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Abstract: Whether the aldehyde dehydrogenase 2 (ALDH2) rs671 polymorphism predicts clinical prognosis in alco-
holic liver disease (ALD)-related hepatocellular carcinoma (HCC) after hepatectomy remains unclear. Hence, this
study aims to investigate the association between ALDH2 rs671 polymorphism and HCC recurrence and mortality
in patients with ALD-related HCC who underwent hepatectomy. We also explored the risk factors for HCC recur-
rence and mortality in this population of patients. This retrospective cohort study enrolled 238 ALD-related HCC
patients underwent hepatectomy from 2011 to 2022 at the E-Da Hospital, I-Shou University. Data analyses were
finalized on October, 2023. Alcoholism was defined as consuming over 20 g of ethanol each day for at least 5 years.
Patients with HBsAg-positive or/and HCV-positive status were excluded. ALDH2 rs671 polymorphism was analyzed.
The endpoint was HCC recurrence and overall mortality. Of the 238 patients enrolled, 196 (82.4%) were men, and
the mean (SD) age was 62.3 (10.2) years. HCC recurrence occurred in 70 patients, and 64 patients died. ALDH2
rs671 polymorphism was significantly associated with HCC recurrence and mortality. The 10-year cumulative HCC
recurrence and mortality rates were significantly higher in patients with the ALDH2 rs671 genotype GA/AA relative
to those with the ALDH2 rs671 genotype GG. In the Cox proportional analyses, the ALDH2 rs671 genotypes GA/AA
(hazard ratio [HR]: 2.66, 95% confidence interval [Cl]: 1.59-4.43, P = 0.000) and AST > 40 IU/L (HR: 1.93, 95% ClI:
1.18-3.17, P = 0.009) were significantly associated with increased HCC recurrence. Furthermore, the ALDH2 rs671
genotype GA/AA (HR: 2.02, 95% CI: 1.17-3.49, P = 0.012) and age > 65 years (HR: 1.67, 95% CI: 1.01-2.78, P =
0.048) were significantly associated with increased mortality. In conclusion, the ALDH2 rs671 genotype GA/AA is
significantly associated with unfavorable clinical prognosis in ALD-related HCC after hepatectomy.
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Introduction

Hepatocellular carcinoma (HCC) is the second
leading cause of cancer-related mortality glob-
ally [1-5]. In Taiwan, HCC often results from
viral- and alcohol-related cirrhosis [6, 7].
Moreover, early-stage HCC is difficult to diag-
nose, resulting in elevated HCC recurrence and
mortality rates after surgical resection [8-13].
Despite the use of highly sensitive tumor mark-
ers to predict clinical outcomes after hepatec-
tomy in patients with HCC, the result remains
unsatisfactory [14]. Therefore, the identifica-
tion of predictors for HCC recurrence and mor-
tality could help improve the clinical prognosis
of patients with HCC undergoing hepatectomy.

The aldehyde dehydrogenase 2 (ALDH2) poly-
morphism influences the development of HCC
in alcoholic patients with or without viral hepa-
titis [15-18] and nonalcoholic patients [19, 20].
Several studies have demonstrated that the
ALDH2 rs671 polymorphism is not associated
with HCC in East Asians [21-24]. Our previous
study revealed a significant increase in the risk
of HCC development and mortality in HBV-
related cirrhotic patients with heavy alcohol
drinking and ALDH2 rs671 polymorphism [6].
Moreover, a previous study demonstrated that
the ALDH2 rs671 genotype GG correlated sig-
nificantly with shorter overall survival, but not
with recurrence-free survival, particularly in
patients with viral-related HCC who underwent
surgical resection [25]. However, the effect of
ALDH2 rs671 polymorphism on HCC recurrence
and mortality in patients with alcoholic liver dis-
ease (ALD)-related HCC who underwent surgi-
cal resection remains unclear. Hence, we inves-
tigated the association between ALDH2 rs671
polymorphism and HCC recurrence and mortal-
ity in patients with ALD-related HCC who under-
went hepatectomy. We also explored the risk
factors for HCC recurrence and mortality in this
population of patients.

Materials and methods
Patients and follow-up

This retrospective cohort study enrolled 238
patients with ALD-related HCC who underwent
surgical resection from October 2011 to De-
cember 2022 at the E-Da Hospital, I-Shou
University, Kaohsiung, Taiwan. All patients un-
derwent liver function tests, a-fetoprotein (AFP)

2632

tests, and imaging examinations, including
ultrasonography, computed tomography, and
magnetic resonance imaging examinations.
These clinical investigations were conducted
every 3-6 months or as deemed necessary for
the detection of HCC. The data analyses were
finalized on October 31, 2023. Patients with
alcoholism were included in this study, and
alcoholism was defined as consuming at least
20 g of ethanol each day for more than 5 years.
However, patients with (1) hepatitis B virus
infection; (2) hepatitis C virus infection; (3) al-
cohol intake of < 20 g/day and for < 5 years;
and (4) HCC recurrence and mortality within 6
months after surgical resection were all exclud-
ed from the excluded. The presence of ALDH2
rs671 polymorphism was determined by using
blood analysis. The primary endpoint was HCC
recurrence whereas the secondary endpoint
was overall mortality. The follow-up time was
defined as the time from the date of inclusion
to the date of death, the last follow-up, or the
end of the study (October 31, 2023), whichever
was earliest. The recurrence time was defined
as the time from the date of inclusion to the
date of HCC operation, the date of death, the
last follow-up, or the end of the study (October
31, 2023), whichever was earliest. HCC recur-
rence was established based on histology or at
least two typical HCC imaging methods, as out-
lined by the HCC guidelines of the American
Association for the Study of Liver Disease [26].

The clinicopathological features of the pa-
tients, including demographic data and tumor
characteristics, were recorded. This research
was approved by the Institutional Review Board
of E-DA Hospital (EMRP41111N). Additionally,
the research was conducted per the guidelines
of the International Conference on Harmoni-
zation for Good Clinical Practice. Notably, all
participants were adults and provided written
informed consent for study participation.

ALDH2 rs671 polymorphism

ALDH2 is a major enzyme involved in the elimi-
nation of acetaldehyde from the body. The
ALDH2*2 allele variant is a single point muta-
tion (G to A) in exon 12, resulting in a change
from glutamine (Glu) to lysine (Lys) at codon
487 and the inactivation of ALDH2 enzyme
activity in humans, causing deficiency. The
presence of a single polymorphism (Glu to Lys,
G to A, or *1 to *2) was evaluated using blood
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samples. The ALDH2 rs671 polymorphism
causes one of three genotypes: GG, AA, and
GA. To evaluate ALDH2 deficiency, patients with
the GA and AA genotypes were merged into a
single GA/AA group.

Statistical analysis

Continuous data are expressed as the mean
and standard deviation (SD). Categorical data
are described using numbers and percentages.
Normally distributed continuous variables were
compared using the Student’s t-test, and the
Wilcoxon rank-sum test was applied for com-
parisons of two groups when continuous vari-
ables were not normally distributed. The chi-
squared test was used to compare categorical
variables. The cumulative HCC recurrence and
mortality rates were evaluated using the
Kaplan-Meier method. Recognizing that pa-
tients who died were no longer at risk for HCC
recurrence, competing risk analyses were con-
ducted. These analyses aimed to evaluate the
cumulative HCC recurrence, with mortality con-
sidered a competing risk. Both univariable and
multivariable analyses were used to evaluate
the risk predictors associated with HCC recur-
rence and mortality. The multivariable analyses
were conducted using Cox proportional regres-
sion modes for HCC. P < 0.05 indicated sta-
tistical significance. All analyses were per-
formed using the Statistical Package for Social
Sciences (SPSS, version 23.0; Chicago, IL).

Results
Baseline demographic data

The demographic and clinicopathological fea-
tures of the study participants are presented in
Table 1. Notably, 196 (82.4%) were men, and
the mean (SD) age was 62.3 (10.2) years. HCC
recurrence occurred in 70 patients, and 64
patients died. Additionally, one-fourth of the
patients had liver cirrhosis. Regarding tumor
stage, 15.5% and 14.7% of the patients were
Barcelona clinic liver cancer (BCLC) stage B-C
and TNM stage llI-IV, respectively.

ALDH2 rs671 polymorphism is associated with
advanced clinicopathological features

Notably, 44.6% (111) and 56.04% (127) of the
238 patients had ALDH2 rs671 genotype GG
and genotype GA/AA, respectively (Table 1).

2633

The ALDH2 rs671 genotype was significantly
correlated with advanced clinicopathological
features, including Edmondson-Steiner Grades
[105 (94.6) vs. 110 (86.6), P = 0.038], recur-
rence [22 (19.8) vs. 48 (37.8), P < 0.001], and
mortality [23 (20.7) vs. 41 (32.3), P = 0.003].

Predictive factors associated with tumor recur-
rence in patients with HCC who underwent
hepatectomy

HCC recurrence was observed in 70 patients
after hepatectomy, with 1-, 3-, 5-, and 10-year
cumulative incidence rates of 2.6%, 12.0%,
23.8%, and 37.7%, respectively (Figure 1A).
The univariate analysis revealed that ALDH2
rs671 genotype GA/AA, AST > 40 IU/L, and
TNM stage llI-IV were significantly correlated
with increased HCC recurrence (Table 2).
Furthermore, the multivariate Cox regression
analysis revealed that the ALDH2 rs671 geno-
type GA/AA was significantly correlated with
increased HCC recurrence (hazard ratio [HR]:
2.66, 95% confidence interval [Cl]: 1.59-4.43,
P = 0.000), followed by those with AST > 40
IU/L (HR: 1.93, 95% CI: 1.18-3.17, P = 0.009)
(Table 2).

The Kaplan-Meier analysis revealed that pa-
tients with ALDH2 rs671 genotype GA/AA had
a significantly higher HCC recurrence rate
than those with ALDH2 rs671 genotype GG.
Additionally, for patients with ALDH2 rs671
genotype GA/AA, the 1-, 3-, 5- and 10-year
cumulative HCC recurrence rates were 7.2%,
30.1%, 43.2%, and 59.0%, respectively. By
contrast, those with genotype GG had 1-, 3-, 5-
and 10-year cumulative HCC recurrence rates
of 6.6%, 11.5%, 17.4%, and 23.8%, respective-
ly (Figure 1B). In addition, patients with AST >
40 IU/L had a significantly higher HCC recur-
rence rate than those with AST < 40 IU/L. For
those AST > 40 IU/L, the 1-, 3-, 5- and 10-year
HCC recurrence rates were 8.9%, 28.9%, 39.5%
and 53.2%, respectively. In contrast, those AST
< 40 IU/L had 1-, 3-, 5- and 10-year mortality
rates of 2.5%, 14.1%, 22.3%, and 29.1%,
respectively (Figure 1C).

Furthermore, in the competing risk analysis,
patients with ALDH2 rs671 genotype GA/AA
still had a significantly higher HCC recurrence
rate than those with ALDH2 rs671 genotype GG
(P = 0.000, Figure 2). Additionally, for patients
with ALDH2 rs671 genotype GA/AA, the 1-, 3-,
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Table 1. Basic demographic data of all patients and correlations between ALDH2 polymorphisms and
clinicopathologic features

- All patients ALDH2 rs671 genotype
Characteristics P-value
(n=238) GG (n =111) GA/AA (n = 127)
Gender
Female 42 (17.6) 20 (18.0) 22 (17.3) 0.888
Male 196 (82.4) 91 (82.0) 105 (82.7)
Age (years) 62.3 +£10.2 62.8+9.7 619+ 11.1 0.510
BMI (kg/m?) 24.8 + 3.8 25.0+ 3.5 24.7 + 3.6 0.078
HTN 103 (43.3) 52 (46.8) 51 (40.2) 0.299
DM 59 (24.8) 30 (27.0) 29 (22.8) 0.455
Smoking 64 (26.9) 38(34.2) 26 (20.5) 0.017
AST (1U/L) 48 + 32 45 + 26 50 + 37 0.167
ALT (IU/L) 49 + 45 50+ 53 48 + 37 0.780
Total Bilirubin (mg/dl) 0.9+0.5 0.9+0.6 09+04 0.978
Albumin (g/dl) 42 +0.3 42 +0.3 42 +0.3 0.918
Creatinine 1.3+0.9 1.3+1.0 1.3+0.8 0.601
Platelet count (x103/ml) 188 + 70 188 + 68 188 + 72 0.726
INR 1.0+£0.41 1.0+0.1 1.0+0.1 0.428
AFP (ng/dl) 3295 + 21189 4342 + 26918 2380 + 14497 0.477
ICG (%) 11.9+6.7 12.1+6.6 11.8+6.9 0.732
Liver cirrhosis
Absent 174 (73.1) 85 (76.6) 89 (70.1) 0.259
Present 64 (26.9) 26 (23.4) 38(29.9)
Child-Pugh class
class A 236 (99.2) 109 (98.2) 127 (100) 0.419
class B 2(0.8) 2(1.8) 0(0.0)
Operative margin (> 1 cm)
Absent 168 (70.6) 78 (70.2) 90 (70.8) 0.906
Present 70 (29.4) 33(29.8) 37 (29.2)
Edmondson-Steiner Grades
-1 23(9.7) 6 (5.4) 17 (13.4) 0.038
-1V 215 (90.3) 105 (94.6) 110 (86.6)
Macrovascular invasion
Absent 215 (90.3) 97 (87.4) 118 (92.9) 0.150
Present 23(9.7) 14 (12.6) 9(7.1)
Microvascular invasion
Absent 184 (77.3) 83 (74.8) 101 (79.5) 0.473
Present 54 (22.7) 28 (25.2) 26 (20.5)
Lymph node invasion
Absent 232 (97.5) 110 (99.1) 122 (96.1) 0.136
Present 6 (2.5) 1(0.9) 5(3.9)
Tumor number
Single 218 (91.6) 102 (91.9) 116 (91.3) 0.878
Multiple 20 (8.4) 9(8.1) 11 (8.7)
Tumor size (cm) 4.8+29 48+26 48+31 0.912
Tumor size
<5cm 145 (60.9) 61 (55.0) 84 (66.1) 0.078
>5cm 93(39.1) 50 (45.0) 43 (33.9)
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TNM stage

-1 201 (84.5)

-1V 37 (15.5)
BCLC stage

0-A 203 (85.3)

B-C 35 (14.7)
Recurrence

Absent 168 (70.6)

Present 70 (29.4)
Recurrence time 46+31
Mortality

Absent 174 (73.1)

Present 64 (26.9)
Follow up time 55+3.1

93 (83.8) 108 (85.0) 0.791
18 (16.2) 19 (15.0)
94 (84.7) 109 (85.8) 0.804
17 (15.3) 18 (14.2)
89 (80.2) 79 (62.2) 0.002
22(19.8) 48 (37.8)
55+3.2 3.8+28 0.000
88 (79.3) 86 (67.7) 0.045
23 (20.7) 41 (32.3)
6.2+3.1 4.9 +3.0 0.003

Data shown as mean + standard deviation or number (%). BMI: Body mass index; HTN: Hypertension; DM: Diabetes Mellitus;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio; AFP: Alpha-fetoprotein;

ICG: Indocyanine green; BCLC stage: Barcelona clinic liver cancer.

5- and 10-year cumulative HCC recurrence
rates were 9.7%, 34.7%, 48%, and 62.7%,
respectively. By contrast, those with genotype
GG had 1-, 3-, 5- and 10-year cumulative HCC
recurrence rates of 3.1%, 13%, 19.3%, and
25.7%, respectively (Figure 2).

Predictive factors associated with mortality in
patients with HCC who underwent hepatec-
tomy

During the mean follow-up time of 5.5 years,
64 patients died. The cumulative mortality
rates at 1, 3, 5, and 10 years after resection
were 3.6%, 13.0%, 23.8%, and 37.7%, respec-
tively (Figure 3A). The univariate analysis
revealed that the following factors were signifi-
cantly correlated with increased mortality: age
> 65 years, ALDH2 rs671 genotype GA/AA, AST
> 40 IU/L, TNM stage llI-1V, platelet count < 100
K, multiple tumor number, Barcelona clinic liver
cancer (BCLC) stage B-C, and HCC recurrence
(Table 3). The multivariate Cox regression anal-
ysis revealed that patients with ALDH2 rs671
genotype GA/AA had the highest mortality rate
(HR: 2.02, 95% Cl: 1.17-3.49, P = 0.012), fol-
lowed by those with age > 65 years (HR: 1.67,
95% Cl: 1.01-2.78, P = 0.048) (Table 3).

Patients with ALDH2 rs671 genotype GA/AA
had a significantly higher mortality rate than
those with ALDH2 rs671 genotype GG. For
those with ALDH2 rs671 genotype GA/AA, the
1-, 3-, 5-and 10-year mortality rates were 3.2%,
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17.9%, 29.8%, and 46.2%, respectively. In con-
trast, patients with genotype GG had 1-, 3-, 5-
and 10-year mortality rates of 1.8%, 7.5%,
7.3%, and 28.7%, respectively (Figure 3B). In
addition, patients with age > 65 years had a
significantly higher mortality rate than those
with age < 65 years. For those aged > 65 years,
the 1-, 3-, 5- and 10-year mortality rates were
6.2%, 17.2%, 18.2% and 47.9%, respectively. In
contrast, those aged < 65 years had 1-, 3-, 5-
and 10-year mortality rates of 0%, 10%, 20.7%,
and 31%, respectively (Figure 3C).

Discussion

This study, involving 238 patients with ALD-
related HCC who underwent curative resection,
aimed to identify predictive factors for HCC
recurrence and mortality. Notably, the ALDH2
rs671 genotype GA/AA exhibited a remarkable
correlation with higher rates of HCC recurrence
and mortality relative to ALDH2 rs671 genotype
GG. In addition, the multivariable Cox regres-
sion analysis revealed the significance of the
ALDH2 rs671 genotype GA/AA (HR: 2.66, P =
0.000) and AST > 40 IU/L (HR: 1.93, P = 0.009)
as risk factors for HCC recurrence. Furthermore,
the study revealed risk factors for mortality,
with ALDH2 rs671 genotype GA/AA (HR: 2.02, P
= 0.012) and age > 65 years (HR: 1.67, P =
0.048) emerging as significant risk factors.
These findings suggest that the ALDH2 rs671
genotype may serve as valuable predictors of
HCC recurrence and mortality in ALD-related
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Several studies have reveal-
ed that ALDH2 polymorphism
impacts HCC occurrence in
alcoholic liver disease [16,
18]. However, some studies
have reported that ALDH2
rs671 polymorphism is not
correlated with HCC develop-
ment [21, 24]. Our previous
study revealed that ALDH2
rs671 polymorphism, along
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] P<0.001

with heavy alcohol consump-
tion, remarkably affects the
development of HCC and mor-
tality in patients with alco-
hol-related cirrhosis [6]. The
ALDH2*2 allele variant is a
single point mutation (G to A)
that results in the inactivation
of ALDH2 enzyme activity in
humans, causing deficiency.
Notably, the ALDH2 rs671
genotype GG effectively me-

T T T T T T T T T
0 1 2 3 a4 5 6 7 8

Follow-up time (year)

1.0

6.8 AST > 40

T Jp=0.02

Cumulative incidence of recurrence O

tabolizes alcohol and is thus
less likely to cause the accu-
mulation of carcinogenic acet-
aldehyde [6, 25]. Our study
reveals that the ALDH2 rs671
genotype GA/AA increased
the risk of HCC recurrence
and mortality relative to AL-
DH2 rs671 genotype GG in
ALD-related HCC following
hepatectomy. Taken together,
alcoholism with ALDH2 rs671
genotype GA/AA increased
the incidence of HCC develop-

o 1 2 3 4 5 6 7 8
Follow-up time (year)

Figure 1. The cumulative incidences of hepatocellular carcinoma recurrence
after surgical resection. The cumulative incidences of HCC recurrence in
all patients (A). The cumulative incidences of HCC recurrence according to
ALDH2 rs671 polymorphism. The pateints with GA/AA genotypes were sig-
nificantly correlated with increased incidences of HCC recurrence compared
with those with GG genotype (B). The patients with AST > 40 IU/L were sig-
nificantly correlated with increased incidences of HCC recurrence compared

with those with AST < 40 IU/L (C).

HCC after hepatectomy. To the best of our
knowledge, this study is the first to highlight
the significant association between ALDH2
rs671 polymorphisms and HCC recurrence
and mortality in ALD-related HCC after he-
patectomy.
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10 11 12

ment and promoted the risk
of HCC recurrence after hepa-
tectomy. Therefore, clinicians
should determine the pres-
ence of ALDH2 rs671 poly-
morphisms to predict HCC re-
currence in ALD-related HCC
after resection. Previous stud-
ies have reported that the
ALDH2 rs671 genotype GA/
AA is not correlated with
recurrence-free survival in viral- and ALD-
related HCC after resection. In that study, 96%
of patients had HBV or HCV infection and only
25% had alcoholism [25]. However, the present
study indicates that the ALDH2 rs671 genotype
GA/AA is significantly associated with higher
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Table 2. Univariate and multivariate analyses of factors associated with tumor recurrence of hepato-
cellular carcinoma patients who underwent curative resection

Univariate analyses

Multivariate analyses

Characteristics
HR (95% Cl) P-value HR (95% ClI) P-value

Gender, Female vs. Male 1.43 (0.73-2.80) 0.292
Age (years), < 65 vs. > 65 0.78 (0.48-1.29) 0.337
Body Mass Index, (kg/m?) 0.94 (0.59-1.50) 0.796
Diabetes Mellitus, Absent vs. Presence 0.90 (0.51-1.6) 0.715
Hypertension, Absent vs. Presence 0.86 (0.53-1.4) 0.863
Smoking, Absent vs. Presence 1.02 (0.60-1.72) 0.946
AST (IU/L), < 40 vs. > 40 2.08 (1.29-3.37) 0.003 1.93(1.18-3.17) 0.009
ALT (IU/L), < 40 vs. > 40 1.39 (0.87-2.23) 0.167
Total Bilirubin (mg/dl), < 1.2 vs. > 1.2 1.10 (0.62-1.95) 0.740
Albumin (g/dl), < 3.5vs.> 3.5 0.46 (1.7-1.27) 0.133
Platelet count (x103/ml), < 100K vs. > 100K 0.98 (0.36-2.68) 0.960
INR,<1.0vs.>1.0 1.16 (0.65-2.05) 0.620
AFP (ng/dl) < 200 vs. > 200 0.95 (0.52-1.74) 0.877
Liver cirrhosis, Absent vs. Presence 1.34 (0.81-2.21) 0.250
Child-Pugh class, A vs. B 0.05 (0.01-131) 0.636
Operative margin (cm), < 1.0vs. > 1.0 1.39 (0.84-2.31) 0.199
Tumor number, Single vs. Multiple 1.47 (0.70-3.08) 0.306
Tumor size (cm), <5vs. =25 1.06 (0.66-1.72) 0.806
Edmondson-Steiner Grade I-ll vs. IlI-IV

Macrovascular invasion, Absent vs. Presence 1.12 (0.51-2.45) 0.778

Microvascular invasion, Absent vs. Presence 1.05 (0.58-1.89) 0.868

Lymph node invasion, Absent vs. Presence 1.69 (0.41-6.92) 0.464
TNM stage, |-l vs. IlI-IV 1.89 (1.08-3.40) 0.026 1.62 (0.92-2.87) 0.098
BCLC stage, 0-A vs. B-C 1.72 (0.96-3.09) 0.070
ALDH2 rs671 genotype, GG vs. GA/AA 2.63 (1.58-4.38) 0.000 2.66 (1.59-4.43) 0.000

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio; AFP: Alpha-fetoprotein;

BCLC stage: Barcelona clinic liver cancer.

Cumulative incidence of recurrence

0.8

0.6

0.4 -

0.2

0.0

ALDH2 genotype GA/AA
—— ALDH?2 genotype GG

] p<0.001

T T T T T T T T T
4 5 6 7 8 9 10 1 12

Follow-up time (year)

Figure 2. The cumulative incidences of hepatocellular carcinoma recurrence
after surgical resection after competing risk analysis. The patients with GA/
AA genotypes were significantly correlated with increased incidences of HCC
recurrence compared with those with GG genotype after competing risk

analysis.
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HCC recurrence relative to the
ALDH2 rs671 genotype GG in
ALD-related HCC after hepa-
tectomy. Notably, 100% of
patients drank more than 20
g of ethanol each day for at
least 5 years, and we exclud-
ed those with HBV or HCV
infection. The findings in our
study differ from those of a
previous study that suggested
no correlation between the
ALDH2 rs671 genotype GA/
AA and recurrence-free sur-
vival [25]. This disparity may
be attributed to the fact that
the previous study primarily
included patients with viral-
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increased the incidence of
HCC and the risk of HCC recur-
rence after hepatectomy.

Our previous study revealed
that the ALDH2 rs671 geno-
type GA/AA is significantly
associated with higher mor-
tality relative to the ALDH2
rs671 genotype GG in ALD-
related cirrhosis [6]. In our
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current study, we observed a
similar trend in ALD-related
HCC after hepatectomy. How-
ever, previous studies have
revealed that the ALDH2
rs671 genotype GA/AA is hi-
ghly correlated with longer
overall survival in viral- and
ALD-related HCC after surgi-
cal resection. In that study,
96% of patients had HBV or
HCV infection and only 25%
had alcoholism [25]. Our
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study shows that 100% of
patients had alcohol drinking
more than 20 g of ethanol
each day for at least 5 years,
and we excluded those with
HBV or HCV infection. Our
results differ from those of
a previous study that suggest-
ed a significant correlation
between the ALDH2 rs671
genotype GA/AA and overall
survival [25]. This disparity
may be because the previous
study included only patients
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Figure 3. The cumulative incidences of mortality after surgical resection. The
cumulative incidences of mortality in all patients (A). The cumulative inci-
dences of mortality according to ALDH2 rs671 polymorphism. The pateints
with GA/AA genotype were significantly correlated with increased incidences
of mortality compared with those with GG genotype (B). The patients with
age > 65 years were significantly correlated with increased incidences of
mortality compared with those with age < 65 years (C).

and ALD-related HCC, whereas our study
included only patients who had alcoholism
without viral hepatitis. Moreover, ALDH2 poly-
morphism is inconsistent with HCC develop-
ment in viral-related HCC [6, 15, 17, 21-23].
However, alcoholism with ALDH2 polymorphism
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with viral-related HCC but our
study included only patients
who had alcoholism without
viral hepatitis. In addition,
alcoholism with ALDH2 poly-
morphism increased the inci-
dence of mortality and pro-
moted the risk of mortality
after hepatectomy.

The ALDH2 enzyme plays a critical role in detox-
ifying acetaldehyde, a highly reactive and toxic
byproduct of ethanol metabolism. In individuals
with the rs671 GA/AA genotype, ALDH2 enzy-
matic activity is significantly reduced or nearly
absent. First, this result causes acetaldehyde
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ALDH2 rs671 polymorphism predicts prognosis of ALD-HCC

Table 3. Univariate and multivariate analyses of factors associated with mortality of hepatocellular
carcinoma patients who underwent curative resection

Univariate analyses

Multivariate analyses

Characteristics

HR (95% Cl) P-value HR (95% Cl) P-value
Gender, Female vs. Male 1.38 (0.68-2.79) 0.373
Age (years), < 65 vs. = 65 1.68 (1.03-2.75)  0.037 1.67 (1.01-2.78) 0.048
Body Mass Index (kg/m?) 0.63 (0.38-1.04) 0.073
Diabetes Mellitus, Absent vs. Presence 1.30 (0.76-2.25) 0.342
Hypertension, Absent vs. Presence 1.45 (0.89-2.36) 0.139
Smoking, Absent vs. Presence 1.17 (0.69-1.93) 0.551
AST (IU/L), < 40 vs. 2 40 1.84 (1.12-3.05) 0.017 1.53(0.88-2.66) 0.135
ALT (IU/L), < 40 vs. > 40 1.01 (0.62-1.67)  0.959
Total Bilirubin (mg/dl), < 1.2 vs. > 1.2 1.36 (0.77-2.39)  0.291
Albumin (g/dl), < 3.5vs.>3.5 0.40(0.14-1.09) 0.073
Platelet count (x103/ml), < 100K vs. > 100K 0.40(0.19-0.84) 0.016 0.53 (0.25-1.14) 0.103
Prothrombin time, < 1.0 vs. > 1.0 1.78 (0.90-3.5) 0.095
AFP (ng/dl) < 200 vs. > 200 1.17 (0.65-2.12) 0.596
Liver cirrhosis, Absent vs. Presence 1.01 (0.58-1.75) 0.982
Child-Pugh class, A vs. B 3.45 (0.47-25.2) 0.223
Operative margin (cm), < 1.0 vs. > 1.0 1.01 (0.59-1.74) 0.971
Tumor number, Single vs. Multiple 2.29(1.19-4.38) 0.013 1.70(0.78-3.69) 0.179
Tumor size (cm), <5vs. =25 1.56 (0.96-2.55) 0.076
Edmondson-Steiner Grade I-Il vs. lll-IV
Macrovascular invasion, Absent vs. Presence 2.48 (1.35-4.57) 0.003 1.70 (0.81-3.56) 0.159
Microvascular invasion, Absent vs. Presence 1.73 (0.99-2.99) 0.052
TNM stage, I-ll vs. IlI-IV 2.99 (1.76-5.08)  0.000 1.89(0.87-4.13) 0.108
BCLC stage, 0-A vs. B-C 2.56 (1.48-4.42)  0.001 0.94 (0.42-2.12) 0.881
Recurrence, Absent vs. Presence 1.66 (1.01-2.73) 0.044 1.30(0.77-2.19) 0.326
ALDH2 rs671 genotype, GG vs. GA/AA 1.90 (1.14-3.16) 0.014 2.02 (1.17-3.49) 0.012

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio; AFP: Alpha-fetoprotein;

BCLC stage: Barcelona clinic liver cancer.

accumulation. When alcohol is consumed, it
is first metabolized by alcohol dehydrogenase
into acetaldehyde. Normally, ALDH2 converts
acetaldehyde into the less harmful acetate.
However, in rs671 GA/AA carriers, impaired
ALDH2 activity leads to sustained elevated lev-
els of acetaldehyde in hepatic tissues [15].
Second, this result causes impaired DNA repair.
ALDH2 deficiency is associated with decreased
capacity for DNA repair mechanisms, enhanc-
ing the mutational burden in hepatocytes [15].
Third, this result causes genotoxic effects.
Acetaldehyde is a potent DNA-damaging agent.
It forms DNA adducts, which can result in repli-
cation errors and mutagenesis. These genetic
alterations can drive tumor initiation and pro-
gression [27]. Fourth, this result causes epi-
genetic dysregulation. Acetaldehyde exposure
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has also been shown to alter DNA methylation
patterns and histone modifications, further pro-
moting oncogenic transformation and tumor
aggressiveness. Fifth, this result causes sy-
nergism with Liver Injury and cirrhosis. In the
background of alcohol-induced liver damage
or metabolic dysfunction-associated steatotic
liver disease, ALDH2 dysfunction exacerbates
hepatic inflammation, fibrosis, and cirrhosis,
creating a high-risk microenvironment for HCC
recurrence after resection. Given this multifac-
eted role, ALDH2 rs671 polymorphism not only
predisposes individuals to initial tumorigenesis
but also creates a pro-recurrence molecular
milieu following hepatic resection. This makes
it a clinically relevant genetic marker for risk
stratification and potentially a therapeutic tar-
get for personalized interventions.
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This study has several limitations. First, it is a
single-center design and retrospective nature,
which might impact generalizability. Second,
the relatively low number of patients may lead
to type | error, which influences the results of
univariate analyses. The limited number of cer-
tain events also made it difficult to perform
robust multivariate analyses.

Conclusion

The ALDH2 rs671 genotype GA/AA is signifi-
cantly associated with higher HCC recurrence
and mortality relative to the ALDH2 rs671
genotype GG in ALD-related HCC after hepa-
tectomy. This study is the first to demonstrate
that the ALDH2 rs671 genotype GA/AA is sig-
nificantly associated with unfavorable clinical
prognosis in ALD-related HCC after hepatecto-
my. Therefore, clinicians should assess ALDH2
rs671 polymorphism to determine the risk of
HCC recurrence and mortality in ALD-related
HCC after surgical resection.
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