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Background: In inoperable hepatocellular carcinoma (HCC), chemotherapy is a common treatment 
strategy. However, there is a lack of reliable methods to predict the prognosis of patients with inoperable 
HCC after chemotherapy. Therefore, the aim of this study was to identify the clinical characteristics of 
patients with inoperable HCC and to establish and validate nomogram models for predicting the survival 
outcomes in this patient group following chemotherapy.
Methods: The data of patients diagnosed with HCC from the Surveillance, Epidemiology, and End Results 
(SEER) database were retrospectively collected. Logistic regression analyses were used to identify potential 
factors for inoperability in patients with HCC. Kaplan-Meier analyses were applied to evaluate the impact of 
chemotherapy on prognosis. Additionally, Cox regression analyses were performed to identify the potential 
risk factors associated with overall survival (OS) and cancer-specific survival (CSS) in patients with inoperable 
HCC treated with chemotherapy. Finally, we constructed prognostic nomograms for predicting the 1- and 
3-year survival probabilities.
Results: A total of 3,519 operable patients with HCC and 4,656 patients with inoperable HCC were 
ultimately included in this study. Logistic regression analyses revealed a significant association between 
patient age, gender, race, tumor, node, metastasis (TNM) stage, tumor size, pretreatment alpha fetoprotein 
(AFP) levels, and marital status with inoperability. Moreover, Kaplan-Meier analyses revealed a significant 
improvement in both OS and CSS with the administration of chemotherapy. Moreover, 1,456 patients with 
inoperable HCC were enrolled in the training group and 631 patients with inoperable HCC were enrolled 
in the validation group to develop and validate the prognostic models. Cox regression models indicated that 
TNM stage, tumor size, and pretreatment AFP were independent risk factors for predicting OS and CSS in 
patients with inoperable HCC receiving chemotherapy. These factors were subsequently integrated into the 
predictive nomograms.
Conclusions: We preliminarily developed survival models with strong predictive capabilities for estimating 
survival probabilities in patients with HCC following chemotherapy. These models hold potential for clinical 
application and warrant further exploration through additional studies.
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Introduction

Liver cancer is a prevalent malignancy of the digestive 
system. As of 2020, it was the seventh most common cancer 
globally, with 905,677 newly diagnosed cases and 830,180 
attributable deaths (1). Hepatocellular carcinoma (HCC) 
is the most prevalent histological type of liver cancer, 
accounting for approximately 75–85% of liver cancers (2). 
Various methods, including surgery, radiation therapy, and 
interventional treatments, can effectively address early-stage 
liver cancer. These approaches exhibit promising 5-year 
survival rates of up to 75% (3). Notably, between 14.0% 
and 36.7% of patients with liver cancer have metastatic 
disease at the time of initial diagnosis (4,5). In advanced 
cases, primary treatment options encompass chemotherapy, 
targeted therapy, radiation therapy, immunotherapy, and 
even palliative surgery. The prognosis for advanced HCC 

is particularly unfavorable, with a 3-year survival rate for 
palliative treatment typically ranging from 10% to 40% (6). 
This highlights the challenges and difficulties in treating 
advanced-stage liver cancer, and the outcomes can vary 
based on factors such as the extent of the disease, health 
condition, and the effectiveness of the chosen treatment 
modalities.

Previous studies have indicated that fewer than 20% 
of all patients with liver cancer are eligible for surgical 
intervention (7,8). Traditionally, sorafenib has been the 
primary treatment strategy for advanced and unresectable 
HCC (9). Recently, an array of alternative treatment options 
has emerged, including local ablation techniques such as 
radiofrequency ablation, percutaneous ethanol injection, 
cryoablation, radiotherapy/stereotactic body radiation 
therapy (SBRT), and microwave ablation (10-12). Moreover, 
strategies for the transformation to resection of unresectable 
HCC have also aroused considerable interest (13). In addition 
to this, interventional therapies have become significant in 
the management of intermediate and advanced liver cancer, 
with transarterial chemoembolization (TACE) emerging as a 
key approach. TACE has notably improved the prognosis of 
patients with inoperable late-stage HCC (14). Cytoreductive 
surgery remains a viable option, especially for carefully 
selected patients characterized by low surgical risk and robust 
liver function (15). In recent years, several combination 
approaches have been explored. Many combination 
approaches have been explored regarding TACE, including 
the pairing of TACE with radiation therapy (16,17), TACE 
plus Antiangiogenic Agents (sorafenib and so on), and 
TACE plus immune checkpoint inhibitors (ICIs) (18).  
In addition, immunotherapy combinations are playing an 
increasingly important role. ICIs with other ICIs or other 
drug classes including camrelizumab with rivoceranib (19),  
and atezolizumab with bevacizumab (20,21), had better 
outcomes than monotherapy such as ICIs alone or 
chemotherapy alone (22). Moreover, one study (23) suggests 
that albumin levels may be a prognostic biomarker for 
patients with advanced cancer receiving ICIs, with patients 
with lower albumin levels having a significantly higher risk 
of death than those with higher albumin levels.

These innovative approaches hold promise for improving 
treatment outcomes in cases of inoperable HCC.

Highlight box

Key findings
•	 We developed and validated nomogram models for predicting the 

overall survival (OS) and cancer-specific survival (CSS) of patients 
with inoperable hepatocellular carcinoma (HCC) following 
chemotherapy, which could accurately predict patient survival.

What is known and what is new?
•	 Surgical treatment is a potentially curative therapeutic strategy for 

patients with HCC. However, fewer than 20% of patients with 
HCC are eligible for potentially curative surgical resection or liver 
transplantation therapy due to a variety of factors. Chemotherapy is 
critical to improving the prognosis of those with inoperable HCC.

•	 In our study, Kaplan-Meier analyses revealed a significant 
improvement in both OS and CSS with the administration of 
chemotherapy. Additionally, Cox regression models revealed 
that tumor, node, metastasis (TNM) stage, tumor size, and 
pretreatment alpha fetoprotein were independent risk factors for 
predicting OS and CSS in patients with inoperable HCC receiving 
chemotherapy.

What is the implication, and what should change now?
•	 We identified a noteworthy association of several factors with 

HCC inoperability and developed survival models with a strong 
predictive ability to estimate survival probability in patients with 
HCC following chemotherapy. These models can potentially be 
applied in clinic and should be further explored through additional 
studies.
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Chemotherapy is critical to the nonsurgical management 
of liver cancer. In China, the FOLFOX4, a chemotherapy 
regimen that includes three medications: 5-fluorouracil (5-FU), 
leucovorin (folinic acid) and oxaliplatin, has received approval 
for use as a first-line treatment in cases of locally advanced and 
metastatic liver cancer deemed unsuitable for surgical resection 
or local treatment (24,25). Shim et al. (26) investigated the 
long-term follow-up outcomes of 178 patients diagnosed 
with HCC who had undergone combined treatment with 
capecitabine and cisplatin. The findings revealed an overall 
response rate of 19.7%, with successful control of tumor 
growth observed in 45.0% of the patients. They further 
discovered that the combination therapy of capecitabine and 
cisplatin demonstrated efficacy in patients with HCC with 
single nodules or no residual tumors in the liver. In addition, 
Lee et al. (27) reported that the combination chemotherapy 
of capecitabine and cisplatin had a mild antitumor effect in 
patients with HCC who had undergone first-line treatment 
for metastasis, with the associated adverse reactions being 
tolerable. Furthermore, a substantial phase III clinical study 
conducted by Qin et al. (24) convincingly demonstrated the 
survival benefits associated with systemic chemotherapy for 
patients with advanced liver cancer. Despite these findings, 
the constraints of traditional systemic chemotherapy have 
prompted the emergence of novel approaches for treating 
patients with inoperable HCC, with hepatic arterial 
infusion chemotherapy (HAIC) being prominent among 
these options. Related research (28,29) also suggest that 
HAIC holds promise as a treatment strategy for managing 
advanced HCC.

However, few large-scale studies focusing on the survival 
outcomes of patients with unresectable HCC following 
chemotherapy have been conducted. Therefore, this study 
aimed to identify the clinical characteristics of patients 
with inoperable HCC by analyzing the Surveillance, 
Epidemiology, and End Results (SEER) database and to 
develop and validate predictive models for overall survival 
(OS) and cancer-specific survival (CSS) in patients with 
inoperable HCC undergoing chemotherapy. We present 
this article in accordance with the TRIPOD reporting 
checklist (30) (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-24-298/rc).

Methods

Study design and data source

SEER database, the world’s largest cancer database, covers 

approximately one-third of the population of the United 
States. The database offers comprehensive records of basic 
patient information, treatment strategies, and long-term 
follow-up data for patients with cancer. This study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

This study retrospectively collected data from the SEER 
database on patients diagnosed with HCC between 2010 
and 2015 with a positive histology. The inclusion criteria 
were as follows: (I) diagnosis of HCC with a positive 
history; (II) the year of diagnosis between 2010 and 2015; 
and (III) complete survival data. Meanwhile, the exclusion 
criteria were as follows: (I) age <18 or >85 years; (II) 
presence of two or more malignancies; and (III) unknown 
or missing data in crucial variables such as tumor, node, 
metastasis (TNM) stage, pretreatment alpha fetoprotein 
(AFP) levels, race, marital status, cause of death, tumor size, 
and administration of chemotherapy.

The selection flowchart of this study is shown in Figure 1.  
Prior to extracting patient information, we obtained 
permission from the SEER program by signing the data-use 
agreement online.

Clinical characteristics

We extracted comprehensive data on the basic characteristics, 
pathological results, and long-term survival outcomes of 
all patients. Variables included age, sex, year of diagnosis, 
race, TNM stage, the administration of chemotherapy/
surgery/radiotherapy, pretreatment AFP, tumor size, 
cause of death, survival months, marital status, vital status, 
and other relevant factors. Age was divided into groups 
of [18–60] and (60−85] years. Furthermore, tumor size 
was grouped into groups of (0–5], (5–10], and >10 cm.  
Lastly, marital status was classified as married and other 
(including separated, divorced, widowed, single, unmarried, 
or domestic partner).

Risk factors for inoperability in patients with HCC

According to the recommendation (code ‘Reason no 
cancer directed surgery’ in SEER) and administration of 
surgery, patients with HCC were divided into operable and 
inoperable groups. We compared the baseline variables, 
pathological outcomes, and treatment strategies of patients 
between the operable and inoperable groups. Subsequently, 
uni- and multivariate logistic regression analyses were used 
to identify the risk factors for inoperable HCC.

https://jgo.amegroups.com/article/view/10.21037/jgo-24-298/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-24-298/rc
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Patients diagnosed with liver cancer with 
positive histology in the SEER database from 

2010 to 2015 (n=21,411)

Excluded:
•	 Pathological type was not hepatocellular 

carcinoma, n=2,027

n=19,384

Excluded:
•	 With two or more malignancies, n=4,154

n=15,230

Excluded:
•	 Age <18 or >85 years old, n=452
•	 Unknown T stage, n=2,111
•	 Unknown N stage, n=715
•	 Unknown pretreatment AFP, n=2,510
•	 Unknown race, n=30
•	 Unknown marital status, n=382
•	 Unknown cause of death, n=147
•	 Unknown tumor size, n=554

n=8,329

Excluded:
•	 With incomplete data of survival, n=148

n=8,181

Operable HCC 
n=3,519

Inoperable HCC 
n=4,656

Unknown surgery 
recommendation

n=6

n=3,964

Excluded:
•	 With radiotherapy, n=692Part A:

Risk factors related to 
inoperable surgery

Without chemotherapy 
n=1,887

With chemotherapy 
n=2,077

n=1,579 n=1,579

1:1 PSM

Part B:
Prognostic role of chemotherapy in 

inoperable HCC patients

Validation group 
n=621

Training group
n=1,456

Part C:
Prognostic factors of inoperable HCC 
patients treated with chemotherapy

3:7 randomization

Figure 1 Flow diagram of the selection process. SEER, Surveillance, Epidemiology, and End Results; AFP, alpha fetoprotein; PSM, 
propensity score matching; HCC, hepatocellular carcinoma.

The prognostic role of chemotherapy in patients with 
inoperable HCC

All patients received adjuvant chemotherapy instead of 
neoadjuvant chemotherapy. Additionally, patients with the 

disease relapsed after surgery and chemotherapy were not 

included in this research. According to the administration 

of chemotherapy, patients with inoperable HCC were then 

categorized into two groups: with chemotherapy and without 
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chemotherapy. We compared the baseline characteristics of the 
two groups and performed propensity score matching (PSM) 
analysis at a ratio of 1:1 using the nearest-neighbor matching 
method to balance the baseline data of the two groups of 
patients for further survival analyses. Subsequently, Kaplan-
Meier (KM) analyses were constructed to identify the 
prognostic role of chemotherapy in patients with inoperable 
HCC and to create different subgroups.

Construction and validation of prognostic nomograms

Patients with inoperable HCC were randomly divided 
into a training group and a validation group at a ratio 
of 7:3 using a random count table method. Uni- and 
multivariate Cox regression analyses were used to identify 
the potential risk factors for OS and CSS in patients with 
inoperable HCC treated with chemotherapy. Subsequently, 
survival nomograms based on Cox regression analyses 
were constructed to predict the 1- and 3-year OS and 
CSS probability of patients with inoperable HCC treated 
with chemotherapy. The concordance index (C-index) 
and receiver operating characteristic (ROC) curves were 
employed to assess the discrimination of the nomograms 
in both the training and validation groups. Finally, the 
consistency between the expected and observed survivals 
was determined via calibration curves.

Statistical analysis

All statistical analyses were conducted using SPSS 23.0 (IBM 
Corp., Armonk, NY, USA) and R version 3.4.1 (The R 
Foundation for Statistical Computing). Categorical variables 
are presented as numbers and percentages and were compared 
with the chi-square test. Continuous variables that did not 
adhere to a normal distribution are reported as the median 
with interquartile range (IQR) and were compared using the 
Mann-Whitney test. PSM analysis was used to balance the 
baseline differences between the different groups. Moreover, 
KM analysis was used to determine the survival benefits of 
chemotherapy in patients with inoperable HCC, while Cox 
and logistic regression analyses were used to identify the risk 
factors influencing prognosis or the likelihood of inoperability.

Results

Risk factors for inoperability in patients with HCC

A total of 3,519 patients with operable HCC and 4,656 

patients with inoperable HCC were ultimately included in 
this study. As shown in Table 1, compared to the operable 
group, the inoperable group had an older age at diagnosis, 
a higher proportion of male patients and White patients, a 
later tumor stage, a larger tumor size, a higher proportion 
of positive pretreatment AFP, a lower proportion of married 
patients, and a higher proportion of patients receiving 
chemotherapy and radiation therapy.

Uni- and multivariate logistic regression analyses 
indicated several factors to be independently associated with 
unresectability of HCC, including higher age at diagnosis 
[odds ratio (OR) =1.366, 95% confidence interval (CI): 
1.232–1.514; P<0.001], advanced T stage (T3 vs. T1: OR 
=3.040, 95% CI: 2.618–3.530, P<0.001; T4 vs. T1: OR 
=1.602, 95% CI: 1.204–2.131, P=0.001), advanced N stage 
(OR =3.858; 95% CI: 2.882–5.165; P<0.001), advanced 
M stage (OR =6.190; 95% CI: 4.898–7.824; P<0.001), 
larger tumor size {(5–10] vs. (0–5] cm: OR =1.925, 95% CI: 
1.699–2.195, P<0.001; >10 vs. (0–5] cm: OR =2.149, 95% CI: 
1.826–2.530, P<0.001}, positive pretreatment AFP levels (OR 
=1.434, 95% CI: 1.287–1.597, P<0.001), and never-married 
status (OR =1.414; 95% CI: 1.242–1.611; P<0.001) or single/
divorced/widowed (SDW) status (OR =1.444; 95% CI: 
1.273–1.683; P<0.001). On the other hand, female gender 
(OR =0.800; 95% CI: 0.709–0.90; P<0.001) and American 
Indian/Alaska Native and Asian/Pacific Islander race (OR 
=0.584; 95% CI: 0.513–0.665; P<0.001) were identified as 
protective factors against HCC unresectability (Table 2).

The prognostic role of chemotherapy in patients with 
inoperable HCC

In patients with inoperable HCC, the chemotherapy group, 
when compared with the no-chemotherapy group, had a 
lower M stage (M0: 81.70% vs. 77.16%; P<0.001) and a 
higher proportion of married patients (55.71% vs. 43.83%; 
P<0.001). Moreover, significant differences were observed 
in the distribution of some baseline characteristics between 
the two groups, including race, summary stage, T stage, 
American Joint Committee on Cancer (AJCC) stage, and 
tumor size (Table 3).

To assess the impact of chemotherapy on the prognosis 
of patients with inoperable HCC, PSM analysis was 
performed to mitigate potential baseline differences 
that could affect prognosis. As presented in Table S1, 
no statistically significant differences were observed in 
the baseline characteristics after PSM, confirming their 
comparability.

https://cdn.amegroups.cn/static/public/JGO-24-298-Supplementary.pdf
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Table 1 Basic characteristics of patients with operable and 
inoperable HCC

Variable
Operable 
(N=3,519)

Inoperable 
(N=4,656)

P value

Age (years) <0.001

[18–60] 1,602 (45.52) 1,862 (39.99)

(60−85] 1,917 (54.48) 2,794 (60.01)

Sex <0.001

Male 2,648 (75.25) 3,727 (80.05)

Female 871 (24.75) 929 (19.95)

Year of diagnosis 0.35

2010 569 (16.17) 687 (14.76)

2011 558 (15.86) 736 (15.81)

2012 548 (15.57) 732 (15.72)

2013 570 (16.20) 795 (17.07)

2014 597 (16.97) 843 (18.11)

2015 677 (19.24) 863 (18.54)

Race <0.001

White 2,283 (64.88) 3,250 (69.80)

Black 404 (11.48) 673 (14.45)

Other 832 (23.64) 733 (15.74)

Summary stage <0.001

Localized 2,734 (77.69) 1,896 (40.72)

Regional 681 (19.35) 1,673 (35.93)

Distant 104 (2.96) 1,087 (23.35)

T stage <0.001

T1 1,999 (56.81) 1,634 (35.09)

T2 1,047 (29.75) 894 (19.20)

T3 387 (11.00) 1,868 (40.12)

T4 86 (2.44) 260 (5.58)

N stage <0.001

N0 3,461 (98.35) 3,999 (85.89)

N1 58 (1.65) 657 (14.11)

M stage <0.001

M0 3,431 (97.50) 3,617 (77.68)

M1 88 (2.50) 1,039 (22.32)

Table 1 (continued)

Table 1 (continued)

Variable
Operable 
(N=3,519)

Inoperable 
(N=4,656)

P value

AJCC group <0.001

I 1,966 (55.87) 1,328 (28.52)

II 1,019 (28.96) 689 (14.80)

III 407 (11.57) 1,292 (27.75)

IV 127 (3.61) 1,347 (28.93)

Tumor size (cm) <0.001

(0–5] 2,482 (70.53) 1,796 (38.57)

(5–10] 691 (19.64) 1,787 (38.38)

>10 346 (9.83) 1,073 (23.05)

Pretreatment AFP <0.001

Negative 1,322 (37.57) 1,151 (24.72)

Positive 2,197 (62.43) 3,505 (75.28)

Marital status <0.001

Married 2,131 (60.56) 2,400 (51.55)

Never married 675 (19.18) 1,129 (24.25)

SDW 713 (20.26) 1,127 (24.21)

Chemotherapy <0.001

No 2,380 (67.63) 2,189 (47.01)

Yes 1,139 (32.37) 2,467 (52.99)

Radiotherapy <0.001

No 3,366 (95.65) 3,964 (85.14)

Yes 153 (4.35) 692 (14.86)

Data are shown as n (%). HCC, hepatocellular carcinoma; AJCC, 
American Joint Committee on Cancer; AFP, alpha fetoprotein; 
SDW, separated, divorced, widowed.

As shown in Figure  2,  KM analyses  revealed a 
significant improvement in OS and CSS among patients 
with inoperable HCC who received chemotherapy both 
before and after PSM. Additionally, survival benefits from 
chemotherapy for patients with inoperable HCC were 
observed across various subgroups (Figure 3).

Construction and validation of prognostic nomograms

For nomogram construction, 1,456 patients were enrolled 
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Table 2 Uni- and multivariate logistic regression analyses for identifying risk factors of inoperability in patients with HCC

Variable
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age, years <0.001 <0.001

[18–60] Reference Reference

(60–85] 1.254 (1.148−1.370) <0.001 1.366 (1.232−1.514) <0.001

Sex <0.001 <0.001

Male Reference Reference

Female 0.758 (0.682−0.842) <0.001 0.800 (0.709−0.902) <0.001

Race <0.001 <0.001

White Reference Reference

Black 1.170 (1.023−1.339) 0.02 0.998 (0.856−1.163) 0.98

Other 0.619 (0.553−0.693) <0.001 0.584 (0.513−0.665) <0.001

T stage <0.001 <0.001

T1 Reference Reference

T2 1.045 (0.935−1.167) 0.44 1.097 (0.972−1.239) 0.14

T3 5.905 (5.198−6.708) <0.001 3.040 (2.618−3.530) <0.001

T4 3.699 (2.874−4.761) <0.001 1.602 (1.204−2.131) 0.001

N stage <0.001 <0.001

N0 Reference Reference

N1 9.804 (7.467−12.872) <0.001 3.858 (2.882−5.165) <0.001

M stage <0.001 <0.001

M0 Reference Reference

M1 11.200 (8.965−13.991) <0.001 6.190 (4.898−7.824) <0.001

Tumor size (cm) <0.001 <0.001

(0−5] Reference Reference

(5−10] 3.574 (3.212−3.977) <0.001 1.925 (1.699−2.195) <0.001

>10 4.286 (3.742−4.908) <0.001 2.149 (1.826−2.530) <0.001

Pretreatment AFP <0.001 <0.001

Negative Reference Reference

Positive 1.832 (1.666−2.016) <0.001 1.434 (1.287−1.597) <0.001

Marital status <0.001 <0.001

Married Reference Reference

Never married 1.485 (1.328−1.661) <0.001 1.414 (1.242−1.611) <0.001

SDW 1.403 (1.257−1.567) <0.001 1.444 (1.273−1.683) <0.001

HCC, hepatocellular carcinoma; AFP, alpha fetoprotein; SDW, separated, divorced, widowed; OR, odds ratio; CI, confidence interval.
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Table 3 Comparisons between patients with inoperable HCC with and without chemotherapy treatment before PSM

Variable With chemotherapy (N=2,077) Without chemotherapy (N=1,887) P value

Age, years 0.35

[18–60] 868 (41.79) 761 (40.33)

(60−85] 1,209 (58.21) 1,126 (59.67)

Sex 0.94

Male 1,649 (79.39) 1,500 (79.49)

Female 428 (20.61) 387 (20.51)

Race 0.04

White 1,436 (69.14) 1,304 (69.10)

Black 287 (13.82) 304 (16.11)

Other 354 (17.04) 279 (14.79)

Summary stage 0.002

Localized 915 (44.05) 771 (40.86)

Regional 760 (36.59) 663 (35.14)

Distant 402 (19.35) 453 (24.01)

T stage 0.001

T1 711 (34.23) 705 (37.36)

T2 443 (21.33) 323 (17.12)

T3 821 (39.53) 736 (39.00)

T4 102 (4.91) 123 (6.52)

N stage 0.78

N0 1,783 (85.84) 1,614 (85.53)

N1 294 (14.16) 273 (14.47)

M stage <0.001

M0 1,697 (81.70) 1,456 (77.16)

M1 380 (18.30) 431 (22.84)

AJCC group <0.001

I 604 (29.08) 575 (30.47)

II 364 (17.53) 235 (12.45)

III 581 (27.97) 516 (27.34)

IV 528 (25.42) 561 (29.73)

Tumor size (cm) <0.001

(0−5] 836 (40.25) 697 (36.94)

(5−10] 823 (39.62) 692 (36.67)

>10 418 (20.13) 498 (26.39)

Table 3 (continued)
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Figure 2 Kaplan-Meier survival curves for assessing the prognostic role of chemotherapy in patients with inoperable HCC. (A) OS before 
PSM; (B) CSS before PSM; (C) OS after PSM; (D) CSS after PSM. PSM, propensity score matching; OS, overall survival; CSS, cancer-
specific survival; HCC, hepatocellular carcinoma.
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Table 3 (continued)

Variable With chemotherapy (N=2,077) Without chemotherapy (N=1,887) P value

Pretreatment AFP 0.66

Negative 506 (24.36) 471 (24.96)

Positive 1,571 (75.64) 1,416 (75.04)

Marital status <0.001

Married 1,157 (55.71) 827 (43.83)

Never married 451 (21.71) 557 (29.52)

SDW 469 (22.58) 503 (26.66)

Data are shown as n (%). HCC, hepatocellular carcinoma; PSM, propensity score matching; AJCC, American Joint Committee on Cancer; 
AFP, alpha fetoprotein; SDW, separated, divorced, widowed.
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Figure 3 Forest plot for evaluating the prognostic role of chemotherapy in patients with inoperable HCC stratified by different clinical 
subgroups. (A) OS; (B) CSS. HR, hazard ratio; CI, confidence interval; AFP, alpha fetoprotein; HCC, hepatocellular carcinoma; OS, overall 
survival; CSS, cancer-specific survival.

in the training group and 631 in the validation group. As 
shown in Table S2, no significant differences were detected 
in the baseline characteristics between these two groups of 
patients.

Subsequently, TNM stage, tumor size, and pretreatment 
AFP were identified to be independent risk factors for OS 
(Table 4) and CSS (Table 5) in patients with inoperable HCC 
receiving chemotherapy.

We constructed the corresponding nomograms for 
predicting the 1- and 3-year OS and CSS probabilities 
(Figure 4). For OS, the C-index in both the training 
group and the validation group was 0.684. As for CSS, the 
C-index was 0.693 and 0.697 in the training group and the 
validation group, respectively. As shown in Figure 5, the 
1- and 3-year areas under the curve (AUCs) for OS were 
0.772 and 0.758 in the training group and were 0.782 and 
0.774 in the validation group, respectively. Moreover, the 
1- and 3-year AUCs for CSS were 0.781 and 0.771 in the 
training group and were 0.789 and 0.794 in the validation 
group, respectively (Figure 5). Additionally, the calibration 
curves demonstrated a high level of consistency between 

the expected and observed survivals in both the training and 
validation groups (Figure 6).

Discussion

Liver cancer, due to its high incidence and mortality rate, 
imposes a significant burden on society (31). Surgical 
treatment represents a potentially curative therapeutic 
strategy, offering significantly higher long-term relapse-
free survival rates (40%) and 5-year survival rates (90%) 
compared to other alternatives in carefully selected patients 
with HCC (32,33). However, the eligibility for potentially 
curative surgical resection or liver transplantation therapy 
is limited to fewer than 20% of patients with HCC (7,8). 
This limitation is primarily attributed to factors such 
as multicentric tumors, vascular invasion, extrahepatic 
metastases, or other comorbidities. In general, determining 
the appropriate treatment plan for patients with liver cancer 
requires consideration of multiple factors, such as what is 
done in the Barcelona Clinic Liver Cancer staging system, 
which takes into account the patient’s overall condition 

https://cdn.amegroups.cn/static/public/JGO-24-298-Supplementary.pdf
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Table 4 Uni- and multivariate regression analyses for predicting the OS of patients with inoperable HCC treated with chemotherapy in the 
training group

Variable
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age, years 0.60

[18–60] Reference

(60−85] 1.029 (0.923−1.148) 0.60

Sex 0.71

Male Reference

Female 0.975 (0.854−1.113) 0.71

Race 0.23

White Reference

Black 1.146 (0.979−1.342) 0.10

Other 1.007 (0.872−1.163) 0.92

T stage <0.001 <0.001

T1 Reference Reference

T2 1.092 (0.940−1.268) 0.25 1.219 (1.038−1.433) 0.02

T3 2.081 (1.831−2.365) <0.001 1.466 (1.269−1.694) <0.001

T4 2.930 (2.263−3.793) <0.001 1.944 (1.488−2.541) <0.001

N stage <0.001 <0.001

N0 Reference Reference

N1 2.187 (1.878−2.547) <0.001 1.447 (1.229−1.704) <0.001

M stage <0.001 <0.001

M0 Reference Reference

M1 2.634 (2.291−3.027) <0.001 1.897 (1.633−2.205) <0.001

Tumor size (cm) <0.001 <0.001

(0−5] Reference Reference

(5−10] 1.656 (1.467−1.870) <0.001 1.381 (1.185−1.609) <0.001

>10 2.136 (1.840−2.479) <0.001 1.707 (1.426−2.043) <0.001

Pretreatment AFP <0.001 <0.001

Negative Reference Reference

Positive 1.651 (1.455−1.874) <0.001 1.541 (1.353−1.753) <0.001

Marital status 0.40

Married Reference

Other 1.048 (0.940−1.167) 0.40

OS, overall survival; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; AFP, alpha fetoprotein.
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Table 5 Uni- and multivariate regression analyses for predicting the CSS of patients with inoperable HCC with or without chemotherapy 
treatment in the training group

Variable
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age (years) 0.62

[18–60] Reference

(60−85] 1.029 (0.918−1.155) 0.62

Sex 0.82

Male Reference

Female 0.984 (0.856−1.131) 0.82

Race 0.10

White Reference

Black 1.192 (1.011−1.405) 0.04

Other 1.062 (0.915−1.234) 0.43

T stage <0.001 <0.001

T1 Reference Reference

T2 1.115 (0.950−1.308) 0.18 1.256 (1.057−1.493) 0.01

T3 2.185 (1.909−2.502) <0.001 1.498 (1.287−1.745) <0.001

T4 3.086 (2.361−4.034) <0.001 1.990 (1.508−2.628) <0.001

N stage <0.001 <0.001

N0 Reference Reference

N1 2.203 (1.880−2.580) <0.001 1.430 (1.207−1.695) <0.001

M stage <0.001 <0.001

M0 Reference Reference

M1 2.741 (2.373−3.165) <0.001 1.943 (1.663−2.269) <0.001

Tumor size (cm) <0.001 <0.001

(0−5] Reference Reference

(5−10] 1.694 (1.490−1.927) <0.001 1.405 (1.194−1.654) <0.001

>10 2.285 (1.956−2.668) <0.001 1.826 (1.512−2.205) <0.001

Pretreatment AFP <0.001 <0.001

Negative Reference Reference

Positive 1.795 (1.565−2.057) <0.001 1.670 (1.452−1.920) <0.001

Marital status 0.43

Married Reference

Other 1.047 (0.935−1.174) 0.43

CSS, cancer-specific survival; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; AFP, alpha fetoprotein.
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Figure 4 Prognostic nomograms of 1- and 3-year OS (A) and CSS (B) in patients with inoperable HCC treated with chemotherapy. AFP, 
alpha fetoprotein; OS, overall survival; CSS, cancer-specific survival.
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Figure 5 ROC curves of the predictive nomograms: the 1- and 3-year ROC curves of OS in the (A,B) training and (C,D) validation groups 
and the 1- and 3-year ROC curves of CSS in the (E,F) training and (G,H) validation groups. OS, overall survival; AUC, area under the 
curve; CSS, cancer-specific survival; ROC, receiver operating characteristic.

Eastern Cooperative Oncology Group performance score 
(ECOG PS), tumor burden (number, size, extent), liver 
function, and the available treatment options (34).

In the study, inoperable HCC was explored and 
analyzed. Research is divided into three parts, all of which 

are readable. Firstly, independent risk factors related to the 
inoperable HCC were investigated, including advanced 
TNM stage, positive pretreatment AFP levels and so on. 
The second part is about the positive prognostic value 
of adjuvant chemotherapy in inoperable HCC, which 
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Figure 6 Calibration curves of the predictive nomograms: the 1- and 3-year calibration curves of OS in (A,B) the training and (C,D) 
validation groups and the 1- and 3-year calibration curves of CSS in (E,F) the training and (G,H) validation groups. OS, overall survival; 
CSS, cancer-specific survival.
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can significantly improve patient prognosis. Finally, we 
established a nomogram prediction model to estimate 
the survival probability of patients with inoperable HCC 
receiving chemotherapy, to assist doctors to make clinical 
decisions, especially on the use of chemotherapy. The aim of 
the study is to help clinicians treat patients with inoperable 
HCC in a reasonable way and assist them in making more 
informed clinical decisions.

In this study, several independent risk factors were 
identified as being associated with the unresectability of 
HCC, including higher age at diagnosis, male gender, 
advanced TNM stage, larger tumor size,  positive 
pretreatment AFP levels, and a never-married or SDW 
status. A higher T stage indicates a larger tumor size, a 
greater number of tumor nodules, or invasion of critical 
blood vessels. Meanwhile, higher N or M stage signifies the 
presence of lymph node or distant metastasis. A higher TNM 
stage is strongly associated with the potential unresectability 
of the tumor. Furthermore, tumor size plays a significant 
role in determining unresectability. In general, large liver 
tumors encroach upon the hepatic blood vessels, and their 
proximity to the first, second, or third hepatic portal regions 
escalates the complexity of vascular separation during 
surgery, amplifying the risk of vascular rupture, bleeding, 
or damage. Furthermore, individuals with larger tumors 
often demonstrate a higher propensity for microvascular 
invasion and elevated tumor grading in contrast to those 
bearing smaller tumors (35,36). Hence, for patients afflicted 
with massive HCC, a meticulous preoperative assessment 
of the tumor’s size, shape, blood supply, and relationship 
with neighboring tissues is pivotal for the success of surgical 
treatment.

Chemotherapy plays a crucial role in improving the 
prognosis of patients with inoperable HCC. In our study, the 
administration of chemotherapy was found to significantly 
improve both the OS and CSS across a variety of subgroups. 
In China, the FOLFOX4 systemic chemotherapy regimen 
has been approved for the first-line treatment of patients 
with locally advanced and metastatic liver cancer who are not 
suitable for surgical resection or local treatment (24,25) (level 1, 
grade A). Furthermore, other chemotherapy regimens have 
demonstrated specific therapeutic effects in advanced liver 
cancer, including combinations such as gemcitabine with 
platinum-based drugs (37) and capecitabine combined with 
oxaliplatin (27), among others. However, the therapeutic 
efficacy of single-agent chemotherapy is limited, and 
comprehensive treatment models combining chemotherapy 
with other treatment modalities have been widely developed. 

Asnacios et al. (38) conducted a prospective enrollment 
of 45 previously untreated patients with advanced-stage 
progressive HCC to investigate the therapeutic value of 
cetuximab in combination with gemcitabine plus oxaliplatin. 
The results revealed a response rate of 20%, and disease 
stabilization was achieved in 40% of the patients. This 
combination therapy appeared to be effective and was 
associated with manageable toxicity. The combination 
of chemotherapy and targeted therapy (sorafenib) has 
also yielded promising therapeutic efficacy and safety in 
patients with inoperable HCC (39,40). In recent years, the 
introduction of new chemotherapy regimens, such as HAIC, 
has alleviated the severe systemic side effects associated 
with traditional chemotherapy. Moreover, numerous prior 
studies have substantiated the efficacy of HAIC in patients 
with advanced or inoperable HCC (28,41,42).

The nomogram prediction model can integrate 
information from multiple variables to assist in estimating 
the probability of a certain event or outcome. It can take 
multiple variables into account, providing personalized 
predictions and aiding doctors in formulating better 
treatment plans, decisions, or recommendations. Some 
studies have explored the risk factors that affect the 
prognosis of patients with HCC. Wang et al. (43) devised 
a model aimed at predicting the OS in AFP-negative 
patients with HCC. Their findings revealed that several 
independent risk factors have a significant impact on OS, 
including body mass index, tumor stage, distant metastasis, 
hepatitis B surface antigen, albumin, gamma-glutamyl 
transpeptidase, and lactate dehydrogenase. Additionally, 
it is worth noting that this predictive model demonstrates 
superior predictive value over the TNM staging system. 
Tang et al. (44) identified radiomics score, satellite lesions, 
vascular invasion, anatomical resection, and bilirubin level 
as independent predictors of OS in patients with HCC 
combined with cholangiocarcinoma.

However, there is currently a lack of evidence regarding 
factors that can predict the effectiveness of chemotherapy. 
We developed a predictive model to forecast the prognosis 
of patients with inoperable HCC treated with chemotherapy. 
This model was established using the outcomes of Cox 
regression analysis, with the included variables being TNM 
stage, tumor size, and pretreatment AFP. Liu et al. (2) 
investigated the relationship between chemotherapy and 
the risk factors affecting survival in HCC. Their findings 
revealed that AJCC TNM stage, tumor size, AFP, and 
surgical options were significantly correlated with OS and 
CSS in patients with HCC who underwent chemotherapy. 
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The conclusions of their study were in line with our 
research. However, it should be mentioned that their study 
included all patients with HCC, while our study specifically 
focused on patients with inoperable HCC. Carr et al. (45) 
analyzed the data of 967 patients with unresectable and 
untransplantable HCC confirmed by biopsy. The results 
indicated that patients with normal AFP levels had a longer 
survival duration than those with elevated AFP levels. 
Large HCCs often present challenges in prognosis, as they 
are frequently associated with vascular invasion and the 
development of multiple satellite lesions, contributing to an 
unfavorable prognosis (46-48). In addition, several studies 
(49-51) have found a large tumor size to be associated with 
poor survival in patients with HCC treated with TACE. 
However, Yamasaki et al. (52) reported that tumor size was 
not an independent factor influencing the outcomes of 
patients with advanced HCC treated with HAIC. 

In the next five years, with the increase in the number of 
inoperable HCC patients, the improvement of therapeutic 
efficacy and the optimization of prognosis have become 
urgent challenges for doctors. As a result, survival 
prediction model becomes an excellent auxiliary method. 
However, it should be mentioned that the future treatment 
methods will be updated and improved, including but not 
limited to the combination therapy we mentioned above, 
such as ICIs combined chemotherapy, TACE combined 
chemotherapy, etc. In the future, we need to timely update 
the indicators of the survival prediction model and the way 
of establishing the model to satisfy the different kinds of 
treatment. However, chemotherapy still plays an important 
role in the treatment of inoperable HCC, so our study 
may still have value and provide researchers with certain 
help in the future. Some limitations to our study should be 
mentioned. First, we employed a retrospective design with 
data collected from a public database, and selection bias 
was inevitable. Moreover, the SEER database lacks critical 
variables such as liver function parameters (liver enzymes, 
bilirubin levels, albumin levels), comorbid conditions 
(jaundice, ascites, hepatic encephalopathy), and imaging data. 
Finally, the details of the chemotherapy regimens, including 
information on specific drugs and administration methods, 
were not clearly outlined. Prospective and randomized 
controlled studies are needed to verify our findings.

Conclusions

We first explored the independent risk factors influencing 
the inoperability of patients with HCC. Subsequently, we 

confirmed that chemotherapy can improve the prognosis of 
patients with inoperable HCC. Finally, we developed survival 
models with a strong predictive capability for estimating 
the survival probabilities of patients with HCC undergoing 
chemotherapy. These models hold considerable potential for 
use in clinic and merit further investigation in future research.
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