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Abstract 

Background  To evaluate the prognostic value of the pre-treatment aspartate transaminase (AST)/alanine transami-
nase (ALT) ratio in hepatocellular carcinoma (HCC) patients receiving radiofrequency ablation (RFA)/microwave abla-
tion (MWA) combined with simultaneous TACE.

Methods  The data for 117 patients were retrospectively analyzed in this study. The endpoint of prognosis was overall 
survival (OS). The Youden index was used to choose the optimal cut-off value of the pre-treatment AST/ALT ratio for 
OS prediction. Univariate and multivariate analyses were used to identify independent risk factors, then integrated to 
establish the nomogram.

Results  The AST/ALT ratio cut-off value for OS prediction was 0.89, and patients with a higher AST/ALT ratio had 
poorer OS. The median OS for the high-value AST/ALT group was not reached, while the median OS for the low-value 
AST/ALT group was 48.5 months (P = 0.0047). The univariate and multivariate analysis showed that AST/ALT ratio, 
AFP, and tumor numbers were independent prognostic indicators for OS. The integrated nomogram showed higher 
predictive accuracy for OS (C-index 0.674, 95%CI: 0.600–0.748).

Conclusions  The preoperative AST/ALT ratio could be a prognostic indicator for HCC patients receiving thermal abla-
tion combined with simultaneous TACE.
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Background
Hepatocellular carcinoma (HCC) is still one of the most 
prevalent malignant tumors worldwide. The progno-
sis of HCC is poor, and the mortality rate of HCC con-
tinues to increase at an annual rate of approximately 
2%-3% [1]. The main HCC treatments include surgical 
resection, liver transplantation, ablation, transarterial 
chemoembolization (TACE), and systemic treatment 
[2]. Although surgeries, including surgical resection and 
liver transplantation, are curative treatments, less than 
20% of patients are suitable candidates [3]. Locoregional 
therapies include TACE, radiofrequency ablation (RFA), 
percutaneous ethanol injection (PEI), microwave abla-
tion (MWA), high-intensity focused ultrasound (HIFU), 
and others. TACE is one of the recommended therapies 
for intermediate-stage HCC according to the Barce-
lona clinic liver cancer (BCLC) staging classification [2]. 
However, the tumor necrosis rate is low, and the intra-
hepatic recurrence rate is high applying TACE alone 
[4]. Percutaneous thermal ablation, including RFA and 
MWA, is considered the optimum therapy choice for 
focal unresectable early-stage HCC. It can cause coagu-
lation necrosis of tumors and allow a long-term survival 
rate comparable to surgical resection [5]. Ablation is 
hard to achieve complete tumor necrosis when it comes 
to large lesions or tumors adjacent to a large vessel. The 
combination of TACE with MWA or RFA has advantages 
compared to monotherapy and can complement the dis-
advantages of each other [3, 6, 7]. However, the number 
of prognostic and predictive models in HCC patients 
undergoing thermal ablation combined with simultane-
ous TACE is limited.

The serum transaminases, such as aspartate transami-
nase (AST) and alanine transaminase (ALT), are routine 
laboratory markers for liver function. In 2015, Bezan 
showed that a high preoperative AST/ALT ratio (termed 
the De Ritis ratio) was a prognostic factor for nonmeta-
static renal cell carcinoma [8]. Since then, some studies 
have examined the prognostic value of the AST/ALT ratio 
in various cancers, such as prostate cancer, oropharyn-
geal cancer, colorectal carcinoma, and HCC [9–11]. 
Zhang et  al. [12] showed that high AST/ALT ratio was 
significantly correlated with poorer OS in primary HCC 
patients. In addition, Liu et  al. [13] depicted that high 
aspartate aminotransferase-to-alanine aminotransferase 
ratio (AAR) implied poor OS in HCC patients undergo-
ing TACE. However, to the best of our knowledge, there 
are no studies on AST/ALT in predicting the prognosis of 
HCC patients who received thermal ablation combined 
with simultaneous TACE.

This study aimed to examine the value of pre-treatment 
AST/ALT in the prognosis of HCC patients who received 
thermal ablation combined with simultaneous TACE 

and establish a prognosis model by developing a nomo-
gram incorporating AST/ALT ratio into BCLC staging 
classification.

Methods
Patients
The data for 117 patients who received percutaneous 
thermal ablation combined with simultaneous TACE 
procedure in Zhongshan Hospital, affiliated with Fudan 
University, from November 2010 to January 2017 were 
retrospectively collected. The inclusion criteria were 
as follows: (1) diagnosis of hepatocellular carcinoma 
based on pathological diagnosis or imaging diagnosis; 
(2) no major vascular invasion, portal vein thrombosis, 
or extrahepatic metastasis; (3) Patients with primary or 
recurrent HCC who were not candidates or refused sur-
gical resection; (4) Child–Pugh Class A or B; (5) platelet 
count > 50 × 10^9/L, prothrombin time ≤ 18 s. The exclu-
sion criteria for the study were as follows: (1) incomplete 
medical records; (2) lost to follow-up; (3) major vascular 
invasion,portal vein thrombosis os extrahepatic metasta-
sis; (4) Child–Pugh Class C.

Pre‑treatment evaluation
Enhanced computed tomography (CT) or magnetic res-
onance imaging (MRI) of the abdomen was performed 
two weeks before the operation to determine the loca-
tion, number, size, and relationship between the tumor 
and adjacent tissues. Ultrasound (US) was performed to 
judge the visibility of tumors. Blood routine, coagulation 
function, liver and kidney function, tumor markers, and 
other related laboratory tests were done within one week 
before the operation.

Thermal ablation combined with simultaneous TACE 
procedure
The patient was placed in the supine position during the 
operation with conscious sedation and/or local anes-
thesia. Based on the pre-treatment radiological image 
and the angiography result, a 14G water‑cooled MWA 
antenna (Nanjing Vison‑China Medical Devices R and D 
Center, China) or 17G RFA electrode needle (MedSphere 
Shanghai, China) was inserted into the tumor through 
percutaneous puncture with US guidance. The micro-
wave power was set between 80-100W. The radiofre-
quency adopted the automatic impedance mode with the 
power set at 120W. The maximum temperature was set at 
110 °C. Single-point ablation or multi-point overlapping 
ablation was used according to the size of the lesions and 
the ablation zone needed to cover the lesion completely. 
Suppose the lesion was more than 0.5 cm away from dif-
ficult locations (large blood vessels, bile ducts, and hol-
low organs). In that case, the ablation area should exceed 
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the edge of the tumor by 0.5–1.0  cm to achieve a safe 
margin. If the tumor was close to the difficult locations, 
it is not mandatory to have the ablation area exceed the 
0.5–1.0  cm tumor region. After the ablation was com-
pleted, the power was lowered to 50W, and needle tract 
ablation was carried out to prevent needle tract bleeding 
and tumor implantation metastasis.

The femoral artery or radial artery was punctured 
with a 5F-sheath using the modified Seldinger method. 
A 4-5F RH catheter was used to select the celiac trunk 
and/or superior mesenteric angiography for angiography 
to observe the results of ablation, residual lesions, bleed-
ing, and arteriovenous fistula. Microcatheter super-selec-
tive catheterizations were performed in the target artery. 
The emulsion, which was made with platinum-based 
chemotherapy (100-150 mg) (Jiangsu Hengrui Medicine, 
Lianyungang, China) + epirubicin (30-50 mg) (Farmoru-
bicin; Pfizer, Wuxi, China) + lipiodol (5–10  ml) (Guer-
bet, Roissy, France) + Embosphere 500 μm or less (Merit 
Medical Systems, Inc., South Jordan, UT, USA), was 
injected into the target artery with digital subtraction 
angiography (DSA) fluoroscopy. Super-selective gelatin 
sponge particles were given for embolization if arterial-
portal venous fistula or arterial-hepatic venous fistula 
occurred. A microcatheter was used to select the target 
artery and embolize with coils for arterial hemorrhage.

Follow‑up
Patients received abdominal enhanced CT or MRI and 
laboratory tests (blood routine, liver and kidney func-
tion, tumor markers, etc.) at 1-, 3-, 6-, 9-, and 12-month 
after the operation. Patients were followed up every 
six months thereafter if no active intrahepatic lesions 
or extrahepatic metastasis were found in the imaging 
examination within one year. If there were active intra-
hepatic lesions or extrahepatic metastasis, TACE, abla-
tion, systemic therapy, or other treatments tailored to 
the patient’s situation were chosen. The end of follow-up 
is the follow-up deadline of December 31, 2020, or the 
patient’s date of death. The endpoint of the analysis was 
overall survival (OS), defined as the time from receiving 
thermal ablation combined with simultaneous TACE for 
the first time to the end of follow-up.

Statistical analysis
SPSS statistical software (version 24.0) was used for 
data analysis in this study. Continuous variables were 
expressed as mean ± standard deviation, and categori-
cal variables were expressed as percentages. The Youden 
Index was used to calculate the cut-off value of the pre-
treatment AST/ALT ratio. The Kaplan–Meier method 
was used to draw a survival curve to calculate the cumu-
lative survival rate. Log-rank test was used for univariate 

analysis, and the Cox regression model was used for 
multivariate analysis. Factors in univariate analysis with 
P < 0.05 were included in multivariate analysis. P < 0.05 
was considered statistically significant in both the uni-
variate and multivariate analysis. The package of rms in R 
(Version 4.1.0) was used to draw a nomogram of progno-
sis according to the results of multivariable analysis, and 
further evaluated the performance of the nomogram by 
the C-index.

Results
Analysis at baseline
Clinicopathological characteristics of patients were pre-
sented in Table  1. Generally, among the 117 included 
patients, 96 (82.1%) were male, and 21 (17.9%) were 
female. The median age was 60 ± 10 years. Most patients 
received MWA combined with simultaneous TACE 
(n = 79, 67.5%) and the other patients underwent RFA 
combined with simultaneous TACE (n = 38, 32.5%).

Relationships between AST/ALT ratio and other 
characteristics
The median AST/ALT ratio was 1.3. Stratified by the 
Youden index, the optimal cut-off value for OS predic-
tion was 0.89. All patients included in the study were 
divided into two groups according to AST/ALT ratio: a 
high-value group (AST/ALT > 0.89, n = 85) and a low-
value group (AST/ALT ≤ 0.89, n = 32). The low-value 
AST/ALT group was associated with a lower ALT count 
(p < 0.001) and lower AFP (p = 0.013). In addition, a sta-
tistically significant association was found in sex between 
two groups (p = 0.01) (Table 2).

Analysis of the primary endpoint: OS
The median follow-up time was 49.8 ± 20.6  months. By 
the end of follow-up, 65 patients had died. The median 
OS was 55.1 months (95% CI: 41.0–69.1 months). The 1-, 
3-, 5-, and 7-year cumulative survival rates were 98.0%, 
75.0%, 50.0%, and 32.0%, respectively. The median OS for 
the high-value AST/ALT group was not reached, while 
the median OS for the low-value AST/ALT group was 
48.5  months (P = 0.0047) (Fig.  1). Furthermore, univari-
ate analysis showed that AFP (P = 0.015), tumor num-
bers (P < 0.001), maximum tumor diameter (P = 0.01), 
and BCLC stage (p < 0.001) were statistically correlated 
with OS. In multivariate analysis, AFP (HR: 1.961; 95%CI: 
1.140–3.374; P = 0.015), AST/ALT ratio (HR: 2.075; 
95%CI: 1.039–4.145; P = 0.039) and tumor numbers (HR: 
3.074; 95%CI: 1.832–5.160; P < 0.001) were identified as 
independent prognostic indicators for OS (Table 3).
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Prognostic nomograms integrating AFP, tumor number, 
AST/ALT ratio and BCLC
A model was established by integrating AFP, tumor 
number, AST/ALT ratio, and BCLC (Fig.  2). The 
C-index for OS prediction of the formulated nomogram 
was 0.674 (95%CI: 0.600–0.748), which was higher than 
BCLC (0.607, 95%CI:0.548–0.666) and other indicators 
and combinations (Table 4).

Discussion
This study found that the AST/ALT ratio was an easily 
accessible and novel prognostic factor for HCC patients 
receiving thermal ablation combined with simultaneous 

TACE. A high AST/ALT ratio was significantly associ-
ated with poor outcomes expressed as OS. Further-
more, the nomogram integrating AST/ALT ratio, AFP, 
tumor number, and BCLC had improved predictive 
ability compared with the BCLC staging classification 
alone.

Since Fernando De Ritis first described AST/ALT 
ratio as an enzymatic test for viral hepatitis in 1957 
[14], researchers have taken it as a potential prognos-
tic biomarker in various diseases [8–13, 15, 16]. Also, 
Granito et  al. [17] evaluated the prognostic significance 
of changes in liver parameters as predictors of treat-
ment response to cTACE. They found that a postpro-
cedure increase of transaminases (AST increase ≥ 46%, 
ALT increase ≥ 52%) compared with baseline values was 
shown to be a reliable predictor of response to cTACE. 
The results proved the transaminase value as prognostic 
indicators of HCC treatments. AST and ALT are impor-
tant enzymes in the liver and are widely used to evaluate 
liver function. AST is mainly found in the mitochondria 
of liver cells, while ALT is presented primarily outside the 
mitochondria of liver cells. The serum AST and ALT can 
be impacted by many non-tumor-related factors, such 
as coronary heart disease, chronic hepatitis, and drugs. 
Therefore, the combination of AST and ALT as AST/ALT 
ratio is more stable and appropriate than they were used 
as single predictors [18]. Cancer cells have a higher rate 
of aerobic glycolysis to generate more energy to support 
their high proliferative status than normal cells [19]. AST 
plays a vital role in aerobic glycolysis due to its ability to 
relocate nicotinamide adenine dinucleotide hydrogen 
into mitochondria through malate-aspartate shuffling 
[20]. Thus, more AST is activated than ALT in high pro-
liferative cancer tissues. Moreover, glutaminolysis and 
pyruvate production are catalyzed by ALT, which are also 
strengthened in tumor cells [21]. Hence, the AST/ALT 
ratio may reflect the metabolic status in cancers, possibly 
related to tumor growth and progression.

Therefore, we hypothesized that the AST/ALT ratio 
maybe a potential prognostic indicator for HCC patients 
receiving thermal ablation combined with simultane-
ous TACE in our study. According to the optimal cut-
off value of AST/ALT ratio, we stratified patients into 
two groups, and found the subgroup with lower value 
of AST/ALT ratio (≤ 0.89) was related to the lower ALT 
count and lower AFP. In addition, High AST/ALT ratio 
was associated with poor OS, consistent with the litera-
ture. Wu et  al. [18] analyzed 18 studies and concluded 
that an elevated serum AST/ALT ratio before treatment 
was significantly associated with poor clinical outcomes 
of OS in patients with solid tumors. Another study also 
depicted that a high AST/ALT ratio implied poor OS in 
HCC patients accepting TACE [13].

Table 1  Baseline characteristics of the research patients 
(n = 117)

RFA radiofrequency ablation, TACE transarterial chemoembolization, MWA 
microwave ablation, HBV hepatitis B virus, HCV hepatitis C virus, ALB albumin, 
AFP alpha fetoprotein, AST aspartate transaminase, ALT alanine transaminase, 
BCLC Barcelona Clinic Liver Cancer

General information Data

Age(y) 60 ± 10

Sex [n (%)]

  Male 96 (82.1%)

  Female 21 (17.9%)

Operation mode [n (%)]

  RFA + TACE 38 (32.5%)

  MWA + TACE 79 (67.5%)

Hepatectomy before treatment [n (%)]

  Yes 25 (21.4%)

  No 92 (78.6%)

Hepatitis [n (%)]

  HBV 102 (87.2%)

  HCV 4 (3.4%)

Cirrhosis [n (%)]

  yes 80 (68.4%)

  no 37 (31.6%)

ALB(g/l) 40.0 ± 5.0

AFP (ng/ml) 497.5 ± 1776.8

AST/ALT ratio 1.3 ± 1.3

Tumor numbers

  1 68 (58.1%)

  2 18 (15.4%)

   ≥ 3 31 (26.5%)

Tumor maximum diameter(mm) 27.7 ± 12.9

BCLC stages

  A 86 (73.5%)

  B 31 (26.5%)

Child–Pugh grades

  A 113 (96.6%)

  B 4(3.4%)
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AFP is the most frequently used biomarker for HCC 
[22]. It has been proven that constantly increased serum 
AFP level was correlated with aggressive histological 
morphology of HCC, such as vascular invasion, satel-
litosis and poorly differentiated [23–25]. A previous 
study had demonstrated that elevated AFP meant dismal 
prognosis [26]. However, excluding the liver transplan-
tion, an AFP threshold has not been used as a guide for 

HCC treatment. Till now, the decision -making process 
mainly relies on imaging features and clinical charac-
teristics without consideration of markers of tumor 
aggressiveness. This approach may hinder the optimal 
management of HCC patients, since there are increas-
ing evidences suggesting that cancer biology is a helpful 
predictor of treatment outcomes [27]. Potentially, AFP 
represents an easily accessable biomarker to modify the 

Table 2  Correlation between AST/ALT ratio and clinicopathological variables of patients with hepatocellular carcinoma

RFA radiofrequency ablation, TACE transarterial chemoembolization, MWA microwave ablation, HBV hepatitis B virus, HCV hepatitis C virus, ALB albumin, AFP alpha 
fetoprotein, AST aspartate transaminase, ALT alanine transaminase, BCLC Barcelona Clinic Liver Cancer
* Data are statistically significant results

Variables AST/ALT ≤ 0.89
(n = 32)

AST/ALT > 0.89
(n = 85)

p

Sex, female/male 1/31 20/65 0.01*

Age, < 60/ ≥ 60 18/14 31/54 0.061

Operation mode, MWA + TACE/RFA + TACE 19/13 60/25 0.248

Hepatectomy before treatment, No/Yes 22/1 70/15 0.11

HBV, No/Yes 3/29 12/73 0.709

HCV, No/Yes 30/2 83/2 0.643

Cirrhosis, No/Yes 14/18 23/62 0.084

ALB, < 35/ ≥ 35 2/3 11/74 0.486

ALT, ≤ 40/ > 40 15/17 76/9  < 0.001*

AST, ≤ 35/ > 35 21/11 56/29 0.979

AFP, < 200/ ≥ 200 29/3 58/27 0.013*

Number, < 3/ ≥ 3 26/6 60/25 0.244

Tumor maximum diameter, < 30/ ≥ 30 23/9 51/34 0.235

Tumor maximum diameter, < 50/ ≥ 50 32/0 74/11 0.075

BCLC, A/B 27/5 59/26 0.102

Child–Pugh grade, A/B 32/0 81/4 0.498

Fig. 1  Kaplan–Meier survival curve for patients with hepatocellular carcinoma according to the AST/ALT ratio
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decision-making process currently adopted for the man-
agement of HCC. Herein, we integrated AFP, number, 
BCLC, and AST/ALT ratio and improved the predictive 
accuracy of BCLC system in terms of C-index.

There were some shortcomings in our study. First, this 
was a single-center retrospective study with small sample 
size. Due to the characteristics of the retrospective study, 
some biases were hard to be avoided. Second, this study 

did not exclude patients who have previously received 
locoregional treatment, which might impact the result. 
Third, some patients received additional treatments after 
first-time thermal ablation combined with simultaneous 
TACE, which might have a confounding effect on the 
tumor response and outcome.

Despite the limitations mentioned above, our study 
still had clinical value. First, it was the first time to show 

Table 3  Univariate and multivariate analyses of clinicopathological characteristics of patients with hepatocellular carcinoma for OS

OS overall survival, RFA radiofrequency ablation, TACE transarterial chemoembolization, MWA microwave ablation, ALB albumin, AFP alpha fetoprotein, AST aspartate 
transaminase, ALT alanine transaminase, BCLC Barcelona Clinic Liver Cancer
* Data are statistically significant results

Parameter Patient (n = 117) OS

Univariate
P-value

Multivariate
P-value

HR (95%CI)

Age (y)

   < 60 49

   ≥ 60 68 0.669

Sex

  Male 96

  Female 21 0.13

Operation mode

  RFA + TACE 38

  MWA + TACE 79 0.77

Hepatectomy before treatment

  YES 25

  NO 92 0.237

Cirrhosis

  YES 80

  NO 37 0.12

ALB (g/l)

   < 35 13

   ≥ 35 104 0.057

AFP (ng/ml)

   < 200 87

   ≥ 200 30 0.015* 0.015* 1.961(1.140–3.374)

AST/ALT ratio

   ≤ 0.89 32

   > 0.89 85 0.005* 0.039* 2.075(1.039–4.145)

Tumor numbers

   < 3 86

   ≥ 3 31  < 0.001*  < 0.001* 3.074(1.832–5.160)

Tumor maximum diameter(mm)

   < 50 106

   ≥ 50 11 0.01* 0.22

BCLC stage

  A 86

  B 31  < 0.001* 0.891

Child–Pugh grades

  A 113

  B 4 0.156
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the predictive value of AST/ALT ratio in HCC patients 
receiving thermal ablation combined with simultane-
ous TACE. Second, AST/ALT ratio was a conventional 
blood parameter, and its convenience, easy accessibility 
and inexpressiveness revealed its excellent performance 
in risk stratification for HCC patients. In addition, AST/
ALT ratio could become an effective tool for future clini-
cal studies and patient management.

Conclusions
This study investigated the prognostic role of the AST/
ALT ratio in the outcome of HCC patients undergoing 
thermal ablation combined with simultaneous TACE. 
The AST/ALT ratio was an independent prognostic factor 
for HCC patients receiving thermal ablation combined 
with simultaneous TACE, and a high preoperative AST/
ALT ratio indicated poor OS. Besides, the constructed 

nomogram including AFP, number, BCLC, and AST/
ALT ratio was confirmed as a well-performed prognostic 
model for OS. This finding may help improve the man-
agement of HCC patients who accept thermal ablation 
combined with simultaneous TACE through early identi-
fication of patients with potential poor outcomes.
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