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Abstract
Objective: The expression/activation of p-Stat3, IL-6 and IL-17 in hepatocellular carcinoma (HCC) tissues together with the
serum levels of aminotransferases ALT, AST, GGT and ALP were designed to evaluate their abilities in predicting the survival
prognosis of postoperative patients with HCC.

Methods: The clinicopathological data and para�n-embedded tissues of 98 patients who underwent liver tumor resection
were collected at the First A�liated Hospital of Shihezi University School of Medicine, and the patients were followed-up after
surgery. Immunohistochemistry (IHC) was used to detect the activation/expression of p-Stat3, IL-6 and IL-17 using tissue
microarrays derived from these patients. Before surgery, patients’ serum levels of AST, ALT, GGT and ALP were measured
using a Roche Modular DPP automated biochemical analyzer. Statistical analyses were performed using non-parametric
tests, Spearman's correlation, ROC curves, Kaplan-Meier survival analysis, Cox single-factor and multifactor regression
models.

Results: (1) The strong positive rate of expressed IL-6 in HCC tissues (18.09%) was lower than that in paracancerous tissues
(60.06%) (p<0.001); the strong positive rate of expressed IL-17 in HCC tissues (42.40%) was lower than that in paracancerous
tissues (87.80%) (p<0.001). The strong positive rate of activated p-Stat3 in HCC tissues (52.20%) was higher than
paracancerous tissues (18.04%) (p=0.01). (2) The higher the levels of ALT (p<0.001), AST (p=0.002), GGT (p<0.001), and ALP
(p< 0.001) were, respectively, the worse the survival prognoses were observed among HCC patients. (3) High levels of ALP
were an independent risk factor for postoperative prognosis in HCC patients. (4) The combination of ALT+AST+ ALP appeared
to be the best survival predictor for HCC patients as indicated by AUC (0.820, 95% CI=0.714, 0.926) (p<0.001).

Conclusions: The activation/expression of p-Stat3, IL-6 and IL-17 differ in HCC tissues compared with their paracancerous
tissues. Using classical TNM staging system as a reference, higher levels of serum aminotransferases ALT, AST, GGT and ALP
are capable of predicting poor prognosis among postoperative HCC patients. ALT+AST+ALP+p-Stat3 is an optimal
combination better than the classical TNM staging system in predicting postoperative survival among HCC patients. The
observations presented may provide a useful guide for clinicians to strategize individualized surgical plans for liver cancer
patients before surgery.

Objective
According to Global Cancer Statistics 2018, liver cancer (HCC) is one of the most common malignancies worldwide, with
approximately 840,000 new cases and 780,000 deaths per year worldwide. In China, the incidence and the �ve-year survival
rate of HCC are ranked third and �fth, respectively, among malignant tumors in China.1 Most liver cancers start insidiously
and lack speci�c clinical manifestations. Although there has been advancement in relevant medical technologies, poor
prognosis and high mortality rate of liver cancer have little changes due largely to unavailability of noninvasive prescreening
methodologies.

Liver tissue biopsy is widely used for preoperative diagnosis of liver cancer and has a high diagnostic value,2 but the
procedure’s invasiveness has drawbacks. Postoperative pathological characteristics of HCC such as TNM clinical staging,
degree of cell differentiation and depth of tumor in�ltration, are indicative of patients’ prognoses, but these indicators cannot
be obtained preoperatively. Therefore, search for potential indicators that can be obtained preoperatively and show signi�cant
impacts on the survival prognosis of patients with liver cancer may provide useful guidance to surgeons in choosing optimal
surgical approaches and postoperative treatment strategies to improve the quality of life as well as survival after surgery. This
study has, therefore, investigated several potential bio-indicators that can be tested preoperatively and show impacts on
patients’ survival after surgery. These bio-indicators have included serum levels of several aminotransferases (ALT, AST, GGT,
and ALP) and activational or expressed levels of the Stat3 signaling pathway (IL-6, p-Stat3 and IL-17) in tissues from patients
with liver cancer.



Page 3/16

1 Information And Methods

1.1 Subjects
This study retrospectively collected 98 patients who underwent HCC resection at the First A�liated Hospital, Shihezi University
School of Medicine from January 2010 to December 2017, and the diagnoses of HCC were con�rmed by two senior
pathologists independently. All patients had complete demographic information and pathological data. This patient cohort
included 74 males and 24 females with a mean age of 56.68 years and a median age of 57.0 years. None of the patients
received adjuvant therapy such as radiotherapy or chemotherapy before surgery. Liver cancer tissues were non-necrotic tumor
tissues and para-cancerous tissues were at least 2 cm away from the tumor edge.

1.2 Detection of activation/expression of p-Stat3, IL-6, and IL-17 by
immunohistochemistry (IHC)
IHC method was performed in HCC and para-cancerous tissues using the Envision method. Brie�y, para�n chip sections were
baked at 67ºC for 30 min, de-waxed and hydrated. After antigens were thermally repaired, 3% H2O2 was added to block
endogenous peroxidase activity and then, speci�c primary antibodies (against IL-6, IL-17 and p-Stat3 purchased from Abcam
Co., USA) and secondary antibodies were added respectively, and color development was achieved using DAB.

1.3 Scoring of Immunohistochemical stains
Positive IHC stains were de�ned as yellow-brown color according to the manufacturer’s demonstrative slides (Figure.
1). IHC staining slides were read on an Olympus optical microscope over yellow-brown color stains for 12 consecutive �elds
and scored according to two variable factors: (1) counting the number of positively stained cells (0 = < 5%; 1 = 6%-25%; 2 = 
26%-50%; 3 = 51%-75%; and 4 = 76%-100%); and (2) scoring the intensity of the staining (0 = absent; 1 = Pale Brown-yellow; 2 = 
Brown-yellow; 3 = Brown-yellow; 4 = Dark brown). The �nal score was the product of (1) multiplying (2) for individual slides
(see Table S1). This scoring system was similar in principle to a published literature.3

1.4 Serum aminotransferase measurements
Upon admission to the hospital, venous blood (3ml) was collected from patients after fasting for 12 hours and levels of
aminotransferases were measured using a Roche automatic biochemical analyzer. The aminotransferases tested were
aspartate aminotransferase (AST), alanine aminotransferase (ALT), glutamyl transferase (GGT) and alkaline phosphatase
(ALP).

1.5 Patients’ Follow-up
Patients’ follow-ups were achieved via telephone calls, outpatient interviews, and home visits. Follow-up was from October
2016 to October 2018, and patients were followed-up for 1–99 months after surgery.

1.6 Diagnostic standard and reference value ranges
The TNM staging was based on the eighth edition of TNM staging and cell differentiation of HCC was based on the latest
edition of WHO Gastrointestinal Tumor Pathology and Genetics. Reference ranges of blood levels of aminotransferases were
established by the Health Industry Standard of the People's Republic of China.

1.7 Statistical analyses
Statistical analysis was performed using SPSS software package (version 23.0). Spearman grade analysis was used for
correlation analyses between pathological data, IHC results and serum levels of aminotransferases. Single-factor and
multifactor Cox regression risk models were used to analyze factors related to postoperative survival in patients with HCC.
Kaplan-Meier analysis was used for survival curves affected by serum levels of ALT, AST, GGT and ALP. ROC (receiver
operating characteristics) curve analysis generates AUC (area under the curve) which is a quanti�ed measurement predicting
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the effects of clinical characteristics, aminotransferases (ALT, AST, GGT and ALP) and expression/activation of IL-6, IL-17 and
p-Stat3 on patients’ survival. p < 0.05 indicates a statistically signi�cant difference between comparisons.

2 Results

2.1 Clinical cancer staging and serum levels of aminotransferases
Of 98 cases of liver cancer, 70 cases (71.4%) were de�ned as clinical cancer stage I, 22 cases (22.40%) as stage II, 4 cases
(4.10%) as stage III, and 2 cases (2.00%) as stage IV, respectively. ROC analysis was used to calculate cut-off values for 4
aminotransferases: AST (men: 36.55U/L, women: 34.50U/L); ALT (men: 46.50U/L, women: 23.65U/L); GGT (men: 81.00U/L,
women. 59.50 U/L); ALP (men: 102.50 U/L, women: 82.50 U/L) ( Table 1).
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Table 1
Clinical demographic data of preoperative and postoperative indicators of HCC patients

Indicators (n) HCC patients   Indicators (n) HCC patients

n %   n %

Gender (98)       ALT (U/L) (98)    

male 74 75.5   range 9.55–265.00

female 24 24.5   Mean ± SD 39.36 ± 39.58

Age (years) (98)       Cut-off value 46.50 or 23.65

range 32–79   ≤ 46.5 or 23.65 68 69.4

Mean ± SD 56.68 ± 9.74   > 46.5 or 23.65 30 30.6

Clinical stages (98)       AST (U/L) (98)    

I 70 71.4   range 0.65–260

II 22 22.4   Mean ± SD 39.7 ± 32.60

III 4 4.1   Cut-off value 36.50 or 34.50

IV 2 2   ≤ 36.5 or 34.5 60 61.2

Differentiation grade (98)       > 36.5 or 34.5 38 38.8

high 11 11.2   GGT (U/L) (98)    

moderate 54 55.1   range 4.00-392.00

low 33 33.7   Mean ± SD 87.17 ± 73.73

Follow-up (months) (98)       Cut-off value ≤ 81.00 or 59.50

range 1–99   ≤ 81 or 59.5 73 74.5

Mean ± SD 46.69 ± 25.59   > 81 or 59.5 25 25.5

BMI (kg/m2) (82)       IL-6 (Cancer) (88)    

range 19.10-34.94   -/+ 62 70.5

Mean ± SD 24.93 ± 3.15   2+ 18 20.5

18.6–23.9 34 41.5   3+ 4+ 8 10

24-27.9 34 41.5   IL-17 (Cancer) (90)    

≥ 28 14 17   -/+ 52 53.1

ALP (U/L) (98)       2+ 35 35.7

range 21.00-221.00   3+ 4+ 3 3.1

Mean ± SD 87.17 ± 31.70   p-Stat3 (Cancer) (90)    

Cut-off value 102.50 or 82.50   -/+ 43 43.9

≤ 102.5 or 82.5 68 69.4   2+ 25 25.5

> 102.5 or 82.5 30 30.6   3+ 4+ 22 24.4
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2.2 Expression of IL-6 and IL-17 and activation of p-Stat3 in liver cancer
tissues
As shown in Figure.1, when IL-6 and IL-17 were expressed, the cytoplasma of HCC and paracancerous cells was stained (from
light yellow to brown). Phosphorylated Stat3 (p-Stat3) is the active form of Stat3 which enters the nuclei and, therefore, IHC
showed positive staining in the nuclei of carcinoma cells and paracancerous cells (from light yellow to brownish yellow). As
shown in Table 2, the positive and strongly positive rates of IL-6 and IL-17 expression in paracancerous tissues were higher
than those in HCC tissues. On the other hand, the positive and strongly positive rates of activated p-Stat3 in HCC tissues were
higher than those in paracancerous tissues.

Table 2
Comparisons of IHC-based indicators of IL-6, IL-17 and p-Stat3 between cancer and paracancerous tissues

Grouping n - 1+ 2+ 3+ Positive
rate

Strong positive
rate

P
values

IL-6                

liver
cancer

88 12
(13.6%)

50
(56.8%)

18
(20.5%)

8 (9.1%) 86.30% 18.09% < 0.001

paracancer 79 2 (2.5%) 12
(15.2%)

60
(75.9%)

5 (6.3%) 97.47% 60.06%

IL-17                

liver
cancer

90 5 (5.6%) 47
(52.2%)

35
(38.9%)

3 (3.3%) 94.40% 42.40% < 0.001

paracancer 82 0 (0%) 10
(12.2%)

47
(57.3%)

25
(30.5%)

100% 87.80%

p-Stat3                

liver
cancer

90 23
(25.6%)

20
(22.2%)

25
(27.8%)

22
(24.4%)

74.44% 52.20% 0.010

paracancer 90 22
(24.4%)

46
(51.1%)

18
(20.0%)

4 (4.5%) 75.50% 18.04%

Note: p < 0.05 indicates signi�cant statistical differences.

2.3 Correlations between various bio-indicators in liver cancer tissues
As shown in Table 3, there was positive correlations between ALT, AST and GGT (p < 0.01), and between ALP and GGT (p < 
0.05). There was a negative correlation between the cell differentiation of hepatocellular cancer cells and the expression of IL-
6 or IL-17 (p < 0.01), i.e., the more poorly differentiated HCC cells were, the lower the levels of IL-6 and IL-17 expressed. There
was also a positive correlation between IL-6 or IL-17 and p-Stat3 (p < 0.05).
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Table 3
Cross correlation analyses of various indices in HCC patients

Index Clinical index aminotransferase Immunohistochemistry

Gender Age Cell
differ.

TNM
stage

ALT AST GGT ALP IL-6 IL-17 p-
Stat3

Gender 1                    

Age 0.112 1                  

Cell
differ.

-0.095 -0.031 1                

TNM
stage

-0.085 0.137 0.195 1              

ALT -0.284** -0.113 0.171 0.136 1            

AST -0.134 -0.009 -0.113 0.013 0.261** 1          

GGT -0.317** -0.027 0.015 0.074 0.522** 0.491** 1        

ALP 0.013 0.057 0.001 0.098 0.056 -0.001 0.200* 1      

IL-6 0.091 0.059 -0.311** -0.078 -0.061 -0.146 0.074 0.003 1    

IL-17 -0.081 -0.199 -0.366** -0.024 -0.291** 0.150 -0.063 0.141 0.212* 1  

p-
Stat3

0.029 0.009 -0.180 0.062 -0.079 0.141 0.020 -0.092 0.310** 0.264* 1

Note: * represents p < 0.05, ** denotes p < 0.01.

2.4 Serum levels of aminotransferases are associated with survival
outcomes in patients with liver cancer
Patients with HCC had a maximum postoperative survival time of 99 months by October 2018 (last follow-up date), with a
median survival time of 39.5 months. Survival analyses showed that TNM stages were correlated with survival prognosis
among liver cancer patients (p = 0.004), validating this patient cohort. In addition as expected, cell differentiation was also
correlated with the survival of liver cancer patients, i.e., the poorer the cell differentiation, the worse the patients’ survival (p = 
0.023) (see Figure. 2). In terms of aminotransferases, it was obvious that the higher the levels of ALT (p < 0.001), AST (p = 
0.002), GGT (p < 0.001) were, the worse the patients’ survivals were observed, respectively. Similarly, the higher the levels of
ALP were, the worse the patients’ survivals were observed (p < 0.001). Therefore, higher levels of ALT, AST, GGT and ALP can
predict poorer survival prognoses among liver cancer patients (Figure. 2).

2.5 Predictive values of aminotransferases for survival in liver cancer
patients
In ROC analysis, area under the curve (AUC) re�ects the ability or power in predicting survival. The larger a factor’s AUC is, the
higher its predictive ability can be. The AUCs of ALT was 0.66 (p = 0.037), GGT was 0.662 (p = 0.036) and ALP was 0.708 (p = 
0.007), suggesting ALP had the greatest ability to predict postoperative survival and the quality of life among HCC patients
(Figure.3).

2.6 Analyses of risk factors affecting survival prognosis of liver cancer
patients
COX single factor regression model analysis was performed for clinical data (sex, age, cell differentiation and TNM stages),
levels of aminotransferases (ALT, AST, GGT and ALP) and expressed/activated IL-6, IL-17 and p-Stat3 among 98 liver cancer
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patients (Table 4). The results showed that risk factors for poor prognosis in HCC patients included poor cell differentiation,
TNM stage III + IV, high levels of ALT, AST, GGT, ALP, and high expression levels of IL-6 and IL-17.

Table 4
Cox regression model analyses of bio-indicators in HCC patients

Variable COX univariate analysis   COX multivariate analysis

HR (95% CI) P values   HR (95% CI) P values

Gender (male vs. female) 1.494 (0.578,3.862) 0.407   / /

Age (< 61.5 years vs. ≥61.5 years 2.018 (0.856,4.758) 0.109   / /

Cell differentiation grade

(low vs. high + moderate)

2.605 (1.105,6.141) 0.029   1.398 (0.408,4.783) 0.594

TNM stage (T +T4 vs. T1 + T2 ) 4.294 (1.434,12.862) 0.009   2.67 (0.621,11.475) 0.187

ALT (low-level vs. high-level) 7.15 (2.871,17.804) < 0.001   3.214 (0.707,14.605) 0.131

AST (low-level vs. high-level) 3.748 (1.505,9.335) 0.005   2.327 (0.676,8.007) 0.18

GGT (low-level vs. high-level) 6.094 (2.472,15.023) < 0.001   1.121 (0.291,4.325) 0.868

ALP (low-level vs. high-level) 6.063 (2.472,15.023) < 0.001   5.817 (1.87,18.088) 0.002

IL-6 (2+/3 + vs. -/1+) 0.192 (0.037,0.996) 0.049   0.697 (0.302,1.611) 0.399

IL-17 (2+/3 + vs. -/1+) 0.056 (0.004,0.837) 0.037   0.469 (0.206,1.067) 0.071

p-Stat3 (2+/3 + vs. -/1+) 0.725 (0.173,3.043) 0.660   / /

Note: p < 0.05 indicates statistical differences.      

Multifactorial COX regression model analysis revealed that high levels of ALP were an independent risk factor for
postoperative survival in patients with liver cancer (Table 4).

2.7 The power of combinations of risk factors in predicting patients’
survival after surgery
This study attempted to investigate if combinations of multiple risk factors would be more powerful in predicting
postoperative prognosis. As shown in Table 5, AST + ALP combination showed an AUC of 0.787 (95% CI, 0.677–0.897) (p < 
0.001) suggesting a better survival predicting ability than those of AST and ALP alone. The same was even better when 3 bio-
indicators were combined (ALT + AST + ALP, AUC = 0.820 [95% CI, 0.714–0.926], p < 0.001), compared with ALT, AST, and ALP
alone. Among these combinations, we found that the 5 factor combination of ALT + AST + ALP + IL-17 + p-Stat3 had the
largest AUC value of 0.826 (95% CI, 0.708–0.945) (p < 0.001), suggesting the best predicting ability among all combinations
(Table 5).
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Table 5
AUCs (area under the curves) for various bio-indicator combinations in HCC patients

Combination mode Index AUC Lower
limit

Upper
limit

P
value

Sensitivity Speci�city Youden

index

Aminotransferases
combinations•

ALT + AST 0.728 0.589 0.866 0.001 57.10% 89.60% 0.467

ALT + GGT 0.747 0.617 0.877 0.001 71.40% 70.10% 0.415

ALT + ALP 0.781 0.671 0.891 < 
0.001

85.70% 64.90% 0.506

AST + GGT 0.746 0.619 0.872 0.001 57.10% 83.10% 0.402

AST + ALP 0.787 0.677 0.897 < 
0.001

90.50% 51.90% 0.424

GGT + ALP 0.780 0.664 0.897 < 
0.001

81.00% 67.50% 0.485

ALT + AST + GGT 0.752 0.619 0.886 < 
0.001

71.40% 80.50% 0.519

ALT + AST + ALP 0.820 0.714 0.926 < 
0.001

85.70% 71.40% 0.571

ALT + GGT + ALP 0.809 0.706 0.911 < 
0.001

90.50% 59.70% 0.502

ALT + AST + GGT 
+ ALP

0.825 0.720 0.931 < 
0.001

90.50% 67.50% 0.580

IHC combinations IL-6 + IL-17 0.630 0.479 0.782 0.090 61.10% 62.30% 0.234

IL-6 + p-Stat3 0.612 0.468 0.756 0.074 57.90% 61.80% 0.197

IL-17 + p-Stat3 0.643 0.487 0.799 0.062 55.60% 48.20% 0.238

IL-6 + IL-17 + p-
Stat3

0.646 0.485 0.808 0.057 55.60% 79.40% 0.350

Aminotransferases plus
IHC combinations

ALT + AST + ALP 
+ IL-6

0.819 0.713 0.924 < 
0.001

78.90% 78.30% 0.572

ALT + AST + ALP 
+ IL-17

0.821 0.712 0.931 < 
0.001

77.80% 79.20% 0.570

ALT + AST + ALP 
+ p-Stat3

0.813 0.685 0.940 < 
0.001

78.90% 83.10% 0.620

ALT + AST + ALP 
+ IL-6 + IL-17

0.822 0.715 0.929 < 
0.001

77.80% 81.20% 0.590

ALT + AST + ALP 
+ IL-6 + p-Stat3

0.821 0.704 0.938 < 
0.001

73.70% 88.20% 0.619

ALT + AST + ALP 
+ IL-17 + p-Stat3

0.826 0.708 0.945 < 
0.001

72.20% 87.30% 0.595

ALT + AST + ALP 
+ IL-6 + IL-17 + p-
Stat3

0.817 0.698 0.936 < 
0.001

72.20% 88.20% 0.604

Note: Bold numbers indicate the highest AUC in that category.

p < 0.05 indicates statistical difference.

Discussion
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Liver diseases are a global healthcare burden with estimated 844 million people worldwide suffering from chronic liver
diseases and an annual mortality rate of 2 million.1 Two main epithelial cell types in the liver are hepatocytes and biliary cells.
Hepatocytes make up the majority of the liver with various functions including protein synthesis, detoxi�cation, bile
production, and carbohydrate and lipid metabolism,4 so damages to hepatocytes may severely affect liver’s functions. HCC
causes massive necrosis of the hepatocytes resulting in the loss of their physiological functions. Liver cancer is a very
common malignant tumor with a complicated pathogenesis and the survival prognosis and the quality of life are the result of
interactions of many factors. Early detection and treatment of liver cancer can signi�cantly improve the survival and quality of
life for patients with liver cancer. If managed properly, such as surgical removal and radio-chemotherapy, patients with late
stage liver cancer may enjoy a prolonged life time and reasonable quality of life. Therefore, this study has aimed at
investigating potential risk factors which affect prognosis before surgery that may provide a comprehensive guidance to
clinicians in their making appropriate surgical approaches and postoperative treatment strategies.

Stat3 signaling pathway is a pro-in�ammatory pathway that has been shown to be involved in chronic in�ammation,
autoimmunity, infectious diseases and cancer, and the members of the pathway are often used as diagnostic or prognostic
indicators of disease activity and response to therapy.5 IL-6 is an upstream molecule capable of activating Stat3 pathway and
IL-17 is a downstream molecule that is expressed in response to the activation of Stat3.

The present study has shown that IL-6 is highly expressed in paracancerous tissues (Table 2). Table 3 shows that the
expression of IL-6 is inversely correlated with the cell differentiation of HCC. A previous study of HCC has shown that HCC
tissues expressing lower IL-6 levels are correlated with a better prognosis, longer overall survival, and longer time to
recurrence,6 somewhat similar to the results in this study.

On the other hand, there is growing evidence that IL-17 has an important contextual and tissue-dependent role in maintaining
health in response to injury, physiological stress, and infection.7 IL-17 is not only associated with the immunity of the body,7

but its role in the development of tumors has also become a focus of research. Similar to IL-6, the current study shows that
expressed IL-17 is higher in paracancerous tissues than in HCC tissues (Table 2). Again as shown in Table 3, IL-17 expression
is inversely associated with the cell differentiation of HCC. Thus far, published reports support a pathogenic role of IL-17 in
cancer development including cancers of the colon,8 the skin,9 the pancrea,10 the hepatocytes,11 the lung,12 and multiple
myeloma.13 Patients with UCC may experience a poorer survival prognosis and a higher degree of in�ltration of lymphocytes
if IL-17 is highly expressed.11,14

Several reports have suggested that over-activated Stat3 is present in a variety of tumor cells and immune cells, suggesting
that over-activated Stat3 may in�uence the body's ability to generate an effective immune response, thereby participate in
tumor formation and promote tumor cell proliferation, migration, differentiation, and metastasis.15,16 The present study shows
a higher level of activated p-Stat3 in HCC tissues (Table 2) in keeping with the abovementioned reports. In addition, studies
have shown that esophageal squamous cell carcinoma and adenocarcinoma have higher IHC scores for p-Stat3 in tumor
tissues when cancer cells have higher migration and proliferation.17 Furthermore, activated Stat3 can bind to the promoter
region of the SKp2 gene which is a proto-oncogene associated with cervical carcinogenesis.18 In summary, IL-6/Stat3/IL-17
pathway forms a cascade that has been indicated to play an important role in the development, progression and prognosis of
several cancers including HCC.19 In this context, the current study warrants further investigations as to the detailed
mechanism(s) of the Stat3 pathway in the pathogenesis and prognosis of cancer.

Testing of blood liver enzymes is routinely performed and changes in levels of aminotransferases are important diagnostic
indicators revealing detrimental impacts to hepatocytes, therefore, liver functions. For example, elevated levels of ALT and
AST may indicate hepatocyte-dominated disease, while elevated levels of ALP and GGT may suggest cholestasis-dominated
disease.20 The sources of AST can be multiple organs including liver, heart, skeletal muscles, kidneys, brain, or red blood
cells.21,22 However, ALT are more speci�cally derived from the liver and therefore is the preferred clinical test for diagnosing
liver disease. GGT is a membrane-bound enzyme that is a key enzyme in biotransformation, nucleic acid metabolism,
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catalyzing the degradation of extracellular glutathione (GSH). GSH is critical in protecting cells from oxidant-induced damage
produced during normal metabolism.23 ALP is a hydrolytic enzyme that is widely present in hepatocytes and blood sinuses of
the bile duct membrane and is associated with the uptake and transport of certain substances. Elevated serum levels of ALP
are associated with liver diseases including HCC, cholangiocarcinoma, and biliary cirrhosis.24 A previous case-control study
has found that blood levels of GGT, ALT, and AST are elevated in approximately 90% of cases liver cancer, while half of the
cases also show elevated levels of liver-speci�c ALP or bilirubin.25

A retrospective study has investigated the relationship of ALT, AST, GGT and ALP with HCC among patients who underwent
hepatectomy and found that ALT, AST, GGT and ALP are positively associated with the risk of HCC and, GGT and AST/ALT are
independent risk factors predicting postoperative survival in patients with primary HCC.8 These observations are consistent
with our �ndings presented here. Due to the role of GGT in the degradation of glutathione (GSH), GGT has been associated
with oxidative stress which may induce a microenvironment that promotes tumor growth in the liver.26 There is also evidence
of elevated GGT in patients with obesity or diabetes or hepatic steatosis27 which are associated with metabolic syndrome that
it is itself associated with an increased risk of HCC.28

Having validated the patient cohort using conventional TNM clinical staging to predict survival prognosis among HCC
patients, we have analyzed and found that elevated levels of all 4 enzymes are correlated with poor survival among these HCC
patients (Figure. 2). To investigate individual ability of these enzymes in survival prediction, we have adopted AUC (area under
the curve) for this purpose. AUC re�ects the ability in predicting survival by which the larger a factor’s AUC is, the higher its
predictive ability is. As shown in Figure. 3, among ALT, AST, GGT and ALP enzymes, ALP shows the highest AUC of 0.708,
suggesting its greatest ability to predict postoperative survival and the quality of life in patients with HCC. The above
conclusion is con�rmed by multifactorial COX regression analysis which reveals elevated levels of ALP are an independent
risk factor for postoperative survival in HCC patients (Table 4). Quantifying prediction ability for individual enzyme is
advantageous because clinicians can judge the reliability of a risk factor used in their survival analyses.

A novel approach in this study is the combinational analysis of multiple bio-factors that can be able to increase AUC values.
For example, a 5-factor combination of ALT + AST + ALP + IL-17 + p-Stat3 shows signi�cantly larger AUC value (0.826) than a
2-factor combination of AST + ALP (AUC = 0.787), suggesting a higher predicting power (Table 5). This approach is signi�cant
in that clinicians may use multiple routinely tested factors to reliably predict 5-year survival preoperatively before surgery.

In summary, we have shown 3 major �ndings in this investigation: (1) IL-6/Stat3/IL-17 signaling pathway is involved in
survival prognosis among HCC patients; (2) Liver function-related aminotransferases ALT, AST, GGT and ALP can predict
survival prognosis for HCC patients before surgery; and (3) A novel approach of combining multiple risk factors can be used
to better predict HCC patients’ survival prognosis and quantifying prediction power using ROC analysis (AUC values) for
individual risk factors may facilitate clinicians to judge the reliability of survival analyses. Utilizing routinely tested clinical bio-
indicators to predict potential survival prognosis before surgery is signi�cant in terms of facilitating surgeons’ decision-
making for personalized surgical approaches as well as appropriate radio-chemotherapy after surgery. However, to establish a
clinically practical protocol, e.g., the cutoff values for serum levels of individual enzymes for survival predictions to be used as
clinicians’ guiding reference, requires a much larger sample of HCC patients. Our ongoing investigation is aimed at organizing
a multi-center collaboration study to accomplish the above goal.
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Figure 1

Immunochemistry (IHC) detection of expressed IL-6 and IL-17, and activated Stat3 (phosphorylated Stat3 or p-Stat3) in HCC
tissues and paracancerous tissues. Panels A, E and I are positive IHC staining of IL-6, IL-17 and p-Stat3, respectively in
paracancerous tissues (magni�cation ×200). Panels B, F and J are negative staining IL-6, IL-17 and p-Stat3, respectively in
paracancerous tissues (magni�cation ×200). Panels C, G and K are positive staining of IL-6, IL-17 and p-Stat3, respectively in
HCC tissues (magni�cation ×200). Panels D, H and L are positive staining of IL-6, IL-17 and p-Stat3, respectively in HCC
tissues (magni�cation ×200). Insert image in each panel is an enlargement at magni�cation ×400.
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Figure 2

Impacts of TNM staging, cell differentiation, ALT, AST, GGT and ALP on the survival of HCC patients. Comparisons of Kaplan-
Meier survival curves for HCC patients categorized as the following: high vs. low serum levels of ALT (p<0.01), AST (p=0.02),
GGT (p<0.01) and ALP (p<0.01), respectively; clinical staging of TNM I+II vs. TNM III+IV (p=0.04); cell differentiations of
well+moderate vs. poor (p=0.023).
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Figure 3

ROC curves reveal performance abilities of clinicopathological indices, IHC bio-indicators, and their combinations affecting
patients’ survival. As shown, the diagonal black line is the reference line.
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