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Background: Metabonomic studies have related bile acids to hepatic impairment, but
their role in predicting hepatocellular carcinoma still unclear. The study aimed to examine
the feasibility of bile acids in distinguishing hepatocellular carcinoma from post hepatitis C
virus-induced liver cirrhosis.

Methods: An ultra-performance liquid chromatography coupled with mass spectrometry
measured 14 bile acids in patients with noncirrhotic post hepatitis C virus disease (n � 50),
cirrhotic post hepatitis C virus disease (n � 50), hepatocellular carcinoma (n � 50), and
control group (n � 50).

Results: The spectrum of liver disease was associated with a significant increase in many
conjugated bile acids. The fold changes in many bile acid concentrations showed a linear
trend with hepatocellular carcinoma > cirrhotic disease > noncirrhotic disease > healthy
controls (p < 0.05). Receiver operating characteristic curve analysis revealed five
conjugated acids TCA, GCA, GUDCA, TCDCA, GCDCA, that discriminated
hepatocellular carcinoma from noncirrhotic liver patients (AUC � 0.85–0.96) with a
weaker potential to distinguish it from chronic liver cirrhosis (AUC � 0.41–0.64).

Conclusion: Serum bile acids are associated primarily with liver cirrhosis with little value in
predicting the progress of cirrhotic disease to hepatocellular carcinoma.

Keywords: cirrhosis, hepatocellular carcinoma, liquid chromatography-mass spectrometry, metabolic profiling, bile
acid

INTRODUCTION

Several studies have associated liver cirrhosis with altered bile acid metabolism, and elevated serum
bile acid concentrations can distinguish liver cirrhosis with higher sensitivity than the liver function
tests (1–3). Bile acid synthesis and metabolism have a role in cellular processes related to
carcinogenesis. Elevated intracellular concentrations of bile acids were associated with oxidative
stress and DNA damage both in the adult and fetal liver (4,5). The disturbance in bile acid
metabolism could be an early clue in the development of HCC, which is aggressive cancer, with
around 90% of cases developing from pre-existing liver cirrhosis (6–8). Although the Child-Pugh
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classification is the cornerstone in prognostic evaluation of liver
cirrhosis, however, in hepatocellular carcinoma (HCC) associated
with cirrhosis, it may not provide direct evidence of the stage of
the HCC, and bile acids might add as potential value as
biomarkers for pathological progression in liver diseases (9).
Early detection of HCC remains a challenge as HCC cases are
usually diagnosed after the cancer has already progressed into
advanced stages (5,10). Currently, no clinically approved
alternatives to alpha-fetoprotein (AFP) that could form a
noninvasive laboratory test for early detection of HCC. AFP
demonstrates a low sensitivity as 40% of patients with HCC
have normal AFP levels, and only 20% of patients with early HCC
have elevated AFP levels (11). Des-gamma-carboxyprothrombin
and lectin-bound AFP (AFP-L3), glypican-3, Osteopontin, or
high c-met expression were hypothesized as alternative markers
but, their sensitivity for HCC detection remains unsatisfactory
especially, in small HCC lesions (12–15).

We used a systematic metabolomics approach applying ultra-
performance liquid chromatography coupled with mass
spectrometry (UPLC/MS) to hypothesis links between 14 bile
acid profiles and malignant hepatic disease We tested this
hypothesis in patients with a spectrum of liver disease, from
healthy controls, to noncirrhotic liver disease, to HCV cirrhotic
liver disease, and finally to HCC patients, expected to find a direct
linear trend with significant differences between the four groups
comprising the disease spectrum.

PATIENTS, MATERIALS, AND METHODS

The study was conducted at the National Liver Institute hospital
from October 2017 to August 2018 and complied with the ethical
standards for human experimentation (Helsinki Declaration).
The ethics committee of the National Liver Institute approved
the protocol, and written consents were filled and signed by all the
participants. The study enrolled three groups of patients and a
control group. The noncirrhotic liver disease (NCLD) group (n �
50) enrolled patients with a documented previous HCV infection
(positive anti-HCV antibody and PCR HCV- RNA) without any
clinical or imaging (ultrasound and fibro scan) evidence of liver
cirrhosis (16). The cirrhotic liver disease (CLD) group (n � 50)
enrolled patients with liver cirrhosis secondary to previous HCV
infection. The diagnosis of liver cirrhosis was established by
ultrasound examination confirming the characteristic
echogenic pattern of liver cirrhosis, fibro scan at ≥ 14.5 kPa,
and positive anti-HCV antibody and HCV- RNA PCR tests. The
HCC group (n � 50) enrolled patients with HCC complicating
chronic HCV infection. The diagnosis of HCC was established by
detecting focal hepatic lesion(s) on ultrasound examination, with
elevated serum AFP >200 ng/ml and or detection of HCC on
histological examination of the liver biopsy. CLD and HCC
patients were further classified into Child-Pugh stages A, B
and C (17). The control group (n � 50) enrolled normal,
healthy subjects, matching the age and gender of the other
groups with no clinical, laboratory, or imaging indication of
liver cirrhosis or focal hepatic lesions. These subjects were also
free from any other cancers, systemic disease as diabetes mellitus,

obesity (BMI >30 kg/m2), or chronic cholecystitis, and they were
abstinent from drug abuse and alcohol consumption.

Exclusion criteria include patients presenting with
simultaneous HCV and hepatitis B virus (HBV) infection,
chronic cholestasis, and extrahepatic obstructive gall bladder
diseases. Patients presented with liver disease associated with
severe renal or systemic diseases as cardiovascular, diabetes and
obesity. No history of alcohol intake or illicit drug abuse in all
patients enrolled in the study.

Blood samples were obtained from patients and control
subjects after overnight fasting (8–12 h) by venipuncture
technique, and the serum was stored at - 80 °C until analysis.
An automatic biochemical analyzer (Beckman Ltd., London,
United Kingdom) measured the blood chemistry as liver
function tests, renal function tests, serum cholesterol, and
triglycerides. Serum bile acids were prepared for UPLC/MS/
MS as described (18,19) with modification. Briefly, 100 µl of
the serum samples were treated with 400 µl of ice old 100%
methanol to precipitate proteins. The mixture was centrifuged at
13,000 rpm for 15 min 50µl of the supernatant was mixed with
100 µl 0.001% formic acid, and 5 μl was injected into a C18
column (1.7 µm, 100 mm × 2.1 mm internal dimensions) of the
ultra-performance liquid chromatography with the column
temperature maintained at 50°C (Waters ACQUITY, Milford,
MA). The individual bile acids were eluted by gradient at a flow
rate of 0.5 ml/min, for 2 min with 80% mobile phase A (0.001
formic acid in water) and 20% mobile phase B (acetonitrile), then
with a linear gradient of mobile phase B (20–30%) over 5 min
followed by mobile phase B at (80%) for 8 min. The mass
spectrometer had an electrospray source operated in the
negative ion mode using the Multiple Reactions Monitoring
(MRM). UPLC-MS raw data obtained with MRM mode were
analyzed using Target Lynx application manager version 4.1
(Waters Corp., Milford, MA) to obtain the calibration
equations and the quantitative concentration of each bile acid
in the samples. Calibration curves and method assessment were
processed by a freshly prepared 14 bile acids mixture standard
solution was serially diluted to make seven standard calibration
points ranging from (0.125 μmol/L to 20 μmol/L) other than the
zero point. The quality control (QC) standards were also
prepared to make low, mid, and high internal standard points
(0.2, 2, and 20 μmol/L) in charcoal-stripped serum (19).
Calibrators and QC standards, then, underwent the sample
preparation process described before. Calibration curves
showed that bile acids had a linear response, with a coefficient
of determination (R2) ≥0.99. The recovery was evaluated by
comparing the mean detector response of the extracted QC
samples at 0.2, 2, and 20 μmol/L in four replicates to the mean
detector response of the post-extracted serum blanks spiked at
equal concentrations. The accuracy and precision were checked
regularly using three replicates of freshly prepared QC standard
samples at 0.2, 2, and 20 μmol/L concentration each day.
Accuracy was calculated from the % Relative Error (RE) (%
(measured-theoretical)/theoretical concentration). Precision
was calculated from the relative standard deviation (%RSD �
% standard deviation/mean). The developed UPLC-MS/MS assay
method had the capability of quantitation of all the 14 bile acids
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included in the study. The assay performance was accurate and
precise for bile acid analysis in the human serum (19).

Data were analyzed using IBM SPSS 23 (SPSS Inc., CA,
United States). The nonparametric statistical Kruskal-Wallis
test with the Mann-Whitney test was used to detect the
significance in multiple comparisons. The linear contrast
analysis was used to detect a direct trend across the different
groups. Receiver operator characteristic (ROC) curves assessed
the ability of serum bile acids to distinguish healthy subjects from
patients with liver diseases. An area under the curve (AUC) ≥ 0.8
was considered a significant-good or excellent test to discriminate
between two groups (20,21).

RESULTS

Table 1 summarizes the demographic, clinical, and laboratory
parameters of the enrolled groups. Patients matched for age,
gender, and body mass index (BMI) to control biological and
lifestyle confounders. Neither age, gender, or BMI shows any
significant differences across groups, all p > 0.05. All patients in
the NCLD group had a well-compensated liver function. In the
CLD group, 38 patients were Child-Pugh A, eight were stage B
and four were stage C. In the HCC group, patients had either a
single focal lesion (n � 19) or multiple focal lesions (n � 31),
lymph node involvement (n � 7), distant metastasis (n � 4), but
none had portal vein invasion. Of the HCC patients, 18 were
Child-Pugh A, 17 were stage B and 15 were stage C.
Unsurprisingly, all laboratory indices showed a significant
linear trend with the disease spectrum, with numerous
differences between groups. However, there was no statistically
significant difference between the NCLD group and the control
regarding direct bilirubin, total protein, haemoglobin, and the
white cell count (all p > 0.05) whilst. The levels of direct bilirubin,

GGT, ALP increased while albumin, total protein, haemoglobin,
and platelets, decreased in cirrhotic patients compared to NCLD
or NHC (all p < 0.05).

The spectrum of liver disease was associated with significant
increases in most of the bile acids (Table 2). Linear contrast
analysis of the 14 bile acids across the different groups showed
that all but TUDCA, GDCA, TLCA showed a statistically
significant stepwise increase in the serum bile acids with the
severity of the liver disease from NCLD to CLD to HCC, all p <
0.05. The fold change of bile acids relative to the control showed a
significant pattern that HCC > CLD > NCLD and the increase in
the fold was mainly prominent in conjugated bile acids. Eight bile
acids (CA, CDCA, UDCA, TCA, GCA, GUDCA, TCDCA, and
GCDCA) were significantly higher in CLD and HCC than in
NHC or NCLD (all p < 0.05).

Table 3 summarizes the results of ROC curves of the 14 bile
acids and their diagnostic performance. Conjugated bile acids
TCA, GCA, GUDCA, TCDCA, and GCDCA showed the best
diagnostic performance in separating HCC from NHC with
AUCs, and in separating HCC from NCLD. Only GCA,
TCDA and LCA discriminated HCC from CLD. However,
although significant at p < 0.05, many failed to reach our pre-
set level of practical significance, i.e. AUC ≥0.8, giving
p < 0.01.

Table 4 presents analysis of bile acids with the Child-Pugh
grades in the HCC group by the nonparametric Kruskal-
Wallis. Three bile acids GCA, TCDCA, and GCDCA, were
linked to Child-Pugh class (p < 0.05), However further
analysis, Mann-Whitney test revealed that GCA, TCDCA,
and GCDCA in Class B were significantly higher than in
either class A or C. A further caveat is that none of the bile
acids showed a linear trend with the Child-Pugh stage, where
in many cases levels were highest in those with intermediate
disease i.e. stage B.

TABLE 1 | Demographic and laboratory parameters of the enrolled groups.

NHC N = 50 NCLD N = 50 CLD N = 50 HCC N = 50 LCA p-value

Age, mean (range) 45 (34–73) 46 (36–69) 46 (37–70) 46 (37–69) 0.05
BMI (kg/m2) 23 ± 2 24 ± 4 23 ± 2 25 ± 1 0.06
Sex
Male 25 (50%) 19 (38%) 29 (58%) 15 (30%) 0.554a

Female 25 (50%) 31 (62%) 21 (42%) 35 (70%)
AFP (µmol/l) 1.7 (1.3–2.1) 2.3 (1.9–3.2) 3.7 (2.3–6.7)b 68 (4.6–881.5)b 0.049
AST (IU/L) 21 ± 6 40 ± 34b 57 ± 35b 55 ± 29b 0.001
ALT (IU/L) 20 ± 9 4 ± 37b 42 ± 44b 40 ± 19b 0.004
Total bilirubin (µmol/l) 9 ± 4 11 ± 6b 26 ± 29b 25 ± 20b 0.001
Direct bilirubin (µmol/l) 4 ± 2.4 4 ± 3 21 ± 28b 14 ± 13b 0.001
Albumin (g/l) 40 ± 2 47 ± 3 35 ± 8b 33 ± 7b 0.001
Total protein (mg/l) 70 ± 9 80 ± 4 80 ± 7 70 ± 7b 0.001
GGT (IU/ml) 23 ± 13 35 ± 22b 71 ± 53b 73 ± 61b 0.001
ALP (IU/ml) 60 ± 23 75 ± 47 114 ± 57b 117 ± 49b 0.001
Haemoglobin (g/l) 134 ± 12 131 ± 15 119.8 ± 20b 120 ± 20b 0.001
Platelets × (109/l) 291 ± 72 259 ± 91 132 ± 64b 129 ± 63b 0.001
WBCs × (109/l) 7.3 ± 1 6.9 ± 1 5.4 ± 2b 5 ± 2b 0.001

NHC, normal healthy control; CLD, cirrhotic liver diseases; HCC, Hepatocellular carcinoma. LCA, linear contrast analysis. Data n (%); mean with SD; or median with IQR. BMI, body mass
index; AST, aspartate transaminase; ALT, alanine transaminase; GGT, Gamma-Glutamyl transferase; ALP, alkaline phosphatase; WBCs, white blood cells.
achi-squared test of trend.
bp-value < 0.05 indicates significance when NHC, compared to NCLD, CLD, and HCC.
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DISCUSSION

The study assessed the metabolic profile of 14 bile acids in
patients with different stages of liver diseases from health, to
NCLD, to CLD, and to HCC. The alterations in the serum bile
acids level in the noncirrhotic patients compared to healthy
controls were insignificant, suggesting that the liver is
unaffected by relatively minor disease. Five conjugated bile
acids TCA, GCA, GUDCA, TCDCA, and GCDCA, increased
in cirrhotic patients compared to noncirrhotic disease. This
reflect work by Yin Wan et al. who found GCA, GCDCA,
TCA, and TCDCA significantly increased in cirrhotic patients,

suggesting these bile acid could be biomarkers of progression liver
cirrhosis (22).

In CLD and HCC, the level of conjugated bile acids was
significantly higher than the unconjugated, suggesting that
conjugated bile acids may reflect the progress of the chronic
liver cirrhosis to HCC (23). An increase in the conjugated bile
acids has long been observed in patients with hepatobiliary
diseases such as viral hepatitis, cirrhosis, and
cholangiocarcinoma (22), and the metabolic changes
associated with the progression of liver cirrhosis to early stages
of HCC include oxidative stress and abnormal metabolism of bile
acids which trigger DNA damage and apoptosis (1,24,25). The

TABLE 2 | Serum bile acids and fold changes across the different groups.

BA NHC NCLD CLD HCC LCA, p Fold relative to NHC

NCLD CLD HCC

TUDCA 0.04 ± 0.12 0.01 ± 0.02 0.09 ± 0.37 0.90 ± 5.17 0.26 0.3 2a 18a

TCA 0.01 ± 0.05 0.04 ± 0.09a 1.7 ± 2.7a 7.05 ± 16a 0.01 3a 113a 473a

GCA 0.24 ± 0.33 0.43 ± 0.77 3.77 ± 4.06a 8.4 ± 13a 0.01 2a 16a 35a

GUDCA 0.15 ± 0.2 0.07 ± 0.12a 5.2 ± 12.9a 9.4 ± 30a 0.01 0.5 35a 38a

TCDCA 0.11 ± 0.18 0.07 ± 0.15 4.77 ± 13.8a 9.1 ± 16a 0.01 0.7 44a 83a

TDCA 0.07 ± 0.15 0.02 ± 0.03 0.19 ± 0.36 1.6 ± 6 NS 0.06 0.3 3a 24a

CA 0.20 ± 0.3 0.6 ± 1.7 0.5 ± 0.86a 1.7 ± 4a 0.01 3a 3a 9a

GCDCA 0.45 ± 0.66 0.86 ± 1.04a 7.7 ± 11.5a 12.5 ± 17a 0.01 2a 17a 29a

UDCA 0.04 ± 0.1 0.04 ± 0.08 1.56 ± 5.01a 1.99 ± 6a 0.01 1 38a 48a

GDCA 0.24 ± 0.36 0.26 ± 0.33 1.48 ± 2.9a 1.72 ± 7.2 0.07 1 6a 7a

TLCA 0.006 ± 0.028 0.001 ± 0.002a 0.02 ± 0.07a 0.08 ± 0.3a 0.07 0.3 4a 13a

CDCA 0.38 ± 0.51 0.73 ± 1.2 1.45 ± 1.91a 5.1 ± 14a 0.02 2a 4a 13a

DCA 0.15 ± 0.16 0.19 ± 0.11a 0.31 ± 0.40 0.25 ± 0.39 0.02 1 2a 2a

LCA 0.01 ± 0.03 0.03 ± 0.05a 0.05 ± 0.09a 0.11 ± 0.20a 0.01 3a 4a 9a

NHC, normal healthy control; NCLD, noncirrhotic liver disease; CLD, cirrhotic liver diseases; HCC, Hepatocellular carcinoma. LCA, linear contrast analysis. Values, mean ± standard
deviation of bile acids (µM/L); F, Fold changes relative to NHC. TUDCA, tauroursodeoxycholic acid; TCA, taurocholic acid; GCA, glycholic acid; GUDCA, glycoursodeoxycholic acid;
TCDCA, taurochenodeoxycholic acid; TDCA, taurodeoxycholic acid; CA, cholic acid; GCDCA, glycochenodeoxycholic acid; UDCA, ursodeoxycholic acid; GDCA, glycodeoxycholic acid;
TLCA, taurolithocholic acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; and LCA, lithocholic acid.
ap-value < 0.05 indicates significance when NHC, compared to either NCLD, CLD, or HCC.

TABLE 3 | Receiver operating characteristic curve for the 14 bile acids in the NHC, NCLD and HCC.

Bile acid NHC vs. HCC NCLD vs. HCC CLD vs. HCC

AUC
(95%CI)

p AUC
(95%CI)

p AUC(95% CI) p

TUDCA 0.61 (0.50–0.72) 0.06 0.67 (0.56–0.77) <0.01 0.53 (0.41–0.65) 0.59
TCA 0.86 (0.78–0.94) <0.01 0.80 (0.70–0.89) <0.01 0.56 (0.44–0.67) 0.31
GCA 0.89 (0.82–0.96) <0.01 0.86 (0.78–0.94) <0.01 0.62 (0.51–0.73) 0.04
GUDCA 0.85 (0.77–0.93) <0.01 0.89 (0.82–0.96) <0.01 0.61 (0.50–0.72) 0.06
TCDCA 0.96 (0.92–1.00) <0.01 0.97 (0.93–1.00) <0.01 0.63 (0.52–0.74) 0.03
TDCA 0.52 (0.40–0.63) 0.78 0.56 (0.44–0.67) 0.33 0.49 (0.38–0.61) 0.87
CA 0.64 (0.53–0.75) 0.02 0.59 (0.47–0.70) 0.14 0.47 (0.36–0.59) 0.63
GCDCA 0.95 (0.90–1.00) <0.01 0.91 (0.85–0.97) <0.01 0.58 (0.46–0.69) 0.18
UDCA 0.64 (0.53–0.75) 0.01 0.59 (0.48–0.71) 0.10 0.45 (0.33–0.56) 0.36
GDCA 0.56 (0.44–0.68) 0.31 0.50 (0.38–0.63) 0.95 0.41 (0.30–0.53) 0.13
TLCA 0.65 (0.54–0.76) 0.01 0.53 (0.41–0.65) 0.63 0.50 (0.39–0.62) 0.98
CDCA 0.74 (0.65–0.84) <0.01 0.69 (0.59–0.79) <0.01 0.54 (0.42–0.65) 0.52
DCA 0.47 (0.35–0.59) 0.61 0.38 (0.26–0.50) 0.03 0.45 (0.33–0.56) 0.36
LCA 0.79 (0.70–0.88) <0.01 0.61 (0.50–0.72) 0.05 0.63 (0.52–0.74) 0.02

NHC, normal healthy control; NCLD, non cirrhotic liver disease; CLD, cirrhotic liver diseases; HCC, Hepatocellular carcinoma. AUC, area under curve; CI, Confidence interval. TUDCA,
tauroursodeoxycholic acid; TCA, taurocholic acid; GCA, glycholic acid; GUDCA, glycoursodeoxycholic acid; TCDCA, taurochenodeoxycholic acid; TDCA, taurodeoxycholic acid; CA,
cholic acid; GCDCA, glycochenodeoxycholic acid; UDCA, ursodeoxycholic acid; GDCA, glycodeoxycholic acid; TLCA, taurolithocholic acid; CDCA, chenodeoxycholic acid; DCA,
deoxycholic acid; and LCA, lithocholic acid.
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process of bile acids conjugation results in less toxic and more
water-soluble bile acid types, thus protecting against cellular
damage from such toxic compound that triggers oxidative
stress and stimulates cell death signaling (19). In the current
study, there was a linear trend of increase in bile acids with the
spectrum of the liver disease, reaching the highest level in HCC,
yet bile acids did not distinguish HCC from CLD. Among the 14
bile acids, GCA, TCDCA, and GCDCA were significantly
associated with the Child-Pugh grades but were higher in the
B stage than A or C stages. Chen et al. reported that early-stage
HCC was associated with elevated levels of conjugated bile acids,
whereas levels of bile acids. were elevated to a lesser extent in
patients with more advanced HCC (1). However, Wang et al.
observed an increase in bile acids with the progress of liver

cirrhosis. The reason for such changes is unknown, but it
might be due to the disruption of liver function associated
with tumorigenesis. A possible explanation for such
discrepancies also might be related to intestinal microbial
responsible for the metabolism of bile acids and the changes
in enterohepatic circulation balance by the pathological
progression of the HCV cirrhosis to HCC (9).

Several metabolomics studies have identified metabolite
expression profile differences between HCC and healthy
controls (1,26,27), but few have reported metabolomics profile
differences between HCC and liver cirrhosis (28–31). Ressom
et al. characterized the metabolic changes relating to HCC in
patients with liver cirrhosis and found bile acids downregulated
in HCC relative to cirrhosis (30). Xiao et al. showed a down-
regulation of three bile acids, GCA, GDCA, and GCDCA, in HCC
compared to liver cirrhosis (28). Chen et al. identified four bile
acids CA, GCA, DCA, and GCDCA, which were altered
differently in HCC with or without liver cirrhosis (1). A
weakness with all these studies is that they have failed to
address the full spectrum of liver disease, which present
herein. Collectively, conjugated bile acids are associated with
the progression of liver cirrhosis. High levels of conjugated bile
acids in cirrhotic patients may be potential threat biomarkers for
the occurrence of HCC in patients with early cirrhosis.

We acknowledge certain limitations. Patients were matched by
demographic and clinical characteristics to control factors that
may confound interpretation. However, other diseases such as
diabetes, obesity, metabolic syndrome, cardiovascular disease,
and gastrointestinal microbiota related to bile acids
metabolism have not been considered, as their coexisting adds
layers of complexity in the interpretation of the results of this
metabolomics profiling (26,32–34). Therefore, further studies
integrating HCC metabolomics data are needed to delineate
the complicated relationship with the other diseases that might
confound the results. Further limitations are that our data apply
only to those whose liver disease is linked to hepatitis C virus
infection, and that as our data is cross-sectional, we cannot be
sure it genuinely reflects disease progression in an individual,
although we speculate that this is indeed the case.

In conclusion, we characterized the metabolic profile of 14
bile acids in serum of patients with liver dysfunction ranging
from non-cirrhosis, cirrhosis, and HCC using UPLC-MS/MS
methods. The level of conjugated bile acids TCA, GCA,
GUDCA, TCDCA, and GCDCA, were consistently higher in
HCC than in NCLD and showed a tendency to be higher in HCC
than CLD but without evident statistical significance. The work
represents an advance in biomedical science because it shows
that the increase in the serum bile acids level in patients with
HCV-induced liver cirrhosis might serve as biomarkers for the
progress of liver cirrhosis disease.

SUMMARY TABLE

What is Known About This Subject
• Liver disease, such as cirrhosis, in characterised by altered
bile acid metabolism.

TABLE 4 | Bile acid among different Child-Pugh classes of HCC.

Bile acid CP Median (IQR) p-value A vs. B A vs. C B vs. C

TUDCA A 0.03 (0.001–0.13) 0.84 0.484 0.926 0.831
B 0.07 (0.001–0.2)
C 0.01 (0.001–0.2)

TCA A 0.55 (0.001–2.1) 0.15 0.061 0.561 0.191
B 5.80 (0.05–31)
C 0.70 (0.001–3)

GCA A 2.65 (0.9–7.6) 0.005 0.006 0.612 0.005
B 11.2 (4.6–24)
C 2.50 (0.1–5.5)

GUDCA A 0.40 (0.28–2.4) 0.092 0.192 0.036 0.316
B 0.80 (0.35–12.30
C 5.50 (0.3–13.6)

TCDCA A 0.86 (0.48–2.2) 0.001 0.001 0.043 0.064
B 12.1 (2.1–33)
C 2.80 (0.7–9.2)

TDCA A 0.01 (0.001–0.1) 0.711 0.903 0.322 0.675
B 0.01 (0.006–0.64)
C 0.03 (0.001–0.8)

CA A 0.13 (0.05–1.2) 0.729 0.778 0.444 0.591
B 0.10 (0.08–3.75)
C 0.20 (0.1–0.72)

GCDCA A 3.3 (2.2–7.0) 0.001 0.001 0.759 0.004
C 15.70 (5.7–31)
B 3.90 (0.9–10)

UDCA A 0.01 (0.001–0.36) 0.133 0.455 0.036 0.291
B 0.10 (0.01–0.35)
C 0.13 (0.01–2.2)

GDCA A 0.46 (0.01–2.3) 0.315 0.16 0.316 0.51
B 0.10 (0.01–1.1)
C 0.10 (0.1–1.3)

TLCA A 0.01 (0.001–0.05) 0.323 0.704 0.172 0.235
B 0.01 (0.001–0.01)
C 0.01 (0.001–0.30)

CDCA A 0.65 (0.25–1.18) 0.289 0.133 0.527 0.325
B 0.90 (0.4–6.5)
C 0.73 (0.22–4.1)

DCA A 0.10 (0.01–0.21) 0.371 0.448 0.41 0.185
B 0.05 (0.01–0.17)
C 0.20 (0.01–0.80)

LCA A 0.02 (0.01–0.05) 0.133 0.105 0.096 0.391
B 0.04 (0.01–0.10)
C 0.10 (0.01–0.20)

NHC, normal healthy control; NCLD, noncirrhotic liver disease; CLD, cirrhotic liver
diseases, HCC, Hepatocellular carcinoma. CP, Child-Pugh; CP A � 18, CP B � 17, CP C
� 15, Values, Median and IQR, Interquartile Range (IQR) of bile acids (µM/L), Percentile 25
and 75%. Kruskal-Wallis test, p-value < 0.05 indicates significance comparison.
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• The role of serum bile acid in the diagnosis and prognosis of
hepatocellular carcinoma (HCC) is controversial.

What This Study Adds
• Many bile acids show a linear trend increase across the
spectrum of liver disease, culminating in HCC.

• Conjugated bile acids TCA, GCA, GUDCA, TCDCA, and
GCDCA discriminated HCC fromNHC andNCLD, but not
from CLD.

• Serum bile acids are associated primarily with liver cirrhosis but
have little value in differentiating cirrhotic disease from HCC.
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