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aminase ratio is related
to higher diagnostic efficacy for hepatocellular
carcinoma
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Abstract
Alpha-fetoprotein (AFP), as the most widely used biomarker of hepatocellular carcinoma (HCC), was correlated with ongoing liver
damage. The aim of this study was to evaluate the ability of inflammatory correction-based AFP to identify HCC from other liver
diseases.
From March 2012 to March 2017, among 926 participants, a total of 501 patients whose transaminases were higher than the

upper limit of normal range, including 166 treatment-naïve HCC patients were enrolled in our retrospective study. The liver function,
white blood cell (WBC) count and serum AFP level of all patients were collected at the initial stage of admission. The area under the
receiver-operating curve (AUROC) of AFP, AFP/(Aspartate aminotransferase∗Alanine aminotransferase) [AFP/(AST∗ALT)] and AFP/
WBC were compared between the HCC group and the control groups for the quantifying diagnostic efficacy.
AUROCs of our novel index AFP/(AST∗ALT) were up to 0.853 (95% confidence interval, CI 0.818–0.887,P< .001) and 0.825 (95%

CI 0.782–0.868, P< .001), respectively, when differentiating HCC from non-HCC patients and from cirrhosis patients, which was
superior to AFP and AFP/WBC. Diagnostic performance of AFP/(AST∗ALT) could be verified in hepatitis B virus (HBV)- or hepatitis C
virus (HCV)-associated HCC patients as well. What’s more, AFP/(AST∗ALT) had a significant positive and moderate correlation with
tumor diameter and presence of cancerous emboli or not (Spearman correlation coefficients were 0.323 and 0.305, respectively;
both P< .001). For predicting HCC, the optimal cut-off value of AFP/(AST∗ALT) is 1.603, and the sensitivity and specificity were
82.8% and 72.7%, respectively, which were significantly higher than the AFP and AFP/WBC.
The serum AFP levels based on correction of liver inflammation can effectively improve the diagnostic performance of HCC,

providing a new indicator that is simple, economical and pervasive for clinic.

Abbreviations: AFP = alpha-fetoprotein, ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate
aminotransferase, AUROC = area under the receiver-operating curve, CHB = chronic hepatitis B infections, CHC = chronic hepatitis
C infections, CI = confidence interval, EASL = European Association for the Study of the Liver, GGT = gamma-glutamyl
transpeptidase, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, IBIL = indirect bilirubin, INR =
international normalized ratio, IQR= interquartile range, PIVKA-II= prothrombin induced by vitamin K absence-II, PTA = prothrombin
time activity, TBIL = total bilirubin, TP = total protein, VS = versus, WBC = white blood cell.

Keywords: alpha-fetoprotein, diagnosis, hepatocellular carcinoma, inflammatory correction
1. Introduction

Hepatocellular carcinoma (HCC), one of the most common
malignancies in the world, highly occurs in Eastern Asia, South-
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Eastern Asia, and Sub-Saharan Africa. The most frequently
underlying aetiologies of HCC are chronic viral hepatitis, alcohol
intake, and aflatoxin exposure.[1] Worldwide, approximately
80% of cases can be attributed to HBV and HCV infection,
however, the data do not reflect co-morbidities, such as non-
alcoholic steatohepatitis and metabolic syndrome.[2] Further-
more, the prevalence of non-alcoholic fatty liver disease
(NAFLD) has risen conspicuously. The morbidity of HCC varies
from 0% to 3% in NAFLD patients and from 2.4% to 12.8% in
NAFLD associated cirrhosis patients.[3]

China has the heaviest burden of HCCwhere about 50% of all
new cases and deaths related liver cancer worldwide occurred,[4]

and themajor risk factors are still HBV (63.9%) orHCV (27.7%)
infection. The latest data indicated that the morbidity and
mortality of HCC ranked the fourth and third, respectively,
among all malignant tumors reported in China,[5] where much
more attention should be payed to the prediction of HCC.
Diagnosis of HCC is based on a characteristic combination of

serological, imaging, and pathological features. AFP is the most
widely used biomarker, however, the elevated serum AFP levels
are also frequently observed in some patients with benign liver
diseases,[6,7] especially in cirrhosis. It was demonstrated that AFP
levels increased as pathological levels of inflammation and
fibrosis increased in chronic HBV or HCV infections,[6,8,9] and
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there were studies indicating that AFP levels had a significant
positive correlation with AST and ALT.[6,8,9] What’s more, about
30% of HCC patients have normal AFP levels. Studies have
demonstrated a serum-based tool called GALAD score for the
surveillance of HCC based on logistic regression for age, sex, and
the 3 serologic biomarkers of AFP, AFP-L3, and prothrombin
induced by vitamin K absence-II (PIVKA-II).[10,11] Nevertheless,
the measurement tools and units used in international GALAD
score do not meet the requirements in China and toomany testing
indexes will increase the financial burden on patients.
AST and ALT represent disruption of hepatocytes, and hepatic

inflammation itself could lead to an increase in AFP levels, rather
than a tumor state.Moreover, AFP levels are positively correlated
with transaminase levels to some extent, which has the
interference with HCC diagnosis. In order to correct the effect
of inflammation on the increase of AFP levels, AST, and ALT
were used as denominators, so we developed an optimal
indicator: AFP/(AST∗ALT) to make a diagnosis of HCC by
applying the most accessible clinical indexes. Besides, our study
also explored the influences of the peripheral inflammatory
response on AFP.
2. Patients and methods

2.1. Study design and participants

In our retrospective study, the participants, includingHCC group
(newly diagnosed), and control patients with chronic hepatitis B
infections (CHB), chronic hepatitis C infections (CHC), non-viral
liver diseases, cirrhosis, cholangiocarcinoma were enrolled from
the First Hospital of Jilin University (Changchun, China) between
March 2012 and March 2017. Non-viral liver diseases mainly
consisted of autoimmune liver disease, alcoholic liver disease,
non-alcoholic fatty liver disease and drug-induced liver injury. In
order to determine whether AFP was associated with the liver
inflammation, only patients with abnormal liver function
(defined as AST and ALT exceeding the upper limit of normal
value at the same time) were included in the study. The exclusion
criteria were:
1.
 unavailable AFP value;

2.
 undergoing extrahepatic acute diseases;

3.
 any types of malignancy for patients with the exception of

hepatobiliary system.

The HCC diagnosis was confirmed with histological findings or
typical imaging characteristics according to the guidelines of the
European Association for the Study of the Liver (EASL) [1] and the
diagnosis of cirrhosis or other liver diseases were based on clinical
indicators and imageological examination in accordance with the
international guidelines.[12–16] The study was conducted in
accordance with Declaration of Helsinki and approved by the
Ethics Committee of the First Hospital of Jilin University.
2.2. Treatment of serum and data analysis

All serum samples were collected and measured in the morning
with all patients being told over-night fasting at the initial stage of
admission. Serum AFP was measured quantitatively by electro-
chemiluminescence (Cobas e601, Roche) in the clinical labora-
tory of the First Hospital of Jilin University, with the normal
reference value of 0–7ng/ml and an upper limit of detection of
1210ng/ml. There were several inspectors executed and read the
2

index tests and the reference standard with rich experience and
professional accomplishment from clinical laboratory of the First
Hospital of Jilin University.
Statistical analyses were performed with SPSS version 22.0

(SPSS Inc., Chicago, IL, USA). Continuous variables were shown
as median (25th/75th percentile) due to skewness distribution of
data and categorical variables were displayed as numbers or
percentages. The nonparametric Mann-–Whitney U test and x2

test were used for statistical comparisons as appropriate. For
evaluating the diagnostic performance of AFP, AFP/(AST∗ALT),
and AFP/WBC, the sensitivity (true-positive rate) and specificity
(true-negative rate) of optimal cut off values for the diagnosis of
HCC were calculated as described. The ROC curve is a plot of
sensitivity vs 1-specifcity for all possible cut off values, so the
direct comparison of diagnostic values of these indexes for
predicting HCC were assessed by calculating the areas under the
ROC. Optimal cut-off value is determined by the best Youden’s
index, which is calculated by the following formula. All of the
differences were considered statistically significant at P< .05.
Formulae:

Youden0s index ¼ sensitivityþ specificity� 1
3. Results

3.1. Demographic characteristics

Overall, 926 participants were enrolled in this study, of which 501
participants were eligible for the condition of increased transami-
nase levels and became the study population, including 166
treatment-naïveHCCpatients, 185 patientswith cirrhosis and 150
patients with other liver diseases (Hepatitis group). Among these
501 patients, 254 patients (50.70%) were infected with HBV and
86 patients (17.17%) were infected with hepatitis C virus (HCV).
The baseline characteristicswere describedbetweendifferent study
groups in Table 1. Overall, there were 339 (67.7%)males and 162
females, with a median age of 52.0 years (interquartile range, IQR
46.0–61.0). Hematological parameters, liver function markers,
coagulation function markers, AFP level, and characteristics of
tumors were also placed into the Table 1. Different P values were
calculated in terms of demographic and clinical characteristics.
P values demonstrated statistically significant differences for
comparisons of HCC with non-HCC and HCC with cirrhosis
group in platelet, AST, ALT, total bilirubin (TBIL), indirect
bilirubin (IBIL), AFP. For the HCC group, the median of tumor
diameter was 5.3cm (IQR 2.3–10.0), multifocal tumors were
present in 60.5% HCC patients, and 35%, 6.5% had cancer
emboli in blood vessels and metastasis, respectively.

3.2. Comparison of diagnostic values of biomarkers for
diagnosing HCC

According to the analysis of AUROC, the novel index AFP/
(AST∗ALT) (AUROC=0.853; 95% confidence interval, CI
0.818–0.887, P< .001) was superior to AFP (AUROC=0.787;
95% CI 0.744–0.829, P< .001) and AFP/WBC (AUROC=
0.786; 95% CI 0.744–0.828, P< .001) in distinguishing the
tumors between HCC patients and non-HCC patients (Fig. 1A).
For predicting HCC, the optimal cut-off value of AFP/
(AST∗ALT) is 1.603, in this case, the sensitivity and specificity
were 82.8% and 72.7%, respectively, which were significantly
higher than the AFP itself.



Table 1

Baseline characteristics of study population.

Variables Hepatitis (n=150) Cirrhosis (n=185) HCC (n=166) P1 value P2 value

Demographic
Age (years) 50.0 (39.0, 57.0) 50.0 (45.0, 58.0) 58.0 (52.0, 64.3) <.001 <.001
Sex, male 88 (58.7%) 118 (63.8%) 133 (80.1%) <.001 .001

Hematological parameters
WBC count (109/L) 5.7 (4.6, 7.2) 4.3 (3.1, 6.0) 4.9 (3.5, 7.0) .516 .070
Platelet count (109/L) 189 (140.5, 241.3) 86.0 (59.0, 126.5) 107.0 (69.0, 154.0) .015 .002

Liver function markers
AST (IU/L) 137.5 (80.1, 246.4) 104.0 (69.8, 160.7) 76.9 (56.8,125.0) <.001 <.001
ALT (IU/L) 199.3 (116.5, 422.5) 86.3 (58.2, 170.0) 65.9 (55.0,89.1) <.001 <.001
ALP (IU/L) 134.0 (87.3, 206.3) 144.0 (105.5, 202.9) 134.0 (100.0,193.2) .482 .220
GGT (IU/L) 146.5 (80.2, 290.3) 109.5 (63.3, 274.3) 139.0 (59.0, 241.5) .666 .529
TBIL (mmol/L) 29.0 (16.2, 161.8) 45.0 (24.6, 118.0) 24.6 (17.6, 41.5) <.001 <.001
IBIL (umol/L) 17.9 (10.6, 65.3) 18.4 (8.9, 54.2) 9.8 (6.8, 17.0) <.001 <.001
TP (g/L) 64.9 (61.4, 70.5) 63.9 (58.2, 69.7) 65.3 (60.0, 70.1) .192 .028
Albumin (g/L) 36.2 (32.3, 39.8) 29.3 (26.0, 33.8) 33.2 (28.0, 36.8) .878 <.001

Coagulation function markers
PTA (%) 91.0 (74.5, 100.8) 69.5 (50.0, 83.0) 77.0 (64.0, 88.0) .600 <.001
INR 1.0 (1.0, 1.2) 1.3 (1.1,1.5) 1.1 (1.0, 1.2) .144 <.001
AFP level (ng/ml) 4.7 (2.7, 25.0) 9.3 (3.0, 40.1) 102.1 (17.5, 1210.0) <.001 <.001

Characteristics of tumor
tumor diameter (cm) – – 5.3 (2.3, 10.0) – –

mulifocality – – 60.5% – –

cancer embolus – – 35.0% – –

tumor metastasis – – 6.5% – –

Data were expressed as median (25th, 75th percentiles) or percentage.
P1 value came from Mann–Withney U test or x2 test for the comparison of HCC and non-HCC group, and non-HCC group included hepatitis and cirrhosis group.
P2 value came from Mann–Withney U test or x2 test for the comparison of HCC and cirrhosis group.
AFP= alpha-fetoprotein, ALP= alkaline phosphatase, ALT=alanine aminotransferase, AST= aspartate aminotransferase, GGT=gamma-glutamyl transpeptidase, IBIL= indirect bilirubin, INR= international
normalized ratio, PTA=prothrombin time activity, TBIL= total bilirubin, TP= total protein, WBC=white blood cell.
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Cirrhosis, as one of the most important risk factors for HCC,
needed to be separately compared with the HCC group to
highlight the practicability and validity of our diagnostic
indicators and Fig. 1B has been showed between these 2 groups.
AFP/(AST∗ALT) still showed a high predictive value (AUROC=
0.825; 95% CI 0.782–0.868, P< .001), accompanied by a
superior sensitivity and a cut-off value of 2.907. In addition, CHB
or CHC, as themain components of causes inHCCpatients, were
identified as nontumor characteristics that influenced serum AFP
levels, the data was further analyzed by subgroups of etiology
(Fig. 1C and D). In HBV group, we compared different predictors
between patients withHBV infection orHBV-associated cirrhosis
and patients with HBV-associated HCC (HBV-HCC), and
similarly in HCV group. Diagnostic performance of HCC
markers in the above four groups were summarized in Table 2.
Above all, AFP/(AST∗ALT) performed the best diagnostic
efficacy, while AFP/WBC showed the worst.
Correlation analysis has been made in order to discuss the

relationship between AFP/(AST∗ALT) and tumor characteristics.
We found it had a significant positive andmoderate correlationwith
tumor diameter and presence of cancerous emboli or not (Spear-
man’s correlation coefficients were 0.323 and 0.305, respectively;
both P< .001), however, it was not associated with mulifocality or
metastases, and the above results were similar to AFP.
4. Discussions

According to the guidelines from European Association for the
Study of the Liver 2018, Liver cancer is the fifth most common
cancer and the second most frequent cause of cancer-related
3

death globally. HCC, which accounts for about 90% of primary
liver cancer, is a major health problem.[6] In epidemiology, HCC
occurs more frequently in male, with a male to female ratio
estimated to be 2–2.5:1 in different regions.[6] Similarly, HCC
had a strong male (80.1%) preponderance in our study.
Although the combination of AFP, AFP-L3 and PIVKA-II

achieved a superior diagnostic performance, in most areas,
limited by economic or medical conditions, examination of AFP-
L3 and PIVKA-II are not widely available. And subsequent
studies found AFP was still the most useful single biomarker and
adding AFP-L3 did not enhance the ability to distinguish HCC
from non-HCC patients.[17] Up to now, AFP is the only tumor
marker widely used in screening and diagnosing HCC. In China,
AFP>400ng/ml has been set as a diagnostic threshold for clinical
diagnosis and staging criteria, excluding chronic or active
hepatitis, cirrhosis, testicular or ovarian embryogenic tumor or
pregnancy. However, hepatitis or cirrhosis, the main causes of
HCC, could not be ruled out, and in our study, sensitivity of AFP
using the cut-off at 400ng/ml was 39.3% (HCC vs Non-HCC)
and 39.3% (HCC vs Cirrhosis), both of which were low and the
missed diagnosis rate was high.
In addition to hepatic malignancy, the elevation of serum AFP

level could be seen in non-cancerous liver diseases, caused by
regeneration after liver cell necrosis. Numerous studies have
found that AFP decreased or increased in parallel with the levels
of AST and ALT synthesized by the liver, so AFP could indirectly
reflect the degree of liver inflammation and liver injury, thereby
affecting its diagnosis of HCC. Asahina et al even indicated ALT
levels were significantly associated with hepatocarcinogenesis.[18]

It has been clinically emphasized that AFP levels were susceptible
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Table 2

Diagnostic performance of HCC markers in different groups.

Group Index Cut off AUROC (95% CI) Sensitivity Specificity

HCC vs Non-HCC AFP 20.755 0.787 (0.744, 0.829) 0.742 0.677
AFP/(AST∗ALT)a 1.603 0.853 (0.818, 0.887) 0.828 0.727
AFP/WBCb 7.878 0.786 (0.744, 0.828) 0.681 0.764

HCC vs Cirrhosis AFP 31.235 0.772 (0.723, 0.821) 0.675 0.719
AFP/(AST∗ALT)a 2.907 0.825 (0.782, 0.868) 0.761 0.746
AFP/WBCb 7.878 0.762 (0.712, 0.812) 0.681 0.741

HBV-HCC vs HBV AFP 457.510 0.724 (0.657, 0.791) 0.480 0.927
AFP/(AST∗ALT)a 4.153 0.800 (0.744, 0.856) 0.730 0.728
AFP/WBCb 60.562 0.721 (0.654, 0.789) 0.510 0.881

HCV-HCC vs HCV AFP 31.820 0.821 (0.731, 0.911) 0.623 0.903
AFP/(AST∗ALT)a 3.466 0.850 (0.768, 0.931) 0.717 0.871
AFP/WBCb 8.173 0.810 (0.717, 0.903) 0.604 0.903

a or b: For the sake of convenience of representation, the cut off level was 1000 times the actual value.
Non-HCC represented the patients without HCC, HBV-HCC represented HBV related HCC, HCV-HCC represented HCV related HCC.
AFP=alpha-fetoprotein, ALT= alanine aminotransferase, AST= aspartate aminotransferase, AUROC= area under the receiver-operating curve, CI= confidence interval, HBV=hepatitis B virus, HCC=
hepatocellular carcinoma, HCV=hepatitis C virus, vs= versus, WBC=white blood cell.

Figure 1. AUROC for AFP, AFP/WBC and AFP/(AST∗ALT) for the diagnosis of HCC in different groups: (A) HCC vs Non-HCC; (B) HCC vs Cirrhosis; (C) HBV-HCC
vs HBV and (D) HCV-HCC vs HCV. Non-HCC represented the patients without HCC, HBV-HCC represented HBV related HCC, HCV-HCC represented HCV
related HCC. AFP=alpha-fetoprotein, ALT=alanine aminotransferase, AST=aspartate aminotransferase, AUROC=area under the receiver-operating curve,
HBV=hepatitis B virus, HCC=hepatocellular carcinoma, HCV=hepatitis C virus, WBC=white blood cell.
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to liver inflammation, but so far, there are no indicators that can
effectively avoid the influences of inflammatory factors. Initially,
our study aimed to design a prediction model through logistic
regression, and yet, interestingly, the ratio of AFP to trans-
aminases was better than the model of logistic regression. We
finally found the optimal index to predict HCC over repeated
trials. AUROCs of this novel index AFP/(AST∗ALT) were up to
0.853 and 0.825, respectively, when differentiating HCC from
non-HCC patients and from cirrhosis patients, with its sensitivity
and specificity significantly increasing.
Hong et al suggested that the selection of candidate blood-based

mRNA biomarkers for distinguishing cancer from inflammation-
associated diseases may yield misleading results,[19] meaning that
many serologic tumor markers were affected by inflammation in
peripheral blood.Our study further explored thediagnostic capacity
of AFP to WBC ratio, which was the worst for the prediction of
HCC. Analyzing the reason of this phenomenon, it was considered
tobe connectedwithhypersplenismcausedby cirrhosis,which led to
the destruction and reduction of platelets and WBC.
Differently from the etiology of HCC in Europe and America,

most of HCC in China is related to the infection of HBV or HCV.
Soresi et al mentioned that the positive predictive value of AFP in
viral-associated HCC patients was significantly lower than that
of non-viral HCC[20] and serumAFP levels in HBV-HCC patients
were significantly higher than those in non HBV-HCC
patients.[21,22] Therefore, it was necessary to focus on HBV- or
HCV-associated HCC separately with new indicators. From
Figure 1 and Table 2, we found that diagnostic efficacy of AFP/
(AST∗ALT) could be verified in different underlying diseases,
with AUROCmore than 0.8. What’s more, AFP/(AST∗ALT) was
obviously superior to AFP in HBV-HCC patients.
Although viral infection is the leading cause of liver disease, the

new epidemic is related to the burden of NAFLD, paralleling the
worldwide increase of obesity.[23] NAFLD, with the global
prevalence estimated to be 24%, might represent the missing link
between cryptogenic cirrhosis andHCC.[24] We expect to explore
the diagnostic efficacy of our new indicator for NAFLD-
associated HCC in future studies.
There were several limitations in our study. Firstly, the patients

in our study came from a single-center, our model has not been
validated in large-scale studies. Secondly, although all HCC
patients enrolled in the study were newly diagnosed, we could not
guarantee that all patients did not have their own oral medication
to reduce transaminase levels before admission. Thirdly, in our
study, AFP/(AST∗ALT) and AFP had amoderate correlation with
tumor diameter and presence of cancerous emboli or not,
however, the results of related studies about AFP were
inconsistent, and further studies are necessary.
In conclusion, our study findings indicated that the novel index

AFP/(AST∗ALT) could provide useful information for the
prediction of HCC, which could aid in minimizing the
interference of liver inflammation to AFP. Meanwhile, AFP/
(AST∗ALT) showed the highest AUROC than AFP and AFP/
WBC with reasonable sensitivity and specificity in different
groups. The optimal cut-off values of AFP/(AST∗ALT) could be
used for the clinical diagnosis of HCC, also the prediction of
therapeutic effect and evaluation of prognosis.
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