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Abstract: In the study, we aimed to investigate the relevance of preoperative serum alanine aminotransferase (ALT)
levels to recurrence of hepatitis B virus-related hepatocellular carcinoma (HBV-HCC) after RO resection. The medical
histories of a cohort of HBV-HCC patients (663) having undergone RO resection from 2000 to 2012 were retrospec-
tively reviewed and analyzed. A receiver operating characteristic (ROC) curve was plotted to define the optimal cutoff
values, and to identify the sensitivity and specificity of preoperative levels of serum ALT in predicting recurrence of
HBV-HCC after RO resection. The patients were subgrouped according to preoperative serum ALT levels. Subgroup
analysis was conducted to investigate associations of preoperative ALT levels with serum HBV-DNA levels, cirrhosis
occurrence or curative effect of postoperative antiviral therapy on HBV-HCC recurrence after RO resection. ROC
results showed that the optimum cutoff value for ALT was 37.5 U/L (AUC 0.698, 95% CI: 0.657-0.738, sensitivity
70.4%, specificity of 65.1%). Over a median follow-up period of 44.5 months after RO resection, Kaplan-Meier analy-
sis showed significantly high recurrence-free survival (RFS) rates for low preoperative ALT group compared to high
ALT group over 15 year follow-ups. Multivariate analysis showed that an elevated preoperative ALT level and cirrhosis
were independent risk factors affecting RFS. Subgroup analysis revealed that the patients with preoperative ALT
levels <20 U/L had significantly less cirrhosis and their prognosis was much better with lower recurrence rates after
RO resection than those with higher ALT levels. Importantly, the subgroup analysis also revealed that postoperative
antiviral therapy significantly improved RFS for the patients with high levels of preoperative ALT. Our analyses sug-
gest that high levels of preoperative serum ALT in HBV-HCC patients may lead to poorer RFS after RO resection and
indicate a better prognostic effect of postoperative antiviral therapy on recurrence of HBV-HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth
most common cancer worldwide and the third
most frequent cause of cancer-related death
and accounts for more than 90% of primary
liver cancer [1]. Etiologically, HCC is largely
associated with chronic hepatitis B virus (HBV)
infection [2]. Since viral hepatitis is consider-
ably prevalent in China, hepatitis virus-induced
hepatocirrhosis and carcinogenesis occurs
more frequently than other parts worldwide.
Curative liver resection is the main treatment
for HCC at present in our hospital as well as
worldwide, but its overall curative effect
remains unsatisfactory because of recurrence.
It has been thought that the unsatisfactory
effect is ascribed to the HBV-induced liver dam-

age and cirrhosis in HCC recurrence after cura-
tive resection, except for HCC potential intrahe-
patic metastasis.

Alanine aminotransferase (ALT) levels in serum
have been considered as a measure of sensi-
tive biochemical hepatitis activity and can
reflect hepatocellular damage. The previous
studies showed that elevated perioperative
transaminase level could predict intrahepatic
HBV-related HCC recurrence after curative hep-
atectomy [3]; high postoperative serum ALT
level was closely associated with hepatitis C
virus-HCC recurrence after curative resection
[4]. However, the factors influencing preopera-
tive ALT levels in patients with HBV-HCC have
not been completely studied, and the associa-
tion of preoperative ALT levels with HBV-HCC
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recurrence after RO resection and efficiency of
postoperative antiviral therapy remain elusive.
Because serum ALT levels reflect the degree of
both hepatitis B viral activity and liver damage
which are known to be determinants of HCC
recurrence, we assume that preoperative ALT
ought to be relevant to HBV-HCC recurrence
after surgical resection.

For this reason, the present retrospective anal-
ysis of the clinical and follow-up data of 663
cases of HBV-HCC who underwent RO resection
from January 2000 to December 2012 was
performed to elucidate prognostic factors for
RFS and to evaluate relationships of preopera-
tive serum ALT levels with recurrence after RO
resection and curative effect of postoperative
antiviral therapy on HCC recurrence. We found
that the patients with low levels of preoperative
serum ALT showed much better prognosis with
lower recurrence rates after RO resection than
those with high ALT levels while postoperative
antiviral therapy significantly improved RFS for
the patients with high levels of preoperative
ALT.

Materials and methods
Patients

Consecutive RO hepatic resection for HCC was
performed for 827 patients with HCC in the
Affiliated Hospital of Qingdao University from
January 2000 to December 2012. All the cases
were confirmed by pathological examination.
Among them, 725 patients were identified posi-
tive for hepatitis B surface antigen. Patients
with the following situations were excluded:
concurrent infection with HCV, bile duct tumor
thrombus, tumor rupture, postoperative extra-
hepatic metastases within 2 months of follow-
up and if patients died from liver disease-relat-
ed but non HCC-related causes within 2 years
after operation (without evidence of HCC recur-
rence). Ultimately, 663 patients were included
for this study, among whom were 559 men and
104 women (ratio 5.4:1) and the age ranged
14-82 years old with an average of 54.3.

Surgical methods

All 663 cases underwent liver resection in
accordance with the Couinaud segmentation
method to implement hepatic segmentectomy
or combined resection for adjacent liver seg-
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ments (anatomical resection) or partial hepa-
tectomy containing tumor (nonanatomical re-
section). RO hepatic resection means that there
were no residual cancer cells present or tumor
nodules visible in the surgical margin when
checked microscopically and macroscopically.

Test methods

The serum ALT of the targeted patients was
assessed with help of ALT Modified UV (IFCC),
Kinetic Assay (Span Diagnostics Ltd.) following
the instructions of the manufacturer. The nor-
mal values range 10-40 U/L at 37°C.

Serum HBV-DNA was measured by way of PCR
(ABI Prism 7000 fluorescence quantitative PCR
instrument, ABI, USA); HBV DNA levels of <103
copies/mL was considered to be a low viral
load.

Antiviral therapy and follow-up

In the present study, patients with HBV-HCC
took nucleoside analogues as antiviral drugs,
starting either before or after surgery. Adjuvant
antiviral therapy with lamivudine 100 mg, ade-
fovir dipivoxil 10 mg, or entecavir 0.5 mg orally
daily was commenced within a week after oper-
ation or after discharge for some patients with
the high viral load. For patients with renal func-
tion insufficiency, the daily lamivudine or adefo-
vir dipivoxil dose was adjusted according to cre-
atinine clearance.

Serum alpha-fetoprotein (AFP), liver function
tests, liver ultrasonography or computed to-
mography (CT) image, and lung CT were per-
formed monthly for 3 months after surgical
resection, then trimonthly. The time of recur-
rence after resection was adjudged by the pres-
ence of clear masses on imaging examination.
Patients with confirmed recurrence were sub-
ject to further treatment. If the recurrent tumor
was located, a second liver resection, radiofre-
quency ablation (RFA) or percutaneous ethanol
injection was suggested; if the recurrent tumor
was multiple or diffused, transcatheter arterial
chemoembolization (TACE) was the choice.
Treatment decision was made based on the
pattern of recurrence and liver function reserve.
The follow-up ended on 31 January 2015 or
when patients died. The median follow-up time
was 44.5 months (range 3.3-180.8 months).
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as an indicator for predicting

recurrence of HBV-HCC was
projected to be 37.5 U/L,
which yielded a sensitivity of
70.4% and a specificity of
65.1%, with the area under
the curve at 0.698 (95% ClI,
0.657-0.738) (Figure 1). As
the sensitivity and specificity
were similar to those for the
recommended clinical cutoff
of 40 U/L, we chose 40 U/L as
the cutoff value for ALT in this
study.

Then, on the basis of the ROC

10 results, patients were sub-
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Figure 1. ROC curves of preoperative levels of serum ALT and HBV-HCC re-

currence.

Statistical analysis

Receiver operating characteristic (ROC) curve
was utilized to evaluate the accuracy of preop-
erative serum ALT levels to predict HBV-HCC
recurrence. Area under the curve (AUC) was cal-
culated as measurements of the accuracy of
the test. The Kaplan-Meier survival analysis
(log-rank test) was used to analyze RFS time.
The factors with P<0.05 from the Kaplan-Meier
analysis were enrolled in the Cox regression
hazard model. Categorical variables were com-
pared using the chi-square test or Fisher’'s
exact test, where appropriate. Spearman cor-
relation analysis method was used in correla-
tion analysis. P values were two tailed. Sta-
tistical significance was accepted for P values
of <0.05. All the data were statistically ana-
lyzed with the software, SPSS Statistics for
Windows, Version 13.0 (SPSS Inc., Chicago, IL,
USA).

Results

ROC curves of preoperative levels of serum
ALT and HBV-HCC recurrence

A ROC curve was utilized to define the optimal
cutoff values, and to identify the sensitivity and
specificity of preoperative levels of serum ALT
in predicting recurrence of HBV-HCC after RO
resection. Based on the ROC curve, the optimal
cutoff value of preoperative serum ALT levels
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grouped into the high ALT
group (ALT >40 U/L, 48.3%)
and the low ALT group (ALT
<40 U/L, 51.7%). To further
analyze the data in the low ALT
group, the preoperative ALT
levels in the group were sub-categorized in two
subgroups: <20 U/L (n=56) and >20 U/L
(n=287).

Patients with different preoperative ALT levels
showed different clinical characteristics

As shown in Table 1, we found that the follow-
ing clinical characteristics happened more fre-
quently in the high ALT group than in the low
ALT group: male, age of <60, positive history of
alcohol abuse (heavy alcohol consumption of
>80 g/d ethanol for at least 5 years [5]), GGT
>64 U/L, surgical margin <0.5 cm, hepatic
inflow occlusion, intraoperative blood transfu-
sion and liver capsule invasion (P<0.05).

Prognostic factors for RFS

The patients with HBV-HCC were followed up
after RO resection. The median follow-up time
was 44.5 months (ranging 3.3-180.8 months).
Over their follow-up periods, 419 patients
(63.2%) were diagnosed with HCC recurrence.
Kaplan-Meier analysis showed that the follow-
ing factors significantly decreased RFS: preop-
erative levels of ALT >40 U/L and GGT (gamma
glutamyltransferase) >64 U/L, liver cirrhosis,
liver resection range >2 hepatic segments, sur-
gical margin <0.5 cm, intraoperative blood loss
>1000 ml, intraoperative blood transfusion,
preoperative levels of AFP >20 ng/ml, multiple
tumors, major tumor size >5 cm, naked eye
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Table 1. Baseline characteristics compared between the high ALT group and the low ALT group

Characteristic High ALT group (n=320) Low ALT group (n=343) x*value P-value

Sex 11.980 0.001
Male 286 (89.4) 273 (79.6)
Female 34 (10.6) 70 (20.4)

Age (years) 14.618 0.000
<60 255 (79.7) 228 (66.5)
>60 65 (20.3) 115 (33.5)

History of alcohol abuse positive 6.436 0.011
No 209 (67.9) 261 (76.8)
Yes 99 (32.1) 79 (23.2)

Preoperative TACE 1.304 0.253
No 269 (84.1) 299 (87.2)
Yes 51 (15.9) 44 (12.8)

Cirrhosis 0.333 0.564
No 18 (5.6) 23 (6.7)
Yes 302 (94.4) 320 (93.3)

Portal hypertension 0.856 0.355
No 257 (80.3) 285 (83.1)
Yes 63 (19.7) 58 (16.9)

GGT (U/L) 85.912  0.000
<64 164 (51.3) 289 (84.8)
>64 156 (48.8) 52 (15.2)

Child-Pugh classification 0.030 0.862
A 308 (96.3) 331 (96.5)
B 12 (3.8) 12 (3.5)

Liver resection range (segments) 0.422 0.516
<1 188 (58.8) 210 (61.2)
>1 132 (41.3) 133 (38.8)

Surgical margin (cm) 4.052 0.044
<0.5 121 (37.9) 104 (30.5)
>0.5 198 (62.1) 237 (69.5)

Hepatic inflow occlusion 10.236  0.001
No 131 (40.9) 183 (53.4)
Yes 189 (59.1) 160 (46.6)

Intraoperative blood transfusion 4.260 0.039
No 237 (74.1) 277 (80.8)
Yes 83 (25.9) 66 (19.2)

Intraoperative blood loss (mL) 0.862 0.353
<1000 278 (86.9) 306 (89.2)
>1000 42 (13.1) 37 (10.8)

AFP (ng/mL) 2.216 0.137
<20 148 (46.5) 179 (52.3)
>20 170 (53.5) 163 (47.7)

Multiple tumors 0.546 0.460
No 252 (78.8) 278 (81.0)
Yes 68 (21.3) 65 (19.0)

Major tumor size (cm) 1.358 0.244
<5.0 193 (60.7) 220 (65.1)
>5.0 125 (39.3) 118 (34.9)
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Differentiation

High 37 (11.6)

Middle and low 271 (84.7)

Necrosis 12 (3.8)
Naked eye vascular invasion

No 293 (91.6)

Yes 27 (8.4)
Liver capsule invasion

No 96 (30.2)

Yes 222 (69.8)
Regional lymph node metastasis

No 320 (100)

Yes 0 (0)

1569  0.456
50 (14.6)
278 (81.0)
15 (4.4)

0.990  0.320
321 (93.6)
22 (6.4)

3.895  0.048
126 (37.5)
210 (62.5)

6.626  0.062
338(98.5)
5 (1.5)

AFP: alpha-fetoprotein, ALT: alanine aminotransferase, Cl: confidence interval, GGT: gamma glutamyltransferase, HR: hazard

ratio, TACE: transcatheter hepatic arterial chemoembolization.

Table 2. Univariate and multivariate analyses of the factors related to recurrence-free survival

Kaplan-Meier analysis

Cox regression hazard model

Characteristic

Median (mo) P-value

HR (95% Cl) P-value

Sex (male/female)

Age (£60/>60 years)

History of alcohol abuse positive (no/yes)”
Preoperative TACE (no/yes)

Cirrhosis (no/yes)

Portal hypertension (no/yes)

Child-Pugh Classification (A/B)

ALT (240/>40 U/L)

GGT (<64/>64 U/L)

Liver resection range (<1/>1 segments)
Surgical margin (>0.5/<0.5 cm)”

Hepatic inflow occlusion (no/yes)
Intraoperative blood loss (<1000/>1000 mL)
Intraoperative blood transfusion (no/yes)
AFP (£20/>20 ng/mL)

Multiple tumors (no/yes)

Major tumor size (<5.0/>5.0 cm)

31.4/50.0 0.123
36.8/27.7 0.284
36.0/26.0 0.247
32.0/34.0 0.950
71.6/31.0 0.011
35.8/30.0 0.123
34.0/24.0 0.105
50.8/24.1 0.000
45.0/21.0 0.000
43.0/23.7 0.003
43.0/23.0 0.000
36.9/27.0 0.109
35.0/23.0 0.041
38.0/26.0 0.011
45.0/25.0 0.000
43.1/16.7 0.000
51.0/19.2 0.000

1.864 (1.158-3.002) 0.010

1.471 (1.189-1.821) 0.000

1.270 (1.035-1.558) 0.022

1.263 (1.035-1.543) 0.022
1.669 (1.323-2.106) 0.000

Differentiation (high/middle and low/necrosis) 39.8/31.0/57.8 0.308

Naked eye vascular invasion (no/yes) 39.0/6.5 0.000  2.497 (1.790-3.482) 0.000
Liver capsule invasion (no/yes)” 42.9/27.0 0.279
Regional lymph node metastasis (no/yes) 33.9/3.5 0.042 5.810(1.943-17.372) 0.002

AFP: alpha-fetoprotein, ALT: alanine aminotransferase, Cl: confidence interval; GGT: gamma glutamyltransferase, HR: hazard
ratio, TACE: transcatheter hepatic arterial chemoembolization, “some patients lacked data.

vascular invasion, and regional lymph node
metastasis (Table 2). By Cox regression analy-
sis, we found that the recurrence of HBV-HCC
after RO resection was independently influ-
enced by the following factors: preoperative
levels of ALT >40 U/L, liver cirrhosis, surgical
margin <0.5 cm, preoperative levels of AFP >20
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ng/ml, multiple tumors, naked eye vascular
invasion and regional lymph node metastasis
(Table 2).

Relevance of preoperative ALT levels to RFS

The RFS curves between the high ALT group
and low ALT group are shown in Figure 2, dem-

Int J Clin Exp Med 2016;9(1):120-130



Positive relevance of preoperative serum ALT levels to HCC recurrence
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Figure 2. Cumulative RFS rate in the two groups after RO resection (P=0.000).
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Figure 3. Cumulative RFS rate in different preoperative ALT levels after RO
resection (P=0.000).

onstrating a significant differ-
ence between the two groups.
Patients in the high ALT group
had lower RFS rates (1-, 2-, 5-
and 10-years: 72.2%, 50.3%,
27.9% and 16.0%, respective-
ly) compared to those in the
low ALT group (1-, 2-, 5-
and 10-years: 79.3%, 63.8%,
45.4% and 36.9%, respec-
tively) (P<0.001). The compar-
ison indicates that low levels
of preoperative serum ALT are
highly relevant to high RFS
rates after RO resection of
HBV-HCC.

In Figure 3, we noted that the
patients with preoperative
ALT levels <20 U/L (n=56)
had the longest median RFS
(144.0 months) while those
with preoperative ALT levels
>20-40 U/L (n=287) and >40
U/L (n=320) had median RFS
(43.0 months and 24.1 mon-
ths, respectively; P<0.001).
The analytic results show lar-
ge differences among three
subgroups.

Analysis of related factors
also showed that the signifi-
cantly fewer patients with pre-
operative ALT levels <20 U/L
had liver cirrhosis (P=0.005)
than the numbers of patients
in other subgroups. However,
preoperative AFP levels and
BCLC (Barcelona Clinic Liver
Cancer) stage 0-A did not sig-
nificantly differ between three
different preoperative ALT lev-
els (Table 3).

Relevance of HBV viral load
or preoperative ALT levels to
the antiviral effect on HBV-
HCC recurrence

One hundred and forty-two
patients were identified hav-
ing clear results of serum HBV
DNA test. Using 10° copies/
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Table 3. The relationship between different preoperative ALT levels

and other tumor-pathologic parameters

were normal. However, in
contrast to the low viral load

ALT <20 U/L 20 U/L< ALT <40 U/L ALT >40 U/L P-value

group, in the high viral load

Cirrhosis 47 (83.9) 273 (95.1)
AFP >20 ng/mL 32 (58.2) 131 (45.6)
BCLC stage O-A 48 (85.7) 234 (81.6)

302 (94.4) 0.005
170 (53.5) 0.077
249 (77.8) 0.636

group, the median RFS was
51.7 months (n=47) for the
patients who received post-
operative antiviral therapy

AFP: alpha-fetoprotein, ALT: alanine aminotransferase, BCLC: Barcelona Clinic Liver

Cancer.

but only 20.5 months (n=51)
for those without receiving
antiviral therapy (P=0.006)

1.0 —|L

0.8
0.671 ik

0.4

Recurrence-free survival

0.2

0.0

1] Postoperative antiviral therapy (n=47)

Non-postoperative antiviral therapy (n=51)

(Figure 4), suggesting that
the patients with high viral
load could obtain better
curative effect on RFS from
postoperative antiviral the-

rapy.

Since we noticed thatamong
the patients who received
postoperative antiviral ther-
apy, 58.0% of them showed
high levels of serum ALT
while 37.5% low level (P=
0.042), we assumed a cor-
relation may exist between
HBV viral load and serum
ALT levels. For this reason,
+ we applied Spearman corre-
lation analysis and found
that preoperative serum ALT
level was closely and posi-
tively correlated with serum

T T
0.0 200 400

Months after hepatectomy

Figure 4. Cumulative RFS rate in patients with and without postoperative anti-
viral therapy in the high viral load group after RO resection (P=0.006).

mL of HBV-DNA as our cut-off value, the
patients were divided into high viral load group
(=10® copies/mL, n=98) and low viral load
group (<103 copies/mL, n=44). In our retro-
spective study, patients with HBV-HCC started
to take nucleoside analogues as antiviral drugs
either before or after surgery.

In the low viral load group, the median RFS for
patients who received antiviral therapy was
35.1 months (n=19) while it was 39.4 months
for those who did not receive antiviral therapy
(n=25) (P>0.05), showing no significant differ-
ence between two groups. Among the 19
patients who received antiviral therapy, 14
patients received it both before and after sur-
gery and their preoperative serum ALT levels
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80.0 HBV-DNA levels (r=0.424;
P<0.001).

Since 2005 we had estab-
lished clear records for 193
patients in the high preop-
erative ALT group on wheth-
er or not they had received postoperative anti-
viral therapy. Out of 193 patients, 73 (37.8%)
received the therapy. By Kaplan-Meier analysis,
these 73 patients showed a significantly longer
median RFS of 39.8 months than that of 17.0
months of other 120 patients who did not
receive postoperative antiviral therapy (P=
0.029) (Figure 5). In line with the above, the
analytic result indicates that the patients with
high level of preoperative ALT benefited from
postoperative antiviral therapy.

In summary, HCC patients with high HBV viral
load or high preoperative ALT level may acquire
high RFS rates after RO resection by postopera-
tive antiviral therapy.

Int J Clin Exp Med 2016;9(1):120-130



Positive relevance of preoperative serum ALT levels to HCC recurrence

Serum ALT is the most exten-
sively investigated serum en-
zyme. Elevated ALT level was
associated with mortality of
various liver diseases [13].
Cheung et al. [3] found that
high perioperative ALT level
could predict intrahepatic re-
currence in patients with HBV-
HCC after curative hepatecto-
my, and patients with high
serum ALT level had higher
incidence of tumor recurrence
and worse prognosis after
curative resection compared
to those with low serum ALT
levels. A community-based
cohort study showed high
serum ALT level is indepen-
dently associated with a high-
er risk for HBV-HCC [14].
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Figure 5. Cumulative RFS rate in patients with and without postoperative
antiviral therapy in the high ALT group after RO resection (P=0.029).

Discussion

As the level of medical treatment has improved,
the overall survival rate after liver resection
among patients with HCC has increased. RO
hepatic resection is the primary effective treat-
ment for HCC and can prolong overall survival
of patients although their prognosis is still
unsatisfactory [6]. Previous studies identified
that various factors, such as tumor factors and
serum AFP levels, were associated with higher
incidences of tumor recurrence [7-12].

In our study, we found two independent risk fac-
tors: preoperative ALT level and cirrhosis which
evidently influenced recurrence of HBV-HCC
patients after RO resection. Moreover, sub-
group analysis showed that patients with pre-
operative levels of ALT <20 U/L suffered much
less liver cirrhosis and their prognosis was
much better than those with higher preopera-
tive ALT levels. Additionally, we also found pre-
operative ALT level was correlated with serum
HBV-DNA levels, and postoperative antiviral
therapy significantly decreased tumor recur-
rence rates after RO resection if the preopera-
tive ALT levels were high in the HBV-HCC
patients.
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Moreover, Lin et al. [15] also
revealed that preoperative ALT
and AFP levels could signifi-
cantly affect HCC incidence in
patients with chronic hepatitis
B infection.

In keeping with these findings, we found that
high preoperative ALT level was a significant
independent non-tumor risk factor for RFS,
Moreover, survival analysis showed that respec-
tive RFS rates significantly differed between
the high ALT and low ALT groups (Figure 2).

Many studies have shown that chronic active
hepatitis and cirrhosis were the most signifi-
cant risk factors for intrahepatic tumor recur-
rence, which probably develops through multi-
centric hepatocarcinogenesis [9, 10, 16, 17].
This is the apparent result of repeated inflam-
mation and cellular necrosis in patients with
chronic hepatitis and cirrhosis which enhance
proliferation and accelerate development of
new HCC foci via an elevated rate of spontane-
ous mutations and promotion due to gene
instability, eventually leading to tumor recur-
rence [18]. Adachi et al. [8] considered active
inflammation a basic cause of recurrence.
Heathcote et al. [19] also thought that active
inflammation and worsening fibrosis were sig-
nificant risk factors for developing HCC in
chronic hepatitis-C virus infection. Moreover,
Tarao et al. [20] also suggested serum ALT level
was an index of inflammatory activity that
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reflects hepatocyte necrosis followed by cirrho-
Sis occurrence.

Our study also suggested that liver cirrhosis is
an independent risk factor for recurrence of
HBV-HCC after RO resection. Related factor
analysis also showed that liver cirrhosis was
significantly less severe and RFS was signifi-
cantly longer for the patients with preoperative
levels of ALT <20 U/L than those with higher
preoperative ALT levels. Higher serum ALT level
is widely considered to indicate inflammatory
necrosis of hepatocytes. Indeed, one study
found a close correlation between high trans-
aminase levels and histologic necroinflamma-
tion in biopsied specimens from patients with
chronic cirrhosis [21]. Subsequently, one study
also mentioned that histologic findings of
necroinflammation coincided with high trans-
aminase levels in 53 of 64 patients (83%) with
cirrhosis [4].

In this study, we think that there was much less
inflammation in the liver tissue of the patients
with preoperative levels of ALT <20 U/L. They
were inclined to suffer less from cirrhosis, and
the degree of cirrhosis in the patients might
also be much lighter than that in the patients
with higher preoperative ALT levels. However,
information on pathological assessment of the
fibrosis stage caused by inflammation was not
fully collected. The fibrosis stage may be asso-
ciated with long-term prognosis after curative
resection.

High levels of serum HBV-DNA have been dem-
onstrated to be a major risk factor for HCC
development in patients with chronic HBV
infection [22-24]; some researchers have sug-
gested that HBV-DNA levels of >10* copies/mL
are the strongest predictor of future HCC risk
[22, 23]. Similarly, studies have also reported
that the necroinflammatory process resulting
from high viral load may induce hepatocarcino-
genesis [25]. Necrosis, regeneration and
increased spontaneous mutation rate caused
by HBV replication in liver cells may also
increase the chances of HCC occurrence [26].
We think that the above process would damage
liver cells and cause serum ALT level to
increase.

In our study, the preoperative ALT levels for
some patients receiving preoperative antiviral
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therapy were found to be normal. We assumed
that this was possibly because the antiviral
drugs suppressed HBV replication, which dec-
reased serum ALT level to the normal range.
Kim et al. [27] also reported that preoperative
ALT level was correlated with serum HBV-DNA
levels in patients with HBV-HCC. Subsequently,
Ishikawa et al. [28] showed that the serum ALT
was higher in patients with high HBV-DNA load
than that in those with low HBV-DNA load.
Additionally, Yang et al. [29] showed that post-
operative antiviral therapy independently im-
proved RFS for patients with high viral load in
accord with our findings. We, therefore, thought
that high viral load is often accompanied with
increased serum ALT level in patients with HBV-
HCC and could increase the chance of tumor
recurrence. Since the high level of serum ALT is
due to high viral load, our study strongly sug-
gests that postoperative antiviral therapy
should be applied to the patients with high lev-
els of ALT.

The current study was limited by the small sam-
ple size, regional area and use of data from a
single institution, which may not be representa-
tive of other HBV-HCC populations. Our retro-
spective analysis showed that a high preopera-
tive ALT level, which reflects increased hepatitis
activity, is an independent risk factor for HBV-
HCC recurrence after RO resection, and is cor-
related with serum HBV-DNA levels. Therefore,
we suggest that antiviral management should
be considered as soon as possible for HBV-HCC
patients who have undergone RO resection,
especially those with a high preoperative ALT
level. We also recommend that regular liver
function and imaging examination be per-
formed after RO resection, especially for those
with high preoperative serum ALT levels in order
to detect and treat recurrence early and ulti-
mately improve prognosis.

Acknowledgements

We thank Dr. Zhigiang Qu (Center for Medical
Research, Affiliated Hospital of Qingdao Uni-
versity) for critical revision and comments on
the manuscript. This project was supported by
the Funding for Excellent Departments (Qingdao
University) to LW.

Disclosure of interest of conflict

None.

Int J Clin Exp Med 2016;9(1):120-130



Positive relevance of preoperative serum ALT levels to HCC recurrence

Address correspondence to: Dr. Li-Qun Wu, De-
partment of Hepatobiliary and Pancreatic Surgery,
Affiliated Hospital of Qingdao University, 16 Jiang Su
Road, Qingdao 266000, China. Tel: 86-1866180-
9789; E-mail: wulg5810@126.com

References

(1]

(2]

(3]

(6]

(7]

(8]

(10]

129

An SL, Xiao T, Wang LM, Rong WQ, Wu F, Feng
L, Liu FQ, Tian F, Wu JX. Prognostic significance
of preoperative serum alpha-fetoprotein in he-
patocellular carcinoma and correlation with
clinicopathological factors: a single-center ex-
perience from china. Asian Pac J Cancer Prev
2015; 16: 4421-4427.

JinY, Zhou L, Liang ZY, Jin KM, Zhou WX, Xing
BC. Clinicopathologic and prognostic signifi-
cance of carboxyl terminus of hsp70-interact-
ing protein in HBV-related hepatocellular carci-
noma. Asian Pac J Cancer Prev 2015; 16:
3709-3713.

Cheung YS, Chan HL, Wong J, Lee KF, Poon TC,
Wong N, Lai PB. Elevated perioperative trans-
aminase level predicts intrahepatic recurrence
in hepatitis B-related hepatocellular carcino-
ma after curative hepatectomy. Asian J Surg
2008; 31: 41-49.

Tarao K, Rino Y, Ohkawa S, Tamai S, Miyakawa
K, Takakura H, Endo O, Yoshitsugu M, Wata-
nabe N, Matsuzaki S. Close association be-
tween high serum alanine aminotransferase
levels and multicentric hepatocarcinogenesis
in patients with hepatitis C virus-associated
cirrhosis. Cancer 2002; 94: 1787-1795.
Blonski W, Kotlyar DS, Forde KA. Non-viral
causes of hepatocellular carcinoma. World J
Gastroenterol 2010; 16: 3603-3615.

Zhou Y, Si X, Wu L, Su X, Li B, Zhang Z. Influ-
ence of viral hepatitis status on prognosis in
patients undergoing hepatic resection for he-
patocellular carcinoma: a meta-analysis of ob-
servational studies. World J Surg Oncol 2011,
9: 108.

Belghiti J, Panis Y, Farges O, Benhamou JP,
Fekete F. Intrahepatic recurrence after resec-
tion of hepatocellular carcinoma complicating
cirrhosis. Ann Surg 1991; 214: 114-117.
Adachi E, Maeda T, Matsumata T, Shirabe K,
Kinukawa N, Sugimachi K, Tsuneyoshi M. Risk
factors for intrahepatic recurrence in human
small hepatocellular carcinoma. Gastroenter-
ology 1995; 108: 768-775.

Shirabe K, Kanematsu T, Matsumata T, Adachi
E, Akazawa K, Sugimachi K. Factors linked to
early recurrence of small hepatocellular carci-
noma after hepatectomy: univariate and multi-
variate analyses. Hepatology 1991; 14: 802-
805.

Ko S, Nakajima Y, Kanehiro H, Hisanaga M, Ao-
matsu Y, Kin T, Yagura K, Ohyama T, Nishio K,

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

(19]

[20]

Ohashi K, Sho M, Yamada T, Nakano H. Signifi-
cant influence of accompanying chronic hepa-
titis status on recurrence of hepatocellular
carcinoma after hepatectomy. Result of multi-
variate analysis. Ann Surg 1996; 224: 591-
595.

Nagasue N, Uchida M, Makino Y, Takemoto Y,
Yamanoi A, Hayashi T, Chang YC, Kohno H, Na-
kamura T, Yukaya H. Incidence and factors as-
sociated with intrahepatic recurrence follow-
ing resection of hepatocellular carcinoma.
Gastroenterology 1993; 105: 488-494.
Nagao T, Inoue S, Yoshimi F, Sodeyama M,
Omori Y, Mizuta T, Kawano N, Morioka Y. Post-
operative recurrence of hepatocellular carci-
noma. Ann Surq 1990; 211: 28-33.

Hann HW, Wan S, Myers RE, Hann RS, Xing J,
Chen B, Yang H. Comprehensive analysis of
common serum liver enzymes as prospective
predictors of hepatocellular carcinoma HBV
patients. PLoS One 2012; 10: 1371-1380.

Lin CL and Kao JH. Risk stratification for hepa-
titis B virus related hepatocellular carcinoma. J
Gastroenterol Hepatol 2013; 28: 10-17.

Lin YJ, Lee MH, Yang HI, Jen CL, You SL, Wang
LY, Lu SN, Liu J, Chen CJ. Predictability of liver-
related seromarkers for the risk of hepatocel-
lular carcinoma in chronic hepatitis B patients.
PLoS One 2013; 8: €61448.

Chung KM, Chien TM, Chuang SS, Wu HC,
Sheu MJ, Lin CY, Kuo HT. High pre-operative
serum aminotransferase levels predict local
recurrence after curative resection of hepato-
cellular carcinoma. Advances in Digestive
Medicine 2014; 1: 14-20.

Ikeda K, Saitoh S, Arase Y, Chayama K, Suzuki
Y, Kobayashi M, Tsubota A, Nakamura |, Mu-
rashima N, Kumada H, Kawanishi M. Effect of
interferon therapy on hepatocellular carcino-
genesis in patients with chronic hepatitis type
C: A long-term observation study of 1,643 pa-
tients using statistical bias correction with pro-
portional hazard analysis. Hepatology 1999;
29: 1124-1130.

Tarao K, Ohkawa S, Shimizu A, Harada M, Na-
kamura Y, Ito Y, Tamai S, Hoshino H, Inoue T,
Kanisawa M. Significance of hepatocellular
proliferation in the development of hepatocel-
lular carcinoma from anti-hepatitis C virus-pos-
itive cirrhotic patients. Cancer 1994; 73:
1149-1154.

Heathcote EJ. Prevention of hepatitis C virus-
related hepatocellular carcinoma. Gastroen-
terology 2004; 127: S294-302.

Tarao K, Takemiya S, Tamai S, Sugimasa Y, Oh-
kawa S, Akaike M, Tanabe H, Shimizu A, Yo-
shida M, Kakita A. Relationship between the
recurrence of hepatocellular carcinoma (HCC)
and serum alanine aminotransferase levels in
hepatectomized patients with hepatitis C vi-

Int J Clin Exp Med 2016;9(1):120-130


mailto:wulq5810@126.com

(21]

[22]

(23]

130

Positive relevance of preoperative serum ALT levels to HCC recurrence

rus-associated cirrhosis and HCC. Cancer
1997; 79: 688-694.

Tarao K, Rino Y, Takemiya S, Ohkawa S, Sugi-
masa Y, Miyakawa K, Tamai S, Masaki T, Hiro-
kawa S, Kameda Y, Nagaoka T, Okamoto N,
Kokubu S, Yoshida M, Kakita A. Serum alanine
aminotransferase levels and survival after
hepatectomy in patients with hepatocellular
carcinoma and hepatitis C virus-associated
liver cirrhosis. Cancer Sci 2003; 94: 1083-
1090.

Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN,
Huang GT, lloeje UH. Risk of hepatocellular car-
cinoma across a biological gradient of serum
hepatitis B virus DNA level. JAMA 2006; 295:
65-73.

lloeje UH, Yang HI, Su J, Jen CL, You SL, Chen
CJ. Predicting cirrhosis risk based on the level
of circulating hepatitis B viral load. Gastroen-
terology 2006; 130: 678-686.

Chan HL, Tse CH, Mo F, Koh J, Wong VW, Wong
GL, Lam Chan S, Yeo W, Sung JJ, Mok TS. High
viral load and hepatitis B virus subgenotype ce
are associated with increased risk of hepato-
cellular carcinoma. J Clin Oncol 2008; 26: 177-
182.

[25]

[26]

[27]

(28]

[29]

Di Bisceglie AM. Hepatitis B and hepatocellular
carcinoma. Hepatology 2009; 49 Suppl: S56-
60.

Chisari FV, Klopchin K, Moriyama T, Pasquinelli
C, Dunsford HA, Sell S, Pinkert CA, Brinster RL,
Palmiter RD. Molecular pathogenesis of hepa-
tocellular carcinoma in hepatitis B virus trans-
genic mice. Cell 1989; 59: 1145-1156.

Kim KH, Na IH, Cha JM, Cho YK, Park SY, Kim
HP, Song CS, Heo J, Cho M. [Serum ALT and
HBV DNA levels in patients with HBeAg-nega-
tive chronic hepatitis B]. Taehan Kan Hakhoe
Chi 2003; 9: 284-292.

Ishikawa T. Clinical features of hepatitis B vi-
rus-related hepatocellular carcinoma. World J
Gastroenterol 2010; 16: 2463-2467.

Yang T, Lu JH, Zhai J, Lin C, Yang GS, Zhao RH,
Shen F, Wu MC. High viral load is associated
with poor overall and recurrence-free survival
of hepatitis B virus-related hepatocellular car-
cinoma after curative resection: a prospective
cohort study. Eur J Surg Oncol 2012; 38: 683-
691.

Int J Clin Exp Med 2016;9(1):120-130



