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Abstract 

Background  Hepatic energy metabolism is intricately linked with the metabolic changes associated with HCV infec‑
tion and hepatocellular carcinoma (HCC). This study investigated the potential of carnitine and acylcarnitines as mark‑
ers for monitoring the development and progression of HCC in the context of HCV-induced liver cirrhosis. Blood 
samples from patients with chronic liver cirrhosis due to HCV (n = 55) and from those with HCC (n = 90) were ana‑
lyzed, alongside samples from healthy control subjects (n = 25), utilizing liquid chromatography coupled with mass 
spectrometry.

Results  Principal component analysis revealed distinct metabolic clustering patterns, segregating HCC and HCV 
patients into separate groups. Pairwise comparisons showed significantly elevated acylcarnitine levels in both HCV 
and HCC patients when compared to the control group (p = 0.001). Importantly, there was no significant difference 
between HCV and HCC groups, although linear trend analysis indicated an increasing linear trend that reached its 
peak in the HCC group, signifying a notable relationship with disease severity (p = 0.001).

Conclusion  The observed carnitine and acylcarnitine levels in HCV and HCC patients offer crucial clinical insights, 
suggesting their potential as valuable diagnostic and prognostic markers.
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Introduction
Carnitine plays a vital role in fatty acid oxidation, facili-
tating the transport of long-chain fatty acids into the 
mitochondria. This process involves the conversion of 
long-chain fatty acids and carnitine into acylcarnitine, 
which is then transported into the mitochondria [1, 2]. 

Inside the mitochondria, acylcarnitines are converted 
into acyl-CoA at the inner mitochondrial membrane, 
serving as a substrate for β-oxidation. Additionally, this 
process helps maintain the balance between coenzyme 
A (CoA) and acyl-CoA [3]. Blood carnitine levels are 
influenced by various metabolic conditions, including 
liver cirrhosis, end-stage renal failure, and type 2 diabe-
tes [4]. In clinical practice, L-carnitine administration 
is used to alleviate symptoms associated with cirrhosis, 
such as muscle cramps and hepatic encephalopathy [5]. 
Carnitine exists in the bloodstream in two forms: free 
carnitine and acylcarnitine fractions. The acylcarnitine 
fraction can be further broken down into various com-
pounds, and advances in tandem mass spectrometry 
(MS/MS) have enabled the detailed analysis of these acyl-
carnitines in blood [6]. Given the liver’s central role in 
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energy metabolism, disruptions in these processes are 
commonly observed in patients with HCV infection and 
hepatocellular carcinoma (HCC) [3, 7, 8]. These condi-
tions are characterized by severe hepatic injury and dis-
turbances in energy production, especially related to 
fatty acid oxidation and the increased utilization of fatty 
acids by rapidly dividing tumor cells [9, 10]. Moreover, 
recent research has explored the metabolic profiling of 
acylcarnitines, revealing their potential as biomarkers 
for various cancers, including renal, prostatic, colorec-
tal, thyroid, and lung cancer, as well as HCC associated 
with steatohepatitis and breast cancer. These studies 
have demonstrated that specific acylcarnitine profiles are 
linked to different cancer statuses, stages, and risks of 
disease progression [11–18].

This study aimed to explore the potential of carnitine 
and acylcarnitines as markers for HCC development and 
progression within the context of HCV-induced liver cir-
rhosis. Blood levels of free carnitine and acylcarnitines 
(AC2 to AC18) were quantified using liquid chroma-
tography coupled with mass spectrometry (LC/MS) in 
patients with chronic liver cirrhosis due to HCV and in 
patients with HCC. The comprehensive metabolic profile 
was collectively assessed to discern its significance.

Patients and methods
This prospective cohort study was conducted from 
March 2018 to June 2020 to investigate the clinical char-
acteristics and outcomes of patients with chronic liver 
disease. The study protocol was approved by the Insti-
tutional Review Board  (NLI IRB 00565)  of the National 
Liver Institute, and all participants provided written 
informed consent prior to enrollment.

Patient selection
Three distinct patient groups were recruited for this 
study: (1) a post-hepatitis C virus (HCV) liver disease 
group (n = 55), (2) a post-HCV liver cirrhosis group 
complicated with HCC (n = 90), and (3) a control group 
consisting of healthy subjects (n = 25). The control group 
was rigorously matched for age and gender with the 
other patient groups, showing no clinical, laboratory, or 
imaging signs of liver cirrhosis or focal hepatic lesions. 
Control subjects were also free from cancers and sys-
temic diseases (e.g., diabetes mellitus, obesity, chronic 
cholecystitis) and refrained from drug abuse and alcohol 
consumption.

Inclusion criteria
All enrolled patients had no history of alcohol intake 
or illicit drug abuse. Demographic, clinical, and labora-
tory data, including age, gender, liver function tests, AFP 

levels, imaging findings, and histological reports, were 
used to select and classify the patients group.

Diagnosis of chronic HCV infection is typically con-
firmed through positive results for anti-HCV antibody 
and HCV-RNA PCR tests. Liver function tests play 
a crucial role in identifying abnormalities consistent 
with chronic HCV infection, including elevated lev-
els of serum alanine transaminase (ALT) and aspartate 
transaminase (AST) above the upper limit of normal 
(ULN). For men, the ULN for ALT and AST is typically 
around 40  IU/L, while for women, it is approximately 
30  IU/L. Similarly, alkaline phosphatase (ALP) has a 
ULN of around 100  IU/L. Total bilirubin levels are also 
evaluated, with a ULN of approximately 1.2  mg/dL, 
where elevated levels may indicate liver dysfunction or 
biliary obstruction. Additionally, abnormal liver syn-
thetic function tests, such as decreased serum albumin 
and prolonged prothrombin time, are assessed. Cutoffs 
for abnormal liver function tests include ALT and AST 
levels greater than 1.5 times the ULN, serum albumin 
levels below 3.5  g/dL, and prothrombin time prolonga-
tion beyond 3 s of the control value, along with elevated 
INR, where a normal range typically falls between 0.8 
and 1.2. Liver ultrasound examination is often utilized to 
confirm characteristic echogenic patterns suggestive of 
chronic liver disease. For the diagnosis of liver cirrhosis, 
patients with evidence of cirrhosis on imaging studies, 
such as nodular liver surface, splenomegaly, and signs of 
portal hypertension, are included in the cirrhosis group 
[19–21]. The severity of liver cirrhosis is further assessed 
using the Child–Pugh classification system [20].

Diagnosis of HCC according to the diagnostic criteria 
established by the American Association for the Study 
of Liver Diseases (AASLD), including imaging criteria 
showing single or multiple focal hepatic lesions, elevated 
serum AFP levels exceeding 400 ng/mL, and/or histologi-
cal examination confirming HCC. The study employed 
the Barcelona Clinic Liver Cancer (BCLC) staging system 
for HCC staging [22–24].

Exclusion criteria
Comorbidities with other diseases such as hepatitis 
B (HBV) infection, chronic cholestasis, extrahepatic 
obstructive gall bladder diseases, severe renal or systemic 
diseases, cardiovascular conditions, diabetes mellitus, 
and obesity.

Serum sample collection and acylcarnitine analysis
Blood samples were aseptically collected from both 
patients and control subjects following an overnight 
fast. The collected samples were subjected to a bat-
tery of tests, including CBC, INR, prothrombin time, 
blood chemistry, and acylcarnitine determination. In 
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immediate succession to collection, 300 µL of each blood 
sample was dispensed onto three filter cards. These filter 
cards were then left to air-dry for 2–3 h in a dark room 
at room temperature. Each set of cards from individual 
samples was securely enclosed in an envelope, labeled 
with unique identifying codes, and preserved at − 20  °C 
until required for the assay. Moreover, comprehensive 
assessments, encompassing liver function, renal function, 
serum cholesterol, and triglycerides, were performed 
using an automated biochemical analyzer (Bachman Ltd., 
London, UK).

The liquid chromatographic tandem mass spectromet-
ric (LC–MS/MS) analyses were conducted on an Agilent 
Series system from Agilent Technologies (CA, USA), 
which was coupled with a 4000 Q-TRAP instrument 
from AB SCIEX (Foster City, CA, USA). The chromato-
graphic separation was executed using a reverse-phase 
approach with mobile phases comprised of 0.1% (v/v) 
formic acid in bi-distilled water and 0.1% (v/v) formic 
acid in acetonitrile. The elution was carried out in a gra-
dient mode following three different elution schemes as 
described in [25]. Acylcarnitines, including acetylcarni-
tine (AC2), propionylcarnitine (AC3), and others, were 
analyzed using standardized protocols for non-derivat-
ized methods employing the NeoBase kit from Perki-
nElmer (MA, USA). In brief, a single 5-mm DBS punch 
was placed in each well of a 96-well assay plate, and 100 
μL of an extraction solution containing internal stand-
ards for acylcarnitines was added to each well. The plate 
was incubated at 45  °C for 45  min with a shaker set at 
700 rpm. Subsequently, the supernatant was transferred 
to a new plate, followed by centrifugation at 1000  rpm 
for 5  min. Each well received 1 μL for injection into a 
C18 column (1.7 µm, 100 mm × 2.1 mm internal dimen-
sions) of an ultra-performance liquid chromatography 
system with the column temperature maintained at 50 °C 
(Waters ACQUITY, Milford, MA, USA). The individ-
ual acylcarnitines were eluted using a gradient at a flow 
rate of 0.5 mL/min. This involved a 2-min run with 80% 
mobile phase A (0.001 formic acid in water) and 20% 
mobile phase B (acetonitrile), followed by a 5-min linear 
gradient of mobile phase B (20 to 30%), and concluding 
with 8 min of mobile phase B at 80%. The mass spectrom-
eter featured an electrospray source that operated in the 
negative ion mode using the multiple reactions monitor-
ing (MRM). The raw UPLC-MS data obtained in MRM 
mode were analyzed utilizing TargetLynx Application 
Manager version 4.1 from Waters Corp. (Milford, MA, 
USA) to derive the calibration equations and the quanti-
tative concentration of each acylcarnitine in the samples.

Statistical analysis
The data analysis was conducted using SPSS 23 (SPSS 
Inc., CA, USA). To identify significant differences among 
the various study groups, nonparametric pairwise com-
parisons were performed using the Kruskal–Wallis test 
followed by the Mann–Whitney test. Principal compo-
nent analysis (PCA) was conducted using GraphPad Soft-
ware (CA, USA) to assess the global clustering patterns of 
metabolic profiles among patients with HCC, individuals 
with HCV infection, and normal control (NC) subjects. 
Linear contrast analysis, with adjustments for hetero-
scedasticity and estimation of effect size, was applied in 
the context of an ANOVA test to evaluate linear trends 
in metabolic profiles across these three groups. Addition-
ally, a multivariate analysis of variance (MANOVA) was 
employed to explore potential associations between vari-
ous clinicopathological aspects of HCC and acylcarnitine 
profiles. Key statistical measures, such as Pillai’s trace, 
were utilized to assess the overall multivariate effects. 
This analysis aimed to determine whether factors such 
as gender, portal vein status, child class, BCLC score, 
and the number of focal lesions were linked to varia-
tions in acylcarnitine profiles. Significance levels were 
employed to evaluate the statistical significance of these 
associations. All statistical tests were conducted using a 
significance level of p < 0.05, indicating that results with 
p-values less than 0.05 were considered statistically 
significant.

Results
The demographic and clinical parameters of study groups
Table  1 displays demographic and clinical character-
istics of the enrolled groups. HCC individuals exhibit 
a significantly higher mean age (58.8 years) compared 
to both HCV (50.9 years) and NC (51.7 years) groups 
(p < 0.001). Gender distribution differs significantly 
(p = 0.001), with HCC having a higher percentage of 
males (86.7%) than HCV (41.8%) and NC (48%). No sig-
nificant differences in BMI exist between the groups. 
Patients with either chronic liver disease or HCC had 
a history of previous HCV infection with compensated 
liver function. In the HCV liver disease group, the liver 
enlarged in 30.9% of cases, with evidence of cirrhosis 
observed in 87.3% of cases. In the HCC group, the liver 
enlarged in 13% of cases, and all cases developed on 
top of existing liver cirrhosis. Among the HCV group, 
patients were classified as Child–Pugh A in 72.7% of 
cases, Child–Pugh B in 20%, and Child–Pugh C in 
7.3%. Among the HCC group, patients either had a 
single focal lesion in 42.2% of cases or multiple focal 
lesions in 57.8% of cases. The HCC patients were clas-
sified as Child–Pugh A in 71.1% of cases, Child–Pugh 
B in 23.3%, and Child–Pugh C in 5.6%. According to 
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the Barcelona staging system, the HCC group was dis-
tributed across stages A in 27.8% of cases, B in 53.3%, 
C in 13.3%, and D in 5.6%. Various clinical parameters, 
including hemoglobin (Hb), platelet count, PT%, INR, 
ALT, AST, albumin, total bilirubin (T.Bil), direct bili-
rubin (D.Bil), creatinine, and alpha-fetoprotein (AFP), 

are also presented. Statistically significant differences 
were observed in these parameters between both the 
HCC and HCV groups compared to the control group 
(p < 0.05).

Table 1  Clinical and laboratory characteristics of the studied groups

HCC hepatocellular carcinoma, HCV hepatitis C virus, Con normal control, Med median, interquartile range (IQR). Mean ± SD mean ± standard deviation. Significance 
p-value < 0.05 is present when Kruskal-Wallace and pairwise tests (Mann–Whitney U) are performed across the group. ap < 0.05 when comparing HCC vs. Con. bp < 0.05 
when comparing HCV vs. Con. cp < 0.05 when comparing HCC vs. HCV, BMI body mass index, CPS Child–Pugh class, HFL hepatic focal lesion, BCLC Barcelona Clinic Liver 
Cancer staging. AST aspartate transaminase, ALT alanine transaminase, TBil total bilirubin, DBil direct bilirubin, AFP alpha-fetoprotein. Hb hemoglobin, WBCs white 
blood cells, PT prothrombin time, INR international normalized ratio

HCC, n = 90 HCV, n = 55 Con, n = 25 p < 0.05

Age M ± SD 58.8 (7.5) 50.9 (8.) 51. (7.2) a

Sex Female 12 (13.3%) 32 (58.2%) 13 (52%) a

Male 78 (86.7%) 23 (41.8%) 12 (48%) a

BMI M ± SD 27.5 (3.6) 27.3 (3.7) 27.7 (3.6) NS

Liver size WNS 73 (81.1%) 38 (69.1%) 25 (100%)

Enlarged 13 (14.4%) 17 (30.9%) 0.0 (0%) 0.001

Shrunken 4 (4.4%)

Splenomegaly No 27 (30%) 31 (56.4%) 25 (100%)

Yes 63 (70%) 24 (43.6%) 0 (0%)

Liver cirrhosis No 0 (0%) 7 (12.7%) 25 (100%) 0.001

Yes 90 (100%) 48 (87.3%) 0 (0%)

Ascites No 67 (74.4%) 55 (100%) 25 (100%)

Mild 17 (18.9%)

Mod 6 (6.7%)

HFL Multiple 52 (57.8%) 0 (0%) 0 (0%)

Single 38 (42.2%) 0 (0%) 0 (0%) 0.001

CPC A 64 (71.1%) 40 (72.7%)

B 21 (23.3%) 11 (20%)

C 5 (5.6%) 4 (7.3%)

BCLC A 25 (27.8%)

B 48 (53.3%)

C 12 (13.3%)

D 5 (5.6%)

Laboratory MSD Min–max Med (IQR) Min–max Med (IQR) MSD MSD Min–max Med (IQR) p < 0.05

ALT 59.49 ± 29.15 17–168 53.5 (23.5) 12–221 37 (46) 50.49 ± 37.98 31.24 ± 23.17 10–113 23 (26.5) a, b, c

AST 61.80 ± 28.95 9–174 55.5 (27.5) 6–166 36 (28) 45.69 ± 29.65 31.80 ± 16.09 11–64 30 (20.5) a, b, c

Albumin 3.61 ± 0.59 2.3–4.8 3.7 (1) 3.8–4.8 4.1 (0.5) 4.17 ± 0.29 4.26 ± 0.73 2.3–5.2 4.4 (1) a, c

T.Bil 1.06 ± 0.61 0.2–3.2 0.9 (0.5025) 0.3–1.5 0.56 (0.28) 0.61 ± 0.27 0.83 ± 0.22 0.4–1.2 0.9 (0.4) NS

D.Bil 0.45 ± 0.33 0.1–2 0.38 (0.4) 0.1–0.9 0.2 (0.16) 0.24 ± 0.15 0.14 ± 0.06 0.01–0.28 0.13 (0.045) a, b, c

Creatinine 0.91 ± 0.21 0.4–1.5 0.9 (0.2175) 0.4–1.45 0.71 (0.2) 0.72 ± 0.19 1.08 ± 0.38 0.6–1.9 1.1 (0.605) b, c

AFP 709 ± 3140 1.39–27,850 86.7 (256.45) 0.9–182.2 3 (3.6) 11.90 ± 30.95 3.28 ± 2.19 1.1–11 2.9 (1.015) a, c

Hb 13.41 ± 1.74 8.7–16.4 13.6 (2.4) 9.3–17.3 14 (1.9) 14.02 ± 1.60 12.67 ± 1.47 9–15.4 13.2 (2.15) a, b, c

WBC 5.78 ± 1.72 2–9.6 5.35 (2.6) 3.2–12.7 6.6 (3.3) 7.12 ± 2.08 7.55 ± 4.65 3.1–19.8 6.2 (4.15) c

Platelet 146.93 ± 57.29 55–331 141 (67.75) 71–438 242 (108) 235.44 ± 74.29 204.44 ± 53.86 132–320 192 (97.5) a, c

PT% 80.24 ± 12.69 36–106 82 (14.75) 57.8–100 94 (17) 90.38 ± 10.70 95.76 ± 5.95 80–100 98 (8) a, b, c

INR 1.19 ± 0.17 0.97–1.9 1.135 (0.15) 1–1.39 1.04 (0.14) 1.08 ± 0.10 1.08 ± 0.08 1–1.3 1.06 (0.095) a, c



Page 5 of 11Abbass et al. Egyptian Liver Journal           (2024) 14:19 	

Metabolic profiling and cluster analysis of carnitine and its 
derivatives across the groups
Principal component analysis was employed using car-
nitine and acylcarnitine concentrations as variables to 
create a predictive model for identifying global cluster-
ing patterns in the metabolic profiles, differentiating 
between the control, HCC, and HCV groups.

Table 2 shows a comprehensive summary of the prin-
cipal component analysis outcomes, highlighting the 
substantial influence of the first principal component 
(PC1) in explaining 36.04% of the overall variance. The 
subsequent principal components, PC2 and PC3, eluci-
date additional portions of the variance at 14.11% and 
9.60%, respectively. The cumulative variance of 59.75% 
underscores the collective explanatory power of the 
three principal components in the dataset.

PCA score plot revealed the first principal component 
(PC1) explains a substantial 34.1% of the total variance 
and reveals a clear separation between the control clus-
ters, situated on the negative side of PC1, and the HCC 
and HCV clusters, which are distributed on both posi-
tive and negative sides of PC1. This separation suggests 
distinct data patterns among the groups, especially 
between controls and patients. The fact that HCC and 
HCV clusters are found on both sides of PC1 indicates 
some degree of a close association within these patient 
groups as depicted in the score plot of Fig.  1. Table  3 
presents the results of statistical pairwise comparisons 
of carnitine and acylcarnitine levels across different 
groups. Both the HCC and HCV groups demonstrated 
significantly higher levels of acylcarnitines, with most 
acylcarnitine levels yielding p-values < 0.01, clearly dis-
tinguishing them from the control group. However, no 
statistically significant difference was observed between 
the HCV and HCC groups (all p > 0.05), except for 
specific acylcarnitines, namely C2 and C5, where the 
p-values were lower (p < 0.05), signifying significant dif-
ferences in acylcarnitine levels between HCC and HCV. 
Nonetheless, there is an observable trend suggesting 
higher acylcarnitine levels in HCC compared to HCV 
patients. This trend, while not statistically significant, 

was supported by linear contrast analysis, as detailed 
in Table 3 and illustrated in Fig. 2 which demonstrated 
a significant linear trend towards higher levels in HCC 
for FC0, AC2, AC3, AC4, AC10-1, AC8, AC12, AC16, 
and AC18, all with p-values < 0.001. Importantly, this 
trend held consistently regardless of whether equal 
variances were assumed or not, underlining the robust-
ness of these observed linear trends. On the other 
hand, AC3DC, AC5, AC5DC, AC6, AC10, and AC18-1 
did not display significant linear trends under either 
assumption (p > 0.05).

The relationship between acylcarnitines 
and clinicopathological aspects of HCC
Multivariate analysis of variance (MANOVA) was con-
ducted to investigate the relationship between different 
clinicopathological aspects of HCC, including gender, 
portal vein status, Child Class, BCLC score, and the 
number of focal lesions, and carnitine compounds. The 
results, as displayed in Table 4, revealed significant mul-
tivariate effects (Pillai’s trace = 0.420, F = 2.184, p = 0.025). 
Breaking down the analysis into individual variables, it 
was found that the main effect of “gender” was not sta-
tistically significant (Pillai’s trace = 0.274, F = 1.177, 
p = 0.315). Similarly, the portal vein status, whether 
patent or thrombosed, did not exhibit a significant 
main effect (Pillai’s trace = 0.148, F = 0.542, p = 0.917). 

Table 2  Principal component analysis of acylcarnitine profiles in 
different groupsPC summary PC1 PC2 PC3

Principal component analysis of acylcarnitine profiles across different groups: the 
analysis reveals that the first principal component (PC1) is the most significant, 
explaining 36.04% of the total variance, followed by PC2 and PC3, which explain 
14.11% and 9.60% of the variance, respectively, with all three components 
combined explaining a cumulative variance of 59.75%

Eigenvalue 5.766 2.258 1.536

Proportion of variance 36.04% 14.11% 9.60%

Cumulative proportion of variance 36.04% 50.15% 59.75%

Component selection Selected Selected Selected

Fig. 1  PCA scores plot of NC subjects, HCV, and HCC patients. 
The PCA scores plot visually represents the distribution of control 
subjects, HCV, and HCC patients based on their profiles. The first 
principal component (PC1) accounts for 34.1% of the total variance, 
with control clusters predominantly located on the negative 
side of PC1. HCC and HCV clusters are observed on both positive 
and negative sides of PC1. The second principal component (PC2) 
explains 12.42% of the variance but was not utilized for group 
clustering in this analysis. HCC, hepatocellular carcinoma; HCV, 
hepatitis C virus; Con, normal control
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Likewise, “child class,” “BCLC score,” and the number 
of focal lesions also did not yield statistically significant 
main effects (child class: Pillai’s trace = 0.322, F = 1.481, 
p = 0.138; BCLC score: Pillai’s trace = 0.292, F = 1.285, 
p = 0.238; FL number: Pillai’s trace = 0.237, F = 0.969, 
p = 0.505).

Furthermore, interactions between “gender” and PVT, 
child class, BCLC score, or the number of HFL were not 
statistically significant (p > 0.05 for all). Higher-order 
interactions involving three or more independent vari-
ables also did not exhibit statistical significance. These 
results suggest that the main and interaction effects 
of carnitine and its acylcarnitine derivatives, whether 
short, intermediate, or long, may not have a substantial 
impact on the clinical aspects of HCC under investiga-
tion (Table 5).

Discussion
The present study investigates metabolic alterations and 
variations in blood-free L-carnitine (C0) and its acylcar-
nitine derivatives in patients with chronic HCV infection 
complicated by liver cirrhosis, with or without HCC. 
The findings revealed a substantial increase in blood 
acylcarnitine levels in both the HCV and HCC groups 
when compared to the healthy control group and dem-
onstrated a linear increasing trend towards HCC. This 

finding aligns with the study conducted by Sharif et al., 
which showed higher carnitine levels in HCC compared 
to liver cirrhosis, highlighting the pivotal role of exces-
sive carnitine production in supporting mitochondrial 
activity and promoting rapid HCC growth [26]. Fujiwara 
et al. also reported elevated acylcarnitine levels in stea-
tohepatitis associated with HCC, proposing that high 
acylcarnitine levels could serve as a potential early diag-
nostic marker for HCC in steatohepatitis [27]. However, 
Lu et al. presented contrasting findings, with decreased 
levels of LCACs, SCACs, and MCACs in patients with 
hepatitis virus-related HCC [28]. Zhou et al., in a study 
comparing the serum metabolic profile of HCC patients 
to those with chronic liver diseases, observed LCAC 
accumulation and free carnitine, MCAC, and SCAC 
deficiencies and linked these metabolic shifts to the 
energy expenditure mechanisms of HCC cells as the 
buildup of LCAC might stimulate citrate synthase activ-
ity and inhibit citrate lyase activity, ultimately upregu-
lating cytosolic citrate production and contributing to 
energy supplementation for proliferating HCC [6, 13]. 
Conversely, Miyaaki demonstrated no significant asso-
ciation between LCACs and liver cirrhosis or HCC [29]. 
The discrepancies among these studies might arise due 
to the frequency of carnitine palmitoyltransferase-2 
downregulation, which occurs more frequently in HCC 

Table 3  Descriptive statistical parameters of carnitine and acylcarnitines in different groups

Con control, HCV hepatitis C virus, HCC hepatocellular carcinoma, M ± SD mean ± standard deviation, Min minimum, Max maximum, Med median, IQR interquartile 
range. Significance p-value < 0.05 is present when Kruskal-Wallace and pairwise tests (Mann–Whitney U) are performed across the group. Ns non-significant. 
ap < 0.05 when comparing HCC vs. Con. bp < 0.05 when comparing HCV vs. Con. ap < 0.05 when comparing HCC vs. HCV. FC0 free carnitine, AC2 acetylcarnitine, AC3 
propionylcarnitine, AC4 butyrylcarnitine, AC5 isovalerylcarnitine, AC5DC glutarylcarnitine, AC6 hexanoylcarnitine, AC8 octanoylcarnitine, AC8:1 octanoylcarnitine, 
AC10 decanoylcarnitine, AC10:1 decenoylcarnitine, AC12 dodecanoylcarnitine, AC14 myristoylcarnitine, AC14:1 myristoleylcarnitine, AC16 palmitoylcarnitine, AC16:1 
octapalmitoylcarnitine, AC18 octadecanoylcarnitine, AC18:1 oleoylcarnitine

Group HCC, n = 90 HCV, n = 55 Con, n = 25 KW pair wise

M ± SD Min–max Med (IQR) M ± SD Min–max Med (IQR) M ± SD Min–max Med (IQR) p-value < 0.05

FC0 23.39 ± 8.03 12.3–51.2 22.35 (10.2) 21.12 ± 7.17 10.33–41.2 19.7 (8.28) 13.81 ± 5.34 5.39–26.1 13.4 (7.805) a, b

AC2 12.40 ± 4.49 3.9–25.4 11.45 (5.7725) 10.70 ± 4.30 4.42–23 9.7 (5.29) 5.87 ± 2.64 2.85–12.4 5.3 (2.78) a, b

AC3 1.00 ± 0.51 0.25–3.1 0.895 (0.445) 0.87 ± 0.37 0.31–2.39 0.8 (0.4) 0.49 ± 0.27 0.2–1.31 0.42 (0.275) a, b

AC3DC 0.04 ± 0.02 0.01–0.08 0.04 (0.02) 0.03 ± 0.01 0.01–0.08 0.03 (0.02) 0.04 ± 0.01 0.02–0.07 0.04 (0.01) a, b

AC4 0.15 ± 0.12 0.05–0.8 0.11 (0.0825) 0.12 ± 0.06 0.04–0.28 0.11 (0.07) 0.07 ± 0.03 0.03–0.14 0.07 (0.03) a, b

AC5 0.12 ± 0.07 0.06–0.6 0.105 (0.0525) 0.20 ± 0.09 0.06–0.54 0.21 (0.15) 0.15 ± 0.04 0.1–0.3 0.14 (0.025) a, b

AC5DC 0.12 ± 0.05 0.03–0.25 0.11 (0.055) 0.10 ± 0.05 0.04–0.25 0.09 (0.05) 0.12 ± 0.04 0.01–0.2 0.12 (0.03) a, b

AC6 0.03 ± 0.01 0.01–0.07 0.03 (0.01) 0.03 ± 0.01 0.01–0.07 0.03 (0.02) 0.03 ± 0.01 0.02–0.06 0.03 (0.01) NS

AC8 0.04 ± 0.02 0.01–0.14 0.04 (0.02) 0.03 ± 0.02 0.01–0.13 0.03 (0.02) 0.07 ± 0.03 0.03–0.11 0.08 (0.06) NS

AC10 0.11 ± 0.12 0.02–0.79 0.08 (0.05) 0.39 ± 0.29 0.02–0.99 0.37 (0.49) 0.15 ± 0.08 0.06–0.34 0.13 (0.16) a, b

AC10-1 0.10 ± 0.03 0–0.2 0.09 (0.04) 0.08 ± 0.03 0.05–0.18 0.08 (0.02) 0.06 ± 0.01 0.05–0.1 0.06 (0.02) a, b, c

AC12 0.04 ± 0.05 0.01–0.4 0.03 (0.02) 0.04 ± 0.11 0.01–0.8 0.02 (0.01) 0.02 ± 0.01 0.01–0.06 0.02 (0.01) a, c

AC14 0.08 ± 0.10 0.02–0.9 0.06 (0.03) 0.05 ± 0.03 0.02–0.15 0.05 (0.03) 0.03 ± 0.03 0.01–0.15 0.02 (0.015) a, b, c

AC16 1.09 ± 0.45 0.29–2.58 1.05 (0.6125) 0.84 ± 0.46 0.06–2.49 0.71 (0.56) 0.46 ± 0.24 0.1–1.02 0.46 (0.3) a, b, c

AC18 0.66 ± 0.30 0.04–1.57 0.61 (0.365) 0.54 ± 0.27 0.17–1.51 0.5 (0.33) 0.44 ± 0.34 0.08–1.63 0.35 (0.195) a, b, c

AC18-1 0.64 ± 0.28 0.08–1.5 0.6 (0.3725) 0.64 ± 0.35 0–1.47 0.54 (0.58) 0.40 ± 0.14 0.16–0.69 0.41 (0.145) a, b
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than in other liver diseases such as steatohepatitis and 
HCV infection [30, 31].

Xias et al. observed reduced levels of several carnitine 
species, including LCACs, oleoyl carnitine, palmitoyl 
carnitine, and linoelaidyl carnitine; in patients with HCC 
compared to cirrhotic controls, their findings suggest that 
the downregulation of oleoyl carnitine in HCC may con-
tribute to alterations in cancer cell energy metabolism, 

favoring glycolysis while inhibiting the TCA cycle [32]. 
Moreover, LCACs play a crucial role in FFA oxidation, 
with recent studies revealing progressive FFA accumula-
tion from controls to cirrhosis and HCC. Disruptions in 
carnitine metabolism in chronic liver disease may stem 
from decreased liver expression of biosynthesis enzymes. 
Notably, Zhou et  al. highlighted the varied carnitine 
metabolism in HCC and cirrhosis, suggesting reversed 

Fig. 2  Linear trend of blood levels of carnitine and its acylcarnitine derivatives across the groups. C0, free carnitine; AC2, acetylcarnitine; AC3, 
propionylcarnitine; AC4, butyrylcarnitine; AC5, isovalerylcarnitine; AC5DC, glutarylcarnitine; AC6, hexanoylcarnitine; AC8, octanoylcarnitine; 
AC8:1, octanoylcarnitine; AC10, decanoylcarnitine; AC10:1, decanoylcarnitine; AC12, dodecanoylcarnitine; AC14, myristoylcarnitine; AC14:1, 
myristoleylcarnitine; AC16, palmitoylcarnitine; AC16:1, octapalmitoylcarnitine; AC18, octadecanoylcarnitine; AC18:1, oleoylcarnitine
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acylcarnitine accumulation patterns with SCACs and 
LCACs could show reverse accumulation in cirrhosis and 
HCC; thus, some types of acylcarnitines might increase 
in cirrhosis but decrease in HCC and vice versa [6]. Fitian 
et al. performed HPLC analysis of serum metabolites in 
patients with HCV-associated HCC and HCV-associated 
cirrhosis, and normal healthy control reveals significant 
alterations in acylcarnitine metabolism. MCACs, includ-
ing octanoylcarnitine, decanoylcarnitine, and lauryl car-
nitine, exhibit substantial increases in fold change in both 
HCV-cirrhosis disease and HCC comparisons, indicating 
metabolic dysregulation associated with HCC develop-
ment. Conversely, isobutyrylcarnitine shows a significant 
decrease in fold change, suggesting a distinct metabolic 
profile in HCC patients. While LCACs, such as oleoylcar-
nitine and palmitoylcarnitine, display modest changes, 
they do not reach statistical significance. These findings 
underscore the potential of acylcarnitines as metabolic 
biomarkers for HCC and provide insights into the meta-
bolic alterations associated with HCC progression [7].

The main and interaction effects of carnitine and its 
acylcarnitine derivatives, whether short, intermediate, 
or long, may not have a substantial impact on the clini-
cal aspects of HCC; notably, none of the acylcarnitines 

showed significant correlations with clinicopathologi-
cal features of HCC, including AFP level, tumor volume, 
focal lesion count, Child–Pugh score, and BCLC HCC 
stage. This is in line with Shiraki et  al.’s findings, which 
indicated no correlation between the Child–Pugh score 
and total carnitine, free carnitine, or acylcarnitines in cir-
rhotic patients [26]. Conversely, Miyaaki et  al. reported 
that most carnitine fractions in the blood exhibited a 
significant correlation with the Child–Pugh score [29]. 
Notably, Lu et  al. showed that acylcarnitine displayed a 
robust correlation with tumor grade and exhibited excel-
lent discriminatory power in distinguishing HCC from 
matched normal tissues [33]. Zhang et  al. investigated 
blood acylcarnitines in HCC and liver cirrhosis patients 
and identified carnitine and AC3 as risk factors for HCC, 
and C3DC, C10, and C18:1 were risk factors for liver cir-
rhosis [34]. Lu et al. reported a decrease in AC2 levels in 
patients with HCC compared to those without HCC, and 
this decrease correlated with tumor stage, suggesting that 
low AC2 levels could signal HCC development [33]. AC2 
significantly downregulated the expression of vascular 
endothelial growth factor (VEGF) and VEGF receptor 2 
(VEGFR-2), implying that AC2 possesses antiangiogenic 
properties via the VEGF pathway [35]. Various studies 
have indicated that LCACs are linked to poorer clinical 
outcomes, whereas SCACs and MCACs are associated 
with positive effects [36, 37].

Limitations of the study
Although acylcarnitines show potential as metabolic 
biomarkers in HCC, their interpretation is limited by 
various factors, including the influence of patients’ diets 
and daily activities. Sample variability due to age, sex, 
diet, and genetic differences can also impact acylcarni-
tine levels. Standardizing sample handling and analyti-
cal procedures is crucial to ensure accurate and reliable 
measurements. Matrix effects and the presence of other 
compounds in blood samples can interfere with acylcar-
nitine measurements, emphasizing the need for rigorous 
sample preparation techniques. Additionally, the lack 
of specific reference ranges tailored to HCC poses chal-
lenges in interpreting acylcarnitine level changes, neces-
sitating further research. Establishing direct correlations 
between acylcarnitine changes and clinical parameters in 
HCC patients remains a complex challenge, demanding 
meticulous study design and interdisciplinary collabo-
ration among researchers and clinicians to advance our 
understanding of their potential in HCC diagnosis and 
management [6, 26, 38].

The findings of the current research on metabolic 
alterations in patients with chronic HCV infection com-
plicated by liver cirrhosis, with or without HCC, hold 
significant implications for patient care. Elevated levels 

Table 4  Linear contrast analysis of carnitine and acylcarnitine 
across Con, HCV and HCC

Con control, HCV hepatitis C virus, HCC hepatocellular carcinoma, significance 
p-value < 0.05. C0 free carnitine, AC2 acetylcarnitine, AC3 propionylcarnitine, 
AC4 butyrylcarnitine, AC5 isovalerylcarnitine, AC5DC glutarylcarnitine, AC6 
hexanoylcarnitine, AC8 octanoylcarnitine, AC8:1 octanoylcarnitine, AC10 
decanoylcarnitine, AC10:1 decanoylcarnitine, AC12 dodecanoylcarnitine, AC14 
myristoylcarnitine, AC14:1 myristoleylcarnitine, AC16 palmitoylcarnitine, AC16:1 
octapalmitoylcarnitine, AC18 octadecanoylcarnitine, AC18:1 oleoylcarnitine

Equal variances, assumed Equal variances, not 
assumed

t P t p

C0  − 5.707  < 0.001  − 7.029  < 0.001

AC2  − 6.849  < 0.001  − 9.192  < 0.001

AC3  − 5.125  < 0.001  − 6.641  < 0.001

AC3DC  − 0.318 0.751  − 0.388 0.699

AC4  − 3.509 0.001  − 5.456  < 0.001

AC5 1.432 0.154 2.268 0.026

AC5DC 0.102 0.919 0.119 0.906

AC6  − 0.892 0.374  − 0.949 0.349

AC8 5.307  < 0.001 4.373  < 0.001

AC10 0.846 0.399 1.731 0.089

AC10-1  − 5.819  < 0.001  − 9.075  < 0.001

AC12  − 1.112 0.268  − 3.143 0.002

AC14  − 2.795 0.006  − 4.01  < 0.001

AC16  − 6.464  < 0.001  − 9.285  < 0.001

AC18  − 3.189 0.002  − 2.83 0.008

AC18-1  − 3.602  < 0.001  − 5.878  < 0.001
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of blood acylcarnitines observed in both HCV and HCC 
groups compared to healthy controls, along with their 
linear increasing trend towards HCC, highlight the 
potential of acylcarnitines as diagnostic markers for HCC 
development. These results are consistent with previous 
studies, indicating the importance of excessive carnitine 
production in supporting mitochondrial activity and 
promoting rapid HCC growth. However, discrepancies 
in carnitine metabolism among different liver diseases 
underscore the complexity of these metabolic pathways 
and the need for further investigation. While acylcar-
nitines show promise as biomarkers, their interpreta-
tion is limited by various factors, including diet, sample 

variability, and the lack of specific reference ranges tai-
lored to HCC. Standardizing sample handling and analyt-
ical procedures, as well as establishing direct correlations 
with clinical parameters, are crucial steps in advancing 
our understanding of acylcarnitines’ role in HCC diag-
nosis and management. Overall, these findings contrib-
ute to identifying potential metabolic shifts in liver cells 
and pave the way for improved disease management 
strategies.

In conclusion, the observed changes in acylcarnitine 
levels in HCV and HCC patients offer crucial clinical 
insights, indicating potential metabolic shifts in liver 
cells. The increasing trend of acylcarnitine levels from 

Table 5  Multivariate analysis of variance (MANOVA) for the relationship between carnitine compounds and clinicopathological 
aspects of HCC

PVT portal vein thrombosis, CPC Child -Paugh class, BCLC Barcelona cancer liver classification, NFL number of focal lesions. Note: In the table, “a design” indicates that 
an exact statistical test or specialized analysis was conducted to obtain the reported results. The “b” labels represent exact statistical tests; however, specific details 
regarding the exact test methods are not provided in the table. Pillai’s trace values, F-statistics, and significance levels (p) are presented for each effect

Clinical-pathological aspect of HCC Pillai’s trace F-statistic Significance

Intercept 0.939 47.740b 0.000

Gender 0.274 1.177b 0.315

PVT 0.148 0.542b 0.917

CPC 0.322 1.481b 0.138

BCLC 0.292 1.285b 0.238

NFL 0.237 0.969b 0.505

Gender × PVT 0.000 .b

Gender × CPC 0.302 1.347b 0.201

Gender × BCLC 0.000 .b

Gender × NFL 0.000 .b

PVT × CPC 0.000 .b

PVT × BCLC 0.000 .b

PVT × NFL 0.139 0.505b 0.939

CPC × BCLC 0.216 0.858b 0.622

CPC × NFL 0.227 0.916b 0.560

BCLC × NFL 0.240 0.982b 0.491

Gender × PVT × CPC 0.000 .b

Gender × PVT × BCLC 0.000 .b

Gender × PVT × NFL 0.000 .b

Gender × CPC × BCLC 0.000 .b

Gender × CPC × NFL 0.000 .b

Gender × BCLC × NFL 0.000 .b

PVT × CPC × BCLC 0.000 .b

PVT × CPC × NFL 0.000 .b

PVT × BCLC × NFL 0.000 .b

CPC × BCLC × NFL 0.270 1.150b 0.336

Gender × PVT × CPC × BCLC .000 .b

Gender × PVT × CPC × NFL .000 .b

Gender × PVT × BCLC × NFL .000 .b

Gender × CPC × BCLC × NFL .000 .b

PVT × CPC × BCLC × NFL .000 .b

Gender × PVT × CPC × BCLC × NFL .000 .b
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healthy controls to HCV and HCC patients suggests their 
promise as valuable diagnostic and prognostic mark-
ers, encouraging further research for improved disease 
management.
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