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Prognostic analysis of systemic antitumor therapy in young
patients with advanced liver cancer: A cohort study
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Abstract. Advanced liver cancer is the most common malig-
nant tumor in the elderly, but it also occurs in young people
in areas where hepatitis B virus is prevalent. The aim of the
present study was to assess the efficacy of systemic antitumor
therapy in young patients with advanced liver cancer and
investigate the influencing factors. The baseline demographic
and clinical data of 38 young patients (<35 years old) with liver
cancer were collected as group A and that of 79 elderly patients
(=55 years old) with liver cancer were collected as group B.
There were no significant between-group differences regarding
the proportion of patients with increased serum aspartate
aminotransferase, low serum albumin, increased a-fetoprotein
(AFP) and high Child-Pugh score. The median (m)PFS time in
groups A and B was 3.9 and 8.3 months, respectively [hazard
ratio (HR), 1.702; P=0.009]. The mOS in group A (17.6 months)
was 12.4 months shorter than that in group B (HR, 1.799;
P=0.010). In the subgroup analysis, male sex [HR, 1.73; 95%
confidence interval (CI), 1.07-2.79], pathological diagnosis
(HR, 1.79; 95% CI, 1.10-2.91), previous surgical treatment (HR,
2.16; 95% CI, 1.18-3.95), no tumor thrombus (HR, 2.45; 95%
CI, 1.22-4.93), increased alanine aminotransferase (HR, 2.23;
95% CI, 1.07-4.65), increased aspartate aminotransferase (HR,
3.22; 95% CI, 1.62-6.39), normal total bilirubin (HR, 1.77,
95% CI, 1.09-2.87) and increased AFP (HR, 2.02; 95% CI,
1.19-3.41) were associated with shorter survival time in group
A compared with those in group B (P<0.05). Group A also had
a higher incidence of hyper-progressive disease (HPD) (31.6 vs.
3.8%; P<0.001). HPD was a risk factor for advanced liver cancer
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(HR, 4.530; 95% CI, 2.251-9.115; P<0.001]. In conclusion, the
efficacy of systemic antitumor therapy in young patients was
poorer compared with that in elderly patients. Young patients
with liver cancer had a high HBV infection rate and were prone
to HPD.

Introduction

Primary liver cancer (PLC) is one of the most common
malignant tumors worldwide. According to the International
Cancer Research Institute affiliated to the World Health
Organization (1), an estimated 906,000 new cases of liver
cancer and 830,000 deaths due to liver cancer are reported
each year. Hepatocellular carcinoma (HCC) accounts for
85-90% of all cases of PLC. In China, the main cause of HCC
is chronic hepatitis B virus (HBV) infection (2). PLC often
occurs in people aged >55 years. However, China and other
East Asian countries have a relatively higher prevalence of
chronic HBV infection in young people (age <18 years) due to
the mother-to-child transmission (3.4).

Young patients (age <35 years) with cancer differ from
elderly patients (>35 years) with respect to disease patho-
genesis, treatment and prognosis (5). Previous studies have
demonstrated the impact of age at tumor occurrence on the
prognosis of gastric, breast and colorectal cancer (6-9). Most
patients with HCC are diagnosed at an advanced stage and
have lost the opportunity for radical surgery. In addition,
patients with early liver cancer are prone to recurrence and
metastasis after liver cancer resection and transplantation due
to the background of HBV infection (10). Currently, systemic
antitumor therapy, including chemotherapy, targeted therapy,
immunotherapy and liver protection therapy, is the main treat-
ment method for patients with advanced liver cancer (11).

As PLC in young patients is often associated with the
mother-to-child transmission of HBYV, it is characterized by
rapid disease progression and poor therapeutic efficacy (12,13).
There is a paucity of research on the treatment of young
patients with liver cancer, and the systemic antitumor therapy
of this population has not been well characterized separately.
The present study aimed to perform an in-depth analysis of
the differences in the efficacy of systemic antitumor therapy in
young patients with liver cancer. The findings may provide a
clinical treatment reference for this group of patients.
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Patients and methods

Research object. The present study was a retrospective cohort
study of young patients with liver cancer (<35 years old) who
received systemic antitumor therapy at the Nanjing Jinling
Hospital (Nanjing, China) between May 2015 and May 2023.
These patients were designated as group A. Elderly patients
(=55 years old) with liver cancer were enrolled as the control
group and designated as group B. This study conforms to the
ethical principles of the Declaration of Helsinki (2013). Ethical
approval was provided by the Ethics Committee of Jinling
Hospital (approval no. DZQH-KYLL-23-16).

The required sample size for this study was estimated
based on the cohort study design, and the comparison of
survival time (OS) between young patients and elderly patients
with liver cancer. Considering the low incidence of liver
cancer in young patients, patients in group A and group B
were enrolled at a ratio of 1:2, and the estimated HR was 2.0
(group A vs. group B). An 80% incidence of end-point events,
0=0.05 and $=0.20 were factored in. Based on the simulation
under the aforementioned assumptions, at least 31 subjects in
group A and 62 subjects in group B were required, and 80% of
patient deaths were observed after follow-up. Considering the
loss of follow-up and incomplete data collection, 38 subjects
were finally included in group A and 79 subjects in group B.

Inclusion and exclusion criteria. The inclusion criteria were
as follows: 1) A pathological diagnosis of HCC or a clinical
diagnosis of PLC; ii) received systemic antitumor therapy;
iii) no opportunity for radical surgery; iv) age <35 years or
=55 years; and v) provision of informed consent.

The exclusion criteria were as follows: i) Pathologically
confirmed other types of liver cancer, such as intrahepatic
cholangiocarcinoma or mixed liver cancer; ii) no systemic
drug treatment; and c) patients with a poor general condition
and short expected survival time.

The main research population in this study consisted
of patients with advanced liver cancer, which is defined as
patients whose advanced condition is not suitable for radical
surgery and/or local regional therapy (LRT), or patients
whose condition has progressed after surgery and/or LRT.
The following systemic drug therapies were used in the
patients with advanced liver cancer included in this study:
400 mg oral sorafenib twice a day; 12 mg/day oral lenvatinib
for a bodyweight of >60 kg or 8 mg/day oral lenvatinib for a
bodyweight of <60 kg; 200 mg oral donafenib twice a day;
240 mg intravenous nivolumab once every 2 weeks; 1,200 mg
intravenous atezolizumab + 15 mg/kg intravenous bevaci-
zumab once every 3 weeks; 200 mg intravenous tislelizaumab
once every 3 weeks; and 130 mg/m? intravenous oxaliplatin +
200 mg/m? intravenous leucovorin + 400 mg/m? intravenous
5-fluorouracil once every 3 weeks. Based on the systematic
drug therapies in this study, follow-up subgroup analysis was
made, including tyrosine kinase inhibitors (TKIs), immune
checkpoint inhibitors (ICIs), chemotherapy and the combina-
tion of the two treatments.

Data collection. A total of 117 patients entered the final
analysis set (Fig. 1). Baseline demographic data and clinical
data, such as age, sex, medical record number, contact

information and history of liver disease were collected from
the hospital medical records. Baseline liver function indices
such as serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL), Child-Pugh
score (14), and a-fetoprotein (AFP) were collected. The
indicators of HBV infection were recorded, including HBV
surface antigen (HBsAg), HBV surface antibody (HBsAb),
HBeAg, HBeAb, HBcAb and HBV DNA. Certain indicators
related to liver cancer were collected in the hospital medical
record system, namely, whether previous surgery, presence
of portal vein tumor thrombus (PVTT) and tumor stage
(Barcelona Clinic Liver Cancer) (15). Follow-up information
regarding treatment strategy and survival outcomes was also
collected. Finally, patients with advanced liver cancer were
divided into the young group (group A) and the elderly group

(group B).

Survival follow-up. Comprehensive details regarding systemic
antitumor therapy, including first-line, second-line and
third-line treatment, were collected. After the standardized
systemic antitumor therapy, the changes in target lesions in the
liver were evaluated based on the Response Evaluation Criteria
in Solid Tumors (RECIST) 1.1, such as disease progression
(PD), stable disease (SD), partial remission (PR) and complete
response (CR). In addition, follow-up information about the
patient's condition was also recorded.

Hyper-progressive disease (HPD). HPD has no uniform
standard at present, but it has been widely used in the clinical
treatment of tumors. However, within the definition of HPD, a
consensus has been reached that the time-to-treatment failure
(TTF) is <2 months after systemic drug treatment. Others
definitions have some limitations, such as the tumor load being
increased by >50% compared with the baseline period and
the tumor growth rate after treatment being more than twice
the previous rate (16). Currently, there is no clear definition
of HPD (17). In the present study, HPD was defined as TTF
<2 months.

Statistical analysis. SPSS 21.0 software (IBM Corp.) was used
for data processing and analysis. Therapeutic response was
evaluated based on RECIST 1.1 standard criteria. Continuous
variables are expressed as the mean + standard deviation
and were analyzed using an unpaired t-test. Categorical
variables are expressed as n (%) and were analyzed using
the ¥ test or Fisher's exact test. Progression-free survival
(PFS) and OS were compared using a log-rank test. Hazard
ratios (HRs) with 95% confidence intervals (Cls) were
estimated using the Cox regression model. Kaplan-Meier
curves and median survival times were estimated for each
treatment group. Landmark analysis was used to evaluate
the effect of treatment intervention at specific time points
using R software (version 4.3.1; R Core Team). The test
level was 0=0.05. P<0.05 was used to indicate a statistically
significant difference.

Results

Study population. The present study included 117 patients
with advanced liver cancer; of these, 38 patients were
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Table I. Clinical information of included patients.

Table I. Continued.

GroupA  Group B Group A Group B
Factors (n=38) (n=79) P-value Factors (n=38) (n=79)  P-value
Age, years 30.1+49  64.1+7.1 - First-line treatment strategy,
Sex, n (%) n (%)
Female 5(132)  11(13.9) TKIs 15(39.5) 30(38.0)
Male 33(86.8) 68(86.1) 0910 Chemotherapy 12(31.6) 6(7.6)
Etiology, n (%) ICIs 000 9114
HBV 37(974) 65 (82.3) TKIs + ICIs 8(21.1) 18(22.8)
HCV 0(0.0) 2(2.5) Chemotherapy + ICIs 0 (0.0) 9(114)
Alcoholic 0(0.0) 3(3.8) 0.250 Other therapies 3(7.9) 7 (8.8) 0.003
Diagnosis, n (%) HBYV, hepatitis B virus; HCV, hepatitis C virus; PVTT, portal vein
Clinical 5(13.2) 18 (22.8) tumor thrombus; BCLC, Barcelona Clinic Liver Cancer; ALT, alanine
Pathological 33(86.8) 61(772) 0.220 aminotransferase; AST, aspartate aminotransferase; TBIL, total
Previous surgery, n (%) bilirubin; AFP, o-fetoprotein; HBsAg, hepatitis B surfac§ antigen;
’ ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine kinase
No 13(34.2) 48 (60.8) inhibitor; ICI, immune checkpoint inhibitor.
Yes 25(65.8) 31(39.2) 0.007
PVTT, n (%)
No 25(65.8) 27(34.2)
Yes 12(31.6) 30(380) 0.054  in group A (<35 years old) and 79 patients were in group
Tumor stage, n (%) B (=55 years old). The mean age in groups A and B was
BCLC A 0 (0.0) 2(2.5) 30.1 years (range, 17-35 years) and 64.1 years (range,
BCLC B 12.6) 8 (10.1) 55-86 years), respectively. Men accounted for 86.8% (33/38)
BCLC C 37(974) 67 (84.8) 0.197 in group A and 86.1% (68/79) in group B (P>0.05). There
was no statistical difference between group A and group B in
ALT. n (%) terms of etiology, diagnosis, PVTT or tumor stage (P>0.05).
37U/ 18 (474)  58(73.4) However, the previous surgery rate in group A was higher
=37 U/l 20(52.6) 21(26.6) 0.006 than that in group B (65.8 vs. 39.2%; P=0.007). Among the
AST, n (%) baseline indices, there was no statistical difference between
<40 U/l 18 (474) 47 (59.5) the two groups with regard to the proportion of patients
>40 U/l 20(52.6) 32(405) 0216 with increased serum AST, albumin and AFP levels, or high
TBIL. n (%) Child-Pugh score (P>0.05). The proportions of patients with
’ increased ALT level (52.6 vs. 26.6%) or rates of HBsAg (92.1
<20.5 ymol/l 3502.1)  61(77.2) vs. 68.4%) and HBV DNA (36.8 vs. 32.9%) positivity in group
>20.5 ymol/l 3(79)  18(228) 0049 A yere higher than those in group B (P<0.05). However, the
Albumin, n (%) proportions of patients with increased TBIL (7.9 vs. 22.8%)
<35 g/l 3(7.9) 16 (20.3) and ECOG score (0.0 vs. 10.1%) were lower in group A than
=35 g/l 35(92.1) 63(79.7) 0.090 in group B (P<0.05). These findings suggest that the baseline
AFP, n (%) level in group A was worse than that in group B, and that
<20 ug/l 7(184) 27 (342) mother-to-child transmission of HBV may be the main cause
in group A (Table I).
=20 ug/l 31(81.6) 52(65.8) 0.079
Child-Pugh, n (%) Clinical efficacy of systemic drug therapy for young patients
A 36 (94.7) 770 (88.6) with PLC. Patients were evaluated by spiral computed tomog-
B 2(5.3) 9(11.4) 0287  raphy every 2 months. In group A, there were 13 (34.2%)
HBsAg, n (%) patients with PD, 5 (13.2%) patients with PR and 20 (52.6%)
Negative 2(53) 23(29.1) patients with SD. None of the patients was evaluated as CR
Positive 35(92.1) 54 (684) 0.003 (Fig. 2A). In group B, there were 10 (12.7%) patients with PD,
HBV DNA. n (%) 13 (16.5%) patients with PR, 54 (68.4%) patients with SD, and
’ 2 (2.5%) patients with CR (Fig. 2B). This indicated the poor
<50 IU/ml 6(158)  37(46.8) efficacy of systemic antitumor therapy in young patients with
250 IU/ml 14(36.8) 26(329) 0025 liver cancer compared to elderly patients.
ECOG performance status,
n (%) Survival analysis of young patients with liver cancer.
0-1 38 (100.0) 71 (89.9) Based on the survival analysis, the median PFS (mPFS)
>2 0 (0.0) 8(10.1)  0.042 time of group A was 3.9 months, while that of group B
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Screening for patients with advanced
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Figure 1. Flow chart of study population screening. HCC, hepatocellular carcinoma.
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Figure 2. Changes in hepatic lesions in patients after systemic treatment. Clinical efficacy of systemic drug therapy in (A) group A and (B) group B. PD,
progressive disease; SD, stable disease; PR, partial response; CR, complete response.
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Figure 3. Follow-up information of patients with liver cancer after systemic antitumor therapy. (A) Progression-free survival, (B) overall survival, (C) landmark
analysis of PFS at 12 months and (D) landmark analysis of PFS at 24 months. mPFS, median progression-free survival; mOS, median overall survival; HR,

hazard ratio; CI, confidence interval.

was 8.3 months, which was 4.4 months shorter (HR, 1.702;
P=0.009) (Fig. 3A). A landmark analysis showed that the PFS
rate at 12 months of group A was significantly lower than that
of group B at 12 months (P=0.001) and 24 months (P<0.001)
(Fig. 3C and D). However, there was no significant difference
in the HR of PFS between the two groups after the landmarks
of 12 and 24 months (P>0.05). The mOS time of group A was
17.6 months, while the mOS time of group B was 30.0 months,
which was 12.4 months shorter (HR, 1.799; P=0.010) (Fig. 3B).
These findings suggest that young patients with liver cancer
show a poor response to treatment and have a short survival
time.

Stratified analysis of factors influencing the survival
outcomes. Next, the influence of the baseline biochemical
and virological indicators on OS was analyzed. The results of
the stratified analysis showed that male sex (HR, 1.73; 95%
CI, 1.07-2.79), pathological diagnosis (HR, 1.79; 95% ClI,
1.10-2.91), previous surgical treatment (HR, 2.16; 95% ClI,
1.18-3.95), no PVTT (HR, 2.45; 95% CI, 1.22-4.93), elevated
ALT (HR, 2.23; 95% ClI, 1.07-4.65), elevated AST (HR, 3.22;

95% CI, 1.62-6.39), normal TBIL (classified as <20.5 gmol/l)
(HR, 1.77; 95% CI, 1.09-2.87) and increased AFP (HR, 2.02;
95% Cl1, 1.19-3.41) were associated with a shorter survival time
in group A compared with group B (P<0.05) (Fig. 4). Group A
did not show longer OS times compared with group B for any
of the subgroups (Fig. 4).

Sensitivity analysis. In the first-line treatment strategy, the
longest mPFS time among group B was achieved in the ICIs
subgroup, followed by the chemotherapy + ICIs and TKIs +
ICIs subgroups. In group A, TKIs + ICIs showed a longer mPFS
time of 8.7 months (95% CI, 0.0-18.6 months) compared with
that of group B. In the first-line treatment strategy, the longest
OS among group B was in the ICIs subgroup, followed by the
chemotherapy + ICIs and TKIs + ICIs subgroups. In group A,
TKIs + ICIs showed a longer mOS time of 30.9 months (95%
CI, 21.3-40.4) compared with that of group B (Table II and
Fig. S1).

A total of 30 patients in group A and 52 patients in group B
received second-line therapy (P>0.05). The number of patients
receiving third-line treatment was also higher in group A, but
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Figure 4. Forest plot of demographic- and biomarker-defined subgroup analyses of overall survival. PVTT, portal vein tumor thrombus; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; TBIL, total bilirubin; AFP, a-fetoprotein; HBV, hepatitis B Virus; HR, hazard ratio; CI, confidence interval;

TKIs, tyrosine kinase inhibitors; ICIs, immune checkpoint inhibitors.

the between-group difference was not statistically significant
(P>0.05) (Fig. 5A).

HPD is a key factor affecting survival. HPD is a phenom-
enon of accelerated tumor growth, which is more common
in patients with advanced tumors who use immunosuppres-
sants (17). Most patients with HPD suffer from poor quality
of life and a poor prognosis. The incidence of HPD in group
A was significantly higher than that in group B (31.6 vs. 3.8%);
P<0.001; Fig. 5B). In the total study population, HPD had a
significant impact on survival. Analysis showed that HPD
was a risk factor for lower mOS time in advanced liver cancer
(HR, 4.530; 95% CI, 2.251-9.115; P<0.001; Fig. 5C). These
findings suggest that young patients with liver cancer are
prone to HPD, and that HPD significantly reduces the survival
time of patients.

Discussion

The high prevalence of HBV infection in China has led to a
steady increase in the incidence of liver cancer among young
people (18). Young cancer patients (<35 years old) are essentially
different from elderly patients (=55 years old) in terms of disease
pathogenesis, treatment and prognosis (19). In the present study,
the proportion of patients with elevated ALT levels, HBSAg posi-
tivity and HBV DNA positivity were significantly higher in group
A. This suggests that the main cause of liver cancer in young
patients may be HBV infection. Previous studies have shown that
patients with HBV-HCC are characterized by advanced disease
at the time of diagnosis. Most of them have lost the opportunity
for radical surgery and their survival time is short. In addition,
patients with HBV-HCC are prone to recurrence and metastasis
after hepatectomy due to the background of HBV infection (10).
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Table II. PFS and OS values of different treatment strategies in the two groups.

Therapies Group A, months (95% CI) Group B, months (95% CI) P-value

PFS
TKIs 4.8 (1.8-7.7) 5.6 (0.0-13.3) 0.381
Chemotherapy 1.6 (1.3-1.8) 5.6(0.7-104) 0.055
ICIs - 16.8 (0.0-454) -
TKIs + ICIs 8.7 (0.0-18.6) 8.3 (3.5-13.0) 0.734
Chemotherapy + ICIs - 8.6 (0.0-17.9) -
Other therapies 14 (NA-NA) 59 (5.1-6.6) 0.164

(ON)
TKIs 15.8 (12.2-19.3) 30.0 (18.9-41.0) 0.207
Chemotherapy 8.1 (0.0-24.1) 12.1 (0.0-47.6) 0.383
ICIs - 43.8 (0.0-107.2) -
TKIs + ICIs 30.9 (21.3-404) 30.7 (17.6-43.7) 0.975
Chemotherapy + ICIs - 40.2 (0.0-83.0) -
Other therapies 6.3 (2.1-10.4) 224 (10.5-34.2) 0.193

PFS, progression-free survival; OS, overall survival; TKI, tyrosine kinase inhibitor; ICI, immune checkpoint inhibitor.
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0 ||
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Figure 5. Effect of multi-line therapy and HPD on patients with advanced liver cancer. (A) Incidence of multi-line therapy among groups, (B) incidence of
HPD among groups and (C) overall survival of patients with HPD. *“P<0.001. mOS, median overall survival; HR, hazard ratio; CI, confidence interval; HPD,
hyper-progressive disease; n-HPD, non-HPD.

For a long time, liver cancer has been considered a disease
that mainly affects the elderly, but recent research has shown
a change in the age distribution of patients. An increasing

number of young people are being diagnosed with liver
cancer, which may be related to several factors such as viral
hepatitis, heavy alcohol consumption, non-alcoholic fatty


https://www.spandidos-publications.com/10.3892/ol.2024.14544

8 ZHANG et al: ANTITUMOR THERAPY IN YOUNG PATIENTS WITH ADVANCED LIVER CANCER

liver disease history and excessive consumption of milk/milk
substitutes (20). Most young patients with liver cancer have
clinical refractory disease (21). In the present study, the mPFS
of young patients with liver cancer was shorter by 4.4 months
and the mOS was shorter by 12.4 months compared with that
of elderly patients. The proportions of patients who received
second-line treatment and third-line treatment in group A
were higher than those in group B, but the differences were
not statistically significant.

HPD is a phenomenon of accelerated tumor growth,
which is mostly seen in patients with advanced tumors who
use ICI therapies. The incidence of HPD varies in different
tumor types, such as non-small cell lung cancer (13.8%), HCC
(10.3%) and gastric cancer (16.7%) (16,22,23). This difference
is related to the tumor type and the definitions of HPD used
in research. Referring to the commonly used research data,
the present study defined HPD as TTF <2 months (17). In the
present study, the incidence of HPD in group A was signifi-
cantly higher than that in group B. HPD was found to be a
risk factor for advanced liver cancer. Previous studies have
also shown that patients with HPD have a worse prognosis
and shorter survival time than those without HPD (24-28).
Therefore, HPD is a predictor of a poor prognosis in patients
with advanced cancer.

Some limitations of the present study should be considered
while interpreting the results. This was a single-center cohort
study with a small sample size, which may have introduced an
element of bias. Moreover, this study was based on real-world
data with no standardized protocol for patient selection and
treatment follow-up. More robust prospective studies are
required to obtain more definitive evidence.

In conclusion, systemic drug therapy showed poor efficacy
in young patients with liver cancer. TKIs + ICIs are suitable for
first-line treatment. Moreover, young patients with liver cancer
are prone to HPD, suggesting the need for close monitoring of
these patients to improve the prognosis.
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