
Frontiers in Endocrinology

OPEN ACCESS

EDITED BY

Chenyu Sun,
AMITA Health, United States

REVIEWED BY

Xiaozhu Liu,
Second Affiliated Hospital of Chongqing
Medical University, China
Li Ding,
The Affiliated Hospital of Xuzhou Medical
University, China
Wencai Liu,
The First Affiliated Hospital of Nanchang
University, China
Mubashir Ayaz Ahmed,
AMITA Health St. Joseph Hospital,
United States

*CORRESPONDENCE

Peiguo Cao

xy3caopg@csu.edu.cn

†These authors have contributed
equally to this work and share
first authorship

SPECIALTY SECTION

This article was submitted to
Cancer Endocrinology,
a section of the journal
Frontiers in Endocrinology

RECEIVED 14 December 2022

ACCEPTED 18 January 2023

PUBLISHED 31 January 2023

CITATION

Zhan G, Peng H, Zhou L, Jin L, Xie X, He Y,
Wang X, Du Z and Cao P (2023) A web-
based nomogram model for predicting the
overall survival of hepatocellular carcinoma
patients with external beam radiation
therapy: A population study based on SEER
database and a Chinese cohort.
Front. Endocrinol. 14:1070396.
doi: 10.3389/fendo.2023.1070396

COPYRIGHT

© 2023 Zhan, Peng, Zhou, Jin, Xie, He,
Wang, Du and Cao. 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.

TYPE Original Research

PUBLISHED 31 January 2023

DOI 10.3389/fendo.2023.1070396
A web-based nomogram model
for predicting the overall survival
of hepatocellular carcinoma
patients with external beam
radiation therapy: A population
study based on SEER database
and a Chinese cohort

Gouling Zhan †, Honghua Peng †, Lehong Zhou, Long Jin,
Xueyi Xie, Yu He, Xuan Wang, Zhangyan Du and Peiguo Cao*

Department of Oncology, Third Xiangya Hospital, Central South University, Changsha, Hunan, China
Background: External beam radiation therapy (EBRT) for hepatocellular carcinoma

(HCC) is rarely used in clinical practice. This study aims to develop and validate a

prognostic nomogram model to predict overall survival (OS) in HCC patients

treated with EBRT.

Method: We extracted eligible data of HCC patients between 2004 and 2015 from

the Surveillance, Epidemiology, and End Results (SEER) database. Those patients

were randomly divided into a training cohort (n=1004) and an internal validation

cohort (n=429), and an external validation cohort composed of a Chinese cohort

(n=95). A nomogramwas established based on the independent prognostic variables

identified from univariate and multivariate Cox regression analyses. The effective

performance of the nomogram was evaluated using the concordance index (C-

index), receiver operating characteristic curve (ROC), and calibration curves. The

clinical practicability was evaluated using decision curve analysis (DCA).

Results: T stage, N stage, M stage, AFP, tumor size, surgery, and chemotherapy

were independent prognostic risk factors that were all included in the nomogram

to predict OS in HCC patients with EBRT. In the training cohort, internal validation

cohort, and external validation cohort, the C-index of the prediction model was

0.728 (95% confidence interval (CI): 0.716-0.740), 0.725 (95% CI:0.701-0.750), and

0.696 (95% CI:0.629-0.763), respectively. The 6-, 12-,18- and 24- month areas

under the curves (AUC) of ROC in the training cohort were 0.835、0.823、0.810,

and 0.801, respectively; and 0.821 、0.809 、0.813 and 0.804 in the internal

validation cohort, respectively; and 0.749、0.754、0.791 and 0.798 in the external

validation cohort, respectively. The calibration curves indicated that the predicted

value of the prediction model performed well. The DCA curves showed better

clinical practicability. In addition, based on the nomogram, we established a web-

based nomogram to predict the OS of these patients visually.
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Conclusion: Based on the SEER database and an independent external cohort

from China, we established and validated a nomogram to predict OS in HCC

patients treated with EBRT. In addition, for the first time, a web-based nomogram

model can help clinicians judge the prognoses of these patients and make better

clinical decisions.
KEYWORDS

hepatocellular carcinoma, external beam radiation therapy, overall survival, SEER
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Introduction

Primary liver cancer (PLC) is the 6th most common cancer

worldwide in 2020 and the 3rd leading cause of cancer-related

death worldwide; hepatocellular carcinoma (HCC) is the most

common type of PLC, which accounts for more than 80% of all

PLC (1, 2). For HCC, treatment of early patients includes surgical

resection, transplantation, radiofrequency ablation, etc. (3–5).

Although surgical resection and/or liver transplantation remain the

treatment of the first choice for HCC patients, most patients with

HCC do not develop symptoms until intermediate and advanced

stages, and only 20% of patients have a chance of surgical resection at

the time of diagnosis (6).

Like surgery, external beam radiation therapy (EBRT) is one of the

most common methods of treating tumors. HCC has moderate to high

radiosensitivity to radiation therapy, just inferior to normal organs or

tissues that are very sensitive to radiation, such as kidneys, bone marrow,

lymphoid tissue, etc. Before the 1990s, due to technical limitations, large-

volume liver irradiation often led to hepatotoxicity and even radiation-

induced liver disease (RILD), limiting the role of EBRT in HCC patients

(7). EBRT technology has undergone a series of advances in recent

decades, with the application of three-dimensional conformal

radiotherapy (3-DCRT), intensity-modulated radiation therapy

(IMRT), and stereotactic body radiotherapy (SBRT), the accuracy of

tumor lesion targeting was greatly improved while the radiation dose on

the surrounding normal tissues can be substantially reduced, this

significantly reduces the incidence of hepatotoxicity, so that EBRT may

be one of the promising treatments for HCC patients (8–10).

In recent years, nomogram has been widely used as a

prediction method in oncology, which is convenient for

clinicians to use for prognosis prediction and has played an

important role in promoting personalized medicine (11). As far

as we know so far, there are few studies that have developed

nomograms to predict prognosis in HCC patients with EBRT, and

these were small studies due to the small number of HCC patients

treated with EBRT (12–14). For the first time, based on the SEER

database and a Chinese cohort, we established and validated such a

nomogram to predict OS in HCC patients treated with EBRT. In

addition, to provide patients with better medical care, we also

established a web-based nomogram model that could help

clinicians make better clinical decisions by judging the prognosis

of these patients.
02
Methods

Data source and data extraction

Data for related patients (from 20-84 years old) diagnosed with

HCC between 2004 and 2015 were extracted from the SEER 18

registry database by SEER*Stat 8.4.0 software. The information

included as following: sex, age, race, T stage, N stage, M stage,

histological grade, tumor size, AFP, surgery information,

radiotherapy information, chemotherapy information, survival time

and vital status. Inclusion criteria included: (a) patients with HCC.

Exclusion criteria included: (a) no external beam radiation therapy;

(b) unknown TNM stage; (c) unknown tumor size. The flowchart for

selecting HCC patients is shown in Figure 1.

Data of patients diagnosed with HCC between 2014 and 2021

were collected from the Department of Oncology, Third Xiangya

Hospital, Central South University, Changsha, China. Inclusion

criteria included: (a) HCC patients with complete clinical and

pathological information; (b) Child-Pugh score liver function

classifications A and B; (c) no organ function defects; (d) patients

who signed the informed consent for radiotherapy and were able to

comply with the treatment plan, post-treatment visits, and laboratory

tests. Exclusion criteria included: (a) failure to adhere to the

completion of external beam radiation therapy; (b) those with

incomplete follow-up outcomes. Finally, 95 patients were included

in an external validation cohort and further analysis. The study has

been approved by the ethics committee of the Third Xiangya Hospital,

and Individual consent was waived as a retrospective analysis.
Statistical analysis

For the nomogram construction and validation, univariate and

multivariate Cox proportional hazards regression analyses were used

to identify independent prognostic factors (P<0.05) that significantly

affected OS in the training cohort. We applied the Kaplan-Meier

curves and log-rank test to compare patient survival between different

prognostic factor groups. Using these identified prognostic factors, we

constructed a nomogram for predicting 6-,12-,18- and 24- months OS

rates in HCC patients with EBRT. The effective performance,

predictive capacity, and discrimination of the nomogram were

evaluated using the concordance index (C-index), receiver
frontiersin.org
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operating characteristic curve (ROC), the area under the ROC curve

(AUC), and calibration curves. A decision analysis curve (DCA) is a

method for evaluating the practical value of a model based on

calculating the net benefit under different thresholds, and the

nomogram’s clinical utility was assessed using the DCA curve. All

statistical analyses were performed using SPSS (version 25.0) and R

software (version 4.2.1).
Results

Patient characteristics

A total of 66241 patients diagnosed with HCC from 2004 to 2015

were screened from the SEER database. After eliminating 64808

patients based on the exclusion criteria, a cohort of 1433 HCC

patients with EBRT were included for further analysis. These patients

were randomized 7:3 into a training cohort (n=1004) and an internal

validation cohort (n=429). A total of 95 HCC patients with EBRT from

the Department of Oncology, Third Xiangya Hospital, Central South
Frontiers in Endocrinology 03
University, Changsha, China, were included in an external validation

cohort. The median OS for the whole SEER dataset and the external

validation cohort was 10.0 and 14.1 months, respectively. The

cumulative 1- and 2- year OS rates for the entire SEER dataset were

46.0% and 26.0%, respectively. In comparison, the cumulative 1- and 2-

year OS rates for the external validation cohort were 64.2% and 25.3%,

respectively. The baseline clinical, pathological, and other features of

the training cohort, internal validation cohort, and external validation

cohort are summarized in Table 1.
Univariate and multivariate analyses

Univariate and multivariate Cox regression analyses were

performed on the training cohort to evaluate each prognostic factor

(Table 2), T stage, N stage, M stage, AFP, race, grade, tumor size,

surgery, and chemotherapy were significantly (P<0.05) identified in

univariate analysis in the training cohort. the further multivariate

regression analysis showed that T stage (P<0.001), N stage (P<0.01),

M stage (P<0.001), AFP (P<0.01), tumor size (P<0.01), surgery
FIGURE 1

The flowchart of patient inclusion among the SEER database.
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TABLE 1 The baseline clinical characteristics of the HCC in training cohort, internal validation cohort, and external validation cohort.

Variable Training cohort
(n=1004) (%)

Internal validation
cohort (n=429) (%)

External validation
cohort (n=95) (%)

Age (year)

≤60 550 (54.8) 244 (56.9) 58 (61.1)

>60 454 (45.2) 185 (43.1) 37 b (38.9)

Sex

Male 809 (80.6) 353 (82.3) 79 (83.2)

Female 195 (19.4) 76 (17.7) 16 (16.8)

Race

White 734 (73.1) 311 (72.5) NA

Black 136 (13.5) 65 (15.2) NA

Others 134 (13.4) 53 (12.3) 95 (100.0)

Grade

Well/Moderate 260 (25.9) 104 (24.2) 23 (24.0)

Poor/Undifferentiated 102 b (10.2) 39 (9.1) 8 (8.4)

Unknow 642 (63.9) 286 (66.7) 64 (67.6)

T stage

T1/T2 618 (61.6) 265 (61.8) 52 (54.7)

T3/T4 386 (38.4) 164 (38.2) 43 (45.3)

N stage

N0 870 (86.7) 374 (87.2) 81 (85.3)

N1 134 (13.3) 55 (12.8) 14 (14.7)

M stage

M0 551 (54.9) 243 (56.6) 55 (57.9)

M1 453 (45.1) 186 (43.4) 40 (42.1)

Surgery

No 896 (89.2) 369 (86.0) 82 (86.3)

Yes 108 (10.8) 60 (14.0) 13 (13.7)

Chemotherapy

No 496 (49.4) 224 (52.2) 81 (85.3)

Yes 508 (50.6) 205 (47.8) 14 (14.7)

AFP

Negative 152 (15.1) 56 (13.1) 48 (50.5)

Positive 422 (42.0) 168 (39.1) 44 (46.3)

Unknow 430 (42.9) 205 (47.8) 3 (3.2)

Size (cm)

≤5 483 (48.1) 217 (50.6) 38 (40.0)

5-10 362 (36.1) 142 (33.1) 36 (37.9)

>10 159 (15.8) 70 (16.3) 21 (22.1)
F
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TABLE 2 Univariate and multivariate analyses of the clinicopathological parameters using the SEER training cohort.

Variable Univariate Multivariate

HR 95%CI P value HR 95%CI P value

Age (year)

≤60 1

>60 0.99 0.87-1.13 0.908

Sex

Male 1

Female 0.93 0.79-1.1 0.383

Race

White 1 1

Black 1.26 1.04-1.52 0.019 1.14 0.94 - 1.38 0.1902

Others 1.04 0.86-1.27 0.688 0.91 0.75 - 1.11 0.3552

Grade

Well/Moderate 1 1

Poor/Undifferentiated 1.38 1.09-1.76 0.008 1.04 0.81 - 1.34 0.7673

Unknow 1.21 1.04-1.41 0.013 1.08 0.92 - 1.27 0.3217

T stage

T1/T2 1 1

T3/T4 1.99 1.74-2.28 P<0.0001 1.33 1.13 - 1.57 0.0008

N stage

N0 1 1

N1 2.03 1.68-2.45 P<0.0001 1.39 1.13 - 1.70 0.0016

M stage

M0 1 1

M1 2.94 2.57-3.37 P<0.0001 2.33 2.0 - 2.72 P<0.0001

Surgery

No 1 1

Yes 0.47 0.38-0.59 P<0.0001 0.57 0.45 - 0.71 P<0.0001

Chemotherapy

No 1 1

Yes 0.78 0.68-0.88 P<0.001 0.59 0.51 - 0.67 P<0.0001

AFP

Negative 1 1

Positive 1.61 1.31-1.97 P<0.0001 1.37 1.12 - 1.69 0.0026

Unknow 1.66 1.35-2.03 P<0.0001 1.39 1.13 - 1.70 0.0018

Size (cm)

≤5 1 1

5-10 1.79 1.55-2.07 P<0.0001 1.30 1.09 - 1.53 0.0026

>10 2.68 2.21-3.24 P<0.0001 1.55 1.24 - 1.93 0.0001
F
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(P<0.001), and chemotherapy (P<0.001) were independent

prognostic factors for OS (Figure 2), which were included in

the nomogram.
Development and validation of prognostic
nomogram for OS

A nomogram based on the selected prognostic factors from the

training cohort was developed for predicting 6-, 12-,18- and 24- months

OS in HCC patients undergoing EBRT (Figure 3). The nomogram

demonstrated that the M stage contributed the most to prognosis,

followed by surgery, chemotherapy, tumor size, N stage, AFP level, and

T stage. Each level of every variable was assigned a score on the points

scale; the total score was obtained by adding the scores for each selected

variable, and predictions corresponding to this total score helped estimate

6-, 12-,18- and 24-months OS for HCC patients with EBRT.

We compared the AUC of each cohort (Figure 4). For the SEER

training cohort, the AUC of predicting the 6-, 12-,18- and 24- months

OS were 0.835 、0.823、0.810 and 0.801, respectively. For the SEER
Frontiers in Endocrinology 06
internal validation cohort, the AUC for 6-, 12-,18- and 24- months

OS were 0.821 、0.809 、0.813 and 0.804, respectively. For the

external validation cohort, the AUC for 6-, 12-,18- and 24- months

OS were 0.749 、0.754 、0.791 and 0.798 respectively. The C-index

of the training cohort, internal validation cohort, and external

validation cohort were 0.728 (95% confidence interval (CI): 0.716-

0.740), 0.725 (95 CI%:0.701-0.750), and 0.696 (95 CI%:0.629-0.763),

respectively; indicating a satisfactory discriminatory ability.

Furthermore, calibration curves of each cohort were created for 6-,

12-,18- and 24-months OS and showed good consistency between

nomogram prediction and actual observation (Figure 5).Finally, the

DCA curves of the three cohorts show that this nomogram has good

clinical utility (Figure 6). So our nomogram exhibited excellent

predictive ability for HCC patients with EBRT.
A web-based nomogram

As seen in Figure 7, we designed a web-based nomogram for

predicting overall survival in those patients, allowing clinicians and
A B

D E F

G

C

FIGURE 2

The Kaplan-Meier survival analysis curves for OS rates according to various independent risk factors: T stage (A), N stage (B), M stage (C), AFP
(D), tumor size (E), surgery (F), and chemotherapy (G).
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HCC patients to select clinical variables to visualize and personalize

the prediction of survival probability after receiving EBRT. For

example, we included an inoperable HCC patient with a tumor size

of 140mm, a positive serum AFP value, and an AJCC stage of
Frontiers in Endocrinology 07
T3N0M0. After undergoing EBRT and chemotherapy, the estimated

probability of survival for this patient at 6-, 12-, 18-, and 24- months

was 68.0% (61.0-74.0%), 47.0% (39.0-56.0%), 33.0% (25.6-43.0%) and

24.6% (17.7-34.0%), respectively.
A B C

FIGURE 4

The ROC curves of the nomogram to predict 6-, 12-,18- and 24- months OS using the training cohort (A), the internal validation cohort (B), and the
external cohort (C), respectively.
FIGURE 3

The nomogram predicts the 6-,12-,18-, and 24- month OS rates in HCC patients with EBRT. Give each factor a point based on the nomogram, the total
points were obtained by adding the given points of all factors, the estimated 6-,12-,18-, and 24-months probabilities of OS of the individual patient can
be easily obtained from the nomogram based on the total points.
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(https : //zhangouling.shinyapps. io/HCC-with-EBRT-

DynNomapp/ )
Discussion

Global HCC incidence and mortality continue to rise (15). Due to the

insidious onset and rapid progress ofHCC,most of them are already advanced

at the time of diagnosis; therefore, early local treatment methods such as liver

resection, transplantation, and radiofrequency ablation have limited benefits

(3–6, 16). With the continuous improvement of EBRT technology, its role has

gradually changed from simple palliative treatment to multidisciplinary

comprehensive treatment or even radical treatment (8–10, 17–21).

There is currently few complete and valid nomogram model to

predict the prognosis of HCC patients treated with EBRT (12–14). Based

on the sample data obtained from the SEER database, through univariate

and multivariate analysis, a total of seven independent risk factors

associated with prognosis were included: T stage, N stage, M stage,

AFP status, tumor size, surgery, and chemotherapy; an intuitive

prognostic prediction model was constructed, internal and external

validation cohorts verified its accuracy. In addition, we designed a

web-based nomogram to predict overall survival in those patients,

which is expected to provide more evidence for individualized treatment.
Frontiers in Endocrinology 08
It is well known that AJCC (TNM) staging is an important factor

affecting the OS of HCC patients and has significant guiding value for

its treatment (22). T stage has always been regarded as an important

prognostic factor affecting HCC; it has been widely used in traditional

HCC staging systems to provide treatment guidance, such as Okuda

and BCLC stage (22–24). An Austrian study confirms that tumor cells

in lymph nodes can spread into the vascular circulation and

metastasize to distant organs (25); meanwhile, the National

Comprehensive Cancer Network (NCCN) guidelines and the AJCC

(TNM) staging system consider regional lymph node metastases as

advanced HCC (26). The 5-year survival rate of patients with early-

stage HCC after liver resection exceeds 70%, but once distant

metastasis occurs, the median survival time is only 1-1.5 years even

after multidisciplinary diagnosis and treatment (27, 28). Similar to

previous studies, the T stage, N stage, and M stage in this study were

all poor prognostic factors; it can be seen from the nomogram that the

occurrence of distant metastasis is the most important factor

affecting prognosis.

The serum AFP levels have been the most common laboratory

value of HCC for decades. Liu et al. demonstrated that AFP levels are

closely related to the degree of differentiation and vascular invasion of

HCC (29, 30). In this study, HCC patients with negative AFP levels

had lower scores and better prognoses, whereas HCC patients with
A B C

FIGURE 6

The DCA curves of the nomogram; the DCA curve of 6-, 12-,18- and 24- months OS for the training cohort (A), internal validation cohort (B), external
validation cohort (C).
A B C

FIGURE 5

The calibration curves of the nomograms using three cohorts show how survival predictions from the model compare to the actual observed survival;
the calibration curve of 6-, 12-,18- and 24- months OS for the training cohort (A), internal validation cohort (B), external validation cohort (C).
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unknown AFP levels had higher scores and poorer prognoses,

probably because this part mainly consisted of patients with

positive AFP levels. Tumor size is closely related to the prognosis of

HCC, and many guidelines regard tumor size as an important

reference for HCC staging and treatment (31). A multicenter study

of surgical resection HCC demonstrated that tumors larger than 5cm

had a worse prognosis than patients less than or equal to 5cm (32, 33).

It is not difficult to see from the nomogram that as the tumor size

increases, the higher the score and the worse the prognosis.

Surgery and chemotherapy were independent protective factors in this

study. Surgical resection remains the preferred treatment for HCC;

however, most HCC patients are asymptomatic in the early stage and

are diagnosed in the advanced stage without the opportunity for surgery

(6). Our current guidelines do not recommend surgery for advanced HCC

(34). However, a retrospective study by Mao et al. showed that even with

distant metastases, patients who underwent surgery when disease

permitted had better outcomes than those who did not (35). Studies
Frontiers in Endocrinology 09
have shown that the combination of surgery and chemotherapy is

beneficial for HCC patients (36, 37). Meanwhile, systemic chemotherapy

with gemcitabine, doxorubicin or combined regimens also improved HCC

patients survival (38). Similar to previous studies, less than 15% of patients

in this study were operable. Still, it played a crucial role in the prognosis of

HCC patients who received external beam radiation therapy. Likewise, the

scores on the nomogram showed that patients who received chemotherapy

had a better prognosis than those who did not.

The differences in the prognosis of HCC treated with EBRT among

different ethnic groups may be related to the complex socioeconomic factors

among ethnic groups and the differences in medical level in residential areas

(39). A less differentiated tumor usually indicates a higher degree of

malignancy, greater invasiveness, and a worse prognosis (40). There were

differences in race and degree of differentiation in univariate analysis in this

study, but no difference in multivariate analysis, which may be related to the

small number of cases and the unknown degree of differentiation of most

HCC patients, which needs further verification.
A

B

C

FIGURE 7

A web-based nomogram for predicting overall survival after EBRT with HCC patients. (A) The curve of estimated survival probability for those patients
over time. (B) The 95% CI of the 6-, 12-, 18-, and 24- month survival probabilities for those patients. (C) The numerical summary of the 6-, 12-, 18-,
and 24- month survival probabilities for those patients.
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This study provides sufficient samples and clinical data based on the

SEER database; a prognostic prediction nomogramwas built and internal

validation using eligible patients from the SEER database. Meanwhile, the

external validation cohort from China was used for external verification,

so the results have high reliability. The overall baseline characteristics of

patients in the SEER database and Chinese patients were compared, all

the Chinese patients were of the yellow race and the years of diagnosis

were after 2014, and there were some differences in the treatment

methods. However, The C-index, AUC values, calibration curves of the

three cohorts all showed satisfactory results. The DCA curves suggested

that the nomogram has good clinical utility. In addition, for the first time,

we established a web-based, user-friendly nomogram model that

clinicians and patients accessible from any electronic device.

Although the nomogram has good clinical utility, the present study

had several limitations. First, data regarding several potential crucial

prognosis-related serum markers such as HBsAg, AST, and CEA were

unavailable in the SEER database; these will be themain part of our future

research. Second, given the international and retrospective nature of the

study, we cannot rule out that some clinicopathological characteristics

might not have been evaluated uniformly in different institutions. In

addition, there might be some selection bias in diagnosis, therapeutic

strategies, and follow-up of patients across the institutions; variations in

follow-up HCC patient condition changes and treatment plans might

result in discrepancies in EBRT outcomes. Finally, compared with the

American population-based cohort, the sample size of the external

validation cohort from China was small; the validity of our nomogram

in Eastern countries needs to be further evaluated.
Conclusion

In conclusion, for the first time, we developed and validated a

nomogram to predict overall survival in HCC patients with EBRT; both

internal and external validation demonstrated remarkable calibration and

discrimination of our nomogram. In addition, our established a web-based

nomogram model can help clinicians judge prognosis, make better clinical

decisions, and improve individualized survival probability.
Data availability statement

The original contributions presented in the study are included in

the article/Supplementary Material. Further inquiries can be directed

to the corresponding author.
Ethics statement

The studies involving human participants were reviewed and

approved by the ethics committee at Third Xiangya Hospital, Central
Frontiers in Endocrinology 10
South University, Changsha, China. Written informed consent from

the patients/participants was not required to participate in this study

in accordance wi th the na t iona l l eg i s l a t ion and the

institutional requirements.
Author contributions

PC designed the research. GZ and HP performed the research and

analyzed results. GZ and LZ edited the manuscript. XX provided critical

comments and revised the manuscript. YH, XW and ZD collected and

organized data. LJ wrote the revised manuscript. All authors

contributed to the article and approved the submitted version.
Funding

This study was funded by the National Natural Science Foundation

of China (81872473) and Hubei Chen Xiaoping Science and

Technology Development Foundation (CXPJJH12000001-2020216).
Acknowledgments

The authors acknowledge the efforts of the SEER program tumor

registries in the creation of the SEER database.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1070396/

full#supplementary-material
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2021) 71 (3):209–49. doi: 10.3322/
caac.21660
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1070396/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1070396/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3389/fendo.2023.1070396
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhan et al. 10.3389/fendo.2023.1070396
2. Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet. (2014) 383 (9935):2168–79.
doi: 10.1016/S0140-6736 (13)61903-0

3. Lencioni R, Crocetti L. Local-regional treatment of hepatocellular carcinoma.
Radiology. (2012) 262 (1):43–58. doi: 10.1148/radiol.11110144

4. Wedd JP, Nordstrom E, Nydam T, Durham J, Zimmerman M, Johnson T, et al.
Hepatocellular carcinoma in patients listed for liver transplantation: Current and future
allocation policy and management strategies for the individual patient. Liver Transpl.
(2015) 21 (12):1543–52. doi: 10.1002/lt.24356

5. Anwanwan D, Singh SK, Singh S, Saikam V, Singh R. Challenges in liver cancer and
possible treatment approaches. Biochim Biophys Acta Rev Cancer. (2020) 1873 (1):188314.
doi: 10.1016/j.bbcan.2019.188314

6. WuMC. [Progress in diagnosis and treatment of primary liver cancer]. Zhongguo Yi
Xue Ke Xue Yuan Xue Bao. (2008) 30 (4):363–5.

7. Emami B, Lyman J, Brown A, Coia L, Goitein M, Munzenrider JE, et al. Tolerance of
normal tissue to therapeutic irradiation. Int J Radiat Oncol Biol Phys (1991) 21 (1):109–22.
doi: 10.1016/0360-3016 (91)90171-y

8. Park SH, Kim JC, Kang MK. Technical advances in external radiotherapy for
hepatocellular carcinoma. World J Gastroenterol (2016) 22 (32):7311–21. doi: 10.3748/
wjg.v22.i32.7311

9. Kalogeridi MA, Zygogianni A, Kyrgias G, Kouvaris J, Chatziioannou S, Kelekis N,
et al. Role of radiotherapy in the management of hepatocellular carcinoma: A systematic
review. World J Hepatol (2015) 7 (1):101–12. doi: 10.4254/wjh.v7.i1.101

10. Ursino S, Greco C, Cartei F, Colosimo C, Stefanelli A, Cacopardo B, et al.
Radiotherapy and hepatocellular carcinoma: update and review of the literature. Eur
Rev Med Pharmacol Sci (2012) 16 (11):1599–604.

11. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology:
more than meets the eye. Lancet Oncol (2015) 16 (4):e173–80. doi: 10.1016/S1470-2045
(14)71116-7

12. Li X, Ye Z, Lin S, Pang H. Predictive factors for survival following stereotactic body
radiotherapy for hepatocellular carcinoma with portal vein tumour thrombosis and
construction of a nomogram. BMC Cancer. (2021) 21 (1):701. doi: 10.1186/s12885-021-
08469-1

13. Huang WY, Tsai CL, Que JY, Lo CH, Lin YJ, Dai YH, et al. Development and
validation of a nomogram for patients with nonmetastatic BCLC stage c hepatocellular
carcinoma after stereotactic body radiotherapy. Liver Cancer. (2020) 9 (3):326–37.
doi: 10.1159/000505693

14. Hua Q, Zhang D, Li Y, Hu Y, Liu P, Xiao G, et al. Prognostic factors of survival of
advanced liver cancer patients treated with palliative radiotherapy: A retrospective study.
Front Oncol (2021) 11:658152. doi: 10.3389/fonc.2021.658152

15. Orcutt ST, Anaya DA. Liver resection and surgical strategies for management of
primary liver cancer. Cancer Control. (2018) 25 (1):1073274817744621. doi: 10.1177/
1073274817744621

16. Kang TW, Lim HK, Lee MW, Kim YS, Rhim H, Lee WJ, et al. Aggressive
intrasegmental recurrence of hepatocellular carcinoma after radiofrequency ablation:
Risk factors and clinical significance. Radiology. (2015) 276 (1):274–85. doi: 10.1148/
radiol.15141215

17. Meng M, Wang H, Zeng X, Zhao L, Yuan Z, Wang P, et al. Stereotactic body
radiation therapy: A novel treatment modality for inoperable hepatocellular carcinoma.
Drug Discovery Ther (2015) 9 (5):372–9. doi: 10.5582/ddt.2015.01056

18. Dobrzycka M, Spychalski P, Rostkowska O, Wilczyński M, Kobiela P, Grat̨ M, et al.
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