis,
chemotherapy, and surgery. The analysis revealed that the non-zero
coefficients corresponded to T stage, N stage, M stage, tumor size, MV,
AFP, and chemotherapy in the training group (Figure 2).

Univariate and multivariate analyses
In the SEER training cohort, 13 prognostic factors—age, sex, T

stage, N stage, M stage, histological or clinical grade, tumor number,
max tumor size, MVI, AFP, fibrosis, chemotherapy, and surgery—were
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Patients aged 20+ years and diagnosed
with HCC in the SEER database between
2000-2019(n=88491)
Excluded:without external
beam radiation therapy
 / (n=85420)
Patients with external beam
radiation therapy(n=3071)
_ | Excluded:unknown TNM
o stage(n=820)
\J
2251 included in the analysis
[ ]
Training Internal validation External validation
cohort(n=1595) cohort(n=656) cohort(n=403)
FIGURE 1

Flowchart for selecting patients from the SEER registry; HCC, hepatocellular carcinoma.

evaluated through univariate Cox regression analyses. The significant
variables were T stage, N stage, M stage, tumor number, max tumor
size, grade, MVI, AFP, fibrosis, and chemotherapy. The multivariate
analysis was further analyzed, and the results showed that the
significant variables were T stage {T2 vs. T1, hazard ratio (HR) =
1.452 [95% CI, 1.195-1.765], p < 0.001; T3 vs. T1, HR = 1.469 [95% CI,
1.168-1.846], p < 0.001; T4 vs. T1, HR = 1.291 [95% CI, 0.951-1.754], p
= 0.101}, N stage (HR = 1.555 [95% CI, 1.338-1.805], p < 0.001), M
stage (HR = 3.007 [95% CI, 2.645-3.418], p < 0.001), max tumor size

1.0

Coefficients
0.5

0.0
1

Log Lambda

FIGURE 2

(>2 and <5 vs. €2 cm, HR = 1.273 [95% CI, 0.992-1.633], p = 0.057; >5
and <10 vs. <2 cm, HR = 1.625 [95% CI, 1.246-2.118], p < 0.001; >10
vs. <2 cm, HR = 1.784 [95% CI, 1.335-2.385], p < 0.001), MVI (HR =
1.454 [95% CI, 1.028-2.057], p = 0.034), AFP (HR = 1.573 [95% CI,
1.315-1.882], p < 0.001), and chemotherapy (HR = 0.511 [95% CI,
0.454-0.576], p < 0.001), which agreed with the results of the LASSO
regression analysis (Table 2).

The Kaplan-Meier curves based on T stage, N stage, M stage,
max tumor size, MVI, AFP, and chemotherapy are shown in Figure 3.
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(F) MVI, major vascular invasion; (G) chemotherapy.

The construction and interpretation of
the nomogram

A nomogram prediction model was developed, according to the
significance level of p < 0.05 in the multivariate Cox analysis aligned
with LASSO regression. By counting the total scores based on the
bottom probability column, the OS rates of different time points of
patients with HCC undergoing RT were derived (Figure 4).

The clinical utility and accuracy of
the nomogram

For the patients with HCC treated with RT, a nomogram to
make survival prediction at different time points was constructed.
Two validation cohorts were adopted to value the model, an internal
validation cohort (n = 656) from the SEER registrar and a cohort (n
= 403) of Chinese patients. The TROC curves showed the accuracy
of the model (Figure 5). The AUCs for predicting different time
points of 6-, 12-, 18-, and 24-month OS rates were calculated. The
AUCs were 0.824 (95% CI, 0.803-0.846), 0.824 (95% CI, 0.802-
0.845), 0.816 (95% CI, 0.792-0.840), and 0.820 (95% CI, 0.794-
0.846) in the training cohort, respectively. In the internal validation
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cohort, the AUCs were 0.821 (95% CI, 0.788-0.854), 0.780 (95% CI,
0.743-0.818), 0.769 (95% CI, 0.729-0.809), and 0.769 (95% CI,
0.726-0.813), respectively. In the external validation cohort, the
AUCs were 0.844 (95% CI, 0.764-0.924), 0.807 (95% CI, 0.756-
0.859), 0.792 (95% CI, 0.746-0.839), and 0.793 (95% CI, 0.747-
0.839), respectively. The C-index are 0.701, 0.697, and 0.694 for the
training cohort, internal validation cohort, and external validation
cohort, respectively.

The calibration curves showed that the difference between the
actual value and the predicted value was relatively small (Figure 6).
This result further confirms the applicability of the model in
accurately predicting the OS rates.

The DCA curve showed that the net benefit rate was higher than
that of the extreme curve in a large range of horizontal coordinates,
indicating that the DCA curve has certain application value
(Figure 7). The DCA curve suggested good clinical prediction; at
the same time, the DCA curve had a high benefit.

Discussion

The new diagnosis of HCC has increased approximately 4%-
6% every year over the last decade, emphasizing the significant
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influence of HCC on public health, from records of the National
Cancer Institute (20). The prognosis of HCC is poor, because of
the late detection and the malignancy of the tumor. The
treatment of advanced HCC can be tough. With improving RT
techniques, RT has gradually become an important part of HCC
treatment, whether it is radical treatment or palliative treatment
(21). Therefore, the ability to stratify patients based on their
potential for benefit from RT is important. Although there have
been some studies that have established nomogram models to
predict the prognosis, a large-scale population study of survival
prediction is still needed for patients with HCC who received RT
(15-19).

We chose 13 variables for analysis, namely, age, sex, T stage, N
stage, M stage, histological or clinical grade, tumor number, max
tumor size, MVI, AFP, fibrosis, chemotherapy, and surgery. By
using the LASSO regression, independent variables were better
analyzed, and the most influential variables were chosen.

The Cox regression analyses identified seven independent risk
factors. A nomogram constructed with T stage, N stage, M stage,
max tumor size, MVI, AFP, and chemotherapy has good survival
prediction ability, for patients with HCC who had received RT.
The nomogram was validated through two validation cohorts.
Based on the results of the AUC and C-index, the model
performed well in predicting OS. The DCA and calibration
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curve also showed the accuracy and reliability for survival
prediction of the model. Using the nomogram, the
individualized OS can be estimated easily.

The American Joint Committee on Cancer (AJCC) TNM
staging (eighth edition, 2017) is currently the most widely utilized
clinical reference for the treatment decision of all kinds of cancers
(22). The Barcelona Clinic Liver Cancer system and AJCC TNM
stages are commonly employed clinical staging methods for HCC. It
is generally acknowledged that the advanced TNM stage means a
worse prognosis (23).

Furthermore, the AFP levels in peripheral venous blood have
been extensively used for the diagnosis and monitoring of HCC.
Clinical observations have indicated that AFP-positive patients with
HCC exhibit high malignancy, rapid progression, and poor
prognoses compared to those with AFP-negative HCC. In the
context of liver transplantation, AFP is also recognized as a
marker of HCC biology, and clinical trials have been conducted
on a cancer vaccine utilizing an AFP-derived class I-restricted
epitope as the antigen (24). Similarly, our study demonstrated
that AFP-negative patients with HCC had a more favorable
prognosis than AFP-positive individuals.

In the treatment and management of advanced HCC, the
therapy of palliative chemotherapy, particularly oxaliplatin-based
systemic chemotherapy, is considered crucial (25). The
combination of bevacizumab with gemcitabine and oxaliplatin
has demonstrated enhanced efficacy, with a progression-free
survival (PFS) of 70% (95% CI, 54%-85%) at 3 months and 48%

(95% CI, 31%-65%) at 6 months, and a median OS of 9.6 months
for patients with advanced HCC (26).

Similarly, hepatic arterial infusion of fluorouracil and
oxaliplatin can greatly prolong OS for patients with HCC with
unresectable large tumor, according to the report of a recent
randomized phase III trial (27). Our research also suggested that
the combination therapy of chemotherapy with RT led to a
favorable prognosis for patients with HCC. The analysis revealed
that patients who received RT and chemotherapy exhibited a
significantly longer survival time.

The portal hypertension and MVI in HCC are strongly
correlated with a bad survival prognosis. Patients with HCC with
MVI typically exhibit a shorter median survival time of
approximately 2.7-4.0 months and have limited treatment
options (28). RT has been identified as an effective locoregional
treatment for patients with HCC with MVT (13). The combination
of transcatheter arterial chemoembolization(TACE) and RT can
improve the prognosis of patients with HCC with MVT (29).

Tumor size in HCC is a significant predictor of survival, with
larger tumors being associated with higher rates of recurrence, poor
cancer-specific survival, and increased regional and distant
metastases. Tumor size is considered one of the most reliable
markers of aggressiveness in HCC (30). In our study, it was
observed that patients with MVT or larger tumor size experienced
a poor prognosis.

Compared to other studies, our research relies on the American
public database, selected a large sample population to build a model,

1.0

10

— 6-month
= I2-month
—— 18-month
—— 24-month
— Al

— None

08
08

Net Benefit
06
Net Benefit
06

04
1
04
L

02

— 6-month
—— 12-month
—— 18-month
— 24-month
— Al

s — None

—— 6-month
—— 12-month -
~— 18-month <
—— 24-month
— All

— None

Net Benefit

Risk Thresholds

FIGURE 7

04

Risk Thresholds

Risk Thresholds

The DCA curves of (A) the SEER training cohort; (B) the SEER internal validation cohort; and (C) the external cohort.

Frontiers in Oncology

09

frontiersin.org


https://doi.org/10.3389/fonc.2024.1371409
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Chen et al.

and verifies the model in the Chinese population. The selected
factors are comprehensive and easy to obtain clinically. We hope to
make aware of the important role of RT and provide some
references for the physician in making decision of HCC
treatment. The combination of RT and anti-PD1 has been
effective in patients with advanced HCC, with a median survival
of 20.9 months without an increase in treatment side effects (31—
33). RT has the ability to transform the tumor microenvironment,
characterized by low immunogenicity and inadequate immune cell
infiltration, into one with a robust immunological response (34, 35).
The immune system activated by RT can also be used in
conjunction with immune checkpoint inhibitors (ICIs) to disrupt
immune escape and produce a more potent antitumor effect.
Sequential RT after progression during anti-PD1 therapy in
advanced HCC resulted in a median OS of 18.8 months and a
median PFS of 7.4 months (36). These findings confirm the
significant role of RT and combination therapy in the treatment
of HCC.

One controversial result in our research is that surgery was not
statistically significant on the survival prediction of patients with
HCC with RT in the SEER database. Both the LASSO regression and
multivariate analysis confirmed this point. In the SEER database,
the proportion of patients who received both EBRT and surgery was
relatively small, which may affect the analysis results. Furthermore,
the patients who received both surgery and RT were mostly in the
advanced stage; thus, they may have experienced significant side
effects and potentially died from treatment-related adverse
reactions. A study conducted by Wen-Yen Huang et al. in 2020
also found that whether patients received surgery or not before
radiotherapy had no difference in their prognosis (19). Therefore,
we need to comprehensively assess the patient’s condition,
including staging, general health, liver function, underlying
diseases, and economic status to develop the most favorable
treatment plan.

Although our model had good clinical predictive power, it was
limited by some shortcomings. As a retrospective clinical study, it
had selection and information biases. We lacked clinical data, such
as liver function tests and coagulation function, which are very
important in evaluating treatment options and efficacy. We also
lacked specific therapy information, such as the RT dose, drug
regimen, and the provision of radiofrequency ablation or TACE.
Furthermore, there were no records to determine if patients had
comorbidities, such as hepatitis, fatty liver disease, diabetes, or other
pathologies that may have affected their prognosis.

Conclusion

In conclusion, for patients with HCC treated with RT, a
nomogram constructed with T stage, N stage, M stage, max
tumor size, MVI, AFP, and chemotherapy has good survival
prediction ability. Our model provides a reference for clinicians
to make decisions on HCC treatment. RT plays an important role in
the comprehensive treatment of patients with HCC, and more
clinical and molecular mechanism studies are needed in the
future to focus on improving the efficacy of RT for HCC.
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