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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), UGT1Al 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-f1),
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-  cancer therapies. In patients with malignant neoplasms,
logical processes, including metabolism, synthesis of plas-  particularly hepatocellular carcinoma (HCC) and meta-
ma proteins, and detoxification of xenobiotics. In oncology,  static liver disease, these functions are frequently disrupt-
the liver is not only a frequent site of primary and meta-  ed, leading to significant alterations in treatment response
static tumours but is also profoundly affected by systemic  and overall prognosis. Advances in molecular genetics have
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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-y-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
la (ASICla) in chondrocyte senescence and its potential
involvement in osteoarthritis. Their research focused on
the molecular mechanisms through which ASICla 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-kB 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,
LMNBI 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

like AFP, provide important insights into the synthetic
and oncogenic status of the liver. Using a retrospective
data analysis, M. Saiz-Rodriguez 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.
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Table 1. Statistical analysis of reviewed literature

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

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 .M. Mokhosoev et al. [13] and E 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.
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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-a — tumour necrosis factor-alpha; HNF-4a - hepatic
nuclear factor 4 alpha; CAR - 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.
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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).
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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]

Variants in key transporter proteins (e.g. ABCB1, SL-
CO1B1) and drug-inactivating enzymes also contribute:
polymorphism in ABCBI1 (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 (MDRI) 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

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

Inflammatory 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-B1 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 IncRNAs
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).

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

Category

Drug metabolism

Key markers

CYP3A4, CYP1A2, UGTI1Al

Clinical utility

Predict hepatotoxicity risk, guide drug
dosing

Transport proteins

ABCB1, ABCC2, SLCO1B1

Assess drug clearance, prevent cholestasis

Inflammation/Fibrosis

IL-6, TGF-p1, 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]

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 (IncRNAs), 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 Kupfter 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 SLCOI1BI15 (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 ABCBI 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-p1 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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enabling a personalised approach to oncology care. The
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-P1), 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-p1),

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.
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AHoTauig. [Teuinka Bifirpae KI0YOBY po/ib y MeTaOOMIvHINi peryisnii, JeTOKCMKAL{ Ta CUCTEMHOMY TOMeOCTasi.
Y manieHTiB 3i 3/0AKiCHMMI HOBOYTBOPEHHAMM, OCOOMMBO THX, XTO IIPOXOAMTH XiMioTepamiio abo Mae MeTacTasy B
nevinni, mipTpyMKa QYHKIII IeYiHKY € KPUTUYHO BaXIMBOW0. MeTolo po6oTy 6y/Io IIpOBECTH OIJIAL MOJIEKY/ILAPHO-
TeHeTVYHNUX MapKepiB (YHKIIOHAJIbHOI aKTMBHOCTI IIeYiHKM y IALli€HTiB 3i 3/I0AKiCHUMM HOBOYTBOpeHHAMM. J|id
(dbopMyBaHHA IIepPBUHHOI KOTOpTY NyO/IiKalliil IX IOIYK IPOBOAMBCA 3a foromorolo Google Scholar, PubMed, Research
Gate Ta HabOpy HACTYIHMX KIIOYOBMX CJIiB: «IIediHKa», «MOJIEKY/LIpHA TeHETMKa», «PaK», «I€HEeTUYHI MapKepm»,
«(yHKIIiOHabHA aKTUBHICTb». lleif OrMAfm MiJcyMyBaB CydyacHe pPO3YMiHHA MOJEKYIAPHO-TEHETYHMX MapKepis,
IIOB’SI3aHMX 3 (PYHKI[iOHAJIBHOIO AKTUBHICTI0O NEYiHKM y OHKOJIOTIYHUX XBOPMX, HiIKpEC/IIO0YM IX HiarHOCTUYHE
Ta IPOTHOCTVYHE 3HAYeHHH, KIiHIYHY KOPMCHICTb Ta IMEepCIeKTVMBM MalOyTHIX HOCTimKeHb. o IbOro oramy
BKJIIOYEHO pelieH30BaHi JOCIipKeHHA, omyOmikoBaHi Mk 2016 i 2024 poxamu. Cepel pOSIIAHYTUX JOCIIKEHDb
KiJIbKa MOJIEKY/LIPHO-TeHeTHYHNX MapKepiB IOCIiJOBHO BMABIJINCA 3HAYYIVIMM ITOKa3HUKAMM (PYHKIIOHAJIBHOI'O
crany neuinkm: ¢epmentn CYP450 (CYP3A4, CYP1A2, CYP2E1), nonimopdism UGT1A128, Hyn1boBi reHoTumnu
GSTM1 rta GSTT1. Byno Bcranosreno, mo nomimopdismu UGT1A1 Ta CYP3A4/CYP3AS5 MaloTh CHIBHMIL 3B'A30K 3
TeIIaTOTOKCUYHICTIO, IHAYKOBAHOIO XiMioTepami€lo, IO MiATBepAWIO IXHIO polb AK (papMaKOreHeTMYHUX MapKepis.
Byno nokasano, 1o BapiaHTu reHiB-TpaHcroprepis, Taki sk ABCB1 C3435T ta SLCO1B1*5, mporHosyoTb 3MiHeHU
PO3IIOAi/ /MiKiB y IeYiHIi Ta X0MeCTaTU4YHe IOMKOKEHHS, 10 € KPUTUYHO BaXK/IMBUM IS ONITUMIi3allil KOpeKLil 1031
Ta BUOOpY npenapatiB. Takox 6y/10 y3arajibHeHO Npo¢imoBaHHA NUTOKIHIB (Hanpuknag, IL-6, TGF-P1), ingukaropis
OKCUJATUBHOIO cTpecy (Hampukiag, TP53, SOD2) ra unpkymorounx Hekopyrounx PHK (manpuxan, miR-122, HULC)
Ha /IMHaMi4Hi Ta HeiHBa3MBHi CTpaTerii JyIA OL[iHKM IOIIKO/KEHHSA NMEeYiHKM B PeXMMi peanbHOro yacy. IIpakTnyna
LiHHICTD FOCTiIXKEHH: IIO/IATAa€ B TOMY, 110 BCTAaHOBJICHI 6ioMapkepu MOXKYTb CTaTU He3aMiHHUMM iHCTpyMeHTaMu B
IIpeny3iliHiil OHKOJIOTi], 3a0e3eYy04M TOUHINTY AiaTHOCTUKY, e(peKTUBHIII MOHITOPMHT IPOrpecyBaHH:A 3aXBOPIOBaHHA
Ta iHiMBifya/IbHe ITAHYBAHHA JIIKyBaHHS
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