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Abstract

Background and Aims: This study was designed to analyze
the effects of age and clinicopathological characteristics on
prognosis of Chinese patients with hepatocellular carcinoma
(HCC). Methods: The clinical data of 2032 HCC patients who
were first diagnosed with HCC and underwent curative hep-
atectomy in our hospital between January 2006 and January
2011 were retrospectively analyzed. Results: Younger HCC
patients (age <40 years, n=465) had a significantly higher
hepatitis B infection rate, larger tumors, higher alpha-feto-
protein levels, higher preoperative liver function, and more
frequent vascular invasions than older patients. Most younger
patients were suitable for anatomical hepatectomy, and their
tumors were found to be at a highly advanced stage. The
recurrence-free survival and overall survival rates of younger
HCC patients were significantly worse than those of older pa-
tients but this difference disappeared after propensity score
matching. Multivariate analysis of pre-matched samples
showed that age =40 years was one of the independent risk
factors associated with poor overall survival. Conclusions:
Younger patients showed different clinicopathological charac-
teristics than older patients, such as higher rates of hepatitis
B infection and advanced tumors. The recurrence-free surviv-
al and overall survival rates of younger HCC patients after
hepatectomy may be similar to those of older patients.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors, causing approximately 782,000 deaths
per year.! Hepatectomy is currently the preferred treatment
for HCC and can significantly improve the prognosis of HCC
patients.? In China, about 33% of patients received hepatec-
tomy when diagnosed with HCC, but tumor recurrence and
metastasis often occur after surgery and prognosis is poor.>
There are many factors that affect the prognosis of HCC
patients, such as portal vein tumor thrombus, tumor diame-
ter, and Barcelona Clinic Liver Cancer (BCLC) status.*™®
However, the effect of age on the prognosis of HCC after hep-
atectomy remains unclear.

It has been previously reported that age is related to the
prognosis of multiple solid tumors. For example, the prog-
nosis of younger patients with papillary thyroid cancer or
bladder cancer is better than that of older patients.”® Con-
versely, older patients with breast or gastric cancer seem to
have a better prognosis than younger patients.®'° For HCC,
the literature comparing clinicopathological characteristics
and prognosis between younger and older patients is incon-
sistent, which may reflect the different ethnic groups, disease
stages and comorbidities in the samples. Despite differences
in outcomes regarding clinicopathological characteristics, in
most literature reports, younger patients have higher rates
of hepatitis B virus infection, more advanced tumor status,
and better liver function than older patients.**:*? This promp-
ted our strong interest in whether younger patients have clin-
icopathological characteristics different from those of older
patients.

Therefore, our objective was to investigate the effect of
age on the prognosis of HCC after curative hepatectomy.
Using 40 years as the cut-off, we stratified patients into
younger and older groups and compared their clinicopatho-
logical characteristics, prognostic factors, recurrence-free
survival (RFS) and overall survival (OS).

Methods

Patients

This study was approved by the Ethics Committee of the
Guangxi Medical University Cancer Hospital. Clinical data
were retrospectively analyzed from 2032 HCC patients admit-
ted to the Guangxi Medical University Cancer Hospital
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between January 2006 and January 2011. All patients under-
went curative hepatectomy, and their HCC was pathologically
confirmed. The inclusion criteria for this study were: (1)
patients who were hospitalized for the first time and under-
went curative hepatectomy (macroscopically tumor-free)
without preoperative neoadjuvant therapy; (2) postoperative
pathology-based diagnosis of HCC; (3) no previous history of
primary tumors; and (4) complete clinical and pathological
data. Patients were excluded if they had (1) severe cardio-
pulmonary, renal, or brain dysfunction, or (2) known distant
metastatic cancer.

Hepatectomy

Bilateral subcostal incisions or L-shaped laparotomy incisions
with or without upward midline extension were used. During
the hepatectomy, the gallbladder was routinely excised, and
in order to avoid intraoperative blood loss as much as
possible, the Pringle operation was performed intermittently
for a time duration of less than 20 m each time with a clamp-
free interval of 5 m.t3715

Data collection

Baseline data and clinical data were collected for each patient,
including age, sex, family history of HCC, presence of
hepatitis B surface antigen (HBsAg) and hepatitis C antibody,
preoperative alpha-fetoprotein (AFP) levels, Child-Pugh
grade, albumin-bilirubin scores, surgical method, postoper-
ative complications, and pathological features of tumors
(tumor capsule, size, number, invasion). The following pre-
operative indicators were also collected and used to assess
preoperative liver function: platelet count, prothrombin time,
levels of albumin (ALB), prealbumin (PA), alanine amino-
transferase (referred to herein as ALT), total bilirubin, aspar-
tate aminotransferase (AST), and direct bilirubin.

Treatment and follow-up

Postoperative follow-up data for all of the patients were
obtained from the hospital database. RFS was calculated
from the date of hepatectomy to the day of tumor recurrence.
Follow-up time was calculated from the date of hepatectomy
to January 2011 or death. Tumor recurrence was diagnosed
using appropriate imaging modalities (such as computed
tomography and magnetic resonance imaging) and blood
tests (AFP levels). Patients with recurrence were offered
appropriate therapeutic approaches, such as rehepatectomy
and radiotherapy.

Statistical analysis

Data were analyzed using SPSS 23.0 (IBM Corp., Chicago, IL,
USA). The median and quartile ranges were used to express
continuous variables, and Mann-Whitney U test was used to
compare data between younger (=40 years old at study
entry) and older (>40 years old) patients. The percentages
were used to express categorical variables and compared
using the x? test. The Kaplan-Meier method was used to cal-
culate the rate of survival and recurrence, and log-rank test
was used for comparison. Differences were considered stat-
istically significant when p was <0.05. Independent risk
factors for recurrence and OS were determined using univari-
ate and multivariate logistic regression analyses.
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According to the propensity score of clinicopathological
characteristics, the whole sample was analyzed and matched
with two groups of patients in a 1:1 ratio, with the caliper
value of 0.1.1617 This matching procedure was used to reduce
the influence of confounding factors.

Results
Baseline clinicopathological characteristics

The baseline clinicopathological characteristics of the patients
are provided in Table 1. A total of 465 younger patients (=40
years) and 1567 older patients (>40 years) were included in
the study. The younger patients showed significantly higher
rates of hepatitis B infection than older patients (95.1% vs.
83.1%, p<0.001) as well as a significantly higher rate of ele-
vated AFP, defined as =400 ng/mL (54.4% vs. 38.0%,
p<0.001). Preoperative liver function indices (ALB, PA, and
platelet levels) were significantly better in younger patients
(p<0.05), who nevertheless showed worse BCLC stage; the
frequencies of stage A-C were, respectively, 57.0%, 14.8%,
and 28.2% in the younger group compared to 65.3%, 16.5%,
and 18.1% in the older group. The rate of anatomical hepa-
tectomy was higher in the younger group (32.3% vs. 25.3%,
p=0.003). Postoperative pathology showed that younger
patients generally had more advanced disease, including
higher rates of vascular invasion (27.1% vs. 17.7%,
p<0.001) and larger tumors (rate of tumors >5 cm, 65.4%
vs. 56.9%, p=0.001).

There was no significant difference between the two
groups in terms of other clinicopathological characteristics,
including family history of HCC, sex, prevalence of cirrhosis,
tumor number, hepatitis C antibody, prothrombin time, AST
levels, direct bilirubin levels, total bilirubin levels, incidence of
postoperative ascites, tumor envelope integrity, or liver
function grade.

Analysis of 451 propensity score-matched pairs of younger
and older patients showed no significant differences in
demographic or clinicopathological characteristics (Table 1).

RFS and OS

Median OS was 67 (range: 57.7-76.2) months in younger
patients and 89 (76.9-101.0) months in older patients
(Fig. 1). The median RFS of younger HCC patients was 12
(9.6-14.3) months, which was lower than that of older
patients (17 (14.5-19.4) months). OS rates were 76.3% at
1 year, 60.1% at 3 years, and 50.9% at 5 years for younger
patients, which were significantly lower than the correspond-
ing rates of 83.5%, 65.9% and 57.9% for older patients. RFS
rates were 47.7%, 25.9%, and 20.8% for younger patients,
which differed from the corresponding rates of 56.3%, 29.7%
and 12.6% for older patients.

When we repeated these survival analyses using propen-
sity score-matched pairs of younger and older patients, we
observed no significant differences (Fig. 1).

Predictors of RFS and OS

Logistic regression was used to identify predictors of OS and
RFS (Table 2). Univariate analysis showed that age =40
years, male sex, vascular invasion, tumor number >3,
tumor diameter >5 cm, serum platelet levels, serum PA
level, serum ALB level, serum ALT level, serum AST level,
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Table 1. Clinicopathological data and prognosis of patients with HCC after undergoing hepatectomy

Before propensity score matching

After propensity score matching

Younger, Older, Younger,

Variable n=465 n=1567 p n=451 Older, n=451 p
Family history of HCC 86 (18.5%) 246 (15.7%) 0.088 84 (18.6%) 76 (16.9%) 0.542
Male 407 (87.5%) 1340 0.288 394 (87.4%) 475 (48.8%) 0.091

(85.5%)
Cirrhosis 263 (56.6%) 896 (57.2%) 0.427 255 (56.5%) 244 (54.1%) 0.503
Vascular invasion 126 (27.1%) 277 (17.7%)  <0.001 118 (26.2%) 113 (25.1%) 0.703
Tumor number >3 cm 38 (8.2%) 98 (6.3%) 0.169 35 (7.8%) 34 (7.5%) 1.000
Tumor diameter >5 cm 304 (65.4%) 891 (56.9%) 0.001 290 (64.3%) 280 (62.1%) 0.534
HBsAg-positive 442 (95.1%) 1302 <0.001 428 (94.9%) 421 (93.3%) 0.396
Hepatitis C antibody 7 (1.5%) (83.1%) 0.682 5(1.1%) 7 (0.5%) 0.162
positivity 28 (1.8%)
Platelet count as x10°/L 208 (163-263) 188 (141- <0.001 207 (162- 198.2 (152.4- 0.218
245) 260) 257.0)
Prothrombin time in sec 12.9 (12.0- 12.8 (12.1- 0.718 12.9 (12.0- 12.7(11.9-13.5) 0.068
13.75) 13.7) 13.7)
Albumin in g/L 41.9 (39.4- 40.3 (37.4- <0.001 41.7 (39.2- 42.1(38.6-44.8) 0.692
45.1) 43.4) 45.0)
Prealbumin in g/L 204 (158-248) 190 (145- 0.002 203 (157- 197 (154-244) 0.643
236) 247)
Alanine aminotransferase in 38 (25-54) 35 (24-51) 0.043 37 (25-53) 36 (25-51) 0.568
u/L
Aspartate aminotransferase 39 (29-58) 39 (29-57) 0.774 39 (29-58) 40 (30-62) 0.111
in U/L
Direct bilirubin in wmol/L 5 (3.6-6.5) 5 (3.5-6.6) 0.535 4.9 (3.6-6.5) 5.2 (3.7-6.6) 0.206
Postoperative ascites 51 (11.0%) 228 (14.6%) 0.055 49 (10.9%) 62 (13.7%) 0.224
AFP =400 ng/mL 253 (54.4%) 596 (38.0%) <0.001 240 (53.2%) 239 (53.0%) 1.000
Incomplete tumor capsules 182 (39.1%) 556 (35.5%) 0.154 178 (39.5%) 174 (38.6%) 0.838
Total bilirubin in pmol/L 11.8 (8.7- 12.1 (9-16.6) 0.279 11.8 (8.6- 12.3 (8.8-16.3) 0.272
15.7) 15.7)
Anatomical hepatectomy 150 (32.3%) 396 (25.3%) 0.003 308 (68.3%) 309 (68.5%) 1.000
Portal hypertension 100 (21.5%) 372 (23.7%) 0.318 98 (21.7%) 105 (23.3%) 0.632
Child-Pugh class 0.716 0.382
A 444 (95.5%) 1489 431 (95.6%) 437 (96.9%)
(95.0%)
B 21 (4.5%) 78 (5.0%) 20 (4.4%) 14 (3.1%)
BCLC stage <0.001 0.552
0/A 265 (57.0%) 1024 261 (57.9%) 277 (61.4%)
(65.3%)
B 69 (14.8%) 259 (16.5%) 67 (14.9%) 62 (13.7%)
C 131 (28.2%) 284 (18.1%) 123 (27.3%) 112 (24.8%)
Disease-free survival 0.040 0.382
1-year 222 (47.7%) 882 (56.3%) 218 (48.4%) 241 (53.6%)
3-year 120 (25.9%) 465 (29.7%) 119 (26.5%) 154 (34.3%)
5-year 96 (20.8%) 197 (12.6%) 96 (21.3%) 82 (18.2%)
Overall survival 0.015 0.089
(continued)

Journal of Clinical and Translational Hepatology 2020 vol. 8 | 285-291

287
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Before propensity score matching

After propensity score matching

Younger, Older, Younger,
Variable n=465 n=1567 p n=451 Older, n=451 p
1-year 355 (76.3%) 1308 345 (76.5%) 368 (81.6%)
(83.5%)
3-year 279 (60.1%) 1032 272 (60.3%) 297 (65.8%)
(65.9%)
5-year 237 (50.9%) 907 (57.9%) 231 (51.3%) 260 (57.6%)

Values are n (%) or median (interquartile range), unless otherwise indicated.

Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma.
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Fig. 1. Overall and disease-free survival rates of HCC patients after hepatectomy. (A, B) Before propensity score matching. (C, D) After propensity score

matching.

AFP =400 ng/mL, incomplete tumor capsule, anatomical hep-
atectomy, portal hypertension, and BCLC stage B or C were
associated with poor OS. Multivariate analysis identified the fol-
lowing independent risk factors of poor OS: age =40 years,
male sex, vascular invasion, tumor number >3, tumor diameter
>5 cm, decreased PA level, increased AST level, AFP =400 ng/
mL, incomplete tumor capsule, and BCLC stage B or C.
Univariate analysis showed that the following factors were
associated with RFS after hepatectomy: age =40 years,
vascular invasion, tumor number >3, tumor diameter >5
cm, HBsAg-positive, serum PA levels, serum ALB levels,
serum AST levels, AFP =400 ng/mL, incomplete tumor

capsule, anatomical hepatectomy, portal hypertension, and
BCLC stage B or C. Subsequent multivariate analysis identi-
fied the following independent predictors of RFS: tumor
diameter >5 cm, decreased PA level, incomplete tumor
capsule, anatomical hepatectomy, portal hypertension, and
BCLC stage B or C.

Discussion
The clinicopathological data from 2032 HCC patients after

hepatectomy was retrospectively analyzed in this study in
order to gain an understanding about the effect of age on their
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Table 2. Univariate and multivariate analysis to identify prognostic factors in younger patients

Disease-free survival

Overall survival

Univariate Multivariate Univariate Multivariate
OR (95% OR (95% OR (95%

Variable p CI) p CI) p CI) p OR (95% CI)
Age =40 0.046 1.116 0.277 1.091 0.016 1.219 0.035 1.199
years (1.003-1.358) (0.931-1.278) (1.038-1.432) (1.013-1.418)
Male sex 0.192 1.140 (0.936- 0.039 1.256 (1.011- 0.001 1.162 (0.553-

1.388) 1.560) 1.808)
Vascular <0.001 2.277 (1.957- 0.781 0.956 (0.694- 0.039 0.796 (0.641- 0.045 1.424 (1.008-
invasion 2.659) 1.315) 0.989) 2.012)
Tumor 0.015 1.371 (1.063- 0.141 0.815 (0.621- <0.001 2.138 (1.696- 0.030 1.325 (1.028-
number >3 1.768) 1.070) 2.694) 1.709)
Tumor <0.001 1.562 (1.363- 0.024 1.188 (1.023- <0.001 2.283 (1.958- 0.000 1.547 (1.304-
diameter >5 1.790) 1.381) 2.662) 1.836)
cm
HBsAg- 0.026 1.259 (1.028- 0.103 1.187 (0.966- 0.064 1.220 (0.988-
positive 0.390 1.542) 1.459) 0.240 1.506)
Hepatitis C 1.005 (0.995- 1.007 (0.994-
antibody 1.010) 1.012)
positivity
Platelet as 0.097 0.999 (0.999- 0.037 0.999 (0.998- 0.447 1.000 (0.999-
x10°/L 1.000) 1.000) 1.001)
Albumin in g/ 0.001 0.975 (0.962- 0.785 0.998 (0.981- <0.001 0.949 (0.936- 0.089 0.984 (0.966-
L 0.989) 1.015) 0.963) 1.002)
Prealbumin <0.001 0.997 (0.996- 0.008 0.998 <0.001 0.995 (0.994- 0.000 0.997 (0.995-
in mg/L 0.998) (0.997-1.000) 0.996) 0.995)
ALT in U/L 0.121 1.001 (1.000- 0.008 1.002 (1.001- 0.436 0.999 (0.997-
1.003) 1.003) 1.001)
AST in U/L <0.001 1.003 (1.002- 0.098 1.001 (1.000- <0.001 1.005 (1.004- 0.001 1.003 (1.001-
1.005) 1.003) 1.006) 1.005)
AFP =400 <0.001 1.291 (1.132- 0.130 1.111 (0.970- <0.001 1.471 (1.280- 0.025 1.183 (1.022-
ng/mL 1.471) 1.273) 1.691) 1.369)
Incomplete <0.001 1.551 (1.357- 0.002 1.255 (1.087- <0.001 1.872 (1.629- 0.000 1.364 (1.172-
tumor 1.772) 1.448) 2.153) 1.586)
capsule
Anatomical <0.001 1.678 (1.461- 0.009 1.228 (1.053- <0.001 1.892 (1.635- 0.360 1.081 (0.915-
hepatectomy 1.927) 1.432) 2.190) 1.276)
Portal 0.005 1.237 (1.067- 0.037 1.174 (1.010- 0.001 1.310 (1.120- 0.052 1.182 (0.998-
hypertension 1.434) 1.364) 1.531) 1.400)
BCLC stage <0.001 1.591 (1.473- <0.001 1.436 (1.212- <0.001 1.976 (1.824- 0.002 1.345 (1.115-
B/C 1.719) 1.700) 2.140) 1.621)

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; OR,

odds ratio.

prognosis. Although age boundaries are inconsistently
defined in different literature, considering that the American
guidelines for management of HCC recommend that Asian
men older than 40 years be included in HCC screening, and in
order to compare our results with those reported in most
other studies, this study used age 40 as the age boundary.*®
Our results show that younger HCC patients have larger
tumors, more frequent vascular invasion, and more advanced
tumors than older patients. In addition, younger HCC patients
also had higher HBsAg-positive rates, better liver function,
lower AFP levels, and higher rates of anatomical hepatec-
tomy. Before propensity score matching, younger HCC

patients had better RFS and OS than older patients but this

difference disappeared after propensity score matching.
Although there have been many great studies showing

that patients outside Milan criteria do not have a good
treatment effect for hepatectomy, there are fewer patients
who meet Milan criteria in China. According to the “Guidelines
for Diagnosis and Treatment of Primary Liver Cancer in China”
formulated according to China’s national conditions and
clinical practice, hepatectomy is recommended as the first
treatment for patients with good liver function reserve or
patients in stages Ia, Ib or Ila. This study was based on the
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Guidelines for Diagnosis and Treatment of Primary Liver
Cancer in China.'?

We found that younger HCC patients had more advanced
tumors, although this may be an error in data collection;
however, this does not seem to be accidental because similar
results have been reported in most previous studies, so we
have reason to believe that this may be a feature of the
younger patient population itself.111219721 The reason
underlying the more advanced stage of younger HCC
tumors is still unclear, and may be related to gene expression
differences. Previously, Ha et al.'® reported that there were
significant differences in gene expression profiles between
younger HCC patients and older HCC patients, and these
abnormal genes were mainly related to cell cycle or cell
mitosis, while the mitotic rate of HCC in younger patients
was significantly higher than that in elderly patients, which
indicated that the tumor aggressiveness of younger patients
was stronger than that of older patients. This further con-
firmed our results.

Previous studies have indicated that younger patients with
HCC often have more serious disease than older patients and
that the greater prevalence of large tumors and vascular
invasion in these patients leads to a higher rate of anatomical
hepatectomy.:22 Consistent with this, we found that the
younger HCC patients in our sample had higher rates of hep-
atitis B infection, advanced tumors, elevated AFP, and ana-
tomical hepatectomy. The reason why the HBsAg-positive
rate of younger patients is higher than that of older patients
may be related to the negative correlation between the quan-
titative value of HBsAg and age.??

Although the proportion of non-cirrhotic patients in both
groups was nearly half, more than 95% of patients in each
group had liver function classified as Child-Pugh A. This ratio
seems too high. However, since the diagnosis of cirrhosis in
this study was based on reference to preoperative imaging
findings, these results cannot lead to conclusions about the
potential link between cirrhosis and the liver.?* More research
is needed to further prove this potential link. The interesting
point in this study is the fact that younger patients, despite
the absence of cirrhosis (44%), had more advanced HCC. In
theory, the progression from cirrhosis to HCC takes a long
period of time. Younger HCC patients seem to experience
this process for a shorter time; however, the tumors are
more advanced in younger than older patients, which may
be related to the biological characteristics of the tumors.
Since, in our study, tumor grading was not reported in the
pathological reports of most patients, more studies are
needed in the future to prove this.

Although previous work has suggested that the more
advanced HCC in younger patients translates to worse
prognosis, studies have given divergent answers to the
question of whether younger patients have worse or better
prognosis than older patients. We found that the prognosis of
young patients was worse than that of older patients but this
was not the case after propensity score matching.?225:26 The
discrepancies in previous studies may reflect differences in
ethnicity, cut-off age for defining “younger” and “older”, and
clinicopathological differences before surgery. We used pro-
pensity score matching to reduce potential confounding from
baseline differences, allowing us to isolate the effects of age.
Our findings are consistent with a retrospective study of 1132
Chinese patients with HCC who underwent hepatectomy.
Stratifying these patients by various cut-off ages between
30 and 70 years showed that age did not significantly affect
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their prognosis.?’” We obtained similar results when we
applied cut-off ages of 30 and 50 years (data not shown).

Instead of age, our regression analyses identified several
variables that predict post-hepatectomy survival, including
serum AFP levels, vascular invasion, and tumor diameter.
These variables have previously been associated with post-
operative survival of HCC patients in numerous coun-
tries.?®3% The fact that age by itself does not appear to
affect survival is interesting, given the often much more
severe disease that they suffered compared to older patients,
including higher rates of vascular invasion, larger and more
aggressive tumors.

One of the limitations of our study is its retrospective
nature, which limited the data that we could analyze. This, in
turn, may have biased our propensity score matching proce-
dure. Our study focused solely on patients who underwent
hepatectomies, so whether our findings apply to patients with
unresectable HCC remains to be seen.

Despite these limitations, our study provides evidence that
age per se does not affect the prognosis of HCC patients. Our
results also suggest the need to expand the indications for
HCC screening to young Asians diagnosed with chronic
hepatitis B virus infection.

Conclusions

Age did not appear to affect postoperative prognosis for HCC.
Younger patients showed different clinicopathological charac-
teristics than older patients, such as higher rates of hepatitis
B infection and advanced tumors. We recommend that young
Asians diagnosed with hepatitis B infection be included in HCC
screening and surveillance programs.
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