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Tumor diseases are one of the leading causes of death worldwide. Neoadjuvant and adjuvant chemotherapy can
potentially lead to drug-induced liver injury and carcinoma. According to the literature review and meta-analysis,
the mean weighted incidence of drug-induced liver injuries for all drugs among patients receiving neoadjuvant che-
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JlekapcTBEeHHOE NOBpEeXAeHNEe NeYeH U BePOSITHOCTb renaTouesulioNISIpHOro paka

Ha PoHe xumMmnoTepanum KonopeKkTasibHOro paka (MetaaHanu3s)

T.H. lapmaHoBa*, [.P. MapkapbsiH, E.A. KazaueHko, I.B. TuiiknH, P.B. NuwieHko
®rb0Y BO «MockoBckuii rocynapCcTBeHHbIN yHuBepcuteT umeHn M. B. JlomoHocoBa», MockBa, Poccurickas Peaepaums

OnyxoneBble 3ab0neBaHNss — ofHa U3 BEAyLUMX MPUYMH CMEPTU B MMpe. HeoaabioBaHTHAsA M aoblOBaHTHASA XU-
MUOTEPaNnUM MOTEHLMANIbBHO MOFYT BECTU K JIEKAPCTBEHHOMY MOPAXEHMIO NEeYeHU U KapumHome. Mo faHHbIM 06-
30pa IMTepaTypbl U MeTaaHann3a, CpeaHssa B3BELLEHHAs YaCTOTa JIEKAPCTBEHHbIX MOBPEXAEHNIN NEeYEeHN O BCEX
npenapaToB CPean NaLMeHTOB, NOJy4aloLLMX HE0aAbIOBAHTHYIO XMIMMOTEPANMIO MO NOBOAY KOJOPEKTaNIbHOro paka
C MeTacTasamm B neveHb, paBHa 63,2 %. CpeaHss B3BELLEHHAs YacToTa TAXENbIX MopaXeHuii neyeHn pasHa 37,2 %.
OpHako HaMmu He 6bI1I0 0OHAPYXKEHO KITMHUYECKUX COOBLLEHNI 0 POPMUPOBAHNN KapLIMHOMbI MEYEHN BCNEACTBUE
NpPOBeAEHNS XMMnoTepanum. B HacTosLee BpeMS Mbl MOXEM CKadaTb, YTO, HECMOTPS HA TEOPETUYECKYIO BO3MOXX-
HOCTb, MPUEM XMMUOTEPANUN NPU KOJIOPEKTAJIbHOM Pake HE COMPOBOXOAETCS Pa3BUTUMEM renaToLeoNspHOM
KapLMHOMBI.

KnioueBble cnoBa: nekapCTBEHHbIE MOPAXEHUS NMEeYeHU, XMMMOTepPanusl, OKCaNMNIaTH, NPUHOTEKAH, KOIOPEK-
TasnbHbIV pak, renaToueiongpHas KapuMHomMa, MetTaaHanmsa

KoHNUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ans untupoBaHua: Nfapmanosa T.H., MapkapbesH [.P., KazayeHko E.A., TuwkuH INB., NweHko P.B. JlekapcTBeHHOE NoBpexaeHue
nevyeHn N BEPOATHOCTb renaToLEeNIASPHOrO paka Ha GOoHe XnmMmnoTepanmm KoNopeKTanbHOro paka (MetaaHanus). Poccuncknin
XypHan racTpoaHTeposniorum, renatonoruuv, kononpoktonoruun. 2025;35(3):94-103. https://doi.org/10.22416/1382-4376-2025-
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Introduction

According to estimates from the World Health 4.1 million new cases of malignant diseases and
Organization, in 2019, cancer was one of the approximately 1.9 million deaths from them re-
leading causes of death in over 100 countries corded in Europe alone [1]. The burden of morbid-
[1]. Literature indicates that in 2020, there were ity and mortality from cancer is rapidly increasing
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worldwide; this reflects both the overall growth
and aging of the population and changes in the
prevalence and distribution of major cancer risk
factors, some of which are associated with so-
cio-economic development [1]. Tt is projected that
by 2040, there will be up to 28.4 million new
cases of malignant diseases globally, which is a
47 % increase compared to 2020 [1]. Under these
circumstances, the prevalence of chemotherapy as
a treatment method is also expected to rise.

One of the side effects of chemotherapy is
drug-induced liver injury [2—4], which can sig-
nificantly impair the quality of life of patients and
may also, presumably, lead to the formation of
secondary tumors. For example, there is data on
liver damage caused by chemotherapeutic agents
such as oxaliplatin, irinotecan, and 5-fluorouracil;
however, there are no quality literature reviews
or other studies on this issue. Currently, there
are also no publications describing cases of liver
tumors arising against the backdrop of drug-in-
duced injury from chemotherapeutic agents. There
is little reliable data on their carcinogenic activ-
ity in the literature. Thus, precise data on the
prevalence of liver injuries due to chemotherapy
are lacking, although isolated cases of liver dam-
age are mentioned in the literature. The question
of the occurrence of secondary tumors due to
drug-induced liver injury also remains unresolved.

The aim of this work: to identify and justify
possible causes and mechanisms of carcinogen-
esis induction in the liver and to analyze the
frequency of liver injuries during chemotherapy
administration.

Materials and methods

To identify possible causes and mechanisms
of carcinogenesis induction in the liver, we con-
ducted a literature review on this topic. To deter-
mine the prevalence of drug-induced liver inju-
ries (DILI) during chemotherapy, a meta-analysis
of the literature was performed. Particular at-
tention was focused on oxaliplatin (chemother-
apy regimen Folfox6 and its modifications) and
irinotecan (chemotherapy regimen Folfiri and its
modifications), for which data on liver damage
are available.

Tissue damage to the liver was understood as
the following histopathological characteristics:

- signs of chronic liver inflammation (portal in-
flammation, inflammation without necrosis, par-
tial necrosis, focal necrosis or acidophilia, mod-
erate partial necrosis, severe focal cell damage,
severe partial necrosis) [5];

- signs of changes in the hepatic architecture:
fibrosis (enlarged fibrotic portal tracts, periportal

or portal-portal septa without damaged lobular ar-
chitecture, fibrosis with architectural distortions
but without overt cirrhosis) [5];

- signs of hepatic architecture changes: micro-
nodular, macronodular, mixed cirrhosis, incom-
plete septal cirrhosis;

- signs of hepatic architecture changes: dysplas-
tic foci;

- signs of sinusoidal injury (sinusoidal obstruc-
tion syndrome, SOS);

- capillarization of non-tumorous liver paren-
chyma and sinusoidal capillarization [6].

The meta-analysis was conducted following the
PRISMA guidelines [7]. Since no similar reviews had
been previously performed, a comprehensive search
of relevant publications was carried out without re-
strictions on publication date across electronic data-
bases such as MEDLINE, PubMed, Google Scholar,
and the Cochrane Central Register of Controlled
Trials. The full search query in PubMed in English
is as follows: ((“liver”[Mesh Terms] OR liver|[ Text
Word]) AND damage[All Fields]) AND (drugs
OR drug-induced OR medicament) AND (dam-
age OR injury) AND ((“Chemotherapy, Cancer,
Regional Perfusion”[Mesh]) OR chemotherapy
[Text Word]). Full text of the search query in the
Cochrane Controlled Trials Register in English:
liver AND damage AND (drugs OR drug-induced
OR medicament) AND (damage OR injury) AND
Chemotherapy And Cancer.

Additionally, a search for publications was con-
ducted in the Russian-language “Elibrary” data-
base using the keywords “liver”, “drug-induced
injury”, “chemotherapy”, and “cancer.” No rele-
vant information on the topic under investigation
was found in Russian databases.

The following data were extracted from the se-
lected studies: authors, year of publication; study
period, country, study design, study quality; type
of cancer, chemotherapy protocol or drugs used;
total number of patients, number of patients with
drug-induced liver injury (DILI), type of liver in-
jury, number of patients with severe forms of DILI
(i.e., high-grade sinusoidal obstruction syndrome
(SOS Grades 2,/3), high-grade perisinusoidal dila-
tion (Grade 3 — complete lobular or centrilobular
damage extending to adjacent lobules), significant
neutrophilic infiltration, nodular transformation,
hepatocellular necrosis, perisinusoidal fibrosis, pa-
renchymal liver fibrosis at stages F2—F4, severe
steatosis (> 50 % of hepatocytes affected)); and
number of patients with each histological type of
severe DILI for each drug.

Inclusion criteria: quantitative analysis of pa-
tients with DILI; specification of the chemothera-
py regimen or drug used; description of the histo-
logical features of liver injury.
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Exclusion criteria: data duplication across
studies; lack of methodology description; absence
of chemotherapy protocol or drug information; ab-
sence of quantitative data; studies involving pedi-
atric patients; clinical studies on DILI during che-
motherapy in patients with pre-existing chronic
liver disease; case reports.

Due to the dichotomous nature of the data in
the publications (presence vs. absence of DILI),
the overall value was expressed as odds ratio
(OR) with 95 % confidence interval (95 % CI).
As the factors influencing DILI occurrence were
considered identical or similar across individual
studies, we assumed homogeneity in outcome fre-
quencies and selected a fixed-effect model for sta-
tistical analysis.

Statistical heterogeneity was assessed using the
v’ test. A p-value < 0.1 and I? > 50 % were consid-
ered indicative of significant heterogeneity. Risk
of bias across studies was visually assessed using
funnel plots for each meta-analysis calculation.
To estimate the overall frequency of liver injury
more precisely, a weighted arithmetic mean was
calculated. Statistical analyses were performed

using Comprehensive Meta-Analysis (CMA) V3
software [8].

The quality of non-randomized studies was as-
sessed using the Newcastle-Ottawa Scale (NOS)
[9, 10]. A score of 7 out of 9 stars was considered
indicative of high-quality research. Summary in-
formation from each included study was compiled
into data tables.

Using the aforementioned search strate-
gy, 533 publications were identified: 441 from
MEDLINE, 92 from the Cochrane Central
Register of Controlled Trials. Based on the inclu-
sion and exclusion criteria, 8 publications were
included in the analysis: 1 from MEDLINE, none
from the Cochrane Register, and 7 identified via
Google Scholar (Fig.).

Three studies employed prospective design,
while five were retrospective. The studies were
published between 2006 and 2013 and analyzed
cases from 1998 through December 2011. All pub-
lications investigated the hepatotoxicity of drugs
used in the treatment of colorectal cancer with
liver metastases. A total of 1,959 patients were
analyzed, of whom 1,162 received chemotherapy
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[6, 11—19]. Specifically: 864 patients were treated
with oxaliplatin-based regimens, 170 — with irino-
tecan-based regimens, 44 — with combinations of
oxaliplatin and irinotecan, 60 — with oxaliplatin
and bevacizumab, and 24 patients received other
regimens. A total of 626 patients did not undergo
chemotherapy. At least 745 patients were reported
to have liver injury of varying severity associated
with chemotherapy (approximate figure due to the
lack of clear data on the number of patients with
liver injury in the study by D. Tamandl et al.
[19]). Additionally, 171 chemotherapy patients
were excluded from the study by L. Vigano et
al. due to short treatment duration, incomplete
chemotherapy data, lack of histological verifica-
tion, or postoperative mortality [16]. All graph-
ical figures and tables with meta-analysis results
are available in the Appendix.

Drug-induced liver injuries

Drug-induced liver injury (DILI) refers to
liver damage caused by the intake of pharmaceu-
tical drugs, dietary supplements, psychoactive
substances, or narcotics [20—22]. On average,
DILI develops within 5 to 90 days of initiating
the drug [20]. Currently, more than 1,000 agents
are known to cause DILI [20]. The most common
drugs associated with fatal outcomes due to DILI
include analgesics (e.g., paracetamol, diclofenac),
antiretroviral agents (e.g., lamivudine), anticon-
vulsants (e.g., valproic acid), antidiabetic drugs
(e.g., troglitazone), antibiotics (e.g., amoxicillin/
clavulanate), antineoplastic agents [2, 21, 23],
and some monoclonal antibodies (e.g., infliximab),
as well as immune checkpoint inhibitors [24]. The
clinical spectrum of DILI is highly variable, rang-
ing from transient elevations in liver enzymes to
fulminant liver failure resulting in death [23].

Risk factors for DILI include advanced age,
female sex, genetic predisposition, drug doses
exceeding recommended limits, history of hyper-
sensitivity reactions, concurrent use of multiple
hepatotoxic drugs, excessive alcohol consump-
tion, underlying liver disease, and other comor-
bidities [24].

Two main types of adverse drug reactions
are currently recognized. Type A reactions are
dose-dependent, predictable, and occur due to
the direct toxic effect of the drug. They demon-
strate a clear relationship with dose and du-
ration of exposure [20]. Drugs causing type
A reactions are toxic at threshold doses (e.g.,
paracetamol > 10 g/day) [20].

Most cases of DILI fall under type B reactions,
which are dose-independent and unpredictable
[20]. These reactions result from idiosyncrat-
ic mechanisms: either metabolic (due to genetic

defects in biochemical or enzymatic pathways) or
immunologic hypersensitivity [20, 25].

The liver’s central role in xenobiotic metabo-
lism is likely the key reason for its susceptibility
to drug-induced damage [26].

After hepatic uptake, drugs undergo Phase I
and Phase II enzymatic biotransformation [26].
Phase T metabolism is mediated by cytochrome
p450 enzymes. Intermediate bioactive metabo-
lites formed during this phase can damage intra-
cellular organelles (e.g., mitochondria), leading
to hepatocellular dysfunction and death [26, 27].
Mitochondrial dysfunction can result in necrosis
rather than apoptosis of hepatocytes, thereby in-
tensifying liver inflammation [28, 29].

These potentially toxic intermediates are de-
toxified in subsequent Phase II conjugation reac-
tions [27]. Depletion or deficiency of conjugating
agents may result in accumulation of toxic metab-
olites, as seen in alcohol-abusing patients taking
paracetamol (type A, dose-dependent reaction)
[27]. Covalent binding of reactive metabolites to
cellular proteins can create immunogenic haptens,
triggering immune responses [26].

These described reactions are characteristic
of direct, dose-dependent hepatotoxicity. The
mechanisms of indirect, idiosyncratic hepatotox-
icity remain under active investigation. Genetic
polymorphisms, in particular, may contribute to
dysfunction of hepatic enzymes and transport pro-
teins, increasing susceptibility to DILI and facili-
tating dose-independent reactions [22].

In 1993, the Council for International
Organizations of Medical Sciences (CIOMS) pro-
posed a classification of DILI based on biochemical
parameters, later updated in the 2011 Consensus.
According to this classification, three types of
DILI are recognized: hepatocellular, cholestatic,
and mixed injury [30].

Hepatocellular DILI is defined by alanine ami-
notransferase (ALT) levels greater than 2 times
the upper limit of normal (ULN) or an ALT/al-
kaline phosphatase (ALP) ratio > 5. This type of
injury is generally more severe than the others
[20], and clinically resembles viral hepatitis [20,
31]. Histologically, it may present as necrosis, ste-
atosis, or both.

Cholestatic DILI is characterized by ALP ele-
vation > 2 ULN or an ALT/ALP ratio < 2 [20].
Clinically, it mimics extrahepatic obstructive
jaundice [31, 32]. Histological patterns include
hepatocanalicular (cholangiolytic) cholestasis or
bland cholestasis [27, 31].

Mixed DILI is defined by ALT > 2 ULN
and an ALT/ALP ratio between 2 and 5 [20].
Histologically, it presents as cholestasis with con-
comitant parenchymal injury [27].
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DILI remains primarily a diagnosis of exclu-
sion. Diagnosis is based on temporal association
between drug intake and liver damage, along with
the exclusion of alternative causes of liver dis-
ease [20, 25]. Symptoms are typically nonspecific
and may include fever, nausea, vomiting, jaundice,
dark urine, right upper quadrant pain or discom-
fort [20]. Immunologically mediated DILI features
(e.g., fever, rash, facial edema, lymphadenopathy,
eosinophilia, lymphocytosis, arthralgia) are seen
in about 25 % of cases [26]. Liver enzyme levels
have relatively low specificity and sensitivity for
diagnosing DILI [25, 30, 32, 34].

Histopathological features of DILI

The most common histological presentation of
DILI is acute hepatitis, with or without cholesta-
sis [20]. Hallmarks of acute hepatocellular inju-
ry include portal and parenchymal inflammation,
hepatocellular damage, and/or necrosis [20].
By definition, fibrosis is absent in acute DILI.
Regenerative changes are frequently observed,
such as binucleated hepatocytes and thickened
hepatic cell plates [20]. Enlarged Kupffer cells
are often present within the sinusoids. The term
cholestatic hepatitis is used when these features
are accompanied by cholestasis [20]. Acute hepa-
tocellular injury may lead to necrosis affecting
single hepatocytes (spotty necrosis) or groups of
hepatocytes (confluent necrosis) [20]. In some cas-
es, confluent necrosis may be zonal, which can
aid in diagnostic interpretation [20]. Extensive
confluent necrosis can result in acute liver failure
[20]. In late-stage biopsies, the presence of nu-
merous macrophages in the sinusoids is a helpful
diagnostic clue indicating resolving hepatitis [35].

When DILI progresses to chronic hepatitis, its
histological features become indistinguishable
from those of chronic viral hepatitis, with poten-
tial progression to fibrosis or even cirrhosis [35].
Signs of acute hepatitis may still be present to
varying degrees [35]. Drugs commonly associated
with this histological pattern include chemothera-
peutic agents such as 5-fluorouracil, tegafur, and
tamoxifen [35].

Histopathological features of DILI induced
by chemotherapeutic agents

According to the literature, DILI occurs in ap-
proximately 50 % of cases involving certain che-
motherapeutic agents, particularly taxanes and
platinum-based compounds [36]. In a 2012 study,
sinusoidal obstruction syndrome (SOS) was re-
ported in 39.8 % of patients undergoing chemo-
therapy for colorectal liver metastases [6].

Chemotherapy agents can induce hepatocellu-
lar injury, cholestasis, or mixed-type liver damage,

as well as various forms of sinusoidal injury, in-
cluding sinusoidal obstruction syndrome [37, 38].
SOS is associated with severe hepatic congestion
and potentially fatal centrilobular hepatocyte ne-
crosis [37, 38]. Specifically, in patients receiving
neoadjuvant therapy for colorectal cancer, dis-
tinctive sinusoidal changes have been described.
These include congestive sinusoidal dilatation
predominantly in centrilobular zones (observed
in 30—65 % of patients), perisinusoidal fibrosis
(35—40 %), centrilobular fibrosis (30 %), and atro-
phy of hepatic cell plates [39]. Such lesions were
not observed in the control group of patients who
underwent hepatic resection without preoperative
chemotherapy [39].

Chemo-radiotherapy regimens involving agents
such as busulfan, cytarabine, cyclophosphamide,
carmustine, mitomycin, 6-mercaptopurine, azathi-
oprine, dacarbazine, and high-dose radiation are
associated with a higher incidence of SOS [40,
41]. The frequency of SOS is also elevated in pa-
tients receiving oxaliplatin- or irinotecan-based
chemotherapy in combination with 5-fluorouracil
as adjuvant treatment prior to hepatic resection
of colorectal metastases [40]. Histologically, liv-
er tissue may show steatosis, centrilobular necro-
sis, and nodular regenerative hyperplasia [40].
Sinusoidal alterations may regress after cessation
of chemotherapy; therefore, postponing surgery
could be considered in patients with confirmed or
suspected sinusoidal injury [40].

Hepatocellular carcinoma carcinogenesis

The development of hepatocellular carcinoma
(HCC) is considered to be preceded by cirrhosis
and chronic liver diseases (70—90 % of all cases)
[42, 43]. Epidemiological data show that hepato-
carcinogenesis is closely related to chronic liver
damage [43]. One possible explanation for this
close correlation is that the development of liv-
er tumors requires the presence of dividing cells,
which leads to the stepwise acquisition of genetic
damage necessary for cellular transformation [43,
44]. Genetic changes include the activation of on-
cogenes, genomic instability due to DNA repair
defects, chromosomal missegregation, increased
expression of growth factors and angiogenesis, ac-
tivation of telomerase, and others [45]. Alongside
this, a certain influence is exerted by the individ-
ual genotype of enzymes that metabolize xenobi-
otics [45].

Another key link in the genetic changes under-
lying the formation of HCC is active inflamma-
tion with oxidative damage [45]. In this context,
not only the degree of fibrosis that developed
as a result of prolonged inflammation is import-
ant for the genesis of HCC, but also the severity
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of inflammation [45]. Initially, foci of mild dys-
plasia are formed, gradually transforming into
high-grade dysplasia, 30 % of which evolve into
HCC over 5 years [45]. In fact, every patient with
chronic liver disease has an increased risk of de-
veloping HCC, which depends on the etiology,
duration of the disease, and its activity [45].

Possibility of hepatocarcinogenesis due
to chemotherapy

Experiments on mice with a deficiency in he-
patocytes of TGF-B-activated kinase 1 (TAK1)
demonstrated that due to the gene deficiency,
spontaneous death of hepatocytes, compensa-
tory proliferation, infiltration of inflammatory
cells, and perisinusoidal fibrosis were observed in
1-month-old mice [46]. In more mature mice, mul-
tiple tumor nodules developed, characterized by
increased expression of fetal liver genes, including
a-fetoprotein [46]. Thus, both chronic inflamma-
tion of liver tissue, potentially leading to fibrosis
and cirrhosis of the liver, and damage to liver si-
nusoids may potentially be inducers of hepatocar-
cinogenesis [46].

Meta-analysis of the frequency
of DILI during chemotherapy

Out of 1162 patients receiving chemotherapy,
745 had various DILI (64.9 %). According to the
analysis, the average weighted frequency of DILI
for all drugs among patients receiving chemother-
apy is 63.2 %. When assessing the homogeneity of
groups in the publications, significant biases were
found (p = 0.0000). It is not possible to conduct
a meta-analysis of the significance of chemother-
apy for the formation of liver lesions indicated in
the studies due to the fact that most studies lack
control groups of patients who did not receive
chemotherapy.

Meta-analysis of the frequency of severe DILI
during chemotherapy and the significance

of chemotherapy intake for the formation

of severe liver pathology

We classified severe DILI as high-grade sinusoi-
dal obstruction syndrome (SOS 2,3), high-grade
perisinusoidal dilation (Grade 3 — complete in-
volvement of lobes or centrilobular involvement
extending to adjacent lobules), significant neu-
trophilic infiltration, nodular transformation, he-
patocellular necrosis, perisinusoidal fibrosis, liver
parenchyma fibrosis F2—F4, severe steatosis (af-
fected > 50 % of hepatocytes).

Of the 1162 patients receiving chemother-
apy, severe DILI y developed in 310 (26.7 %).
Information on severe DILI is available in 6 out of
8 publications, with a total of 310,921 (33.6 %).

According to the analysis, the average weighted
frequency of severe DILI for all drugs among pa-
tients receiving chemotherapy is 37.2 %. When as-
sessing the homogeneity of groups in the publica-
tions, significant biases were found (p = 0.0000).

At the same time, information on patients with
severe liver pathology who did not receive che-
motherapy is available in 4 out of these 6 pub-
lications. Cases of severe DILI against the back-
ground of chemotherapy — 260/772 (33.6 %),
cases of severe liver pathology without chemo-
therapy intake — 20,573 (3.5 %). An analysis
of the significance of the factor of chemotherapy
intake for the formation of severe liver pathology
was performed. When assessing the homogeneity
of groups in the publications, significant biases
were found (p = 0.0000).

Meta-analysis of the frequency of SOS 2/3
due to oxaliplatin intake and the significance

of oxaliplatin intake for the formation
of SOS 2/3

Among patients receiving oxaliplatin-based
chemotherapy, SOS 2/3 occurs in 258/854
(30.2 %). Information is available in 4 publica-
tions. According to the data of these publications,
among patients receiving oxaliplatin-based chemo-
therapy, SOS 2/3 occurs in 258/385 (44.1 %).
According to the analysis, the average weighted
frequency of SOS 2/3 among patients receiv-
ing oxaliplatin-based chemotherapy is 45.7 %.
When assessing the homogeneity of the groups
in the publications, significant biases were found
(p = 0.047).

At the same time, information on patients who
did not receive oxaliplatin-based chemotherapy
and had SOS 2/3 is available in 2 of these 4 pub-
lications. According to the data of the above pub-
lications, there were 208,476 (47.7 %) cases of
SOS 2/3 against the background of chemotherapy
based on oxaliplatin, and 0/508 (0 %) cases of
SOS 2/3 without the fact of taking chemothera-
py. An analysis of the significance of the factor of
taking chemotherapy based on oxaliplatin for the
formation of SOS 2/3 was performed.

Meta-analysis of the incidence of high-grade
perisinusoidal dilation due to oxaliplatin
administration and the significance

of oxaliplatin administration for

the development of perisinusoidal dilation

Among patients receiving oxaliplatin-based che-
motherapy, high (3rd) grade perisinusoidal dila-
tion occurs in 120,/854 (14.0 %) cases. Information
is available in 3 publications. According to these
publications, high (3rd) grade dilation occurs in
120,/403 (29.8 %). According to the analysis, the
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average weighted incidence of high perisinusoi-
dal dilation among patients receiving oxalipla-
tin-based chemotherapy is 31.0 %. When assessing
the homogeneity of groups in publications, signif-
icant biases were found (p = 0.047).

At the same time, information on patients who
did not take oxaliplatin-based chemotherapy and
had high-grade perisinusoidal dilation is available
in 3 of 4 of these publications. According to the
data of these publications, cases of high-grade
perisinusoidal dilation against the background
of oxaliplatin-based chemotherapy are 120,403
(29.8 %), cases of severe liver injuries without the
fact of taking chemotherapy are 3/168 (1.8 %).
An analysis of the significance of the factor of tak-
ing oxaliplatin-based chemotherapy for the forma-
tion of high-grade perisinusoidal dilation was per-
formed. When assessing the homogeneity of the
groups in the publications, significant biases were
found (p = 0.000).

Meta-analysis of the incidence

of perisinusoidal fibrosis due to oxaliplatin
administration and the significance

of oxaliplatin administration for

the development of perisinusoidal fibrosis

Among patients receiving oxaliplatin-based
chemotherapy, perisinusoidal fibrosis occurs in
38/854 (4.4 %) cases. Information is available in
3 publications. Among the patients described in
these publications, perisinusoidal fibrosis occurs
in 38/463 (8.2 %) cases. According to the anal-
ysis, the average weighted incidence of perisinu-
soidal fibrosis among patients receiving oxalipla-
tin-based chemotherapy is 10.0 %. When assessing
the homogeneity of the groups in the publications,
significant biases were found (p = 0.000).

At the same time, information on patients who
did not receive oxaliplatin-based chemotherapy
and had perisinusoidal fibrosis is available in 2
of 4 publications. Cases of perisinusoidal fibrosis
against the background of oxaliplatin-based che-
motherapy were 33/356 (9.2 %), cases of perisi-
nusoidal fibrosis without the fact of taking che-
motherapy were 0/146 (0.0 %). An analysis of
the significance of the factor of taking oxalipla-
tin-based chemotherapy for the formation of peris-
inusoidal fibrosis was performed (p = 0.006).

Meta-analysis of the incidence of parenchymal
fibrosis (F2—F4) due to oxaliplatin
administration and the significance

of oxaliplatin administration for the formation
of parenchymal fibrosis

Among patients receiving oxaliplatin-based che-
motherapy, parenchymal fibrosis (F2—F4) occurs
in 37/854 (4.3 %) cases. Information is available

in 2 publications. Among the patients described in
these publications, parenchymal fibrosis (F2—F4)
occurs in 37,/129 (28.7 %) cases. According to the
analysis, the average weighted incidence of paren-
chymal fibrosis (F2—F4) among patients receiving
oxaliplatin-based chemotherapy for the formation
of parenchymal fibrosis is 29.6 % (p = 0.000).

At the same time, information on patients who
did not take oxaliplatin-based chemotherapy and
had parenchymal fibrosis (F2—F4) is available in
both publications. Cases of perisinusoidal fibrosis
against the background of oxaliplatin-based che-
motherapy are 37,/129 (28.7 %), cases of paren-
chymal fibrosis (F2—F4) without the fact of tak-
ing chemotherapy are 7,/146 (4.8 %). An analysis
of the significance of the factor of taking oxalipla-
tin-based chemotherapy for the formation of peris-
inusoidal fibrosis was performed. When assessing
the homogeneity of the groups in the publications,
it was found that there are no significant biases
(p =0.135)

Meta-analysis of the incidence of severe
liver steatosis due to oxaliplatin intake
and the significance of oxaliplatin intake
for the development of steatosis

Among patients receiving oxaliplatin-based
chemotherapy, severe liver steatosis (damage to
more than 50 % of hepatocytes) occurs in 28,854
(3.2 %) cases. Information is available in 3 pub-
lications. Among the patients described in these
publications, severe liver steatosis occurs in
28/389 (7.2 %) cases. According to the analysis,
the average weighted incidence of severe liver ste-
atosis among patients receiving oxaliplatin-based
chemotherapy is 8.7 %. When assessing the homo-
geneity of the groups in the publications, signifi-
cant biases were found (p = 0.000).

At the same time, information on patients who
did not receive oxaliplatin-based chemotherapy
and had severe steatosis is available in all three
publications. Cases of severe steatosis against
the background of oxaliplatin-based chemothera-
py were 28/389 (3.2 %), cases of severe steato-
sis without the fact of taking chemotherapy were
6/178 (3.4 %). An analysis of the significance of
the factor of taking oxaliplatin-based chemothera-
py for the formation of perisinusoidal fibrosis was
performed.

Discussion

According to our literature review, such signs
of liver tissue changes as fibrosis and vascular
damage can become predictors of carcinogenesis
and lead to the formation of primary liver tu-
mors [47].
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We also conducted a meta-analysis of the preva-
lence of drug-induced liver injury and the effect of
taking the chemotherapeutic drug oxaliplatin on
the development of liver pathology. The average
weighted incidence of DILI for all drugs among
patients receiving neoadjuvant chemotherapy for
colorectal cancer with liver metastases was 63.2 %.

After taking chemotherapeutic drugs (oxal-
iplatin, irinotecan and others), patients may ex-
perience the following severe DILI: high-grade
sinusoidal obstruction syndrome (SOS 2,3), high-
grade perisinusoidal dilation, significant neutro-
philic infiltration, nodular transformation, hepa-
tocellular necrosis, perisinusoidal fibrosis, liver
parenchymal fibrosis F2—F4, severe steatosis. The
average weighted frequency of severe DILI for all
drugs among patients receiving chemotherapy was
37.2 %.

According to the meta-analysis, taking oxal-
iplatin-based chemotherapy for colorectal cancer
with liver metastases is significantly associat-
ed with the development of SOS 2/3, Grade 3
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