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Background: Young adults contribute substantially to the social economy. However, the number of young adults with liver cancer has
increased recently. In addition, the mortality rate of these patients is high.

Methods: This retrospective study investigated the risk factors of young patients diagnosed with liver cancer over the past 12 years.
Results: The risk factors of liver cancer, including male, HBV infection, and family history of diseases, were more common in young
patients. Nearly 80% of young patients (198/253) were tested as positive HBsAg. However, most of these patients did not visit doctors
regularly, as recommended. Thus, 55.7% of young patients were diagnosed with advanced liver cancer. The aspartate aminotransferase
(AST) levels were independently associated with advanced liver cancer (OR = 4.262, 95% CI = 1.559-11.65, P = 0.005) in the
multivariable logistic regression. The 1-year survival rate of these patients was 19.4%.

Conclusion: The high-risk factors of liver cancer are common in young patients. The poor adherence to regularly visited doctors in
young patients might contribute to the high ratio of advanced liver cancer. The 1-year survival rate of these patients is low. Improving
patient’s adherence via mobile healthcare platform and monitoring serum AST levels might decrease the incidence and mortality of
liver cancer in young adults.

Keywords: young adults, advanced liver cancer, adherence, risk factors, aspartate aminotransferase, tumor staging, history of family,
mobile healthcare platform

Background
In many previous studies, older adults have become the focus of early cancer diagnosis and treatment of cancer.’
Compared to older adults, clinical and translational research on cancer in the younger adult group, 18—45 years, is usually
lacking, let alone the rapid progress in early diagnosis and treatment.” However, young adults with a longer lifespan
continue to play a critical role in caring for families and, more importantly, have the potential to contribute substantially
to the social economy.”> Therefore, young adults with cancer should not be a neglected group of patients. It is worth
learning about the current state and analyzing some special features of this group.

As for liver cancer, many controllable high-risk factors are currently known, such as infection by the Hepatitis B virus
(HBV), obesity, and alcohol use.* In addition, an official recommended surveillance program for liver cancer has been
conducted for two decades.” Therefore, the incidence of liver cancer in the older population has decreased.® However,
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recent epidemiological data suggest that the incidence of liver cancer in young adults is increasing, particularly in males.”
The 1-year survival rate of these patients is lower than that of the older patients.”

Existing policies for vaccination and early screening programs for young adults may fail to be highly effective in
reducing the burden of liver cancer. The potential reasons may be that there is a lack of appreciation of the clinical
features of young adults with liver cancer, not to mention the disease history of their family.? The distribution features of
liver cancer in young adults may change over time. In addition, the fact is that regular follow-up every 3—6 months was
significantly related to reducing liver cancer mortality.” Yet, the adherence of younger adults to regular follow-up and
HCC surveillance was only suboptimal,'® and the male patients had lower adherence to the surveillance."' Therefore,
new strategies to reduce the incidence and mortality of liver cancer in young adults should be explored.

In this study, we collected data from the past 12 years to investigate the previous and current distributive features and
potential risk factors of young adults diagnosed with liver cancer. Furthermore, the clinical prognosis of young adults
with liver cancer was analyzed.

Patients and Methods

This retrospective observational study was conducted in a tertiary hospital in China. The study design was reviewed and
approved by the Institutional Review Board of Suining Central Hospital.

Selection of Patients

The data of liver cancer patients aged between 18 and 45 years were retrieved using automation tools in the Electronic
Medical Record from January 2011 to March 2023. After removing duplicate records, 555 patients were included
(Figure 1). Then, 24 cases were excluded because of either being under 18 years of age, loss of inpatient number, or
automation tool screening. Information was provided for the remaining 531 records.

Furthermore, numerous patients with liver cancer were excluded if they had already undergone any antitumor therapy
(eg, surgery, chemotherapy, radiotherapy, or immunotherapy), had other malignancies (except cancer that had been in
complete remission for >5 years), had received liver transplantation therapy, had been ever diagnosed with liver cancer,
had HIV infection, were pregnant, or lacked sufficient information.

Definitions and Collections of Data

Liver cancer was diagnosed according to the radiological hallmarks of liver cancer, with or without histological
confirmation.'> Body mass index (BMI) is a measure of body fat and is the weight (kg) divided by the square of height
(m). Obesity is defined as a high body mass index (BMI) (> 30). A positive HBsAg result indicated that the Hepatitis
B virus surface antigen had been tested. All clinical symptoms and blood examination results were collected at the time
of liver cancer diagnosis at admission. The degree of ascites was defined according to abdominal radiological signs.
A history of HBV infection refers to a known history of HBV infection regardless of treatment. The Child-Pugh scoring
system included serum bilirubin, serum albumin, prothrombin time, encephalopathy, and ascites. Regarding family
history, the estimated population were first-degree relatives of the patients.

Outcomes

Tumor node metastasis (TNM) staging of liver cancer at diagnosis was performed according to the American Joint
Committee on Cancer 8th Edition Staging System for Hepatocellular Carcinoma.'* T4 grade indicates multiple tumors,
with more than one lobe, and invasion of the major branch of the portal or hepatic vein. The Barcelona Clinic Liver
Cancer (BCLC) staging system consists of five stages (0, A, B, C, D). The 1-year survival of the patients was calculated
from the start of diagnosis to the last follow-up.

Statistical Analysis

All statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Most continuous
variables were presented as medians and interquartile ranges (Q; and Q;). All nominal variables were presented as
frequencies and proportions. The y*test and Mann—Whitney U-test were used to compare nominal and continuous
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Figure | The selection flow diagram of young adults with liver cancer at first diagnosis.
Abbreviation: HIV, Human Immunodeficiency Virus.

variables, respectively. Taking the views of statistician and clinician into considerations, variables with statistical
significance in y’-test and Mann—Whitney U-test were included into univariate analysis. Variables that had potential
statistical significance in the univariate analysis (P-values <0.1) were included into the multivariate logistic regression
analysis. The stepwise multivariate logistic regression analysis was used to validate the statistical significance of
variables. Box plots, scatter plots, and forest plots were drawn using SPSS and Adobe Illustrator 2022. Statistical

significance was considered as P-values of <0.05.
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Results
The Demographic Characteristics of Young Liver Cancer Patients with Different
HBsAg States

HBYV infection is one of the most common causes of liver cancer in China. Therefore, the traits of 253 patients who were
first diagnosed with liver cancer were further analyzed based on the results of HBsAg examinations (Table 1). The
number of patients with positive HBsAg results was high, at 198 (78.3%). Moreover, the median age of these patients
was 39 years (Table 1), which was lower than that of non-positive HBsAg patients (42 years old, P = 0.028). The
proportion of male patients in the HBsAg positive group (Figure 2) was significantly higher than that in the HBsAg
negative group (92.4% vs 67.3%, P < 0.001).

Obesity is a potential cause of liver cancers. The median BMI values in the positive HBsAg and non-positive HBsAg
groups were similar (21.9 Kg/m? vs 22.1 Kg/m?), and BMI values of most patients failed to reach the diagnosis of
obesity. The differences in the types of medical insurance and occupation of the patients between the two groups were not
significant.

The Clinical Features of Young Patients Firstly Diagnosed with Liver Cancer

The most common symptom in young patients with liver cancer was abdominal pain (49.8%, 126/253), followed by
abdominal distention (40.7%, 103/253). The main complaints of patients in the positive HBsAg and non-positive HBsAg
groups were similar (Table 2). Only two (0.7%) patients presented with fever at the time of admission. Patients in the
positive HBsAg group had a higher hemoglobin level (131 g/L) than those in the non-positive HBsAg group (119 g/L,
P = 0.019). The median level of platelets in the positive HBsAg group was 152.5 x 10°/L, lower than that of the non-
positive HBsAg group (189 x 10°/L), though the difference was not significant (P = 0.067).

Abnormal changes in liver function in young patients were as expected. The median levels of alanine aminotransfer-
ase (ALT) and aspartate aminotransferase (AST) in the HBsAg positive group were 57 U/L and 115 U/L, respectively,
which were higher than those in the HBsAg negative group (39 U/L and 74 U/L). The P-values were 0.001 and 0.012,
respectively (Figure 3a and 3b). In addition, the number of young patients with cirrhosis in the positive HBsAg group
was 114 (57.6%), which was higher than that in the non-positive HBsAg group (23; 41.8%) (P = 0.038). Moreover, the
median serum albumin and total bilirubin levels were not within the reference ranges (Table 2). For patients in the

Table | The Demographic Characteristics of Young Patients at First Diagnosis
of Liver Cancer

Positive HBsAg | Non-Positive HBsAg | P-value
(n=198) (n=55)

Age (years) 39 (34-43) 42 (37-44) 0.028*
Gender (Male) 183 (92.4%) 37 (67.3%) <0.001*
BMI (Kg/m?) 21.9 (19.924.2) 22.1 (20.3-23.5) 0.903
Occupations

Unemployed 70 (35.4%) 18 (32.7%) 0.718

Farmer 44 (22.2%) 15 (27.3%) 0.433

Freelancer 19 (9.6%) 4 (7.3%) 0.596

Clerk 8 (4.0%) 3 (5.5%) 0.935
History of marriage

Married 178 (89.9%) 49 (89.1%) 0.861

Unmarried 16 (8.1%) 5 (9.1%) 0.810
Type of medical insurance

Urban employed 10 (5.1%) 5(9.1%) 0.424

Urban resident 74 (37.4%) 26 (47.3%) 0.184

Rural resident 86 (43.4%) 20 (36.4%) 0.347

Note: *The P-value<0.05.
Abbreviations: HBsAg, Hepatitis B virus surface antigen; BMI, body mass index.
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Figure 2 Gender and age distribution of young adults with liver cancer in the positive HBsAg and non-positive HBsAg groups.
Notes: **The difference of age was significant (P = 0.028), and the difference of gender was significant (P < 0.001). Female patients were indicated by red circles, and male

patients were indicated by blue circles.
Abbreviation: HBsAg, Hepatitis B virus surface antigen.

positive HBsAg and non-positive HBsAg groups, the serum levels of albumin and total bilirubin and the degree of ascites

were not significantly different (all P > 0.05).
A few (13.8%) patients presented with massive ascites in the hospital, but nearly 35% (87/253) of the patients had

mild ascites on CT examinations. Interestingly, the median serum a-fetoprotein (AFP) in the two groups reached the
upper limit of detection (1,210 ng/mL). In this special circumstance (Table 2), the difference between the two groups
could not be described directly (P = 0.600).

The Child-Pugh Classification of Liver Function and Staging of Liver Cancer in Young

Patients Firstly Diagnosed with Liver Cancer
In addition to the analysis of routine examinations, comprehensive indices of live cancer were also investigated. The
proportion of patients with liver cancer was 37.5% for Child-Pugh class A and 41.9% for Child-Pugh class B. Only

Table 2 The Clinical Features of Young Patients at First Diagnosis of Liver Cancer

Positive HBsAg | Non-Positive HBsAg | P-value
(n=198) (n = 55)
Clinical symptoms

Abdominal distention 77 (38.9%) 26 (47.3%) 0.263
Abdominal pain 98 (49.5%) 28 (50.9%) 0.853
Discomfort 64 (32.3%) 13 (23.6%) 0.215
Melena 10 (5.1%) 3 (5.5%) 1.000
Jaundice 9 (4.5%) 2 (3.6%) 1.000
Fever | (0.5%) I (1.8%) 0911

(Continued)
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Table 2 (Continued).

Positive HBsAg | Non-Positive HBsAg | P-value
(n=198) (n=55)
Blood examinations
Leukocyte (107%/L) 7.2 (5.05-9.6) 8.4 (5.5-12.6) 0.153
Platelet (10A7/L) 152.5 (107-217.75) 189 (110-301) 0.067
Lymphocyte (107%/L) 1.04 (0.76—1.42) 1.24 (0.82-1.52) 0.211
Hemoglobin (g/L) 131 (106—149) 119 (95-137) 0.019*
ALT (U/L) 57 (38-104) 39 (24.25-71) 0.001*
AST (U/L) 115 (63-194) 74 (44-156.5) 0.012%*
Albumin (g/L) 35.9 (31.5-39.9) 33.6 (30-39.65) 0.192
Total bilirubin (umol/L) 21 (13.9-33.7) 21 (11.1-39) 0518
Prothrombin time (s) 14.4 (13.5-15.5) 14.6 (13.5-15.9) 0.542
Plasma fibrinogen (g/L) 3.81 (2.77-4.87) 3.86 (2.71-5.71) 0.552
AFP (ng/mL) 1,210 (239-1,210) 1,210 (329-1,210%) 0.600
Comorbidity
Cirrhosis 114 (57.6%) 23 (41.8%) 0.038*
HCYV infections | (0.5%) 0 (0%) 1.000
Hepatic encephalopathy 7 (3.5%) 1 (1.8%) 0.835
Diabetes mellitus 6 (3.0%) 0 (0%) 0.420
Ascites
Mild 73 (36.9%) 14 (25.5%) 0.115
Massive 29 (14.6%) 6 (10.9%) 0.478

Notes: *The P-value<0.05. *The upper limit of detection for AFP was 1210 ng/mL.
Abbreviations: HBsAg, Hepatitis B virus surface antigen; BMI, body mass index; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; AFP, serum o-fetoprotein; HCV, Hepatitis C virus.

11.5% of the patients were graded as Child-Pugh class C. The distributive difference in the three types of Child-Pugh
class in the non-positive HBsAg and positive HBsAg groups was not significant (Table 3).

Most young patients with known high-risk factors for liver cancer do not regularly visit doctors, let alone participate
in screening programs. Therefore, patients with BCLC stage C disease were the most common group (164, 64.8%). Only
10 and 11 cases had BCLC A and BCLC D staging, respectively. The distributive difference in the BCLC staging of
patients in the two groups was not significant (Table 3).

Regarding TNM classification, only 13 patients were classified as having stage II disease. The numbers of patients
with IIIA, IIIB, IVA, and IVB staging were 50, 78, 45, and 52, respectively (Figure 4). The distribution difference in the
TNM staging of patients in the positive and non-positive HBsAg groups was not significant. Patients with N1 and M1
grades comprised 24.5% and 21.3% of cases, respectively. The distribution of N1 grade or M1 grade cases in the positive
and non-positive HBsAg groups was similar.

Although the tumor staging between the different HBsAg groups was not different, the local tumor state (T grade)
showed some differences: few patients were diagnosed with T2 grade (14, 5.5%), but over half of the patients were
diagnosed with T4 grade (141, 55.7%). The number of T4 grade patients was much higher in the positive HBsAg group
than in the non-positive HBsAg group (118 vs 23, P = 0.019).

Analysis of the Risk Factors Related to T4 Grade in the Young Adults Firstly

Diagnosed with Liver Cancer

In the above staging analysis, T4 grade was common in young patients with liver cancer, and HBV infection may be related to T4
grade (invasion of the major hepatic vein). Therefore, the relationships between the staging of liver cancer and age, sex, BMI,
alcohol use, smoking, positive HBsAg, history of HBV, cirrhosis, hemoglobin, ALT > 40 U/L, AST > 50 U/L, and platelet count
were analyzed using univariate analysis (Table 4). The relationships between HBsAg positivity, cirrhosis, ALT level >40 U/L,
AST level >50 U/L, and T4 grade were quite close (P = 0.012, P = 0.099, P = 0.004, and P < 0.001). The examined variance
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Figure 3 The ALT and AST level of young adults with liver cancer in the positive HBsAg and non-positive HBsAg groups. (a) The ALT level of patients in the positive HBsAg
and non-positive HBsAg groups; (b) The AST level of patients in the positive HBsAg and non-positive HBsAg groups.

Note: *The difference was significant (P < 0.05).
Abbreviations: HBsAg, Hepatitis B virus surface antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

inflation factor values of HBsAg and AST were 1.078 and 1.161, respectively. Therefore, these factors were included in
multivariate logistic regression analysis (Figure 5). Only AST level >50 U/L was independently associated with T4 grade (OR =

4.262, 95% CI = 1.559-11.65, P = 0.005).

History Traits of Personal and Family Factors of Patients
Considering that some of the HBsAg-positive patients did not seem to have a history of HBV infection at admission, the

history of personal and family factors of patients was investigated further.
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Table 3 The Staging of Liver Cancer in the Young Adults at First Diagnosis

Positive HBsAg | Non-Positive HBsAg | P-value
(n=198) (n =55)
Child-Pugh (level)
A 78 (39.4%) 17 (30.9%) 0.592
B 85 (42.9%) 21 (38.2%) 0.931
C 22 (11.1%) 7 (12.7%) 0.507
TNM (grade)
T2 11 (5.6%) 3 (5.5%) 1.000
T3 60 (30.3%) 23 (41.8%) 0.108
T4 118 (59.6%) 23 (41.8%) 0.019*
NI 49 (24.7%) 13 (23.6%) 0.973
Mi 43 (21.7%) 11 (20.0%) 0913
TNM (staging)
Il 11 (5.6%) 2 (3.6%) 0.822
A 37 (18.7%) 13 (23.6%) 0.415
11]:) 66 (33.3%) 12 (21.8%) 0.102
IVA 34 (17.2%) 11 (20.0%) 0.628
IVB 41 (20.7%) 11 (20.0%) 0.922
BCLC (staging)
A 7 (3.5%) 3 (5.5%) 0.739
B 41 (20.7%) 15 (27.3%) 0.210
C 133 (67.2%) 31 (56.4%) 0.294
D 10 (5.1%) I (1.8%) 0.548

Note: *The P-value<0.05.
Abbreviations: HBsAg, Hepatitis B virus surface antigen; TNM, Tumor Node Metastasis

classification; BCLC, Barcelona Clinic Liver Cancer.

A total of 153 patients had a known history of HBV infection, and the remaining 100 patients (39.5%) had no history
of HBV infection (Table 5). In patients without a known history of HBV infection, 67.0% of the patients still showed
HBsAg positivity at admission, which was lower than that in the patients with a history of HBV infection (85.6%) (P <
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Figure 4 Heatmap for number of patients with different TNM grades and different Child-Pugh classifications.
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Table 4 Univariable and Multivariable Logistic Regression Analysis of the Risk
Factors of the T4 Grade

Univariable Analysis | Multivariable Logistic Analysis
Ziy? P-value Odds Ratio (95% CI) | P-value
Age (years) —0.701 0.484
Gender (Male) 0.569 0.451
BMI (Kg/m?) 0413 0.679
Alcohol use 1.170 0.279
Smoking 0.025 0.874
Positive HBsAg 6.278 0.012% 1.789 (0.900-3.558) 0.097*
History of HBV 0.805 0.370
Cirrhosis 2.720 0.099* 1.331 (0.769-2.306) 0.307
Hemoglobin (g/L) —1.053 0.292
ALT >40 (U/L) 8.371 0.004* 1.393 (0.782-2.480) 0.261
AST >50 (U/L) 15.986 <0.001* 4.262 (1.559-11.65) 0.005*
Platelet (10A%/L) -0.363 0.716

Note: *The P-value<0.1.
Abbreviations: BMI, body mass index; HBsAg, Hepatitis B virus surface antigen; HBV, Hepatitis
B virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval.

0.001). The proportion of patients with cirrhosis with and without a history of HBV infection was 65.4% and 37.0%,
respectively (P < 0.001).

Among 253 patients, 38.3% had a history of alcohol use, and the difference in alcohol use in patients with or without
a history of HBV infection was not significant (P = 0.377). The proportion of patients with a history of smoking with and
without a history of HBV infection was 45.8% and 32.0%, respectively (P = 0.029). None of the patients had used aspirin
or a history of coronary heart disease. The 1-year survival rates of patients with and without a history of HBV infection
were 19.4% and 45.0%, respectively (P = 0.043).

The history of family members (Table 5), including regular check-ups, alcohol use, smoking, coffee use, and obesity,
was not significantly different between the two groups (all P < 0.05). The family history of diseases, including diabetes
mellitus, HBV infection, cirrhosis, liver cancer, and other cancers, was not significantly different between the two groups
(all P < 0.05).

Patients Odds ratio
Variables (n /%) (95%Cl) P-value
Positive HBsAg 198/ 78% —— 1.789 (0.900-3.558)  0.097
i
Cirrhosis 137 /1 54% *:*—' 1.331 (0.769-2.306)  0.307
]
]
ALT>40 (U/L) 163/ 65% : 1.393 (0.782-2.480) 0.261
]
]
AST>50 (ULL)  150/60% | 4.262 (1.559-11.65)  0.005*
:
0 2 4 6 8 10 12 14

Figure 5 Multivariable logistic regression analysis of the risk factors of T4 grade.
Note: *The difference was significant (P < 0.05).
Abbreviations: HBsAg, Hepatitis B virus surface antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval.
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Table 5 The Features of Patients and Their Families According to History of HBV

Infection
History of HBV | Without History of HBV | P-value
(n=153) (n =100)
Personal factors
Alcohol use 62 (40.5%) 35 (35.0%) 0.377
Smoking 70 (45.8%) 32 (32.0%) 0.029*
Aspirin use 0 (0%) 0 (0%) N.A.
Comorbidity
Diabetes mellitus 4 (2.6%) 2 (2.0%) 1.000
Coronary heart disease 0 (0%) 0 (0%) N.A.
Positive HBsAg 131 (85.6%) 67 (67.0%) <0.001*
Cirrhosis 100 (65.4%) 37 (37.0%) <0.001*
History of family®
Regular checkup 18 (46.2%) I'1 (50.0%) 0.773
Alcohol use 9 (23.1%) 6 (27.3%) 0.715
Smoking 12 (30.8%) 9 (40.9%) 0.423
Coffee use 3 (7.9%) 2 (9.1%) 0.872
Obesity 6 (15.8%) 5 (22.7%) 0.683
Family history of diseases™
Diabetes mellitus 7 (18.9%) 2 (9.5%) 0.567
HBV infection 16 (42.1%) 10 (50.0%) 0.566
Regular therapy for HBV Il (28.9%) 4 (20.0%) 0.460
Cirrhosis 3 (7.9%) 0 (0.0%) N.A.
Therapy for cirrhosis 1 (2.6%) 0 (0.0%) N.A.
Other chronic liver diseases 2 (5.1%) 0 (0.0%) N.A.
Liver cancer 8 (21.1%) 2 (11.8%) 0.655
Other cancer 2 (5.3%) 2 (11.1%) 0.587
Clinical outcomes
I-year survival cases™ 7 (19.4%) 9 (45.0%) 0.043*

Notes: *The P-value<0.05. “Plenty of information of family were loss. **Lots of patients were lost of follow-up.
Abbreviations: HBV, Hepatitis B virus; HBsAg, Hepatitis B virus surface antigen; N.A., not applicable.

Discussions

Although the incidence was quite low and neglected, the number of liver cancers in young adults has increased.” Recent
studies also noted these drastic changes and suggested that researching liver cancer in young adults could be cost-
effective for reducing liver cancer burden' and quickly accumulating social wealth.> However, few studies have
described the clinical features, risk factors, and prognosis of young adults with liver cancer. Importantly, the character-
istics of young adults with liver cancer might differ from those of patients with liver cancer. This retrospective
observational study with a large sample size revealed the features of young patients firstly diagnosed with liver cancer,
including distributive features, clinical characteristics, risk factors, staging of cancer clinical prognosis, and disease
history.

The absolute number of young patients with liver cancer has increased over the past 12 years. Young male patients
with HBsAg positivity were fairly vulnerable, compared to obese people or drinkers. Amazingly, many patients without
a reliable history of HBV infection tested positive for HBsAg, and most of them did not visit doctors regularly, let alone
undergo the standard screening program for liver cancer. Liver function of the young patient was satisfactory. However,
most patients are initially diagnosed with advanced liver cancers. The proportion of patients with T4 grade tumors
(tumors invading the major branch of the portal or hepatic veins) was significantly higher. Elevated AST levels were an
independent factor that correlated with T4 grade. Finally, we found that the 1-year survival rates of young patients with

liver cancer were low, especially those with a known history of HBV infection.
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To prevent liver cancer in younger adults, young male patients and their relatives with HBV infection, rather than
obese men or drinkers, deserve more attention. A large number of patients with a reliable family history of HBV infection
are diagnosed with liver cancer. Therefore, it is critical for doctors to improve patients' adherence and conduct more
interventions for health education, including timely follow-up.

A study noted that the incidence of liver cancer in young adults has not decreased in recent years.'> Additionally, our
study showed an increase in the number of young patients with liver cancer. Compared to the ratio of sex in whole liver
cancer patients in a previous study,'® the ratio of male patients was much higher than that of female patients in younger
patients. In the older patient group, the incidence of liver cancer in male and females may be similar. Therefore, taking
care of younger male patients could improve the sex ratio of all patients with liver cancer. Meanwhile, the results of this
study showed that the number of young patients in rural areas was higher, similar to the results of a previous study,
although the P-value was not shown.®

The strong synergies between androgen and HBV infection in the occurrence of liver cancer should not be neglected.
The HBV infection is an important risk-factor of liver cancer.'” Therefore, the clinical features of patients with and
without HBV infection were analyzed. Compared with the non-positive HBsAg group, patients in the positive HBsAg
group were younger, and male patients were the most common. This may be because androgen levels in younger males
are very high.'"® Numerous studies have revealed that the active androgen pathway regulates the host immune response,
increases replication of HBV,' and enhances HBV chromosomal integration.”® High levels of androgen and HBV
infections could be sufficient to trigger the occurrence of liver cancer in younger patients.

Interestingly, none of the young patients was diagnosed through a surveillance program for liver cancer. The
limitations in the implementation of the existing surveillance for liver cancer in younger patients may be one of the
reasons.”’ Some patients with HBV infection irregularly received anti-HBV therapy and were diagnosed with liver
cancer. Second, younger patients at diagnosis present with atypical clinical symptoms, including abdominal pain and
distention, in the non-positive or positive HBsAg groups.” It is difficult to identify younger patients diagnosed with liver
cancer during surveillance.

However, we analyzed the medical history of the patients and their relatives. A method could be used to address these
issues. A part of patients without a known history of HBV infection are diagnosed with HBV infection (HBsAg positive)
and cirrhosis after admission. However, the relatives of many young patients have an HBV infection, or their relatives
were diagnosed with liver cancer. Therefore, paying more attention to surveillance of patients with HBV infection or liver
cancer and to educate their young male relatives may be effective.

Existing surveillance programs for liver cancer in the target HBV population®” (men over 40-year or women over 50-
year) have been performed for some years.* It was difficult to conduct new surveillance programs for liver cancer in
young men with HBV infection in rural areas, but conducting comprehensive education liver cancer for adolescents in
school could reduce parts of the liver cancer burden in the future.”> Currently, no age-specific screening tests for liver
cancer are available in young adults.** Therefore, improving the adherence of the existing target HBV population in the
surveillance program could protect some of the target young patients from liver cancer. Further, paying extra attention to
the health education of young relatives of the target HBV population would help reduce the occurrence of liver cancer.

Disturbingly, good adherence to therapeutic regimens and regular follow-up were much more problematic in young
adults than in other groups of patients,”” either due to the lack of spousal oversight or impediments to compliance due to
conflicts with their life or study.' However, the emerging mobile healthcare platform with immense potential to deliver
behavior change techniques might solve this problem smoothly. Young population had attempted to use mobile
healthcare platforms to get some health services.”® Previous studies have reported that the use of mobile healthcare

2728 including young adults with HIV,* and patients

platform could significantly improve patients’ adherence behaviors,
with type 1 diabetes mellitus.>® The use of mobile healthcare platform had advantages of using less time and fewer
resources.”’ Meanwhile, the use of mobile healthcare platform did not increase hospital workload.>? In the future,
research undertaking cost-benefit analyses of using mobile healthcare platform to improve patients’ adherence is needed,
and the good results of the research should inform policymakers and advocates.

Another concern of this study was the body condition of the young adults and the staging of liver cancer. Although

their body condition was satisfactory, young patients were diagnosed with advanced liver cancer, and their 1-year
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mortality was high. Surely, early diagnosis and treatments could improve prognosis. Improvement of the adherence of
patients is the foundation, and an increase in the frequency of screening for liver cancer, such as examination of serum
AFP levels and conducting liver ultrasonography, might make early diagnosis come true.

HBYV infection does not appear to lead to severe liver dysfunction in young patients with liver cancer. Young patients
have a higher potential for residual liver function. Most of the patients were not diagnosed with other chronic diseases.
While there were elevated levels of ALT and AST, especially in the HBsAg-positive groups, the liver functions of most
young patients were satisfactory, Child-Pugh class A, or Child-Pugh class B. The difference in Child-Pugh scoring scores
between the non-positive and positive HBsAg groups was not significant. In contrast to the high ratio of cirrhosis in all
liver cancer patients in previous articles,* few young patients were diagnosed with cirrhosis in the positive HBsAg groups
and fewer patients in the non-positive HBsAg groups. Good physiological functions of organs are the basis for good
reactions to surgery, systemic chemotherapy, immunotherapy, or locoregional therapies for liver cancer.

Therefore, for young patients with liver cancer, opportunities to improve their mortality rates may be high. In the
previous study, the overall survival was significantly better in younger patients than in older patients with BCLC stage
0-B.** However, numerous patients are diagnosed with BCLC C stage in the disease. Many of these patients lost the
opportunity for surgical treatment according to the common recommendation of the guidelines.**

Also, in TNM staging, many patients are diagnosed with advanced cancer (stage IIIB, IVA, or IVB). However, this
study found that many patients were diagnosed with T4 tumors, and only a few patients had positive N or M grades. In
the HBsAg-positive group, the proportion of patients with T4 grade disease was significantly higher. Further, our study
found that it was the AST levels that were independently correlated with the T4 grade. There were two reasons leading to
this finding.

Firstly, T4 grading refers to a large tumor size. The large size of the tumor implies that the growth patterns of liver
cancer in young patients might be rapid growth. The doubling time of liver tumors with rapid growth patterns might be
less than 3 months.>> A subsequent study showed that, in Asian hepatitis B-predominant populations, the tumor volume
doubling time of liver cancer was short, about 4 months.*® The rapid growth of tumor may have great demands of
oxygen. Secondly, some thrombosis in the portal vein or hepatic vein were also regarded as T4 grading. The oxygen
tensions in liver cancer tissues were ten times lower than that in the periportal region of normal liver.’” There was
a relatively anoxic condition in liver cancer tissues, where the portal vein or hepatic vein was thrombosed. Tumor with
huge demands of oxygen as well as relatively anoxic conditions in the liver were enough to trigger the changes of AST
level.

AST is highly concentrated in liver tissues,”® and its half-life in the blood is approximately 17 hours.*® The sensitivity
of AST to reveal dynamic damage to the hepatic acinus is high, especially in ischemic circumstances.*® Therefore,
a close correlation between the T4 grade and abnormal AST levels may be rational. The anoxic conditions of the liver
probably existed in the early stages of liver cancer. Minor changes in AST levels were noted and investigated in detail.

AST levels may have the potential to predict prognosis. In clinical practice, transarterial chemoembolization (TACE)
has been used for several years to treat advanced liver cancer. This could create tumor cells in an ischemic environment.
A previous study showed that elevated AST levels are common in patients who received TACE treatment.** Abnormal
AST levels would have the strongest influence on patient prognosis of patients.*' Young adults are usually in good
condition without chronic diseases. Therefore, the AST levels remained steady. The dynamic changes in AST levels
would have shown some potential value for rating the effort of TACE treatment and the subsequent clinical outcomes of
patients. In the future, a prospective study on liver cancer in young adults is needed.

In addition, we noted that the AFP level was quite high in young patients, and it reached the upper limit of detection,
although the half-life of AFP was quite short, approximately 4-5 days. Interestingly, the extremely high levels of AFP in
young patients with liver cancer may also imply rapid tumor growth patterns. Therefore, an increase in the frequency of
liver cancer screening may improve the early diagnosis. In our study, delay in diagnosis caused worse outcomes in young
patients with liver cancer, especially in patients with a history of HBV infection. Other studies have revealed the poor
prognosis and short survival time of liver cancer in the young adults.**

Currently, examination of serum AFP levels and liver ultrasonography are recommended per 3—6 months for target
patients. The frequency of screening for HBV infection in young male patients and their younger male relatives could be
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increased to once every 3 months. There is no solid evidence from the economics of health studies on this screening
method. In this study, we only report this phenomenon and propose a screening method. In future studies, related studies
exploring target patients to receive more frequent screening will be conducted.

Young adults are among the most financially productive members of all societies. From a long-term perspective, it is
clear that enhancing the strength of the diagnosis of liver cancer in young adults will not only generate large societal
benefits but will also be cost-effective: approximately 40 years of life expectancy remain.*> Hepatectomy may be curative
in young adults with early-stage liver cancer.** However, a delay in the diagnosis of liver cancer in young adults is
common.' Therefore, devoting more effort to the development of better diagnostic plans for early liver cancer may
improve the overall survival of young adults with good body condition.**

This study had several limitations. First, many patients failed to undergo surgery or biopsy, let alone histological
subtype analysis and regular follow-up. However, we attempted to collect data from the outpatient information system for
survival analysis. Second, confounding factors for AST levels were identified. Hence, we analyzed and excluded the
main factors (coronary heart disease and drugs). Third, some patients may have received anti-HBV therapy either
irregularly or regularly. This might have led to different times of onset of liver cancer in the HBsAg-positive population.
In the future, subgroup analyses based on prospective data may yield more accurate conclusions. Fourth, only limited
family history data were available.

Conclusion

The absolute amounts of young adults with liver cancer have increased. Male, HBV infection, and a family history of
related diseases are common high-risk factors for liver cancer in young adults. Most young patients fail to visit doctors
regularly as recommended and are diagnosed with advanced liver cancer. Serum AST levels were independently
associated with advanced liver cancer. The 1-year survival rate of young patients with liver cancer was low. For the
young male patients with HBV infection, the use of mobile healthcare platform might improve their adherence to
screening and treatments and might further decrease the incidence and mortality of liver cancer.
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