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Abstract
Background: The role of Axl and LC3 as predictors of tumor recurrence and overall 
survival (OS) after hepatocellular carcinoma (HCC) resection remains unclear.
Methods: We retrospectively included 535 HCC patients who underwent hepatec-
tomy from 2010 to 2014 in this study. Axl and the autophagy‐related marker LC3 
were immunohistochemically assessed in tumors.
Results: Axl expression was significantly associated with advanced clinicopatholog-
ical features, including cirrhosis, microvascular invasion, macrovascular invasion, 
tumor size, BCLC stage, recurrence, and mortality. HCC recurrence occurred in 245 
patients, and 219 patients died. The 5‐year cumulative incidences of HCC recurrence 
and OS rate after HCC resection were 53.3% and 58.8%, respectively. In the Cox pro-
portional analyses, high Axl expression and high LC3 expression were significantly 
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1  |   INTRODUCTION

Hepatocellular carcinoma (HCC) is the third common cause 
of cancer‐related death in the world.1,2 In Taiwan, viral‐ and 
alcohol‐related cirrhosis frequently result in HCC.3 Moreover, 
HCC is hard to diagnose at the very early and early stages, 
resulting in higher mortality rates worldwide.1,2 Although 
the 5‐year survival rate of individuals diagnosed in the early 
stage exceeded 50% after curative resection, these patients 
still had a high recurrence rate of approximately 60% after 
curative resection.4-8 The highly sensitive marker alpha‐feto-
protein (AFP) predicts clinical outcome in HCC patients after 
hepatectomy, but the result is still unsatisfactory.9 Hence, the 
identification of biomarkers for HCC recurrence and overall 
survival (OS) could help improve the clinical prognosis of 
HCC patients undergoing hepatectomy.

Axl, a member of the Tyro3, Mer, and Axl family of ty-
rosine kinase receptors, regulates some aspects of cancer bi-
ology.10 The Axl‐mediated signaling pathway is frequently 
affected in the development and progression of various can-
cers, including brain cancer, breast cancer, and pancreatic 
cancer.11-13 Recently, Reichl et al reported that high serum 
levels of soluble Axl are correlated with vascular involvement 
and lymph node metastasis, and the serum level of soluble 
Axl is a potential biomarker for the early diagnosis of HCC 
and the early prediction of HCC recurrence.14 Moreover, Wu 
et al demonstrated that Axl overexpression/hyperactivation 

plays a major role in epithelial‐to‐mesenchymal transition, 
cancer chemotherapy resistance, and increased metastasis, 
all of which implicate Axl as an important target.15 Several 
studies showed that Axl may be a negative predictor for HCC 
patients, and high Axl expression was positively associated 
with differentiation, lymph node metastasis, higher recur-
rence rates, and lower survival rates in HCC patients.16,17 
Furthermore, Axl expression was associated with increased 
tumor invasion and predicted a worse prognosis for HCC pa-
tients undergoing resection.18 Our previous studies showed 
that high LC3 expression in the liver and tumor microenvi-
ronments is strongly correlated with higher OS and lower 
HCC recurrence.7,8 However, whether Axl expression is 
associated with clinical prognosis in HCC patients remains 
largely unknown. In addition, the role of Axl and the au-
tophagy‐related marker LC3 in OS and HCC recurrence is 
not clear. Hence, we investigate the impact of Axl and LC3 
expression on tumor recurrence and OS in a large cohort of 
HCC patients who underwent curative resection.

2  |   MATERIALS AND METHODS

2.1  |  Patients and follow‐up
We retrospectively collected the data from 535 HCC patients 
who underwent resection from 2010 to 2014 at Changhua 
Christian Hospital, Changhua, or E‐Da Hospital, I‐Shou 

associated with HCC recurrence (hazard ratio [HR]: 3.85, 95% confidence interval 
[CI]: 2.95‐5.02, P < 0.001; and HR: 0.38, 95% CI: 0.26‐0.55, P < 0.001, respec-
tively). In addition, HCC recurrence (HR: 2.87, 95% CI: 2.01‐4.01, P  <  0.0001), 
microvascular invasion (HR: 1.85, 95% CI: 1.08‐3.19, P = 0.026), hepatitis B virus‐
related HCC (HR: 1.77, 95% CI: 1. 21‐2.56, P = 0.003), high Axl expression (HR: 
1.66, 95% CI: 1.41‐1.97, P < 0.0001), antiviral therapy (HR: 0.54, CI: 0.38‐0.76, 
P < 0.001) and LC3 expression (HR: 0.41, 95% CI: 0.28‐0.58, P < 0.001) were sig-
nificantly associated with mortality. Furthermore, patients with a combination of high 
Axl and low LC3 expression had the highest risk of HCC recurrence (HR: 6.53, 95% 
CI: 4.11‐10.4, P < 0.001) and mortality (HR: 6.66, 95% CI: 4.07‐10.9, P < 0.001). In 
patients with high Axl, low LC3, and combined high Axl and low LC3 expression, 
the 5‐year cumulative incidences of HCC recurrence and OS rate were 77.9%, 73.3%, 
and 90.0% and 28.8%, 26.7%, and 16.8%, respectively.
Conclusion: High Axl expression in tumors is associated with aggressive tumor be-
havior and worse clinical outcomes. Furthermore, the combination of high Axl and 
low LC3 expression significantly predicts poorer prognosis for HCC patients who 
underwent hepatectomy.

K E Y W O R D S
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University, Kaohsiung, Taiwan. All participants were regu-
larly followed‐up every three to six months after surgery. The 
last recorded follow‐up was on 31 December 2016. OS was 
the duration from the date of hepatectomy to the date of death 
or the last visit. Survival data were censored on the end‐data 
of follow‐up. Time to recurrence was the duration from the 
date of hepatectomy to the date of recurrence. HCC recur-
rence was based on histology or at least two typical HCC 
imaging methods according to the HCC guidelines of the 
American Association for the Study of Liver Disease.19

The clinicopathological features of the patients, such as 
demographic data and tumor characteristics, were recorded. 
Antiviral treatment was defined as patients with hepatitis B 
virus (HBV), hepatitis C virus (HCV), or dual HBV/HCV in-
fection who received therapy with oral nucleosides, pegylated 
interferon‐based therapy or direct‐acting agents according to the 
guidelines of the Taiwan Association for the Study of the Liver. 
This research was approved by the Institutional Review Boards 
of Changhua Christian Hospital (091107) and E‐DA Hospital 
(EMRP38104N). The research was conducted according to the 
guidelines of the International Conference on Harmonization 
for Good Clinical Practice. All participants were adults and pro-
vided written informed consent for study participation.

2.2  |  Immunohistochemical 
staining and scoring
Tissue microarrays were constructed as previously de-
scribed7 and subjected to immunohistochemistry (IHC). 
The tissues were stained with an anti‐Axl antibody (Santa 
Cruz, CA) and an anti‐LC3 antibody (Novus Biologicals, 
CO). Axl and LC3 expression was quantitated using the 
semiquantitative immunoreactive scoring system (IRS) as 
described previously,20 and the expression was defined as 
either negative (IRS < 2) or positive (IRS ≥ 2) according to 
the percentage and intensity scores. All tissues were inde-
pendently assessed by two investigators who were blinded 
to the clinical data.

2.3  |  Data analysis and statistics
Numerical data are presented as the mean (range). Categorical 
data are described using numbers (percentages). Continuous 
variables were categorized based on the mean values or the 
limits of normal ranges in Cox regression models. Fisher's 
exact test was used for comparison of continuous data. 
Pearson's χ2 test was used for comparison between categori-
cal variables. Tumor recurrence and OS were evaluated by 
Kaplan‐Meier analyses and Cox proportional hazards re-
gression analyses. A P  <  0.05 indicated statistical signifi-
cance. All statistical analyses were performed with Statistics 
Package for Social Science (SPSS) software (version 23.0, 
SPSS Inc, Chicago, IL).

3  |   RESULTS

3.1  |  Baseline demographic data
The demographic and clinicopathological features of the 535 
patients are presented in Table 1. First, 46.7% of the HCC 
patients had HBV, and 28.4% had HCV. One‐third of the 
patients had liver cirrhosis. Regarding tumor stage, 36.1% 
and 16.4% of the patients were Barcelona clinic liver can-
cer (BCLC) stage B‐C and TNM stage III‐IV, respectively. 
In addition, 91.6% of the HCC tissues showed high LC3 
expression.

3.2  |  Axl expression is associated with 
advanced clinicopathological features
Within the cohort, 43.0% (230) and 57.0% (305) of the 
535 HCC tissues had high and low Axl expression, respec-
tively, as presented in Table 1. Axl expression was sig-
nificantly correlated with advanced clinicopathological 
features, including cirrhosis (111 [36.4%] vs 62 [27.0%], 
P  =  0.021), microvascular invasion (119 [39.0%] vs 127 
[55.2%], P < 0.001), macrovascular invasion (47 [15.4%] 
vs 64 [27.8%], P < 0.001), tumor size ≥ 5 cm (89 [29.2%] 
vs 94 [40.9%], P = 0.005), BCLC stage B/C (92 [47.7%] 
vs 88 [52.3%], P = 0.001), recurrence (102 [33.4%] vs 143 
[62.2%], P < 0.001), and death (73 [23.9%] vs 146 [63.5%], 
P < 0.001).

3.3  |  Predictive factors associated with 
tumor recurrence in HCC patients who 
underwent hepatectomy
HCC recurrence occurred in 245 patients, and the HCC re-
currence rate at 1, 3, 5, and 7 years after hepatectomy was 
9.7%, 33.9%, 53.3% and 66.3%, respectively. In the univari-
ate analysis, macrovascular invasion, liver cirrhosis, high 
Axl expression in tumors and low LC3 expression in tumors 
were significantly correlated with increased HCC recurrence 
(Table 2).

The multivariate Cox regression analysis revealed that 
high Axl expression in tumors was significantly correlated 
with increased HCC recurrence (hazard ratio [HR]: 3.85, 
95% confidence interval [CI]: 2.95‐5.02, P < 0.001), but high 
LC3 expression in tumors was significantly correlated with 
decreased HCC recurrence (HR: 0.38, 95% CI: 0.26‐0.55, 
P < 0.001), as shown in Table 2.

Patients with high Axl expression in tumors had a signifi-
cantly higher HCC recurrence rate than those with low Axl ex-
pression in tumors by Kaplan‐Meier analysis. In patients with 
high and low Axl expression in tumors, the 1‐, 3‐, 5‐ and 7‐year 
HCC recurrence rates were 19.3%, 58.6%, 77.9% and 85.9% 
and 3.0%, 17.2%, 37.1% and 53.7%, respectively (Figure 1A). 
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T A B L E  1   Basic demographic data of all patients and correlations between tumor Axl expression and clinicopathologic characteristics

Characteristics All patients (n = 535) Axl‐low (n = 305) Axl‐high (n = 230) P‐valuea

Gender
Female 144 (26.9) 70 (23.0) 74 (32.2) 0.017
Male 391 (73.1) 235 (77.0) 156 (67.8)  

Age (y) 63.1 ± 11.5 62.9 ± 12.1 63.4 ± 10.6 0.580
HCC etiology

HCV 152 (28.4) 98 (32.1) 54 (23.5) 0.010
HBV 250 (46.7) 143 (46.9) 107 (46.5)  
Non‐HBV/HCV 112 (20.9) 50 (16.4) 62 (27.0)  
HBV + HCV 21 (3.9) 14 (4.6) 7 (3.0)  

AFP (ng/dL) 2797 ± 13215 3019 ± 13076 2504 ± 13418 0.410
Liver cirrhosis

Negative 362 (67.7) 194 (63.6) 168 (73.0) 0.021
Positive 173 (32.3) 111 (36.4) 62 (27.0)  

Antiviral therapy
Negative 185 (43.7) 103 (40.4) 82 (48.8) 0.088
Positive 238 (56.3) 152 (59.6) 86 (51.2)  

Edmondson‐steiner grade
I‐II 51 (9.5) 30 (9.8) 21 (9.1) 0.783
III‐IV 484 (90.5) 275 (90.2) 209 (90.9)  

Macrovascular invasion
Negative 424 (79.3) 258 (84.6) 166 (72.2) <0.001
Positive 111 (20.7) 47 (15.4) 64 (27.8)  

Microvascular invasion
Negative 289 (54.0) 186 (61.0) 103 (44.8) <0.001
Positive 246 (46.0) 119 (39.0) 127 (55.2)  

Tumor count
One 438 (81.9) 247 (81.0) 191 (83.0) 0.540
Multiple 97 (18.1) 58 (19.0) 39 (17.0)  

Tumor size
<5 cm 352 (65.8) 216 (70.8) 136 (59.1) 0.005
≥5 cm 183 (34.2) 89 (29.2) 94 (40.9)  

TNM stage
I‐II 447 (83.6) 261 (85.6) 186 (80.9) 0.146
III‐IV 88 (16.4) 44 (14.4) 44 (19.1)  

BCLC stage
0‐A 342 (63.9) 213 (62.3) 129 (37.7) 0.001
B‐C 193 (36.1) 92 (47.7) 88 (52.3)  

Recurrence
No 290 (54.2) 203 (66.6) 87 (37.8) <0.001
Yes 245 (45.8) 102 (33.4) 143 (62.2)  

Death
No 316 (59.1) 232 (76.1) 84 (36.5) <0.001
Yes 219 (40.9) 73 (23.9) 146 (63.5)  

LC3 in tumors
Low 45 (8.4) 16 (5.2) 29 (12.6) 0.002
High 490 (91.6) 289 (94.8) 201 (87.4)  

Data are shown as the mean ± standard deviation or number (%).
Abbreviations: AFP, alpha‐fetoprotein; BCLC, Barcelona clinic liver cancer; HBV, Hepatitis B virus; HCV, hepatitis C virus.
aP‐value for the comparison between the Axl‐low and Axl‐high groups. 
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T A B L E  2   Univariate and multivariate analyses of factors associated with tumor recurrence

Characteristics

Univariate analyses Multivariate analyses

Without recurrence 
(n = 290)

With recurrence 
(n = 245) P‐value HR (95% CI) P‐value

Gender

Female 69 (23.8) 75 (30.6) 0.076    

Male 221 (76.2) 170 (69.4)      

Age (y)

<65 104 (35.9) 68 (27.8) 0.056    

≥65 186 (64.1) 177 (72.2)      

HCC etiology

HCV 85 (29.3) 67 (27.3) 0.826    

HBV 132 (45.5) 118 (48.2)      

Non‐HBV/HCV 60 (20.7) 52 (21.2)      

HBV + HCV 13 (4.5) 8 (3.3)      

AFP (ng/dL)

<400 236 (81.4) 202 (82.4) 0.749    

≥400 54 (18.6) 43 (17.6)      

Liver cirrhosis

Negative 211 (72.8) 151 (61.6) 0.006 1 0.306

Positive 79 (27.2) 94 (38.4)   0.86 (0.65‐1.14)  

Antiviral therapy

Negative 92 (40.0) 93 (48.2) 0.091    

Positive 138 (60.0) 100 (51.8)      

Edmondson‐steiner grade

I‐II 34 (11.7) 17 (6.9) 0.060    

III‐IV 256 (88.3) 228 (93.1)      

Macrovascular invasion

Negative 240 (82.8) 184 (75.1) 0.030 1 0.192

Positive 50 (17.2) 61 (24.9)   1.21 (0.91‐1.64)  

Microvascular invasion

Negative 158 (54.5) 131 (53.5) 0.815    

Positive 132 (45.5) 114 (46.5)      

Tumor count

One 238 (82.1) 200 (81.6) 0.896    

Multiple 52 (17.9) 45 (18.4)      

Tumor size

<5 cm 191 (65.9) 161 (65.7) 0.971    

≥5 cm 99 (34.1) 84 (34.3)      

TNM stage

I‐II 241 (83.1) 206 (84.1) 0.761    

III‐IV 49 (16.9) 39 (15.9)      

BCLC stage

0‐A 185 (63.8) 157 (64.1) 0.945    

B‐C 105 (36.2) 88 (35.9)      

Axl in tumors

(Continues)
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In addition, patients with low LC3 expression in tumors had a 
significantly higher HCC recurrence rate than those with high 
LC3 expression in tumors. In patients with low and high LC3 
expression in tumors, the 1‐, 3‐, 5‐ and 7‐year HCC recurrence 
rates were 15.6%, 39.2%, 73.3% and 94.9% and 8.4%, 26.7%, 
37.9% and 69.5%, respectively (Figure 1B).

3.4  |  Predictive factors associated with OS 
in HCC patients who underwent hepatectomy
The median follow‐up time was 42 months, and 219 patients 
died. The OS rates at 1, 3, 5 and 7 years after resection were 
91.0%, 72.3%, 58.8%, and 27.7%, respectively. In the uni-
variate analysis, the following factors were significantly cor-
related with OS: sex, HBV‐related HCC, cirrhosis, antiviral 
treatment, the presence of macrovascular and microvascular 
invasion, primary tumor size, BCLC stage, HCC recurrence, 
Axl expression in tumors and LC3 expression in tumors.

The multivariate Cox regression analysis showed that pa-
tients with HCC recurrence had the highest mortality (HR: 

2.87, 95% CI: 2.01‐4.01, P  <  0.001), followed by those 
with microvascular invasion (HR: 1.85, 95% CI: 1.08‐3.19, 
P = 0.026), HBV‐related HCC (HR: 1.77, 95% CI: 1.21‐2.56, 
P  =  0.003), and high Axl expression in tumors (HR: 1.66, 
95% CI: 1.41‐1.97, P < 0.0001); these data are summarized 
in Table 3. Mortality was also significantly decreased in pa-
tients receiving antiviral treatment (HR: 0.54, CI: 0.38‐0.76, 
P < 0.001) and in those with high LC3 expression in tumors 
(HR: 0.41, 95% CI: 0.28‐0.58, P < 0.001), as shown in Table 3.

Patients with high Axl expression in tumors had signifi-
cantly lower OS than those with low Axl expression in tu-
mors. In patients with high and low Axl expression in tumors, 
the 1‐, 3‐, 5‐ and 7‐year OS rates were 83.0%, 51.3%, 28.8% 
and 15.6% and 97.0%, 87.8%, 79.3% and 38.4%, respectively 
(Figure 2A). In addition, patients with low LC3 expression 
in tumors had significantly lower OS than those with high 
LC3 expression in tumors. In patients with low and high LC3 
expression in tumors, the 1‐, 3‐, 5‐ and 7‐year OS rates were 
84.4%, 60.8%, 26.7% and 5.1% and 91.6%, 73.3%, 62.1% and 
30.5%, respectively (Figure 2B).

F I G U R E  1   Cumulative incidence of tumor recurrence according to Axl and LC3 expression in tumors. The cumulative incidence of HCC 
recurrence is significantly lower in patients with low Axl expression than in those with high Axl expression (A). The cumulative incidence of 
HCC recurrence is significantly lower in patients with high LC3 expression than in those with low LC3 expression (B). −, low; +, high; HCC, 
hepatocellular carcinoma.

Characteristics

Univariate analyses Multivariate analyses

Without recurrence 
(n = 290)

With recurrence 
(n = 245) P‐value HR (95% CI) P‐value

Low 203 (70.0) 102 (41.6) <0.001 1  

High 87 (30.0) 143 (58.4)   3.85 (2.95‐5.02) <0.001

LC3 in tumors

Low 11 (3.8) 34 (13.9) <0.001 1 <0.001

High 279 (96.2) 211 (86.1)   0.38 (0.26‐0.55)  

Data are shown as the mean ± standard deviation or number (%).
Abbreviations: AFP, alpha‐fetoprotein; BCLC, Barcelona clinic liver cancer; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio.

T A B L E  2   (Continued)
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T A B L E  3   Univariate and multivariate analyses of factors associated with mortality of hepatocellular carcinoma patients who underwent 
curative resection

Characteristics

Univariate analyses Multivariate analyses

No mortality 
(n = 316)

Mortality 
(n = 219) P‐value HR (95% CI) P‐value

Gender

Female 74 (23.4) 70 (32.0) 0.030 1 0.143

Male 242 (76.6) 149 (68.0)   0.78 (0.55‐1.09)  

Age (y)

<65 107 (33.9) 65 (29.7) 0.309    

≥65 209 (66.1) 154 (70.3)      

HCC etiology

HCV 102 (32.3) 50 (22.8) 0.015 1  

HBV 141 (44.6) 109 (49.8)   1.77 (1.21‐2.56) 0.003

Non‐HBV/HCV 57 (18.0) 55 (25.1)   0.99 (0.38‐2.58) 0.990

HBV + HCV 16 (5.1) 5 (2.3)   0.92 (0.62‐1.23) 0.753

AFP (ng/dL)

<400 260 (82.3) 178 (81.3) 0.768    

≥400 56 (17.7) 41 (18.7)      

Liver cirrhosis

Negative 227 (71.8) 135 (61.6) 0.013 1 0.316

Positive 89 (28.2) 84 (38.4)   1.20 (0.84‐1.69)  

Antiviral therapy

Negative 98 (37.8) 87 (53.0) 0.002 1 <0.001

Positive 161 (62.2) 77 (47.0)   0.54 (0.38‐0.76)  

Edmondson‐steiner grade

I‐II 28 (8.9) 23 (10.5) 0.551    

III‐IV 288 (91.1) 196 (89.5)      

Macrovascular invasion

Negative 261 (82.6) 163 (74.4) 0.022 1 0.528

Positive 55 (17.4) 56 (25.6)   0.85 (0.52‐1.40)  

Microvascular invasion

Negative 185 (58.5) 104 (47.5) 0.012 1 0.026

Positive 131 (41.5) 115 (52.5)   1.85 (1.08‐3.19)  

Tumor count

One 250 (79.1) 188 (85.8) 0.052    

Multiple 66 (20.9) 31 (14.2)      

Tumor size

<5 cm 220 (69.6) 132 (60.3) 0.026 1 0.475

≥5 cm 96 (30.4) 87 (39.7)   1.21 (0.72‐2.01)  

TNM stage

I‐II 262 (82.9) 185 (84.5) 0.722    

III‐IV 54 (17.1) 34 (15.5)      

BCLC stage

0‐A 214 (67.7) 128 (58.4) 0.035 1 0.613

B‐C 102 (32.3) 91 (41.6)   0.86 (0.47‐1.56)  

(Continues)
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3.5  |  Tumor recurrence and OS according to 
combined Axl and LC3 expression
Next, the combination of Axl and LC3 expression in tumors 
was analyzed. For HCC recurrence, compared to patients 
(n = 289) with low Axl and high LC3 expression in tumors, 
patients (n  =  29) with high Axl and low LC3 expression 
had the highest risk of HCC recurrence (HR: 6.53, 95% CI: 
4.11‐10.4, P < 0.001), followed by those (n = 201) with high 
Axl and high LC3 expression (HR: 4.04, 95% CI: 3.05‐5.35, 
P < 0.001) and those (n = 16) with low Axl and low LC3 ex-
pression (HR: 2.99, 95% CI: 1.60‐5.59, P = 0.001). Patients 
with low Axl and high LC3 expression in tumors had 1‐, 3‐, 
5‐ and 7‐year HCC recurrence rates of 3.2%, 15.9%, 34.9% 
and 50.4%, respectively. Compared with this group, the low 

Axl/low LC3 group (0%, 40.0%, 77.1% and 100%, respec-
tively), high Axl/high LC3 group (18.8%, 56.9%, 75.7% and 
81.5%, respectively) and high Axl/low LC3 group (23.1%, 
70.1%, 90.0% and 100%, respectively) had significantly 
higher HCC recurrence rates (Figure 3A).

Moreover, compared with patients with low Axl and high 
LC3 expression in tumors, patients with high Axl and low 
LC3 expression had the highest risk of mortality (HR: 6.66, 
95% CI: 4.07‐10.9, P < 0.001), followed by those with high 
Axl and high LC3 expression (HR: 5.48, 95% CI: 3.98‐7.54, 
P < 0.001) and those with low Axl and low LC3 expression 
(HR: 4.45, 95% CI: 2.39‐8.29, P < 0.001).

The results showed that patients with low Axl and high 
LC3 expression in HCC tissues had 1‐, 3‐, 5‐ and 7‐year 
OS rates of 96.9%, 88.2%, 82.2% and 41.6%, respectively. 

Characteristics

Univariate analyses Multivariate analyses

No mortality 
(n = 316)

Mortality 
(n = 219) P‐value HR (95% CI) P‐value

HCC recurrence status

Negative 226 (71.5) 64 (29.2) <0.0001 1 <0.001

Positive 90 (28.5) 155 (70.8)   2.87 (2.01‐4.10)  

Axl in tumors

Low 232 (73.4) 73 (33.3) <0.001 1 <0.001

High 84 (26.6) 146 (66.7)   1.66 (1.41‐1.97)  

LC3 in tumors

Low 11 (3.5) 34 (15.5) <0.001 1 <0.001

High 305 (96.5) 185 (84.5)   0.41 (0.28‐0.58)  

Data are shown as the mean ± standard deviation or number (%).
Abbreviations: AFP, alpha‐fetoprotein; BCLC, Barcelona clinic liver cancer; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio.

T A B L E  3   (Continued)

F I G U R E  2   Cumulative incidence of overall survival according to Axl and LC3 expression in tumors. The cumulative incidence of overall 
survival is significantly higher in patients with low Axl expression than in those with high Axl expression (A). The cumulative incidence of 
overall survival is significantly higher in patients with high LC3 expression than in those with low LC3 expression (B). −, low; +, high; HCC, 
hepatocellular carcinoma.



      |  3461HSU et al.

Compared with this group, the low Axl/low LC3 group 
(100%, 80.4%, 34.7% and 0%, respectively), high Axl/
high LC3 group (84.1%, 51.7%, 30.0% and 16.8%, respec-
tively) and high Axl/low LC3 group (75.9%, 49.2%, 16.8% 
and 8.4%, respectively) had significantly lower OS rates 
(Figure 3B).

4  |   DISCUSSION

In this study, 535 HCC patients who underwent curative 
resection were analyzed to identify predictive factors for 
HCC recurrence and OS. High Axl expression in tumors was 
significantly associated with advanced clinicopathological 
features, high HCC recurrence rates, and low OS rates. In ad-
dition, low LC3 expression in tumors was also significantly 
correlated with high HCC recurrence and low OS rates. 
Furthermore, the combined expression of Axl and LC3 in 
tumors was analyzed. Patients with high Axl and low LC3 
expression in tumors had the highest HCC recurrence (HR: 
6.53; P < 0.001) and mortality rates (HR: 6.66; P < 0.001). 
These findings suggest that Axl and LC3 expression levels in 
tumors may serve as predictors of HCC recurrence and OS 
after hepatectomy for HCC.

Several studies showed that high Axl expression in 
HCC patients was positively associated with more ag-
gressive tumor invasiveness, a high risk of tumor recur-
rence, lymph node metastasis, and lower survival.16-18 Our 
study demonstrated that Axl expression was significantly 
correlated with advanced clinicopathological features, in-
cluding cirrhosis, microvascular invasion, macrovascular 
invasion, tumor size, BCLC stage, recurrence, and mortal-
ity in the univariate analysis. In the multivariate analysis, 

Axl expression was significantly correlated with tumor re-
currence and mortality (data not shown). In addition, high 
Axl expression in tumors was strongly correlated with high 
HCC recurrence and low OS rates. The 5‐year cumulative 
incidences of HCC recurrence and OS were 77.9% and 
28.8%, respectively, in patients with high Axl expression. 
Our study results are consistent with those of previous re-
ports.16-18 High Axl expression in tumors corresponded to 
more aggressive tumor behavior and a worse clinical prog-
nosis. Axl expression in tumors may be a negative predic-
tor of HCC recurrence and OS and may predict a worse 
clinical prognosis in HCC patients.

Previous studies of LC3 expression in terms of clinical 
outcomes have reported controversial results.21-23 Our previ-
ous work showed that high LC3 levels in both the liver and 
tumor microenvironments are significantly correlated with 
decreased HCC recurrence and increased OS after surgical 
resection. High LC3 expression seems to have a protective 
effect on clinical outcomes, including HCC recurrence and 
OS after hepatectomy.7,8 Our present study demonstrated that 
low LC3 expression in tumors is correlated with high HCC 
recurrence and low OS rates. The 5‐year cumulative inci-
dences of HCC recurrence and OS were 73.3% and 26.7%, 
respectively, in patients with low LC3 expression. LC3 ex-
pression in tumors can predict the clinical outcomes of HCC 
patients after hepatectomy and may exert a protective effect 
against HCC recurrence, thus improving OS.

The impact of Axl and LC3 expression in tumors on 
HCC recurrence and OS has never been reported in the 
literature. Hence, we revealed that the combination of 
high Axl expression and low LC3 expression in tumors 
had additional deleterious effects on HCC recurrence and 
OS. Our results show the important role of Axl and LC3 

F I G U R E  3   Cumulative incidence of tumor recurrence and overall survival according to the combination of Axl and LC3 expression in 
tumors. Patients with +/+, −/− or +/+ Axl/LC3 expression had a significantly higher incidence of recurrence than patients with −/+ Axl/LC3 
expression (A). Patients with +/−, −/− or +/+ Axl/LC3 expression had significantly lower overall survival than patients with −/+ Axl/LC3 
expression (B). −, low; +: high; CI, confidence interval; HCC, hepatocellular carcinoma, HR, hazard ratio.
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expression in tumors in the prognosis of HCC recurrence 
and OS. The study is the first to demonstrate that Axl and 
LC3 expression in tumors is significantly associated with 
HCC recurrence and OS. The combination of high Axl and 
low LC3 expression in tumors significantly increases the 
risk of HCC recurrence and mortality in HCC patients after 
hepatectomy.

Our study showed that high Axl expression in tumors in-
creased HCC recurrence (HR: 3.85) and mortality (HR: 1.66) 
compared with low Axl expression and that high LC3 ex-
pression in tumors decreased HCC recurrence (HR: 0.38) and 
mortality (HR: 0.41) compared with low LC3 expression. 
Furthermore, high Axl and low LC3 expression in tumors in-
creased HCC recurrence (HR: 6.53) and mortality (HR: 6.66) 
compared with low Axl and high LC3 expression. We aimed 
to find better markers to precisely predict HCC recurrence 
and mortality. Axl expression in tumors was a better predictor 
than LC3 expression of HCC recurrence. The combination 
of Axl and LC3 expression in tumors by IHC staining sig-
nificantly predicted HCC recurrence and mortality compared 
with the expression of either marker alone. The combination 
of two markers was a better predictor of HCC recurrence and 
mortality than a single marker. In clinical practice, tumor tis-
sues may be subjected to IHC staining for Axl and LC3 after 
hepatectomy. Patients with high Axl and low LC3 expression 
in tumors will be identified as having a higher risk of HCC 
recurrence and mortality than those with low Axl and high 
LC3 expression in tumors. Close postoperative follow‐up is 
suggested for this patient population to increase the detection 
rate of early‐stage HCC, and further aggressive management 
may prolong the survival of these high‐risk patients.

This study had some limitations. First, this study was 
retrospective, which could have introduced unintended bias. 
Second, cirrhotic patients composed only one‐third of our co-
hort, while other studies have included a majority of cirrhosis 
patients (80%). This difference in prevalence of cirrhosis may 
have affected the generalizability of the outcomes. Finally, 
the underlying mechanism of Axl and LC3 expression related 
to carcinogenesis and clinical prognosis needs to be further 
investigated in vivo and in vitro.

In summary, high Axl expression in tumors is signifi-
cantly associated with advanced clinicopathological features, 
high HCC recurrence rate, and low OS rate. In addition, low 
LC3 expression in tumors is also significantly associated 
with high HCC recurrence and low OS rates. Furthermore, 
patients with a combination of high Axl expression and low 
LC3 expression in tumors had higher HCC recurrence and 
lower OS rates. This study is the first to demonstrate that 
the combined Axl and LC3 expression pattern in the tumor 
microenvironment is critical for predicting HCC recurrence 
and OS. Analysis of Axl and LC3 expression in tumors, in 
conjunction with clinicopathological features, could iden-
tify predictors of HCC recurrence and OS after curative 

hepatectomy. Our results indicated that the combination of 
high Axl and low LC3 expression significantly correlated 
with HCC recurrence and OS and that Axl and LC3 may 
serve as potential biomarkers for predicting HCC recurrence 
and OS.
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