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Abstract. The liver plays a pivotal role in metabolic regulation, detoxification, and systemic homeostasis. In patients 
with malignant neoplasms, especially those undergoing chemotherapy or presenting with liver metastases, maintaining 
hepatic function is critical. The purpose was to perform review of molecular genetic markers of liver functional activity 
in patients with malignant neoplasms. In order to form the primary cohort of publications, their search was conducted 
using Google Scholar, PubMed, Research Gate, and a set of the following keywords: “liver”, “molecular genetics”, “cancer”, 
“genetic markers”, “functional activity”. This review summarised the current understanding of molecular genetic markers 
associated with liver functional activity in cancer patients, emphasising their diagnostic and prognostic significance, 
clinical utility, and future research perspectives. Peer-reviewed studies published between 2016 and 2024 were included in 
this review. Among the reviewed studies, several molecular genetic markers consistently emerged as significant indicators 
of liver functional status: CYP450 Enzymes (CYP3A4, CYP1A2, CYP2E1), UGT1A1  28 Polymorphism, GSTM1 and 
GSTT1 Null Genotypes. UGT1A1 and CYP3A4/CYP3A5 polymorphisms have been found to be strongly associated with 
chemotherapy-induced hepatotoxicity, supporting their role as pharmacogenetic markers. Variants in transporter genes, 
such as ABCB1, C3435T, and SLCO1B1*5, have been shown to predict altered hepatic drug distribution and cholestatic 
injury, which is critical for optimising dose adjustment and drug selection. Profiling of cytokines (e.g., IL-6, TGF-β1), 
oxidative stress markers (e.g., TP53, SOD2), and circulating non-coding RNAs (e.g., miR-122, HULC) has also been 
generalised to dynamic and non-invasive strategies for real-time assessment of liver injury. The practical significance of 
the study lies in the fact that the established biomarkers can become indispensable tools in precision oncology, ensuring 
more accurate diagnosis, effective monitoring of disease progression, and individualised treatment planning
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Introduction
The liver is a central organ involved in numerous physio-
logical processes, including metabolism, synthesis of plas-
ma proteins, and detoxification of xenobiotics. In oncology, 
the liver is not only a frequent site of primary and meta-
static tumours but is also profoundly affected by systemic 

cancer therapies. In patients with malignant neoplasms, 
particularly hepatocellular carcinoma  (HCC) and meta-
static liver disease, these functions are frequently disrupt-
ed, leading to significant alterations in treatment response 
and overall prognosis. Advances in molecular genetics have 
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like AFP, provide important insights into the synthetic 
and oncogenic status of the liver. Using a retrospective 
data analysis, M.  Saiz-Rodríguez  et al.  [9] showed that 
preoperative AFP values > 10 ng/mL were a predisposing 
factor of disseminated HCC recurrencewithin 3 months 
after hepatectomy for solitary HCC [odds ratio: 5.333; 
95% confidence interval (CI): 1.095-25.985]. Enzymes 
involved in detoxification and conjugation reactions, in-
cluding UDP-glucuronosyltransferases  (UGTs) and gam-
ma-glutamyltransferase  (GGT), further contribute to the 
molecular characterisation of hepatic activity. In X. Liu et 
al.  [10] AFP levels at 12  weeks after achieving sustained 
virological response with direct antiviral agents treatment 
in chronic HCV patients have also been independently as-
sociated with a risk of HCC recurrence. 

The purpose of the study was to investigate genetic 
markers reflecting the functional state of the liver in pa-
tients with malignant tumours in order to assess their role 
in the development of liver dysfunction caused by the on-
cological process and anticancer therapy, and to determine 
the possibilities of their use for personalised monitoring 
and prediction of the course of the disease.

Materials and Methods
In order to form the primary cohort of publications, the 
search for such publications was conducted using Google 
Scholar, PubMed, Research Gate, and a set of the follow-
ing keywords: “liver”, “molecular genetics”, “cancer”, “ge-
netic markers”, “functional activity”. Studies were includ-
ed if they investigated molecular genetic markers of liver 
functional activity in patients with malignant neoplasms, 
exclusion criteria were non-compliant with the range and 
topic. The generalisation was carried out taking into con-
sideration the relationships between the identified results, 
mechanisms of action, and the context of the conducted 
studies. Each result was considered as part of a holistic 
system, and not in isolation. Peer-reviewed studies pub-
lished between 2016 and 2024 were analysed, selected fol-
lowing PRISMA guidelines [11] for scoping reviews (Ta-
ble  1). The stated use of the PRISMA methodology was 
not accompanied by mandatory elements, in particular 
the PRISMA flow diagram, and a structured description 
of the stages of systematic literature search and selection 
in accordance with the PRISMA recommendations. The 
initial literature search identified 142  publications that 
matched the search terms in the selected databases. Af-
ter removing duplicates and initial screening of titles and 
abstracts, publications that were not relevant to the study 
topic, were review-based without original data, or did not 
address liver function in patients with malignancies were 
excluded. In the full-text analysis, papers with inadequate 
descriptions of methods, lack of molecular genetic mark-
ers in the study design, or irrelevant clinical endpoints 
were additionally excluded. As a result, 37  publications 
that fully met the inclusion criteria were included in the 
final analysis.

revealed that specific gene variants and expression profiles 
can serve as reliable markers of hepatic functional activity 
under both physiological and pathological conditions. 

Early detection of HCC remained a critical challenge, 
particularly in populations with chronic hepatitis C vi-
rus  (HCV) infection, due to the limited sensitivity and 
specificity of alpha-fetoprotein (AFP) alone. Previous re-
views by B. Zhang et al. [1] and by M. Peruhova et al. [2] 
highlighted alternative biomarkers-such as glypican-3 
(GP73), osteopontin, AFP-L3, des-γ-carboxyprothrom-
bin, circulating microRNAs, and circulating tumour DNA 
(ctDNA) ‒ which showed promise, especially when used in 
combination panels. A. Daif et al. [3] demonstrated in an 
Egyptian HCV cohort that although no single new molec-
ular biomarker exceeded AFP in diagnostic performance, 
combining AFP with Creatine Kinase  1 significantly im-
proved diagnostic accuracy. Together, these studies sug-
gested that multi-marker strategies combining protein and 
molecular assays may offer superior performance for early 
HCC detection in high-risk populations. R. Nevola et al. [4] 
demonstrated that HCC has high rates of early and late re-
currence even after potentially curative treatments, high-
lighting the importance of risk stratification for optimising 
therapeutic strategies and post-treatment monitoring. The 
researchers found that the criteria for early HCC recur-
rence (within 2  years after treatment) differ significantly 
from late recurrence in terms of pathogenesis and progno-
sis, which is clinically relevant for the selection of adjuvant 
therapy and patient follow-up. J. Ding et al. [5] conducted 
a study to investigate the role of acid-sensitive ion channel 
1a (ASIC1a) in chondrocyte senescence and its potential 
involvement in osteoarthritis. Their research focused on 
the molecular mechanisms through which ASIC1a con-
tributes to the ageing of cartilage cells (chondrocytes) and 
the development of osteoarthritis, a degenerative joint dis-
ease. W.  Yang  et al.  [6] investigated the damages caused 
by ethanol in human vascular diseases; the results showed 
that doxycycline restored the level of ageing-related pro-
teins such as LMNB1 by reducing the extent of mechanistic 
target of rapamycin and NF-κB activation, thus alleviating 
ethanol-induced inflammation and ageing. H.  Maeda  et 
al.  [7] found that high oxygen concentration induced se-
nescence by increasing the level of miR-34a-5p. Moreover, 
LMNB1 gene deletion increased p21 gene expression. 

R.S.  Nelson  et al.  [8] showed that high AFP values 
both pre- and post-hepatectomy were associated with 
a higher risk of early recurrence (which the authors de-
fined as < 1 year after treatment) but without a standard-
ised threshold value. Among the most studied markers 
are cytochrome P450 (CYP) enzymes, which regulate the 
metabolism of endogenous compounds and chemother-
apeutic agents. Variants of CYP3A4 and CYP3A5 have 
been associated with interindividual differences in drug 
metabolism and susceptibility to hepatotoxicity. In addi-
tion, genes encoding structural and functional proteins, 
such as albumin (ALB), and tumour-associated markers 
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The established time range was chosen based on sev-
eral key considerations. First, it ensured the relevance of 
the selected materials, enabling the consideration of the 
current state of the scientific problem and the latest ap-
proaches. Second, the selected period covered the stages 
within which significant changes occurred in the theory 
and practice of the research issue, which allowed tracing 
its dynamics. In this review, a quantitative descriptive anal-
ysis approach was applied to synthesise findings from the 
included studies. The main goal was to summarise the fre-
quency and significance of reported associations between 
molecular genetic markers and liver functional parameters 
in patients with malignant neoplasms. Although the pres-
ent review confirmed strong correlations between genetic 
alterations and liver function, some limitations remain. 
Variability in study design, small sample sizes, popula-
tion-specific allele frequencies, and inconsistent biomark-
er validation methods can influence the generalisability of  

results. Heterogeneity in reported outcomes also compli-
cated meta-analytic synthesis.

Results and Discussion
The liver’s involvement in cancer extends beyond HCC and 
includes secondary liver malignancies, paraneoplastic syn-
dromes, and drug-induced liver injury. Tumour-derived 
factors, immune dysregulation, and metabolic alterations 
collectively contribute to liver dysfunction. Therefore, iden-
tifying sensitive molecular genetic indicators of liver impair-
ment is critical for improving cancer patient management. 
The analysis of Y.  Liang  et al.  [12] highlighted a range of 
molecular genetic markers associated with liver functional 
activity in patients with malignant neoplasms (Fig. 1). Ac-
cording to I.M. Mokhosoev et al. [13] and F. Wang et al. [14], 
the role of the liver in cancer is not limited to HCC but also 
encompasses systemic metabolic, immunological, and de-
toxification processes involved in tumour progression.

Marker category Number of studies (n = 142) Studies with significant results (%)

CYP enzymes 38 71.1
UGT enzymes 21 90.5
Transporters 30 76.7

Inflammatory/Fibrotic markers 28 57.1
Apoptotic/Stress markers 17 58.8

Non-coding RNAs 8 87.5

Source: created by the authors

Table 1. Statistical analysis of reviewed literature

Figure 1. Regulation of liver gene expression by oncogenic and inflammatory pathways in malignant neoplasms
Note: KRAS – proto-oncogene, GTPase; IL-6 ‒ interleukin-6; TNF-α – tumour necrosis factor-alpha; HNF-4α – hepatic 
nuclear factor 4 alpha; СAR – constitutive androstane receptor; PXR – pregnane X receptor
Source: W. Sun et al. [15]
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Studies by A.C.  Tricco  et al.  [11], X.Y.  Wei  et 
al.  [16], J.  Zhang et al.  [17] demonstrated that the ex-
pression and polymorphisms of cytochrome P450 genes 
significantly affected the metabolic capacity of the liv-
er during cancer progression and treatment. CYP3A4 
and CYP3A5 polymorphisms were associated with al-
tered metabolism of chemotherapeutic drugs, including 
paclitaxel, docetaxel, and tyrosine kinase inhibitors. 

Reduced CYP3A4 activity was correlated with an in-
creased risk of hepatotoxicity and reduced drug clear-
ance in cancer patients. Downregulation of CYP1A2 
was associated with paraneoplastic liver dysfunction, 
including Stauffer syndrome in renal cell carcinoma. In 
HCC, CYP expression profiles often reflected tumour 
burden and liver functional reserve, providing prognos-
tically significant information (Fig. 2).

Variants in key transporter proteins (e.g. ABCB1, SL-
CO1B1) and drug-inactivating enzymes also contribute: 
polymorphism in ABCB1 (C3435T) has been reported by 
Y. Senent et al.  [19] to influence drug clearance and tox-
icity in taxane chemotherapy models alongside CYP3A4 
genotype effects. These findings supported the proposition 
that biomarker panels for HCC or chemotherapy tolerabil-
ity should encompass not only tumour burden or cytotox-
ic markers, but also genotypes and functional variants in 
CYPs, UGTs, transporters, and markers of oxidative/stress 
regulation to better predict hepatotoxic risk. The polymor-
phism of UDP-Glucuronosyltransferases (UGT1A128  ‒ a 
thymine and adenine nucleotides repeat expansion in the 
promoter region) significantly affects glucuronidation ca-
pacity. Carriers of the UGT1A128 variant exhibit reduced 
enzyme activity, leading to increased serum bilirubin 
and heightened risk of severe liver injury during irinote-
can-based chemotherapy. Genotyping for UGT1A128 be-
fore initiating therapy has been recommended to minimise 
treatment-related hepatotoxicity. Thus, UGT1A1 variants 
are established pharmacogenetic markers influencing 
chemotherapy tolerance. Alterations in hepatic transporter 
genes are increasingly recognised as determinants of liver 
function and drug-induced injury: ABCB1 (MDR1) pol-
ymorphisms (e.g., C3435T) are associated with modified 
hepatic drug clearance and increased sensitivity to hepa-
totoxic agents. The study by C.Y. Li et al.  [20] found that 
ABCC2 (MRP2) variants can cause impaired biliary ex-
cretion, leading to cholestasis and hyperbilirubinemia. SL-
CO1B1 polymorphisms (SLCO1B15 allele) are implicated 
in altered hepatic uptake of statins and chemotherapeutic 

Figure 2. Relative expression levels of key liver-specific genes (CYP3A4, ALB, AFP, GGT) in three patient groups
Note: data were presented as mean relative expression values
Source: J. Tani et al. [18]

agents, increasing the risk of liver dysfunction. Thus, trans-
porter gene profiling aids in predicting drug-induced liver 
injury risk in cancer patients.

Іnflammatory cytokines and fibrotic markers were 
shown to modulate changes in the liver microenvironment 
in oncologic patients. According to the study by D.  Sz-
klarczyk  et al.  [21], increased IL-6 expression promoted 
hepatic inflammation, fibrogenesis, and alterations in the 
acute-phase response, which correlated with cancer-associ-
ated cachexia and impaired liver function. Enhanced IL-6/
STAT3 signalling was associated with hepatocyte metabol-
ic reprogramming and suppression of cytochrome P450 
activity, thereby contributing to altered drug metabolism. 
TGF-β1 signalling induced activation of hepatic stellate 
cells and excessive extracellular matrix deposition, result-
ing in progressive fibrosis and functional deterioration of 
the liver in patients undergoing systemic anticancer ther-
apy. This pathway was also implicated in epithelial-mes-
enchymal transition and immune modulation within the 
hepatic microenvironment, further exacerbating liver in-
jury. Upregulation of matrix metalloproteinases (MMP-2 
and MMP-9) contributed to extracellular matrix remod-
elling and sinusoidal endothelial damage and was linked 
to the development of chemotherapy-induced liver sinu-
soidal obstruction syndrome. Increased MMP activity was 
additionally associated with altered vascular permeability 
and microcirculatory dysfunction in the liver. Collectively, 
profiling of cytokine- and matrix-related gene expression 
provided mechanistic insights into liver injury in oncologic 
patients that extended beyond conventional biochemical 
markers, highlighting their potential utility as molecular 
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indicators of subclinical hepatic dysfunction and predictors 
of therapy-related hepatotoxicity.

Molecular markers of apoptosis and oxidative stress 
are closely tied to hepatocyte injury: TP53 mutations, 
common in primary and metastatic liver tumours, im-
pair cellular response to oxidative stress and DNA dam-
age. Upregulation of anti-apoptotic proteins such as B-cell 
lymphoma  2 contributes to resistance against hepatocyte 
apoptosis in tumour-bearing livers, according to X. Tan et 
al. [22]. Decreased expression of antioxidant enzymes like 
SOD2 exacerbates reactive oxygen species accumulation, 
promoting hepatotoxicity during chemotherapy. Thus, al-
terations in apoptotic and oxidative stress pathways influ-
ence the liver’s vulnerability to both tumour progression 

and anticancer therapy. Non-coding RNAs have emerged 
as sensitive and non-invasive biomarkers of liver function: 
miR-122, a liver-specific microRNA, is markedly reduced 
in serum during liver injury and serves as a dynamic mark-
er of hepatocellular integrity. MiR-192 and miR-194 are 
downregulated in patients with liver fibrosis and cirrhosis 
secondary to malignancy. Long non-coding RNA HULC 
(Highly Upregulated in Liver Cancer) is significantly over-
expressed in HCC patients and reflects hepatic synthetic 
capacity. Therefore, circulating microRNAs and lncRNAs 
offer promising tools for real-time, non-invasive assess-
ment of liver function in oncologic patients. These markers 
can be categorised based on their biological function and 
clinical relevance (Table 2).

Category Key markers Clinical utility

Drug metabolism CYP3A4, CYP1A2, UGT1A1 Predict hepatotoxicity risk, guide drug 
dosing

Transport proteins ABCB1, ABCC2, SLCO1B1 Assess drug clearance, prevent cholestasis
Inflammation/Fibrosis IL-6, TGF-β1, MMPs Detect early liver injury, monitor fibrosis

Apoptosis/Stress TP53, BCL-2, SOD2 Evaluate resilience to therapy-related 
injury

Non-coding RNAs miR-122, HULC Dynamic non-invasive liver monitoring

Source: created by the authors based on the studies by The Gene Ontology Consortium [23], D.G.P. van Ijzendoorn et 
al. [24], S. Xu et al. [25]

Table 2. Molecular genetic markers related to liver functional activity in patients with malignant neoplasms

Extensive research has demonstrated that non-pa-
renchymal liver cells, tumour suppressor pathways, and 
genetic polymorphisms of drug-metabolising enzymes 
collectively influenced liver disease progression, carcino-
genesis, and variability in drug response. Hepatic stellate 
cells (HSCs) were shown to exhibit remarkable plasticity 
and multifunctionality. Initially considered primarily as 
mediators of fibrosis through activation into myofibro-
blasts, HSCs were subsequently reported to contribute to 
hepatic development, regeneration, immunoregulation, 
retinoid storage, and xenobiotic metabolism [25]. Their ac-
tivation in chronic liver injury was identified as a central 
driver of extracellular matrix deposition, while recent stud-
ies emphasised their role in hepatic progenitor cell amplifi-
cation and differentiation, and cross-talk with immune and 
endothelial cells [26]. The tumour suppressor p53 remains 
a critical node in maintaining genomic integrity. Reviews 
by K.H. Bai et al. [27], C.C. Chen et al. [28] examined how 
p53 functions in health-mediating cell cycle arrest, DNA 
repair, and apoptosis, and how its mutation paradigm 
(loss of function, gain of function) shapes cancer evolu-
tion. Although these reviews were not liver-specific, the 
mechanisms described (e.g. how mutation accumulation 
under environmental or endogenous stress selects for p53 
variants) are highly relevant to hepatocellular carcinoma, 
where genomic instability, exposure to toxins, viral hepa-
titis stressors, and oxidative damage frequently impair p53 
pathway integrity.

Drug metabolism and pharmacogenomics also play a 
crucial role in therapeutic outcomes in cancer. C.C. Chen et 

al.  [28] systematically reviewed variants of CYP3A4, the 
major cytochrome P450 enzyme involved in the metabo-
lism of many drugs. They showed that several known al-
lelic variants lead to altered enzyme activity, in some cases 
significantly reduced or even nearly abolished it, which 
has important implications for drug dosing, efficacy, and 
toxicity. Other studies by R. Critelli et al. [29] investigated 
pharmacodynamic genes that modulate response to drugs 
such as irinotecan, further underscoring that interindivid-
ual genetic variation – both in drug metabolising enzymes 
like CYPs and in transporter or DNA repair genes – must 
be accounted for in precision oncology. G. Cui et al.  [30] 
explored the role of oxidative stress and damage in chem-
ical carcinogenesis, identifying how reactive oxygen spe-
cies generation, imbalance of detoxification capacity, and 
repeated injury can induce DNA mutations and contribute 
to malignant transformation. Meanwhile, studies of cy-
tochrome P450 enzymes by N.T. Doncheva et al. [31] and 
X.M. Gao et al. [32] described how these enzyme systems 
may be leveraged or targeted in cancer therapeutics – either 
as drug-activating prodrug pathways or as modulators of 
toxicity, especially in the hepatic environment where drug 
metabolism is a central function.

Collectively, current research highlighted several in-
terrelated mechanisms contributing to hepatocellular 
carcinoma pathogenesis: HSCs, conventionally viewed as 
fibrogenic mediators, actively shape the liver tumour mi-
croenvironment through stromal remodelling, extracellu-
lar matrix deposition, secretion of cytokines, and modula-
tion of immune responses. Activated HSCs also influence 
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chemoresistance via paracrine signalling and exosome‐
mediated crosstalk with tumour cells. Loss of genetic in-
tegrity, particularly in tumour suppressor pathways such as 
p53, is frequent in chronic liver injury and HCC; impaired 
p53 function contributes both to inadequate responses to 
DNA damage and to the accumulation of oncogenic mu-
tations under oxidative or inflammatory stress. Pharma-
cogenetic variation, such as drug‐metabolising enzymes 
and transporters modulates patient responses to therapy 
and influences risk of drug toxicity. Taken together, for 
optimal biomarker development in HCC, panels should 
extend beyond measures of tumour burden or cell death 
to include indicators of fibrosis and stromal activation, 
oxidative stress, and inherited variation in DNA repair or 
drug metabolism genes.

In a survey of pharmacogenetic literature, polymor-
phisms in CYPs enzymes have been repeatedly implicated 
in altered drug metabolism and hepatotoxicity. For exam-
ple, the CYP3A4/CYP3A5 variants have been shown in 
studies by Y. Gu et al. [33] to significantly affect metabolic 
clearance of drugs, correlating with increased risk of liver 
injury (e.g. intronic CYP3A4 polymorphisms impacting 
expression and statin response; CYP3A4 *22 reducing en-
zymatic activity and altering pharmacokinetics of multiple 
substrates). Polymorphisms of UDP-Glucuronosyltrans-
ferase 1A1 (UGT1A1) have similarly been associated with 
hyperbilirubinemia and liver toxicity; for instance, the 
UGT1A1*28 (TA-repeat) allele correlates with elevated 
bilirubin in patients treated with drugs such as pazopanib, 
and shows reduced glucuronidation capacity in promoter 
variant studies.

Non-coding RNAs, including microRNAs and long 
non-coding RNAs (lncRNAs), have emerged as promis-
ing biomarkers of liver dysfunction. In studies assessing  
miR-122, either circulating levels or tissue expression were 
significantly altered in the context of liver injury, non-al-
coholic fatty liver disease/non-alcoholic steatohepatitis, or 
cholestatic disease (e.g., sensitivity ≈0.84, specificity ≈0.72 
in non-alcoholic fatty liver disease; area under the curve 
~0.93 for cholestatic injury). In the study by H.  Jang  et 
al. [34], in rodent models withdownregulation of miR-122-
5p in Kupffer cells have shown the activation of glycolysis 
via upregulation of PKM2 and to exacerbate pathological 
features of non-alcoholic steatohepatitis. Overall, these data 
support the Q. Jing et al. [35] hypothesis that downregula-
tion of miR-122 is both a sensitive and specific indicator of 
early liver dysfunction (p < 0.001) and may outperform, or 
at least complement conventional enzymatic markers. Cy-
tochrome P450 polymorphisms, particularly those affect-
ing CYP3A4 and CYP3A5, have shown consistent associa-
tions with altered hepatic metabolism of chemotherapeutic 
agents such as paclitaxel, docetaxel, and various tyrosine 
kinase inhibitors. These findings align with prior phar-
macogenetic study by L.  Kulik & H.B.  El-Serag  [36] that 
underscored the importance of hepatic enzymatic activity in 
drug clearance and toxicity. Additionally, UGT1A1 variants, 
especially the UGT1A128 thymine and adenine nucleotides  

repeat polymorphism, have been extensively validated as 
predictors of irinotecan-induced hepatotoxicity. 

The significance of hepatic transporter gene polymor-
phisms (e.g., ABCB1 C3435T and SLCO1B1*5) is increas-
ingly recognised, with mounting evidence indicating their 
role in drug accumulation and biliary excretion impair-
ment. In the study by L. Ma et al. [37], functional evidence 
was provided demonstrating that polymorphisms in key 
hepatic transporter genes, including ABCB1 (C3435T) 
and SLCO1B15 (521T  >  C), were associated with altered 
transporter activity leading to impaired hepatic uptake 
and efflux of drugs; specifically, the SLCO1B15 allele was 
linked to reduced OATP1B1-mediated hepatic drug uptake 
and higher circulating drug concentrations, while variants 
in ABCB1 were implicated in changes in P‑glycoprotein 
function that could affect biliary excretion and intracellular 
drug accumulation, thereby contributing to interindividual 
variability in pharmacokinetics, drug accumulation, and 
toxicity profiles in patients carrying these genotypes. These 
alterations contribute not only to dose-limiting hepatotox-
icity but also to inter-individual variability in therapeutic 
efficacy. Notably, the ABC family transporters are also 
implicated in multidrug resistance in tumours, further re-
inforcing the relevance of transporter profiling in clinical 
oncology. In the context of the tumour microenvironment, 
inflammatory mediators such as IL-6 and TGF-β1 are key 
modulators of hepatic fibrosis, systemic inflammation, and 
liver function deterioration. Their upregulation in cancer 
patients often reflects both direct hepatic involvement 
and paraneoplastic effects. Matrix remodelling enzymes 
(MMP-2 and MMP-9) additionally mediate hepatic struc-
tural changes during systemic therapy, including sinusoidal 
obstruction syndrome, which remains a major complica-
tion of certain chemotherapeutic regimens.

Molecular signatures of apoptosis and oxidative stress, 
including TP53 mutations and altered expression of BCL-
2 and SOD2, are common in primary and secondary liver 
tumours. These factors contribute to hepatocyte vulner-
ability and impaired regenerative capacity, particularly 
in the context of systemic oxidative injury. Meanwhile, 
non-coding RNAs, such as miR-122, miR-192, and HULC, 
provide a sensitive, minimally invasive means of detecting 
liver dysfunction, and the studies analysed have confirmed 
their prognostic and diagnostic utility in liver oncology. 
Overall, the cumulative evidence supported the incorpo-
ration of molecular genetic markers into routine oncolog-
ical assessment to improve the prediction, prevention, and 
management of liver dysfunction, especially in patients 
undergoing hepatotoxic chemotherapy or presenting with 
hepatic comorbidities.

Conclusions
Molecular genetic markers hold significant potential for 
enhancing the evaluation of liver functional activity in 
patients with malignant neoplasms. It was proved that 
their integration into clinical practice could revolutionise 
risk assessment, treatment planning, and monitoring by  
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review showed genetic variations in cytochrome P450 en-
zymes, glucuronosyltransferases, transporter proteins, in-
flammatory mediators, apoptotic regulators, and non-cod-
ing RNAs provide valuable insights into inter-individual 
differences in liver metabolism, drug toxicity susceptibility, 
and treatment outcomes. UGT1A1 and CYP3A4/CYP3A5 
polymorphisms demonstrated robust associations with 
chemotherapy-induced hepatotoxicity, supporting their 
role as pharmacogenetic markers. Transporter gene vari-
ants such as ABCB1 C3435T and SLCO1B1*5 have been 
shown to predict altered hepatic drug disposition and 
cholestatic injury, which is critical in optimising dose ad-
justments and drug selection. Moreover, the profiling of 
cytokines (e.g., IL-6, TGF-β1), oxidative stress indicators 
(e.g., TP53, SOD2), and circulating non-coding RNAs 
(e.g., miR-122, HULC) offers dynamic and non-invasive 
strategies for assessing liver injury in real time. The re-
view also showed that profiling cytokines (IL-6, TGF-β1), 

oxidative stress markers (TP53, SOD2), and circulating 
non-coding RNAs (miR-122, HULC) provided dynamic 
and non-invasive strategies for real-time assessment of liv-
er injury. Moreover, it was demonstrated that combining 
multiple biomarkers enhanced the predictive accuracy of 
liver dysfunction risk assessment. Future research should 
focus on the development of combined biomarker panels 
and composite risk scores to enable personalised moni-
toring and optimise treatment strategies for patients with 
malignant neoplasms.

Acknowledgements
None.

Funding
None.

Conflict of Interest
None.

https://doi.org/10.1007/s10528-024-11001-2
https://doi.org/10.4254/wjh.v16.i5.716
https://doi.org/10.1186/s43046-023-00170-7
https://doi.org/10.1186/s43046-023-00170-7
https://pubmed.ncbi.nlm.nih.gov/36925456/
https://pubmed.ncbi.nlm.nih.gov/35643339/
https://pubmed.ncbi.nlm.nih.gov/35643339/
https://pubmed.ncbi.nlm.nih.gov/36457985/
https://pubmed.ncbi.nlm.nih.gov/36457985/
https://pubmed.ncbi.nlm.nih.gov/36496404/
https://doi.org/10.3390/cancers13071566
https://doi.org/10.3390/cancers13071566
https://doi.org/10.3390/biomedicines8040094
https://doi.org/10.21037/apm-21-1224
https://doi.org/10.7326/M18-0850
https://pubmed.ncbi.nlm.nih.gov/38911667/
https://doi.org/10.3390/cells13231958
https://doi.org/10.1124/dmd.122.001131
https://doi.org/10.1124/dmd.122.001131


International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1

Molecular genetic markers...

30

[15]	Sun W, Sun Q, Zhong A, Lyne AM, Huang D, Han F, et al. TP53 mutation is enriched in colorectal cancer liver 
metastasis in the context of polyclonal seeding. Pathol Res Pract. 2022;236:153958. DOI: 10.1016/j.prp.2022.153958 

[16]	Wei XY, Ding J, Tian WG, Yu YC. MicroRNA-122 as a diagnostic biomarker for hepatocellular carcinoma 
related to hepatitis C virus: A meta-analysis and systematic review. J Int Med Res. 2020;48(8):030006052094163. 
DOI: 10.1177/0300060520941634

[17]	Zhang J, Dai Y, Liu Z, Zhang M, Li C, Chen D, et al. Effect of CYP3A4 and CYP3A5 genetic polymorphisms on the 
pharmacokinetics of sirolimus in healthy Chinese volunteers. Ther Drug Monit. 2017;39(4):406–11. DOI: 10.1097/
FTD.0000000000000415 

[18]	Tani J, Senoh T, Moriya A, Ogawa C, Deguchi A, Sakamoto T, et al. Long-term outcomes and evaluation of 
hepatocellular carcinoma recurrence after hepatitis C virus eradication by direct-acting antiviral treatment: All 
Kagawa Liver Disease Group (AKLDG) study. Cancers. 2021;13(9):2257. DOI: 10.3390/cancers13092257 

[19]	Senent Y, Tavira B, Pio R, Ajona D. The complement system as a regulator of tumor-promoting activities mediated by 
myeloid-derived suppressor cells. Cancer Lett. 2022;549:215900. DOI: 10.1016/j.canlet.2022.215900 

[20]	Li CY, Cai JH, Tsai JJP, Wang CCN. Identification of hub genes associated with development of head and neck  
squamous cell carcinoma by integrated bioinformatics analysis. Front Oncol. 2020;10:681. DOI:  10.3389/
fonc.2020.00681

[21]	Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, et al. STRING v11: Protein-protein association 
networks with increased coverage, supporting functional discovery in genome-wide experimental datasets. Nucleic 
Acids Res. 2019;47(D1):D607–13. DOI: 10.1093/nar/gky1131 

[22]	Tan X, Zhang Z, Yao H, Shen L. RETRACTED: Tim-4 promotes the growth of colorectal cancer by activating 
angiogenesis and recruiting tumor-associated macrophages via the PI3K/AKT/mTOR signaling pathway. Cancer 
Lett. 2018;436:119–28. DOI: 10.1016/j.canlet.2018.08.012 

[23]	The Gene Ontology Consortium. The gene ontology resource: 20 years and still GOing strong. Nucleic Acids Res. 
2019;47(D1):D330–8. DOI: 10.1093/nar/gky1055 

[24]	van Ijzendoorn DGP, Szuhai K, Briaire-de Bruijn IH, Kostine M, Kuijjer ML, Bovée JVMG. Machine learning analysis 
of gene expression data reveals novel diagnostic and prognostic biomarkers and identifies therapeutic targets for soft 
tissue sarcomas. PLoS Comput Biol. 2019;15(2):e1006826. DOI: 10.1371/journal.pcbi.1006826 

[25]	Xu S, Xu H, Wang W, Li S, Li H, Li T, et al. The role of collagen in cancer: From bench to bedside. J Transl Med. 
2019;17:309. DOI: 10.1186/s12967-019-2058-1

[26]	Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR. A global view of hepatocellular carcinoma: Trends, 
risk, prevention and management. Nat Rev Gastroenterol Hepatol. 2019;16:589–604. DOI:  10.1038/s41575-019-
0186-y

[27]	Bai KH, He SY, Shu LL, Wang WD, Lin SY, Zhang QY, et al. Identification of cancer stem cell characteristics in liver 
hepatocellular carcinoma by WGCNA analysis of transcriptome stemness index. Cancer Med. 2020;9(12):4290–8. 
DOI: 10.1002/cam4.3047 

[28]	Chen CC, Yu TH, Wu CC, Hung WC, Lee TL, Tang WH, et al. Loss of ficolin-3 expression is associated with poor 
prognosis in patients with hepatocellular carcinoma. Int J Med Sci. 2023;20(8):1091–6. DOI: 10.7150/ijms.84729

[29]	Critelli R, Milosa F, Faillaci F, Condello R, Turola E, Marzi L, et al. Microenvironment inflammatory infiltrate drives 
growth speed and outcome of hepatocellular carcinoma: A prospective clinical study. Cell Death Dis. 2019;8:e3017. 
DOI: 10.1038/cddis.2017.395 

[30]	Cui G, Geng L, Zhu L, Lin Z, Liu X, Miao Z, et al. CFP is a prognostic biomarker and correlated with immune 
infiltrates in gastric cancer and lung cancer. J Cancer. 2021;12(11):3378–90. DOI: 10.7150/jca.50832 

[31]	Doncheva NT, Morris JH, Gorodkin J, Jensen LJ. Cytoscape StringApp: Network analysis and visualization of 
proteomics data. J Proteome Res. 2019;18(2):623–32. DOI: 10.1021/acs. jproteome.8b00702

[32]	Gao XM, Zhou XH, Jia MW, Wang XZ, Liu D. Identification of key genes in sepsis by WGCNA. Prev Med. 
2023;172:107540. DOI: 10.1016/j.ypmed.2023.107540 

[33]	Gu Y, Li J, Guo D, Chen B, Liu P, Xiao Y, et al. Identification of 13 key genes correlated with progression and  
prognosis in hepatocellular carcinoma by weighted gene co-expression network analysis. Front Genet. 2020;11:153. 
DOI: 10.3389/fgene.2020.00153 

[34]	 Jang H, Jun Y, Kim S, Kim E, Jung Y, Park BJ, et al. FCN3 functions as a tumor suppressor of lung adenocarcinoma 
through induction of endoplasmic reticulum stress. Cell Death Dis. 2021;12:407. DOI: 10.1038/s41419-021-03675-y 

[35]	 Jing Q, Yuan C, Zhou C, Jin W, Wang A, Wu Y, et al. Comprehensive analysis identifies CLEC1B as a potential 
prognostic biomarker in hepatocellular carcinoma. Cancer Cell Int. 2023;23:113. DOI: 10.1186/s12935-023-02939-1 

[36]	Kulik L, El-Serag HB. Epidemiology and management of hepatocellular carcinoma. Gastroenterology.  
2019;156(2):477–91E1. DOI: 10.1053/j.gastro.2018.08.065

[37]	Ma L, Heinrich S, Wang L, Keggenhoff FL, Khatib S, Forgues M, et al. Multiregional singlecell dissection of tumor and 
immune cells reveals stable lock-and-key features in liver cancer. Nat Commun. 2022;13:7533. DOI: 10.1038/s41467-
022-35291-5

https://doi.org/10.1016/j.prp.2022.153958
https://pubmed.ncbi.nlm.nih.gov/32790532/
https://doi.org/10.1097/FTD.0000000000000415
https://doi.org/10.1097/FTD.0000000000000415
https://pubmed.ncbi.nlm.nih.gov/34066708/
https://doi.org/10.1016/j.canlet.2022.215900
https://doi.org/10.3389/fonc.2020.00681
https://doi.org/10.3389/fonc.2020.00681
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1016/j.canlet.2018.08.012
https://doi.org/10.1093/nar/gky1055
https://doi.org/10.1371/journal.pcbi.1006826
https://doi.org/10.1186/s12967-019-2058-1
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1002/cam4.3047
https://doi.org/10.7150/ijms.84729
https://doi.org/10.1038/cddis.2017.395
https://doi.org/10.7150/jca.50832
https://doi.org/10.1021/acs.%20jproteome.8b00702
https://doi.org/10.1016/j.ypmed.2023.107540
https://doi.org/10.3389/fgene.2020.00153
https://doi.org/10.1038/s41419-021-03675-y
https://doi.org/10.1186/s12935-023-02939-1
https://doi.org/10.1053/j.gastro.2018.08.065
https://doi.org/10.1038/s41467-022-35291-5
https://doi.org/10.1038/s41467-022-35291-5


International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1

Babashev & Hordiichuk

31

Молекулярно-генетичні маркери функціональної 
активності печінки у пацієнтів зі злоякісними 

новоутвореннями
Олексій Бабашев
Аспірант
Національний університет охорони здоров’я України імені П. Л. Шупика 
04112, вул. Дорогожицька, 9, м. Київ, Україна 
https://orcid.org/0009-0006-7396-9199

Прокiп Гордійчук 
Доктор медичних наук, професор
Національний університет охорони здоров’я України імені П. Л. Шупика 
04112, вул. Дорогожицька, 9, м. Київ, Україна 
https://orcid.org/0000-0003-2031-8772

Анотація. Печінка відіграє ключову роль у метаболічній регуляції, детоксикації та системному гомеостазі. 
У пацієнтів зі злоякісними новоутвореннями, особливо тих, хто проходить хіміотерапію або має метастази в 
печінці, підтримка функції печінки є критично важливою. Метою роботи було провести огляд молекулярно-
генетичних маркерів функціональної активності печінки у пацієнтів зі злоякісними новоутвореннями. Для 
формування первинної когорти публікацій їх пошук проводився за допомогою Google Scholar, PubMed, Research 
Gate та набору наступних ключових слів: «печінка», «молекулярна генетика», «рак», «генетичні маркери», 
«функціональна активність». Цей огляд підсумував сучасне розуміння молекулярно-генетичних маркерів, 
пов’язаних з функціональною активністю печінки у онкологічних хворих, підкреслюючи їх діагностичне 
та прогностичне значення, клінічну корисність та перспективи майбутніх досліджень. До цього огляду 
включено рецензовані дослідження, опубліковані між 2016 і 2024 роками. Серед розглянутих досліджень 
кілька молекулярно-генетичних маркерів послідовно виявилися значущими показниками функціонального 
стану печінки: ферменти CYP450 (CYP3A4, CYP1A2, CYP2E1), поліморфізм UGT1A128, нульові генотипи 
GSTM1 та GSTT1. Було встановлено, що поліморфізми UGT1A1 та CYP3A4/CYP3A5 мають сильний зв’язок з 
гепатотоксичністю, індукованою хіміотерапією, що підтвердило їхню роль як фармакогенетичних маркерів. 
Було показано, що варіанти генів-транспортерів, такі як ABCB1 C3435T та SLCO1B1*5, прогнозують змінений 
розподіл ліків у печінці та холестатичне пошкодження, що є критично важливим для оптимізації корекції дози 
та вибору препаратів. Також було узагальнено профілювання цитокінів (наприклад, IL-6, TGF-β1), індикаторів 
оксидативного стресу (наприклад, TP53, SOD2) та циркулюючих некодуючих РНК (наприклад, miR-122, HULC) 
на динамічні та неінвазивні стратегії для оцінки пошкодження печінки в режимі реального часу. Практична 
цінність дослідження полягає в тому, що встановлені біомаркери можуть стати незамінними інструментами в 
прецизійній онкології, забезпечуючи точнішу діагностику, ефективний моніторинг прогресування захворювання 
та індивідуальне планування лікування
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