VEd

VIA MEDICA

REVIEW ARTICLE

Anna Kopacz-Bednarska®, Teodora Krol

Department of Medical Biology, Institute of Biology, Jan Kochanowski University, Kielce, Poland

Cisplatin — properties and clinical
application

Address for correspondence:

Anna Kopacz-Bednarska, PhD
Department of Medical Biology, Institute
of Biology, Jan Kochanowski University
Uniwersytecka 7 St., 25-406 Kielce, Poland

e-mail: anna.kopacz-bednarska@ujk.edu.pl

Oncology in Clinical Practice
DOI: 10.5603/0CP.2022.0020

ABSTRACT

Chemotherapy is one of the basic methods of cancer treatment, which uses compounds with a broad spectrum
of activity. Among the diverse group of cytostatic drugs, platinum derivatives play an important role in cancer
therapy, including cisplatin. Cisplatin is a first generation platinum drug approved in medicine in the 1980s. The
mechanism of the anti-tumor activity of cisplatin is based on pro-apoptotic and antiproliferative activity. Cisplatin,
through the formation of appropriate adducts with DNA, damages the structure of the molecule. Currently, cisplatin
is used in the treatment of numerous malignant neoplasms. Despite the high therapeutic efficacy, the drug has
many side effects, which may include, among others: ototoxicity, cardiotoxicity, neurotoxicity, hepatotoxicity and
nephrotoxicity. A significant problem in cisplatin therapy is also the development of resistance of cancer cells to
the action of this drug. The mechanism of cell platinum resistance is diverse and depends on many factors. Organ
toxicity and the development of resistance induced by cisplatin may limit the pharmacological dose of the drug
and its therapeutic efficacy. Therefore, studies are still being conducted to assess the therapeutic effect of the
combined interaction of cisplatin with other chemotherapeutic agents and compounds with anticancer potential.

Copyright © 2022 Via Medica
ISSN 2450-1654
¢-ISSN 2450-6478

Oncol Clin Pract 2022; 18, 3: 166-176

Introduction

Neoplastic diseases are still a serious health problem
in the modern world. The main methods of fighting can-
cer are radiation therapy, inmunotherapy, and hormone
therapy. A common and frequently used method in the
treatment of many types of cancer is chemotherapy,
which provides the use of drugs with a broad effect.
Drugs used in cancer chemotherapy constitute a diverse
group of compounds. They include, among others,
topoisomerase inhibitors (camptothecin derivatives,
anthracyclines), microtubule stabilizers (taxanes, vinca
alkaloids), antimetabolites (gemcitabine, methotrex-
ate, 5-fluorouracil), and alkylating drugs (cyclophos-
phamide, ifosfamide) [1]. Chemotherapeutic agents
containing metal atoms also play an important role in
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the treatment of cancer. The group of alkylating drugs
includes platinum compounds, such as cisplatin, carbopl-
atin, and oxaliplatin [1]. Currently, cisplatin is a platinum
complex widely used in oncological therapy. Despite its
high efficiency, this compound is highly toxic. Therefore,
efforts are still made to develop new therapies based on
using cisplatin in combination with other compounds
with anti-cancer potential. Multi-drug treatment of
neoplastic cells may increase therapeutic efficacy.

The issue of the mechanisms of the formation,
growth, and treatment of neoplastic diseases is still
discussed in numerous scientific papers. This study aims
to present the mechanisms of the cellular interaction
of cisplatin, the development of cellular resistance, the
range of side effects, and new possibilities for using
cisplatin in anticancer therapy.
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Cisplatin
Historical overview

Cisplatin [cis-dichlorodiammine platinum (II)] is
afirst-generation platinum drug containing two chloride
ligands in the cis configuration [2]. This compound was
synthesized in 1845 by A. Werner, who 48 years later
described the chemical structure of cisplatin. In the
1960s, a research team led by B. Rosenberg observed
that cisplatin is formed as a result of the electrolysis of
platinum electrodes [3]. By analyzing the effect of the
electromagnetic field on bacterial cells, Rosenberg and
his colleagues found that cisplatin inhibits the prolif-
eration of bacterial cells [3, 4]. Therefore, there were
indications that this compound may show an inhibitory
effect on other cells, including cancer [3]. The antiprolif-
erative effect of cisplatin on cancer cells was confirmed
in an experimental mouse model [3, 5], which resulted in
the implementation of cisplatin in subsequent research
stages. Based on the results obtained, in 1978 cisplatin
was approved as an anti-cancer drug [6]. However, stud-
ies were still conducted to assess the effectiveness of this
drug in various types of cancer cells [7, 8].

Transport and biotransformation

The structure of cisplatin in the blood, due to the
high concentration of chloride ions (approx. 100 mM),
shows great stabilization [4]. This compound undergoes
biological changes only after the drug is absorbed into
the cell [9]. The process of cisplatin transport into cells
has not been fully elucidated. Literature data show that
cisplatin can penetrate the plasma membrane by passive
diffusion [10, 11]. There are also reports that the partial
uptake of cisplatin may be mediated by protein trans-
porters [11]. Copper transporters (Ctrl, Ctr2), ATPase
(ATP7A, ATP7B), organic cation transporters (OCT-2),
and multidrug and toxin extrusion proteins (MATE 1)
are probably associated with the transport of cisplatin
through cytoplasmic membranes [11, 12]. Membrane
transporters involved in the uptake and accumulation
of cisplatin in cancer cells are responsible both for the
effectiveness of the drug and the development of side
effects [10]. Transport of cisplatin to cells can also take
place with the participation of the sodium-potassium
pump (Na*/K*-ATPase) [4].

Cisplatin is hydrolyzed inside the cell [4]. This
process is regulated by the appropriate concentration
of chloride ions. The reduced level of CI- ions in the in-
tracellular environment (approx. 4-12 mM) accelerates
the hydrolysis of cisplatin [9]. It has been shown that
the positively charged molecules formed by hydrolysis
(cis-[Pt(NH,),Cl,(OH,)]*/cis-[Pt(NH;),Cl,(OH,),]**)
are characterized by a higher biological activity than
the neutral forms of the complex [13]. Therefore, it is

believed that it is the secondary metabolite of cisplatin
[cis-diaminadihydroxyplatin (II)] that exhibits strong
pharmacotherapeutic properties [14].

The mechanism of antitumor action

Literature data show that the mechanism of the
anti-cancer effect of cisplatin is based on the direct effect
of the drug on the DNA structure. The basis of cisplatin’s
action is the creation of cross-links in the DNA struc-
ture between platinum (II) and two adjacent guanine
molecules [15]. According to the literature, the most
commonly observed is the attachment of cisplatin to the
N7 atoms of guanine [9]. Presumably, the Pt-N7 guanine
bonds formed in this way show high stability and thus
determine the cytotoxic effect of the compound on
cancer cells [16]. Cisplatin can cross-link with base pairs
within a single strand or between a DNA double helix,
resulting in the formation of monoadducts or diadducts
(double adducts). The type of Pt-DNA adducts formed
may exert a significant influence on the biological activ-
ity of the drug. It was found that the genotoxic effect of
cisplatin results from the formation of monoadducts,
while the formation of double adducts — inside or be-
tween strands — results in the cytotoxic properties of
the compound [17]. Nevertheless, the resulting adducts
lead to a disturbance of the spatial structure of DNA,
which results in inhibition of acid replication and tran-
scription [2, 9, 14, 18]. Under normal conditions, repair
systems are involved in the repair of DNA damage,
including Nucleotide Excision Repair excision repair
(NER), homologous recombination (HR), and mis-
match repair Mismatch Repair System (MMR) [4, 19].
In neoplastic cells, depending on their sensitivity and
the concentration of cisplatin used, the mechanisms of
the repair process are disrupted, which results in the
induction of apoptotic death signals. Depending on the
type of DNA damage caused by cisplatin, in tumor cells,
Ataxia Telangiectasia Rad 3-Related (ATR) and Mito-
gen-Activated Protein Kinases (MAPK) are activated,
which stimulate p53 proteins in the further pathway
of the cellular response [20]. Moreover, independent of
the phosphorylation of the ATR kinases, the action
of cisplatin triggers the expression of the p73 nuclear
protein in the cells. The accumulation of p73 is related to
cisplatin-activated oncogenic tyrosine kinase c-Abl. The
increased reactivity of the p53 and p73 proteins leads
to the activation of further mechanisms involved in the
induction of the apoptosis process [18]. Cisplatin affects
the internal pathway of apoptotic death by stimulating
the pro-apoptotic protein Bax, changing the perme-
ability of the mitochondrial membrane, releasing cy-
tochrome c, and activating the caspase cascade [18]. Per-
meabilization of the mitochondrial membrane caused
by cisplatin may also result from the drug’s influence on
the production of free oxygen radicals (ROS) [21, 22].
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The literature shows that cisplatin, depending on its
concentration, can also induce necrotic cell death [23].
Research results indicate that pronecrotic cisplatin con-
centrations first activate the mechanisms of apoptotic
death, which can be blocked at the level of effector cas-
pases. Inhibition of caspase activity consequently causes
cell necrosis [23, 24]. Mediators of cisplatin-induced
necrotic death may also be calpains, TNF-a cytokines,
and poly (ADP-ribose)-1 (PARP1) polymerase — fac-
tors related to the mechanism of nephrotoxic action of
the drug [24, 25].

The antitumor properties of cisplatin are also
demonstrated by its antiproliferative activity. The
complex has been shown to exert a strong influence on
the checkpoints of the cell cycle. In response to DNA
damage, the cell is initially arrested in the S phase.
However, further action of cisplatin leads to an inhibi-
tion of cyclin Cdc2 A activity, which ultimately results
in cell division arrest in the G2/M phase [18, 20]. Ataxia
Telangiectasia Mutated (ATM) kinases, activated by the
action of cisplatin, are also involved in the inhibition of
cell division [20].

Mechanisms of cell resistance

The response of cancer cells to the cytostatic drugs
has a significant impact on the effectiveness of chemo-
therapeutic treatment. In cancer therapy, the develop-
ment of cellular resistance is a frequently observed
phenomenon [5]. Drug resistance occurs when cancer
cells fail to undergo apoptosis at a clinically specified
dose [26]. The platinum resistance that hinders the treat-
ment of neoplasms may have features of both innate and
acquired resistance [27]. According to the literature,
the mechanisms involved in platinum resistance vary
and may be caused by: (1) decreased drug absorption
resulting in reduced intracellular accumulation, (2)
increased inactivation of cisplatin, (3) impaired drug
transport into cells, (4) accelerated removal of the drug
from cells (efflux), (5) intensified repair of the resulting
DNA damage, mainly associated with the activation of
NER repair systems [4, 13, 18, 19, 20, 26]. The disturbed
signal of apoptotic death also has a significant influ-
ence on the development of cellular resistance. Cancer
cells with p53 dysfunction acquire resistance through
disrupted mechanisms of the apoptotic pathway [27].
A similar effect is also shown by the overexpression of
apoptosis inhibitors, e.g. survivin and factor X-linked
Inhibitor of Apoptosis Protein (XIAP), which increase
platinum resistance by lowering the activity of caspases
[26]. Weakened cisplatin transport to neoplastic cells
during chemotherapeutic treatment may be caused by
functional changes in plasma membranes and membrane
transporters [27]. It is believed that overexpression of
CTR1 transporters increases the sensitivity of cancer

cells to cisplatin, enhancing its cytotoxic activity [16].
Their impaired functioning may, therefore, play an
important role in the development of cell resistance to
cisplatin treatment. The protein transporters ATP7A
and ATP7B are also involved in the formation of cellular
resistance. Increased ATP7A expression is responsible
for the decreased effect of cisplatin in cancer cells while
ATP7B overexpression results in accelerated drug out-
flow from cells [11].

According to the literature, platinum resistance may
be associated with the overexpression of glutathione
transferase (GSTs) [28]. The enzyme is associated
with the drug detoxification process, which leads to
inactivation of cisplatin and reduced treatment effec-
tiveness [14, 28]. Therefore, the use of GSTs inhibitors
(e.g. ethacrynic acid) may increase the accumulation
of cisplatin in platinum-resistant cells and significantly
improve the therapeutic effect [28]. The intracellular
concentration of glutathione (GSH) is also associated
with the platinum resistance mechanism. Until recently,
the role of GSH in the development of cellular resist-
ance to cisplatin was ambiguous [4]. It is now known
that high GSH levels may promote cellular resistance
[29]. Metallothioneins (MT) act in a similar way, and by
capturing cisplatin, they reduce the sensitivity of cells to
the drug [14, 30]. The greatest importance in the resist-
ance mechanisms is attributed to the metallothioneins
MT1 and MT2 [4, 31] although the participation of
other proteins from the MT group is also possible. As
reported in the literature, cisplatin binds to cysteine-rich
proteins, therefore, high concentrations of glutathione
and metallothioneins in neoplastic cells may favor the
development of acquired resistance [32].

The development of cellular resistance to cisplatin
may also result from the overexpression of cyclooxy-
genase (COX) [33-35], characteristic of many types of
malignant tumors, e.g. cancer of the esophagus, blad-
der, cervix and ovary [30]. It was shown that the applied
COX-2 inhibitors, by inhibiting the expression of the
anti-apoptotic protein Bcl-2, can effectively increase
the pharmacological activity of cisplatin [30]. The COX
inhibitors include e.g. non-steroidal anti-inflammatory
drugs [36]. Cisplatin conjugates with COX-1, and
COX-2 inhibitors (e.g. indomethacin and ibuprofen)
accelerate drug transport into cells, increase cytotoxic
activity, and inhibit the development of drug resistance
[33]. It has been observed that celecoxib may also have
a similar effect in osteosarcoma [36] and ovary cells [35],
and NS-398 in non-small cell lung cancer [34]. These
compounds enhance the anti-cancer effect of cisplatin
and, depending on the PI3K/Akt signaling pathway,
induce the apoptotic death process [34, 36]. The impor-
tance of COX in reducing drug resistance of cancer cells
is poorly understood. Currently, the role of COX inhibi-
tors does not affect routine clinical practice. However,
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the results obtained so far suggest that the use of COX
inhibitors may become the direction of further research
as a new strategy in cancer treatment. It is possible that
the combination of cisplatin with COX inhibitors may
in the future contribute to the improvement of the ef-
fectiveness of the anti-cancer therapies [37].

In addition to biochemical and molecular factors,
environmental factors also play an important role in
the resistance of cancer cells to cisplatin, e.g. pH value.
Cisplatin activity has been observed to be greatest at
acidic pH. Increased pH reduces the binding of cisplatin
with DNA, inhibits the formation of Pt-DNA adducts,
and thus weakens the pharmacological effect of the drug
[30]. The mechanisms responsible for the development
of resistance of cancer cells to cisplatin are diverse [20].
This is a key research issue in overcoming platinum
resistance by cancer cells.

Toxicity

Cisplatin is used in the treatment of various types
of cancer, including cancer of the head and neck, lung,
testes, prostate, ovaries, bladder, cervix, esophagus,
breast, and stomach [12, 38, 39]. The use of cisplatin and
its effectiveness in cancer therapy may be limited due
to numerous side effects. The frequency of side effects
depends on the used cisplatin dose, including the cumula-
tive dose (Tab. 1). Literature data report that some com-
pounds have a protective effect against cisplatin-induced
toxicity. Currently, these compounds are not routinely
used in conjunction with anti-cancer therapy. However,
studies are still being conducted to assess the protective
potential of some of these compounds, therefore, they
may find wider applications in the future.

Table 1. The incidence of cisplatin-induced toxicity

Ototoxicity

Changes in the hearing system may appear early in
the treatment with cisplatin [40]. Hearing impairment
caused by the action of cisplatin depends on the dose
and duration of drug action, as well as the patient’s age
[41], and is more often observed in children than adults
[40, 41]. Ototoxic disorders can manifest as earache
and tinnitus, leading to partial hearing loss. Initially
in the high-frequency range of sounds [40], then also
including lower tones [42], including persistent and
bilateral ototoxicity [40]. The mechanisms underlying
the development of cisplatin-induced ototoxicity remain
unclear. It is assumed that a key role in the pathogenesis
of ototoxicity may be played by a disturbed antioxidant
system, development of inflammatory processes, induc-
tion of apoptosis, and cellular autophagy [42]. The use
of protective agents may limit the ototoxic effects of
cisplatin [41, 43]. Among them, great hope is raised, by
N-acetylcysteine, D-methionine, ebselen, amifostine,
dexamethasone, and flunarizine [43]. In clinical trials,
the evaluation of the otoprotective effect of sodium
thiosulfate (Identifier: NCT04541355, Phase II; Iden-
tifier: NCT04262336, Phase I) and N-acetylcysteine
(Identifier: NCT04291209, Phase I and II; Identifier:
NCT02094625, Phase I) was implemented.

Cardiotoxicity

Disorders in the proper functioning of the cardio-
vascular system caused by cisplatin can be diverse and
include, among others, myocardial fibrosis and inflam-
mation, heart failure, hypertension, arrhythmia [44].
There are reports in the literature describing cases in
which patients developed cardiac dysfunction or even
myocardial infarction after treatment with cisplatin [45].

Cisplatin-induced  Frequency of appearance

toxicity

Ototoxicity Hearing loss: 31% [102]

Hearing impairment: 10-15% [102]

Otological complaints during cisplatin treatment: 24% [103]

Otological complaints following cisplatin treatment: 34% [103]

Cardiotoxicity

Bradycardia, tachycardia: often (> 1/100 to < 1/10 of patients) [102]

Hypertension, myocardial infarction: rarely (= 1/10000 to < 1/1000 of patients) [102]

Neurotoxicity

Peripheral neuropathy: often (> 1/100 to < 1/10 of patients) [102]

Brain dysfunction: rarely (= 1/10000 to < 1/1000 of patients) [102]

Hepatotoxicity

Liver dysfunction, elevated levels of aminotransferase: often (> 1/100 to < 1/10 of patients) [102]

Reduced albumin levels in the blood: rarely (= 1/10000 to < 1/1000 of patients) [102]

Nephrotoxicity
20-30% [39]
28-42% [104]
32% [105]

Acute kidney injury: very often (> 1/10 of patients) [102]
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Cisplatin-induced cardiovascular disorders most often
limit the continuation of chemotherapy [44]. The effect
of cisplatin on cardiotoxicity remains unclear. Presum-
ably, electrolyte imbalances, including hypomagnesemia
caused by the action of cisplatin, may play a significant
role in the development of cardiological changes [45].
Early diagnosis of cardiotoxicity can prevent permanent
complications of the cardiac system [45]. Literature data
report the cardioprotective effect of some agents against
cisplatin-induced changes in animals, e.g. ginger [44],
thymoquinone [46], green tea, vitamin E [47], acetyl
L-carnitine [48].

Neurotoxicity

The development of the neurotoxic effect of cisplatin
is determined by the accumulation of the drug in the
dorsal root ganglia, which may affect the proper func-
tioning of sensory neurons [49] and the development of
peripheral neuropathy [50]. The changes in the nervous
system may be permanent and may limit the range of
therapeutic doses [50, 51]. Often, adverse effects of cis-
platin on the nervous system may not appear until after
chemotherapy has been completed [50]. The mechanism
of the neurotoxic effect of cisplatin may be related to
oxidative damage, mitochondrial dysfunction, inhibition
of proliferation, and induction of apoptosis of neuronal
cells [51, 52]. It has been shown that the neuroprotective
factors in relation to changes induced by cisplatin include,
inter alia, glutathione and vitamin E [53]. In experimental
animal models, it has been observed that cisplatin-induced
neurotoxicity can also be reduced by routin, which, by
enhancing the antioxidant system, has a protective effect
on brain tissue [51]. Literature data show that concerning
cisplatin activity, neuroprotective effects are also shown by
oxytocin [54], sitagliptin [55], mesna [56], sodium selenite
[57], and the Ginkgo Biloba extract [52].

Hepatotoxicity

Literature data show that cisplatin causes an increase
in biochemical indicators and changes in the structure
of hepatocytes. Cisplatin-induced hepatotoxicity may
result from increased drug accumulation in liver cells
[58]. Although the mechanism of the toxic effect of
cisplatin on the liver has not been fully understood, it
is assumed that the development of hepatotoxicity is
aresult of increased oxidative stress [58, 59]. It has been
observed in studies in vitro and in vivo that the hepato-
toxic effect of cisplatin may be enhanced by elevated
levels of cytochrome P 450 2E1 [59]. Mitochondrial
disorders, increased lipid peroxidation, abnormal Ca?*
homeostasis, and increased expression of the pro-in-
flammatory factor COX-2 are the basic aspects of the
adverse effect of cisplatin on the liver [58]. According
to the literature data, the hepatotoxic effect of cisplatin
can be minimized by using compounds with antioxidant

activity [60—65] or anti-apoptotic [65]. It has been shown
that liver damage caused by cisplatin can be alleviated
by, among others, dexpanthenol [60], hyperin [61],
licorice extract [62], propofol [63], curcumin, vitamin
E [64], and vinpocetine [65].

Nephrotoxicity

The nephrotoxic effect of cisplatin is a significant
clinical problem. It can develop in approximately 30%
of patients treated with cisplatin [39, 66]. Most often it
manifests itself in acute kidney damage. The develop-
ment of nephrotoxicity is closely correlated with the dose
and frequency of drug administration [39] and thus with
the degree of cisplatin accumulation in renal tubular
cells [67]. OCT2 protein transporters play an impor-
tant role in the development of the nephrotoxic effect
of cisplatin, increasing the drug uptake in kidney cells
[67]. According to the literature, cisplatin may disturb
renal vascularization and lead to damage to the proximal
tubules, mainly due to the induction of oxidative stress
and overexpression of pro-inflammatory factors [67]. In
the pathomechanism of renal cell damage, an important
role is also played by signaling pathways responsible for
the processes of apoptotic and necrotic death, as well as
autophagy and the cell cycle [66—68]. Regulation of these
factors may both limit the nephrotoxicity of cisplatin
and reduce its therapeutic potential [12]. Therefore,
the search for new compounds with a protective effect
against the nephrotoxic effect of cisplatin is still ongoing.
It has been observed that gelsemin [38], cilastatin [69],
saponins isolated from the leaves of Panax quinquefolius
[70], quercetin [68], eriocitrin [71], and mannitol [72],
among others, may show the nephroprotective effect.
Phase IT and I11 clinical trials are still ongoing to evaluate
the protective effects of pantoprazole and rosuvastatin
against cisplatin-induced nephrotoxicity (Identifier:
NCT04217512, NCT04817904) [73].

The use of cisplatin in multi-drug therapy

Cisplatin is used both as monotherapy and in combi-
nation therapy. The effectiveness of new cisplatin-based
treatment regimens is still the subject of numerous clini-
cal trials. These studies aim to compare the therapeutic
efficacy of cisplatin in multi-drug systems in different
types of cancer (Tab. 2) [73].

Lung cancer

Cisplatin-based chemotherapy has become a break-
through in the treatment of patients with non-small
cell lung cancer (NSCLC) and small cell lung cancer
(SCLC). This chemotherapy is most effective in ad-
juvant and first-line treatment of NSCLC. It is also
recommended to use two-drug systems with cisplatin
and third-generation drugs. The standard chemothera-
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Table 2. Sample clinical trials for the assessment of the effects of cisplatin in multi-drug therapy for selected malignant
neoplasms (current status as of January 2022) [73]

Cancer Combination Therapy Drug (dose) Clinical Clinical
Trials Phase Trials Identifier

Non-Small Cell Cisplatin/Camrelizumab/ Cisplatin (75 mg/m?), Camrelizumab (200 mg), Il NCT04338620®R

Lung Cancer Paclitaxel Paclitaxel (130 mg/m?)

(NSCLC) . . o . . o
Cisplatin/Gemcitabine Cisplatin (60 mg), Gemcitabine (200 mg) | NCT02889666®R
Cisplatin/Pemetrexed Cisplatin (75 mg/m?), Pemetrexed (500 mg/m?) Il NCT02743923(ANR)
Cisplatin/Pemetrexed Cisplatin (75 mg/m?), Pemetrexed (500 mg/m?) mn NCT02657434(ANR)
Cisplatin/Pemetrexed/Atezoli- Cisplatin (75 mg/m2), Pemetrexed (500 mg/m2), llI NCT02657434(ANR)
zumab Atezolizumab (1200 mg)

Cisplatin/Etoposide Cisplatin (80 mg/m?), Etoposide (100 mg/m?) mn NCT02875457(NR)
Cisplatin/Etoposide/Apatinib  Cisplatin (80 mg/m?2), Etoposide(100 mg/m?) Il NCT02875457NR)
Apatinib (250 mg/d)

Triple-Negative Nab-paclitaxel/Cisplatin/ Nab-Paclitaxel (125 mg/m?), Cisplatin (75 mg/m?), 1l NCT04537286®)

Breast Cancer /Carilizumab Carilizumab (200 mg)

(TNBC) Gemcitabine/Cisplatin Gemcitabine (1250 mg/m?), Cisplatin (75 mg/m2) || NCT04297267®
Eribulin/Cisplatin Eribulin (1.4 mg/m?), Cisplatin (75 mg/m?) Il NCT04517292(NR)
vs. vs.

Gemcitabine/Cisplatin Gemcitabine (1250 mg/m?), Cisplatin (75 mg/m?)
Chidamine/Cisplatin Chidamine (20 mg), Cisplatin (75 mg/m?2) I NCT04192903(NR)
Docetaxel/Cisplatin Docetaxel (75 mg/m?), Cisplatin (25 mg/m?) Il NCT04664972®

Ovarian Cancer Mitomycin C/Cisplatin Mitomycin C (10 mg/m?), Cisplatin (100 mg/m2)  Not Applicable NCT04747717®
Nab-paclitaxel/ Cisplatin/ Nab-paclitaxel (180-220 mg/m?), Cisplatin ] NCT03989336®
/Sintilimab (60-80 mg/m?),Sintilimab (200 mg)

Manganese Chloride/Nab- Manganese Chloride (0,4 mg/kg — inhalation), 7] NCT03989336®

-paclitaxel/Cisplatin/Sintilimab Nab-paclitaxel (180-220 mg/m?), Cisplatin
(60-80 mg/m?), Sintilimab (200 mg)

Bladder Cancer Radiotherapy/Cisplatin Radiotherapy (to 63 Gy), Cisplatin (20 mg/m?) Not Applicable NCT01495676ANR)
Radiotherapy/Cisplatin/ Radiotherapy (to 63 Gy), Cisplatin (20 mg/m?2), NotApplicable NCT01495676ANR)
Gemcitabine Gemcitabine (25 mg/m?)
Atezolizumab/Gemcitabine/  Atezolizumab (1200 mg/m?), Gemcitabine Il NCT03093922(ANR)
Cisplatin (1000 mg/m?), Cisplatin (70 mg/m?)
Etoposide/Cisplatin Etoposide (100 mg/m?), Cisplatin (80 mg/m?) 1/ NCT03992911®R
Pembrolizumab/Cisplatin/ Pemrolizumab (200 mg), Cisplatin (35 mg/m?), 1I NCT02690558(ANR)
Gemcitabine Gemcitabine (1000 mg/m?)
Cabazitaxel/Cisplatin Cabazitaxel (15 mg/m?2), Cisplatin (70 mg/m?) Il NCT01616875ANR)
Head and Neck Cambrelizumab/Radiotherapy/ Cambrelizumab, Radiotherapy (66-70 Gy), Cisplatin I NCT04405154NR)
Cancer /Cisplatin (75-100 mg/m?)
Cambrelizumab/ Cambrelizumab (200 mg), Cisplatin (60 mg/m?), II NCT04826679R)
/Cisplatin/Nab-paclitaxel Nab-paclitaxel (260 mg/m?)
Radiotherapy/Pembrolizumab/ Radiotherapy (70 Gy), Pembrolizumab (200 mg), Il NCT04369937®R)
/ISA101b/ Cisplatin ISA101b, Cisplatin (100 mg/m?)
Paclitaxel/Cisplatin Paclitaxel (260 mg/m?), Cisplatin (75 mg/m?2) \% NCT04766827®)
vs. vs.
Docetaxel/Cisplatin Docetaxel (75 mg/m?), Cisplatin (75 mg/m?)
Prostate Pembrolizumab/Etoposide/  no data I NCT03582475®
Cancer /Cisplatin
Testicular Bleomycin/Etoposide/Cisplatin no data n NCT02341989 (ANR)
Cancer Vs.
Carboplatin

NCT03937843®R

Etoposide/Cisplatin/Radiation Etoposide (100 mg/m?2), Cisplatin (20 mg/m2), |
Therapy Radiotherapy (2 Gy — 3 weeks later)

(ANR) _ active, not recruting; "R — not yet recruiting; ® — recruiting
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peutic treatment regimen for NSCLC includes, inter
alia, administration of cisplatin in combination with
paclitaxel. The effective interaction of cisplatin with
nab-paclitaxel in relation to advanced NSCLC cancer
was reported by Hattori et al [74] in Phase I and II
clinical trials. Hayashi et al. [75] suggested the possibil-
ity of concurrent use of cisplatin in combination with
nab-paclitaxel and radiation therapy for the treatment
of locally advanced NSCLC. When assessing the ef-
fectiveness of the therapy in Phase I/II clinical trials,
it was shown that concurrent chemoradiotherapy in
combination with cisplatin and nab-paclitaxel can be
a promising method of treatment for NSCLC in patients
under 75 years of age, with normal renal function [75].
There are still ongoing studies evaluating the effective-
ness of cisplatin and paclitaxel with, among others,
sintilimab (Identifier: NCT04840290), pemetrexed
and tislelizumab (Identifier: NCT04379635) [73]. An
alternative in the treatment of lung cancer is also the
combined action of cisplatin with vinorelbine [76]. In
contrast, in an experimental animal model, it has been
shown that cisplatin in combination with erlotinib can
be effective in inhibiting tumor growth in lung cancer
[77]. Phase I clinical trials (Identifier: NCT04809103)
are currently underway to determine the maximum dose
of tolerated cisplatin administered bronchoscopically
to the tumor in patients diagnosed with NSCLC [73].

Breast cancer

In the second phase of clinical trials, Rosati et al.
[78] observed that in patients with metastatic breast
cancer resistant to anthracyclines, a well-tolerated
chemotherapy regimen may be a treatment based on
the combination of cisplatin and paclitaxel. However, it
has been shown that an adverse reaction resulting from
the use of this therapy was increased neurotoxicity [78].
According to the literature data, the combined effect of
cisplatin and gemcitabine may also be very effective in
the treatment of breast cancer [79]. It was found that the
combination of cisplatin with gemcitabine, despite the
observed side effects [80], may have a beneficial thera-
peutic effect and constitute an alternative treatment for
patients with triple-negative metastatic breast cancer
(TNBC) [79, 80]. Similar conclusions were presented
after the combined action of cisplatin with nab-paclitaxel
[81]. High therapeutic activity and a mild toxic profile
were obtained in Phase II clinical trials (Identifier:
NCT01928680) as a result of TNBC treatment with cis-
platin and capecitabine, initiated after initial treatment
with anthracyclines and taxanes [73, 82].

Ovarian cancer

The use of cisplatin in the treatment of ovarian
cancer has proved to be an important chemotherapy
strategy. In the treatment of advanced ovarian cancer,

the treatment regimen based on the use of cisplatin
with paclitaxel [83] and cisplatin with cyclophosphamide
[84] was also assessed. Phase III studies conducted by
Mouratidou et al. [84] suggest a stronger response of
ovarian cancer cells to cisplatin with paclitaxel therapy
than to cisplatin with cyclophosphamide although with
no clear differences in disease progression and survival
time. In palliative chemotherapy, in the treatment of
advanced or recurrent ovarian cancer, it has been ob-
served that the combination of cisplatin and topotecan
may be highly effective. However, this activity was as-
sociated with the unfavorable effect of the complexes on
hematological indicators [85]. Hoskins et al. [86], in the
assessment of Phase III clinical trials, did not observe
significant changes in the pharmacological efficacy
of the combined effect of cisplatin with topotecan in
relation to carboplatin and paclitaxel therapy. Reports
from literature data indicate that the use of cisplatin
with doxorubicin may be beneficial in the treatment
of ovarian cancer [87]. Moreover, in women with ad-
vanced and inoperable ovarian cancer, high efficacy was
observed after combining cisplatin with doxorubicin in
intraperitoneal negative pressure aerosol chemotherapy
[87]. Phase II studies have also been implemented to
evaluate the dosing regimen and pharmacodynamics
of cisplatin used as intraperitoneal chemoperfusion in
women with stage III epithelial ovarian cancer (Identi-
fier: NCT02567253) [73].

Bladder cancer

First-line chemotherapy based on cisplatin is one
of the basic treatments for advanced urothelial tumors
[88]. In metastatic bladder cancer, standard cancer
therapy includes methotrexate, vinblastine, doxorubicin,
and cisplatin (MVAC regimen) [89]. Literature data
indicate that cisplatin and gemcitabine chemotherapy
may also have a beneficial effect in the treatment of
advanced bladder cancer [88]. This therapy is also used
in neoadjuvant treatment [89]. The use of cisplatin with
gemcitabine in induction chemotherapy has also been
suggested in patients with invasive bladder cancer [90,
91] although the obtained results of Phase III clinical
trials were inconclusive and called for further analyzes
[90]. Okabe et al. [89] observed that cisplatin and gem-
citabine cumulative treatment of infiltrating bladder
cancer shows a therapeutic effect comparable to the
MVAC regimen. In addition, treatment based on the
combined effect of cisplatin with atezolizumab and
pembrolizumab may gain recognition in the treatment
of advanced and metastatic urothelial neoplasms [73].

Head and neck cancer

The standard topical treatment for advanced squa-
mous cell neoplasms of the head and neck is cisplatin
chemotherapy with radiotherapy [92]. Studies determin-
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ing the dosing regimen of cisplatin used concurrently
with radiotherapy are still ongoing [93, 94]. The efficacy
of cisplatin in induction chemotherapy in advanced, in-
operable head and neck cancer has also been observed
in combination with 5-fluorouracil [95], as well as in
a regimen with fluorouracil and docetaxel [92]. Yokota
et al. [92] showed that in the treatment of head tumors,
chemoradiotherapy initiated after previous induction
chemotherapy with docetaxel, cisplatin, and 5-fluoro-
uracil (cisplatin was given in divided doses) may have
a beneficial therapeutic effect and low toxicity. Moreo-
ver, Fietkau et al. [96], comparing chemoradiotherapy
regimens in advanced head and neck cancer in Phase I11
clinical trials, found that a reduced dose of radiotherapy
with concomitant cisplatin and paclitaxel has a therapeu-
tic effect comparable to standard chemoradiotherapy,
with cisplatin and fluorouracil.

Prostate and testicular cancer

Literature data indicate that first-line treatment
of prostate cancer includes docetaxel therapy [97]. In
Phase II clinical trials, it has been observed that, after
prior docetaxel treatment, a beneficial therapeutic ef-
fect can be obtained after administration of cisplatin
with prednisone [98]. Chemotherapy based on the
combined action of cisplatin with gemcitabine may
also be effective in the treatment of advanced prostate
cancer [99]. Cisplatin-based therapy is also the standard
treatment for testicular cancer. The use of cisplatin in
the treatment of testicular cancer has contributed to the
improvement of the therapeutic efficacy and an increase
in the cure rate since the 1980s [100]. Currently, the
standard treatment of testicular cancer includes
the BEP regimen using cisplatin, etoposide, and bleo-
mycin [101]. Phase III clinical trials are also conducted
to compare the effectiveness of the multi-drug BEP
regimen and the dose-dense combination chemotherapy
containing cisplatin, etoposide, bleomycin, paclitaxel,
oxaliplatin, and ifosfamide in patients with stage 11
or stage III non-seminomatous germ cell (Identifier:
NCT00104676) [73].

Summary

The high efficacy of cisplatin in the treatment of
malignant neoplasms may be limited by developing cel-
lular resistance and numerous side effects. Currently,
research is being conducted to find and implement new
therapeutic strategies using cisplatin, also in combination
with other chemotherapeutic agents and substances with
potential anti-cancer properties. Perhaps the use of cispl-
atin in new multi-drug therapy regimens will contribute
to increasing the effectiveness of oncological treatment.

Conflict of interest

Authors declare no conflict of interest.

References

Heinhuis KM, Ros W, Kok M, et al. Enhancing antitumor response by
combining immune checkpoint inhibitors with chemotherapy in solid tu-
mors. Ann Oncol. 2019; 30(2): 219-235, doi: 10.1093/annonc/mdy551,
indexed in Pubmed: 30608567.

Aldossary S. Review on Pharmacology of Cisplatin: Clinical Use, To-
xicity and Mechanism of Resistance of Cisplatin. Biomed Pharmacol
J. 2019; 12(1): 07-15, doi: 10.13005/bpj/1608.

Florea AM, Busselberg D. Cisplatin as an anti-tumor drug: cellular
mechanisms of activity, drug resistance and induced side effects. Can-
cers (Basel). 2011; 3(1): 1351-1371, doi: 10.3390/cancers3011351,
indexed in Pubmed: 24212665.

Basu A, Krishnamurthy S. Cellular responses to Cisplatin-induced
DNA damage. J Nucleic Acids. 2010; 2010, doi: 10.4061/2010/201367,
indexed in Pubmed: 20811617.

Makovec T. Cisplatin and beyond: molecular mechanisms of action
and drug resistance development in cancer chemotherapy. Radiol
Oncol. 2019; 53(2): 148-158, doi: 10.2478/raon-2019-0018, indexed
in Pubmed: 30956230.

Yeku O, Russo AL, Lee H, et al. A phase 2 study of combined che-
mo-immunotherapy with cisplatin-pembrolizumab and radiation for
unresectable vulvar squamous cell carcinoma. J Transl Med. 2020;
18(1): 350, doi: 10.1186/s12967-020-02523-5, indexed in Pubmed:
32928237.

Kempf SR, Ivankovic S. Carcinogenic effect of cisplatin (cis-diam-
mine-dichloroplatinum (Il), CDDP) in BD IX rats. J Cancer Res Clin
Oncol. 1986; 111(2): 133-136, doi: 10.1007/BF00400751, indexed
in Pubmed: 3084495.

Moul J, Dodge R, Robertson J, et al. The impact of the ?cisplatin era?
of treatment on survival in testicular cancer. World J Urol. 1991; 9(1),
doi: 10.1007/bf00184714.

Browning RJ, Reardon PJ, Parhizkar M, et al. Drug Delivery Strategies
for Platinum-Based Chemotherapy. ACS Nano. 2017; 11(9): 8560-
8578, doi: 10.1021/acsnano.7b04092, indexed in Pubmed: 28829568.
Ciarimboli G. Membrane transporters as mediators of Cisplatin
effects and side effects. Scientifica (Cairo). 2012; 2012: 473829, doi:
10.6064/2012/473829, indexed in Pubmed: 24278698.

. Spreckelmeyer S, Orvig C, Casini A. Cellular transport mechanisms of

cytotoxic metallodrugs: an overview beyond cisplatin. Molecules. 2014;
19(10): 15584-15610, doi: 10.3390/molecules191015584, indexed in
Pubmed: 25268716.

Volarevic V, Djokovic B, Jankovic MG, et al. Molecular mechanisms of
cisplatin-induced nephrotoxicity: a balance on the knife edge between
renoprotection and tumor toxicity. J Biomed Sci. 2019; 26(1): 25, doi:
10.1186/512929-019-0518-9, indexed in Pubmed: 30866950.

Zhou J, Kang Yu, Chen Lu, et al. The Drug-Resistance Mechanisms
of Five Platinum-Based Antitumor Agents. Front Pharmacol. 2020; 11:
343, doi: 10.3389/fphar.2020.00343, indexed in Pubmed: 32265714.
Sliwinska-Hill U, Szumetda M. Biologiczne podstawy terapii
przeciwnowotworowej z zastosowaniem lekoéw platynowych.
Oddziatywanie z cytochromem c. Nowotwory J Oncol. 2016; 66(2):
136-150, doi: 10.5603/njo.2016.0023.

Kozakiewicz K, Kaczmarczyk M. Cisplatin — a by-chance drug. Curr
Gynecol Oncol. 2012; 10(2): 131-140.

Trynda-Lemiesz L, Sliwinska-Hill U. Kompleksy metali w terapii no-
wotworowej. Terazniejszos¢ i przyszto$¢. Nowotwory J Oncol. 2011;
61(5): 465-474.

Subocz M, Poptawska B, Bielawska A, et al. Pochodne platyny w che-
mioterapii choréb nowotworowych. Annal Acad Med Siles. 2011;
65(4): 70-76.

Tanida S, Mizoshita T, Ozeki K, et al. Mechanisms of Cisplatin-Induced
Apoptosis and of Cisplatin Sensitivity: Potential of BIN1 to Act as a Po-
tent Predictor of Cisplatin Sensitivity in Gastric Cancer Treatment. Int J
Surg Oncol. 2012; 2012: 862879, doi: 10.1155/2012/862879, indexed
in Pubmed: 22778941.

Sun CY, Nie J, Huang JP, et al. Targeting STAT3 inhibition to reverse
cisplatin resistance. Biomed Pharmacother. 2019; 117: 109135, doi:
10.1016/j.biopha.2019.109135, indexed in Pubmed: 31226634.

173


http://dx.doi.org/10.1093/annonc/mdy551
https://www.ncbi.nlm.nih.gov/pubmed/30608567
http://dx.doi.org/10.13005/bpj/1608
http://dx.doi.org/10.3390/cancers3011351
https://www.ncbi.nlm.nih.gov/pubmed/24212665
http://dx.doi.org/10.4061/2010/201367
https://www.ncbi.nlm.nih.gov/pubmed/20811617
http://dx.doi.org/10.2478/raon-2019-0018
https://www.ncbi.nlm.nih.gov/pubmed/30956230
http://dx.doi.org/10.1186/s12967-020-02523-5
https://www.ncbi.nlm.nih.gov/pubmed/32928237
http://dx.doi.org/10.1007/BF00400751
https://www.ncbi.nlm.nih.gov/pubmed/3084495
http://dx.doi.org/10.1007/bf00184714
http://dx.doi.org/10.1021/acsnano.7b04092
https://www.ncbi.nlm.nih.gov/pubmed/28829568
http://dx.doi.org/10.6064/2012/473829
https://www.ncbi.nlm.nih.gov/pubmed/24278698
http://dx.doi.org/10.3390/molecules191015584
https://www.ncbi.nlm.nih.gov/pubmed/25268716
http://dx.doi.org/10.1186/s12929-019-0518-9
https://www.ncbi.nlm.nih.gov/pubmed/30866950
http://dx.doi.org/10.3389/fphar.2020.00343
https://www.ncbi.nlm.nih.gov/pubmed/32265714
http://dx.doi.org/10.5603/njo.2016.0023
http://dx.doi.org/10.1155/2012/862879
https://www.ncbi.nlm.nih.gov/pubmed/22778941
http://dx.doi.org/10.1016/j.biopha.2019.109135
https://www.ncbi.nlm.nih.gov/pubmed/31226634

ONCOLOGY IN CLINICAL PRACTICE 2022, Vol. 18, No. 3

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Galluzzi L, Senovilla L, Vitale |, et al. Molecular mechanisms of
cisplatin resistance. Oncogene. 2012; 31(15): 1869-1883, doi:
10.1038/0nc.2011.384, indexed in Pubmed: 21892204.

Choi YM, Kim HK, Shim W, et al. Mechanism of Cisplatin-Induced Cyto-
toxicity Is Correlated to Impaired Metabolism Due to Mitochondrial ROS
Generation. PLoS One. 2015; 10(8): e0135083, doi: 10.1371/journal.
pone.0135083, indexed in Pubmed: 26247588.

Kleih M, Bépple K, Dong M, et al. Direct impact of cisplatin on mito-
chondria induces ROS production that dictates cell fate of ovarian can-
cer cells. Cell Death Dis. 2019; 10(11): 851, doi: 10.1038/s41419-019-
2081-4, indexed in Pubmed: 31699970.

Sancho-Martinez SM, Piedrafita FJ, Cannata-Andia JB, et al. Necrotic
concentrations of cisplatin activate the apoptotic machinery but inhibit
effector caspases and interfere with the execution of apoptosis. To-
xicol Sci. 2011; 122(1): 73-85, doi: 10.1093/toxsci/kfr098, indexed in
Pubmed: 21527773.

Dursun B, He Z, Somerset H, et al. Caspases and calpain are inde-
pendent mediators of cisplatin-induced endothelial cell necrosis. Am
J Physiol Renal Physiol. 2006; 291(3): F578-F587, doi: 10.1152/ajpre-
nal.00455.2005, indexed in Pubmed: 16622172.

Park S, Yoon SP, Kim J. Cisplatin induces primary necrosis through
poly(ADP-ribose) polymerase 1 activation in kidney proximal tubular
cells. Anat Cell Biol. 2015; 48(1): 66-74, doi: 10.5115/acb.2015.48.1.66,
indexed in Pubmed: 25806124.

Siddik ZH. Cisplatin: mode of cytotoxic action and molecular
basis of resistance. Oncogene. 2003; 22(47): 7265-7279, doi:
10.1038/sj.0nc. 1206933, indexed in Pubmed: 14576837.
Weiss-Gradzinska W, Krzempek W, Trynda-Lemiesz L. Mechanizm
opornosci na leki platynowe oraz strategie pokonywania tego zjawiska.
Wiad Chem. 2013; 67: 1105-1128.

Li S, Li C, Jin S, et al. Overcoming resistance to cisplatin by inhibition
of glutathione S-transferases (GSTs) with ethacraplatin micelles in vitro
and in vivo. Biomaterials. 2017; 144: 119-129, doi: 10.1016/j.bioma-
terials.2017.08.021, indexed in Pubmed: 28834763.

Han Yu, Yin W, Li J, et al. Intracellular glutathione-depleting polymeric
micelles for cisplatin prodrug delivery to overcome cisplatin resistan-
ce of cancers. J Control Release. 2018; 273: 30-39, doi: 10.1016/j.
jconrel.2018.01.019, indexed in Pubmed: 29371047.

Stewart DJ. Mechanisms of resistance to cisplatin and carboplatin.
Crit Rev Oncol Hematol. 2007; 63(1): 12-31, doi: 10.1016/j.critre-
vonc.2007.02.001, indexed in Pubmed: 17336087.

Amable L. Cisplatin resistance and opportunities for precision medici-
ne. Pharmacol Res. 2016; 106: 27-36, doi: 10.1016/j.phrs.2016.01.001,
indexed in Pubmed: 26804248.

Lee JH, Chae JW, Kim JK, et al. Inhibition of cisplatin-resistance by
RNA interference targeting metallothionein using reducible oligo-
-peptoplex. J Control Release. 2015; 215: 82-90, doi: 10.1016/j.
jconrel.2015.07.015, indexed in Pubmed: 26210439.

Neumann W, Crews BC, Marnett LJ, et al. Conjugates of cisplatin and
cyclooxygenase inhibitors as potent antitumor agents overcoming
cisplatin resistance. ChemMedChem. 2014; 9(6): 1150-1153, doi:
10.1002/cmdc.201402074, indexed in Pubmed: 24801194.

Jiang GB, Fang HY, Tao DY, et al. COX-2 potentiates cisplatin resistan-
ce of non-small cell lung cancer cells by promoting EMT in an AKT
signaling pathway-dependent manner. Eur Rev Med Pharmacol Sci.
2019; 23(9): 3838-3846, doi: 10.26355/eurrev_201905 17811, indexed
in Pubmed: 31115011.

DengL, Feng DQ, Ling B. Cyclooxygenase-2 promotes ovarian cancer
cell migration and cisplatin resistance via regulating epithelial mesen-
chymal transition. J Zhejiang Univ Sci B. 2020; 21(4): 315-326, doi:
10.1631/jzus.B1900445, indexed in Pubmed: 32253841.

Liu B, Yan S, Qu L, et al. Celecoxib enhances anticancer effect of
cisplatin and induces anoikis in osteosarcoma via PI3K/Akt pathway.
Cancer Cell Int. 2017; 17: 1, doi: 10.1186/s12935-016-0378-2, indexed
in Pubmed: 28053596.

Li S, Jiang M, Wang Lu, et al. Combined chemotherapy with cyclooxy-
genase-2 (COX-2) inhibitors in treating human cancers: Recent ad-
vancement. Biomed Pharmacother. 2020; 129: 110389, doi: 10.1016/].
biopha.2020.110389, indexed in Pubmed: 32540642.

Lin L, Zheng J, Zhu W, et al. Nephroprotective effect of gelsemine
against cisplatin-induced toxicity is mediated via attenuation of
oxidative stress. Cell Biochem Biophys. 2015; 71(2): 535-541, doi:
10.1007/s12013-014-0231-y, indexed in Pubmed: 25343941.

Miller RR, Tadagavadi RK, Ramesh G, et al. Mechanisms of Cisplatin
nephrotoxicity. Toxins (Basel). 2010; 2(11): 2490-2518, doi: 10.3390/to-
xins2112490, indexed in Pubmed: 22069563.

Callejo A, Sedd-Cabezon L, Juan ID, et al. Cisplatin-Induced Ototoxici-
ty: Effects, Mechanisms and Protection Strategies. Toxics. 2015; 3(3):
268-293, doi: 10.3390/toxics3030268, indexed in Pubmed: 29051464.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Sheth S, Mukherjea D, Rybak LP, et al. Mechanisms of Cisplatin-In-
duced Ototoxicity and Otoprotection. Front Cell Neurosci. 2017; 11:
338, doi: 10.3389/fncel.2017.00338, indexed in Pubmed: 29163050.
Yu D, Gu J, Chen Y, et al. Current Strategies to Combat Cispla-
tin-Induced Ototoxicity. Front Pharmacol. 2020; 11: 999, doi:
10.3389/fphar.2020.00999, indexed in Pubmed: 32719605.

Hazlitt RA, Min J, Zuo J. Progress in the Development of Preventa-
tive Drugs for Cisplatin-Induced Hearing Loss. J Med Chem. 2018;
61(13): 5512-5524, doi: 10.1021/acs.jmedchem.7b01653, indexed
in Pubmed: 29361217.

El-Hawwary AA, Omar NM. The influence of ginger administration on
cisplatin-induced cardiotoxicity in rat: Light and electron microscopic
study. Acta Histochem. 2019; 121(5): 553-562, doi: 10.1016/j.ac-
this.2019.04.013, indexed in Pubmed: 31068261.

Sawant S, Prakruthi J, Daddi A, et al. Cisplatin-induced cardioto-
xicity — two case reports. OncoReview. 2015; 5(4): 145-150, doi:
10.5604/20828691.1189719.

Adall F, Gonul Y, Kocak A, et al. Effects of thymoquinone against
cisplatin-induced cardiac injury in rats. Acta Cir Bras. 2016; 31(4):
271-277, doi: 10.1590/S0102-865020160040000008, indexed in
Pubmed: 27168540.

Ibrahim MA, Bakhaat GA, Tammam HG, et al. Cardioprotective effect
of green tea extract and vitamin E on Cisplatin-induced cardiotoxi-
city in mice: Toxicological, histological and immunohistochemical
studies. Biomed Pharmacother. 2019; 113: 108731, doi: 10.1016/j.
biopha.2019.108731, indexed in Pubmed: 30851549.

Bayrak S, Aktas S, Altun Z, et al. Antioxidant effect of acetyl-I-carnitine
against cisplatin-induced cardiotoxicity. J Int Med Res. 2020; 48(8):
300060520951393, doi: 10.1177/0300060520951393, indexed in
Pubmed: 32865065.

Kanat O, Ertas H, Caner B. Platinum-induced neurotoxicity: A review of
possible mechanisms. World J Clin Oncol. 2017; 8(4): 329-335, doi:
10.5306/wjco.v8.i4.329, indexed in Pubmed: 28848699.

von Schlippe M, Fowler CJ, Harland SJ. Cisplatin neurotoxicity in the
treatment of metastatic germ cell tumour: time course and progno-
sis. Br J Cancer. 2001; 85(6): 823-826, doi: 10.1054/bjoc.2001.2006,
indexed in Pubmed: 11556831.

Almutairi MM, Alanazi WA, Alshammari MA, et al. Neuro-protective
effect of rutin against Cisplatin-induced neurotoxic rat model. BMC
Complement Altern Med. 2017; 17(1): 472, doi: 10.1186/s12906-017-
1976-9, indexed in Pubmed: 28962559.

Gomaa DH, Hozayen WG, Al-shafeey H, et al. Ginkgo biloba Al-
leviates Cisplatin-Mediated Neurotoxicity in Rats via Modulating
APP/A /P2X7R/P2Y12R and XIAP/BDNF-Dependent Caspase-3
Apoptotic Pathway. Applied Sciences. 2020; 10(14): 4786, doi:
10.3390/app10144786.

Amptoulach S, Tsavaris N. Neurotoxicity caused by the treatment with
platinum analogues. Chemother Res Pract. 2011; 2011: 843019, doi:
10.1155/2011/843019, indexed in Pubmed: 22312559.

Akman T, Akman L, Erbas O, et al. The preventive effect of oxytocin to
Cisplatin-induced neurotoxicity: an experimental rat model. Biomed
Res Int. 2015; 2015: 167235, doi: 10.1155/2015/167235, indexed in
Pubmed: 25688351.

Li'Y, Zheng M, Sah SK, et al. Neuroprotective influence of sitagliptin
against cisplatin-induced neurotoxicity, biochemical and behavioral
alterations in Wistar rats. Mol Cell Biochem. 2019; 455(1-2): 91-97,
doi: 10.1007/s11010-018-3472-z, indexed in Pubmed: 30446906.
Saadati H, Noroozzadeh S, Esmaeili H, et al. The Neuroprotective Effect
of Mesna on Cisplatin-Induced Neurotoxicity: Behavioral, Electrophy-
siological, and Molecular Studies. Neurotox Res. 2021; 39(3): 826-840,
doi: 10.1007/s12640-020-00315-9, indexed in Pubmed: 33216283.
Karavelioglu E, Boyaci MG, Simsek N, et al. Selenium protects ce-
rebral cells by cisplatin induced neurotoxicity. Acta Cir Bras. 2015;
30(6): 394-400, doi: 10.1590/S0102-865020150060000004, indexed
in Pubmed: 26108027.

Mir M, Arab MR, Shahraki MR, et al. Toxic Effects of Cisplatin on
Hepatocytes and Liver Enzymes of Rats. ASJ. 2015; 12(4): 171-176.
LuY, Cederbaum Al. Cisplatin-induced hepatotoxicity is enhanced by
elevated expression of cytochrome P450 2E1. Toxicol Sci. 2006; 89(2):
515-523, doi: 10.1093/toxsci/kfj031, indexed in Pubmed: 16251482.
Bilgic Y, Akbulut S, Aksungur Z, et al. Protective effect of dexpanthe-
nol against cisplatin-induced hepatotoxicity. Exp Ther Med. 2018;
16(5): 4049-4057, doi: 10.3892/etm.2018.6683, indexed in Pubmed:
30402149.

Niu C, Ma M, Han X, et al. Hyperin protects against cisplatin-indu-
ced liver injury in mice. Acta Cir Bras. 2017; 32(8): 633-640, doi:
10.1590/s0102-865020170080000005, indexed in Pubmed: 28902939.
Man Q, Deng Vi, Li B, et al. Licorice Ameliorates Cisplatin-Induced
Hepatotoxicity Through Antiapoptosis, Antioxidative Stress, Anti-In-

174


http://dx.doi.org/10.1038/onc.2011.384
https://www.ncbi.nlm.nih.gov/pubmed/21892204
http://dx.doi.org/10.1371/journal.pone.0135083
http://dx.doi.org/10.1371/journal.pone.0135083
https://www.ncbi.nlm.nih.gov/pubmed/26247588
http://dx.doi.org/10.1038/s41419-019-2081-4
http://dx.doi.org/10.1038/s41419-019-2081-4
https://www.ncbi.nlm.nih.gov/pubmed/31699970
http://dx.doi.org/10.1093/toxsci/kfr098
https://www.ncbi.nlm.nih.gov/pubmed/21527773
http://dx.doi.org/10.1152/ajprenal.00455.2005
http://dx.doi.org/10.1152/ajprenal.00455.2005
https://www.ncbi.nlm.nih.gov/pubmed/16622172
http://dx.doi.org/10.5115/acb.2015.48.1.66
https://www.ncbi.nlm.nih.gov/pubmed/25806124
http://dx.doi.org/10.1038/sj.onc.1206933
https://www.ncbi.nlm.nih.gov/pubmed/14576837
http://dx.doi.org/10.1016/j.biomaterials.2017.08.021
http://dx.doi.org/10.1016/j.biomaterials.2017.08.021
https://www.ncbi.nlm.nih.gov/pubmed/28834763
http://dx.doi.org/10.1016/j.jconrel.2018.01.019
http://dx.doi.org/10.1016/j.jconrel.2018.01.019
https://www.ncbi.nlm.nih.gov/pubmed/29371047
http://dx.doi.org/10.1016/j.critrevonc.2007.02.001
http://dx.doi.org/10.1016/j.critrevonc.2007.02.001
https://www.ncbi.nlm.nih.gov/pubmed/17336087
http://dx.doi.org/10.1016/j.phrs.2016.01.001
https://www.ncbi.nlm.nih.gov/pubmed/26804248
http://dx.doi.org/10.1016/j.jconrel.2015.07.015
http://dx.doi.org/10.1016/j.jconrel.2015.07.015
https://www.ncbi.nlm.nih.gov/pubmed/26210439
http://dx.doi.org/10.1002/cmdc.201402074
https://www.ncbi.nlm.nih.gov/pubmed/24801194
http://dx.doi.org/10.26355/eurrev_201905_17811
https://www.ncbi.nlm.nih.gov/pubmed/31115011
http://dx.doi.org/10.1631/jzus.B1900445
https://www.ncbi.nlm.nih.gov/pubmed/32253841
http://dx.doi.org/10.1186/s12935-016-0378-2
https://www.ncbi.nlm.nih.gov/pubmed/28053596
http://dx.doi.org/10.1016/j.biopha.2020.110389
http://dx.doi.org/10.1016/j.biopha.2020.110389
https://www.ncbi.nlm.nih.gov/pubmed/32540642
http://dx.doi.org/10.1007/s12013-014-0231-y
https://www.ncbi.nlm.nih.gov/pubmed/25343941
http://dx.doi.org/10.3390/toxins2112490
http://dx.doi.org/10.3390/toxins2112490
https://www.ncbi.nlm.nih.gov/pubmed/22069563
http://dx.doi.org/10.3390/toxics3030268
https://www.ncbi.nlm.nih.gov/pubmed/29051464
http://dx.doi.org/10.3389/fncel.2017.00338
https://www.ncbi.nlm.nih.gov/pubmed/29163050
http://dx.doi.org/10.3389/fphar.2020.00999
https://www.ncbi.nlm.nih.gov/pubmed/32719605
http://dx.doi.org/10.1021/acs.jmedchem.7b01653
https://www.ncbi.nlm.nih.gov/pubmed/29361217
http://dx.doi.org/10.1016/j.acthis.2019.04.013
http://dx.doi.org/10.1016/j.acthis.2019.04.013
https://www.ncbi.nlm.nih.gov/pubmed/31068261
http://dx.doi.org/10.5604/20828691.1189719
http://dx.doi.org/10.1590/S0102-865020160040000008
https://www.ncbi.nlm.nih.gov/pubmed/27168540
http://dx.doi.org/10.1016/j.biopha.2019.108731
http://dx.doi.org/10.1016/j.biopha.2019.108731
https://www.ncbi.nlm.nih.gov/pubmed/30851549
http://dx.doi.org/10.1177/0300060520951393
https://www.ncbi.nlm.nih.gov/pubmed/32865065
http://dx.doi.org/10.5306/wjco.v8.i4.329
https://www.ncbi.nlm.nih.gov/pubmed/28848699
http://dx.doi.org/10.1054/bjoc.2001.2006
https://www.ncbi.nlm.nih.gov/pubmed/11556831
http://dx.doi.org/10.1186/s12906-017-1976-9
http://dx.doi.org/10.1186/s12906-017-1976-9
https://www.ncbi.nlm.nih.gov/pubmed/28962559
http://dx.doi.org/10.3390/app10144786
http://dx.doi.org/10.1155/2011/843019
https://www.ncbi.nlm.nih.gov/pubmed/22312559
http://dx.doi.org/10.1155/2015/167235
https://www.ncbi.nlm.nih.gov/pubmed/25688351
http://dx.doi.org/10.1007/s11010-018-3472-z
https://www.ncbi.nlm.nih.gov/pubmed/30446906
http://dx.doi.org/10.1007/s12640-020-00315-9
https://www.ncbi.nlm.nih.gov/pubmed/33216283
http://dx.doi.org/10.1590/S0102-865020150060000004
https://www.ncbi.nlm.nih.gov/pubmed/26108027
http://dx.doi.org/10.1093/toxsci/kfj031
https://www.ncbi.nlm.nih.gov/pubmed/16251482
http://dx.doi.org/10.3892/etm.2018.6683
https://www.ncbi.nlm.nih.gov/pubmed/30402149
http://dx.doi.org/10.1590/s0102-865020170080000005
https://www.ncbi.nlm.nih.gov/pubmed/28902939

Anna Kopacz-Bednarska, Teodora Krdl, Cisplatin — properties and clinical application

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
. Hattori Y, Kono Y, Itoh S, et al. A phase I/Il study of weekly nab-pac-

75.

76.

77.

78.

79.

80.

81.

82.

flammation, and Acceleration of Metabolism. Front Pharmacol. 2020; 11:
563750, doi: 10.3389/fphar.2020.563750, indexed in Pubmed: 33240085.
Akram R, Ghazal S, Tayebeh S, et al. Hepatoprotective Effects of Pro-
pofolin Cisplatin Induced Rat Liver Oxidative Damage. Pharmacologia.
2016; 7(4): 229-233, doi: 10.5567/pharmacologia.2016.229.233.
Palipoch S, Punsawad C, Koomhin R, et al. Hepatoprotective effect
of curcumin and alpha-tocopherol against cisplatin-induced oxi-
dative stress. BMC Complement Altern Med. 2014; 14: 111, doi:
10.1186/1472-6882-14-111, indexed in Pubmed: 24674233.

Habib SA, Abdelrahman RS, Abdel Rahim M, et al. Anti-apoptotic
effect of vinpocetine on cisplatin-induced hepatotoxicity in mice: The
role of Annexin-V, Caspase-3, and Bax. J Biochem Mol Toxicol. 2020;
34(10): 22555, doi: 10.1002/jbt.22555, indexed in Pubmed: 32578916.
Higuchi K, Yanagawa T. Evaluating dose of cisplatin responsible
for causing nephrotoxicity. PLoS One. 2019; 14(4): 0215757, doi:
10.1371/journal.pone.0215757, indexed in Pubmed: 31022233.
Ruggiero A, Ariano A, Triarico S, et al. Cisplatin-induced nephrotoxicity
in children: what is the best protective strategy? J Oncol Pharm Pract.
2021; 27(1): 180-186, doi: 10.1177/1078155220961550, indexed in
Pubmed: 32990190.

Casanova AG, Prieto M, Colino Cl, et al. A Micellar Formulation of
Quercetin Prevents Cisplatin Nephrotoxicity. Int J Mol Sci. 2021; 22(2),
doi: 10.3390/ijms22020729, indexed in Pubmed: 33450917.
Humanes B, Camano S, Lara JM, et al. Cisplatin-induced renal
inflammation is ameliorated by cilastatin nephroprotection. Nephrol
Dial Transplant. 2017; 32(10): 1645-1655, doi: 10.1093/ndt/gfx005,
indexed in Pubmed: 28340076.

Ma ZN, Li YZ, Li W, et al. Nephroprotective Effects of Saponins from
Leaves of Panax quinquefolius against Cisplatin-Induced Acute Kidney
Injury. Int J Mol Sci. 2017; 18(7), doi: 10.3390/ijms18071407, indexed
in Pubmed: 28703736.

Jing Y, Wu X, Jiang H, et al. Nephroprotective effects of eriocitrin via
alleviation of oxidative stress and DNA damage against cisplatin-
-induced renal toxicity. Turk J Biochem. 2020; 45(4): 381-388, doi:
10.1515/tjb-2019-0399.

Hégerstrom E, Lindberg L, Bentzen J, et al. The Nephroprotective Effect
of Mannitol in Head and Neck Cancer Patients Receiving Cisplatin
Therapy. Clin Med Insights Oncol. 2019; 13: 1179554918821320, doi:
10.1177/1179554918821320, indexed in Pubmed: 30670924.
www.clinicaltrials.gov.

litaxel plus cisplatin in chemotherapy-naive patients with advanced
non-small-cell lung cancer. BMC Cancer. 2020; 20(1): 115, doi:
10.1186/s12885-020-6588-y, indexed in Pubmed: 32046667.
Hayashi H, Ogura M, Niwa T, et al. Phase /Il Study of Cisplatin plus
Nab-Paclitaxel with Concurrent Thoracic Radiotherapy for Patients with
Locally Advanced Non-Small Cell Lung Cancer. Oncologist. 2021; 26(1):
19-e52, doi: 10.1002/ONCO.13524, indexed in Pubmed: 32918791.
Palka M, Sanchez A, Cdérdoba M, et al. Cisplatin plus vinorelbine as
induction treatment in stage IlIA non-small cell lung cancer. Oncol
Lett. 2017; 13(3): 1647-1654, doi: 10.3892/01.2017.5620, indexed in
Pubmed: 28454304.

Zhang Xu, Chen J, Jin H, et al. Effect of erlotinib combined with cisplatin
on IL-6 and IL-12 in mice with Lewis lung cancer. Oncol Lett. 2020; 20(1):
902-906, doi: 10.3892/01.2020.11632, indexed in Pubmed: 32566018.
Rosati G, Riccardi F, Tucci A, et al. A Phase Il Study of Paclitaxel/Cispla-
tin Combination in Patients with Metastatic Breast Cancer Refractory
to Anthracycline-Based Chemotherapy. Tumori Journal. 2018; 86(3):
207-210, doi: 10.1177/030089160008600306.

Koshy N, Quispe D, Shi R, et al. Cisplatin-gemcitabine therapy in
metastatic breast cancer: Improved outcome in triple negative breast
cancer patients compared to non-triple negative patients. Breast.
2010; 19(3): 246-248, doi: 10.1016/j.breast.2010.02.003, indexed in
Pubmed: 20227277.

Hu XC, Zhang J, Xu BH, et al. Cisplatin plus gemcitabine versus
paclitaxel plus gemcitabine as first-line therapy for metastatic triple-
-negative breast cancer (CBCSGO006): a randomised, open-label,
multicentre, phase 3 trial. The Lancet Oncology. 2015; 16(4): 436-446,
doi: 10.1016/s1470-2045(15)70064-1.

LiYi, Zhao Y, Gong C, et al. Cisplatin shows greater efficacy than gemci-
tabine when combined with nab-paclitaxel in metastatic triple-negative
breast cancer. Sci Rep. 2019; 9(1): 3563, doi: 10.1038/s41598-019-
39314-y, indexed in Pubmed: 30837503.

LiQ, LiQ, Zhang P, et al. A phase Il study of capecitabine plus cisplatin
in metastatic triple-negative breast cancer patients pretreated with an-
thracyclines and taxanes. Cancer Biol Ther. 2015; 16(12): 1746-1753,
doi: 10.1080/15384047.2015.1095400, indexed in Pubmed: 26466918.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Sugiyama T, Yakushiji M, Aoki Y, et al. Paclitaxel-cisplatin com-
bination in advanced ovarian cancer: a phase Il study. Inter-
national Journal of Clinical Oncology. 2000; 5(2): 85-88, doi:
10.1007/s101470050096.

Mouratidou D, Gennatas C, Michalaki V, et al. A phase Ill randomized
study comparing paclitaxel and cisplatin versus cyclophosphamide
and cisplatin in patients with advanced ovarian cancer. Anticancer
Res. 2007; 27(1B): 681-685, indexed in Pubmed: 17348460.

Lee MW, Ryu H, Song IC, et al. Efficacy of cisplatin combined with
topotecan in patients with advanced or recurrent ovarian cancer as
second- or higher-line palliative chemotherapy. Medicine (Baltimore).
2020; 99(17): 19931, doi: 10.1097/MD.0000000000019931, indexed
in Pubmed: 32332673.

Hoskins P, Vergote |, Cervantes A, et al. Advanced ovarian cancer:
phase Il randomized study of sequential cisplatin-topotecan and
carboplatin-paclitaxel vs carboplatin-paclitaxel. J Natl Cancer Inst.
2010; 102(20): 1547-1556, doi: 10.1093/jnci/djq362, indexed in
Pubmed: 20937992.

Tempfer CB, Giger-Pabst U, Seebacher V, et al. A phase |, single-arm,
open-label, dose escalation study of intraperitoneal cisplatin and
doxorubicin in patients with recurrent ovarian cancer and peritoneal
carcinomatosis. Gynecol Oncol. 2018; 150(1): 23-30, doi: 10.1016/j.
ygyno.2018.05.001, indexed in Pubmed: 29743140.

Furubayashi N, Negishi T, Takamatsu D, et al. Timing of changing
therapy from gemcitabine and cisplatin chemotherapy based on
real-world data of advanced urothelial carcinoma. Oncol Lett. 2020;
19(4): 2943-2949, doi: 10.3892/01.2020.11368, indexed in Pubmed:
32256805.

Okabe Ko, Shindo T, Maehana T, et al. Neoadjuvant chemotherapy with
gemcitabine and cisplatin for muscle-invasive bladder cancer: multi-
center retrospective study. Jpn J Clin Oncol. 2018; 48(10): 934-941,
doi: 10.1093/jjco/hyy122, indexed in Pubmed: 30169681.

Cognetti F, Ruggeri EM, Felici A, et al. Study Group(t). Adjuvant
chemotherapy with cisplatin and gemcitabine versus chemotherapy
at relapse in patients with muscle-invasive bladder cancer submitted
to radical cystectomy: an lItalian, multicenter, randomized phase |lI
trial. Ann Oncol. 2012; 23(3): 695-700, doi: 10.1093/annonc/mdr354,
indexed in Pubmed: 21859900.

Goel S, Sinha RJ, Bhaskar V, et al. Role of gemcitabine and ci-
splatin as neoadjuvant chemotherapy in muscle invasive bladder
cancer: Experience over the last decade. Asian J Urol. 2019; 6(3):
222-229, doi: 10.1016/j.ajur.2018.06.006, indexed in Pubmed:
31297313.

Yokota T, Shibata M, Hamauchi S, et al. Feasibility and efficacy of
chemoradiotherapy with concurrent split-dose cisplatin after induc-
tion chemotherapy with docetaxel/cisplatin/5-fluorouracil for locally
advanced head and neck cancer. Mol Clin Oncol. 2020; 13(4): 35, doi:
10.3892/mc0.2020.2105, indexed in Pubmed: 32802331.

Le X, Hanna EY. Optimal regimen of cisplatin in squamous cell
carcinoma of head and neck yet to be determined. Ann Trans| Med.
2018; 6(11): 229, doi: 10.21037/atm.2018.05.10, indexed in Pubmed:
30023392.

Helfenstein S, Riesterer O, Meier UR, et al. 3-weekly or weekly cisplatin
concurrently with radiotherapy for patients with squamous cell carcino-
ma of the head and neck - a multicentre, retrospective analysis. Radiat
Oncol. 2019; 14(1): 32, doi: 10.1186/s13014-019-1235-y, indexed in
Pubmed: 30744643.

Rao R, Ss S, Shenoy V, et al. Induction Chemotherapy with Ci-
splatin and 5-Fluorouracil in Advanced Head and Neck Cancers:
A Short Term Response Evaluation. J Clin Diagn Res. 2015; 9(10):
XC08-XC12, doi: 10.7860/JCDR/2015/12191.6671, indexed in Pubmed:
26557601.

Fietkau R, Hecht M, Hofner B, et al. PacCis-Study Group. Randomi-
zed phase-lll-trial of concurrent chemoradiation for locally advanced
head and neck cancer comparing dose reduced radiotherapy with
paclitaxel/cisplatin to standard radiotherapy with fluorouracil/cisplatin:
The PacCis-trial. Radiother Oncol. 2020; 144: 209-217, doi: 10.1016/].
radonc.2020.01.016, indexed in Pubmed: 32044419.

Puente J, Grande E, Medina A, et al. Docetaxel in prostate cancer:
afamiliar face as the new standard in a hormone-sensitive setting. Ther
Adv Med Oncol. 2017;9(5): 307-318, doi: 10.1177/1758834017692779,
indexed in Pubmed: 28529548.

Buonerba C, Federico B D’Aniello C, et al. Phase Il trial of cisplatin
plus prednisone in docetaxel-refractory castration-resistant pro-
state cancer patients. Cancer Chemother Pharmacol. 2011; 67(6):
1455-1461, doi: 10.1007/s00280-011-1594-z, indexed in Pubmed:
21365219.

175


http://dx.doi.org/10.3389/fphar.2020.563750
https://www.ncbi.nlm.nih.gov/pubmed/33240085
http://dx.doi.org/10.5567/pharmacologia.2016.229.233
http://dx.doi.org/10.1186/1472-6882-14-111
https://www.ncbi.nlm.nih.gov/pubmed/24674233
http://dx.doi.org/10.1002/jbt.22555
https://www.ncbi.nlm.nih.gov/pubmed/32578916
http://dx.doi.org/10.1371/journal.pone.0215757
https://www.ncbi.nlm.nih.gov/pubmed/31022233
http://dx.doi.org/10.1177/1078155220961550
https://www.ncbi.nlm.nih.gov/pubmed/32990190
http://dx.doi.org/10.3390/ijms22020729
https://www.ncbi.nlm.nih.gov/pubmed/33450917
http://dx.doi.org/10.1093/ndt/gfx005
https://www.ncbi.nlm.nih.gov/pubmed/28340076
http://dx.doi.org/10.3390/ijms18071407
https://www.ncbi.nlm.nih.gov/pubmed/28703736
http://dx.doi.org/10.1515/tjb-2019-0399
http://dx.doi.org/10.1177/1179554918821320
https://www.ncbi.nlm.nih.gov/pubmed/30670924
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.clinicaltrials.gov
http://dx.doi.org/10.1186/s12885-020-6588-y
https://www.ncbi.nlm.nih.gov/pubmed/32046667
http://dx.doi.org/10.1002/ONCO.13524
https://www.ncbi.nlm.nih.gov/pubmed/32918791
http://dx.doi.org/10.3892/ol.2017.5620
https://www.ncbi.nlm.nih.gov/pubmed/28454304
http://dx.doi.org/10.3892/ol.2020.11632
https://www.ncbi.nlm.nih.gov/pubmed/32566018
http://dx.doi.org/10.1177/030089160008600306
http://dx.doi.org/10.1016/j.breast.2010.02.003
https://www.ncbi.nlm.nih.gov/pubmed/20227277
http://dx.doi.org/10.1016/s1470-2045(15)70064-1
http://dx.doi.org/10.1038/s41598-019-39314-y
http://dx.doi.org/10.1038/s41598-019-39314-y
https://www.ncbi.nlm.nih.gov/pubmed/30837503
http://dx.doi.org/10.1080/15384047.2015.1095400
https://www.ncbi.nlm.nih.gov/pubmed/26466918
http://dx.doi.org/10.1007/s101470050096
https://www.ncbi.nlm.nih.gov/pubmed/17348460
http://dx.doi.org/10.1097/MD.0000000000019931
https://www.ncbi.nlm.nih.gov/pubmed/32332673
http://dx.doi.org/10.1093/jnci/djq362
https://www.ncbi.nlm.nih.gov/pubmed/20937992
http://dx.doi.org/10.1016/j.ygyno.2018.05.001
http://dx.doi.org/10.1016/j.ygyno.2018.05.001
https://www.ncbi.nlm.nih.gov/pubmed/29743140
http://dx.doi.org/10.3892/ol.2020.11368
https://www.ncbi.nlm.nih.gov/pubmed/32256805
http://dx.doi.org/10.1093/jjco/hyy122
https://www.ncbi.nlm.nih.gov/pubmed/30169681
http://dx.doi.org/10.1093/annonc/mdr354
https://www.ncbi.nlm.nih.gov/pubmed/21859900
http://dx.doi.org/10.1016/j.ajur.2018.06.006
https://www.ncbi.nlm.nih.gov/pubmed/31297313
http://dx.doi.org/10.3892/mco.2020.2105
https://www.ncbi.nlm.nih.gov/pubmed/32802331
http://dx.doi.org/10.21037/atm.2018.05.10
https://www.ncbi.nlm.nih.gov/pubmed/30023392
http://dx.doi.org/10.1186/s13014-019-1235-y
https://www.ncbi.nlm.nih.gov/pubmed/30744643
http://dx.doi.org/10.7860/JCDR/2015/12191.6671
https://www.ncbi.nlm.nih.gov/pubmed/26557601
http://dx.doi.org/10.1016/j.radonc.2020.01.016
http://dx.doi.org/10.1016/j.radonc.2020.01.016
https://www.ncbi.nlm.nih.gov/pubmed/32044419
http://dx.doi.org/10.1177/1758834017692779
https://www.ncbi.nlm.nih.gov/pubmed/28529548
http://dx.doi.org/10.1007/s00280-011-1594-z
https://www.ncbi.nlm.nih.gov/pubmed/21365219

ONCOLOGY IN CLINICAL PRACTICE 2022, Vol. 18, No. 3

99.

100.

10

=

102.

Kamiyama Y, Mitsuzuka K, Watanabe M, et al. Chemotherapy with Gem-
citabine and Cisplatin for Advanced Ductal Adenocarcinoma of the Pro-
state: Clinical Courses of Two Patients. Tohoku J Exp Med. 2015; 237(4):
317-321, doi: 10.1620/tjem.237.317, indexed in Pubmed: 26633178.
de Vries G, Rosas-Plaza X, van Vugt MA, et al. Testicular cancer:
Determinants of cisplatin sensitivity and novel therapeutic op-
portunities. Cancer Treat Rev. 2020; 88: 102054, doi: 10.1016/].
ctrv.2020.102054, indexed in Pubmed: 32593915.

. Witko$ A, Copija A, Nowakowska-Zajdel E. Radical chemotherapy of

massively disseminated testicular cancer in a 24-year-old patient with
acute renal failure and cancer cachexia — case report. Oncol Clin
Pract. 2017; 13(3): 138-140, doi: 10.5603/0OCP2017.0016.

Pataszewska-Tkacz A, Swidwinska-Gajewska A, Czerczak S. Cisplatin.
Documentation of proposed values of occupational exposure limits

103.

104.

105.

(OELs). Podstawy i Metody Oceny Srodowiska Pracy. 2018; 34(1(95)):
13-52, doi: 10.5604/01.3001.0011.5845.

Santucci NM, Garber B, Ivory R, et al. Insight into the current practice
of ototoxicity monitoring during cisplatin therapy. J Otolaryngol Head
Neck Surg. 2021; 50(1): 19, doi: 10.1186/s40463-021-00506-0, indexed
in Pubmed: 33766142.

Kou W, Qin H, Hanif S, et al. Nephrotoxicity Evaluation on Cisplatin
Combined with 5-HT Receptor Antagonists: A Retrospective Study.
Biomed Res Int. 2018; 2018: 1024324, doi: 10.1155/2018/1024324,
indexed in Pubmed: 29977907.

Kidera Y, Kawakami H, Sakiyama T, et al. Risk factors for cisplatin-in-
duced nephrotoxicity and potential of magnesium supplementation for
renal protection. PLoS One. 2014; 9(7): €101902, doi: 10.1371/journal.
pone.0101902, indexed in Pubmed: 25020203.

176


http://dx.doi.org/10.1620/tjem.237.317
https://www.ncbi.nlm.nih.gov/pubmed/26633178
http://dx.doi.org/10.1016/j.ctrv.2020.102054
http://dx.doi.org/10.1016/j.ctrv.2020.102054
https://www.ncbi.nlm.nih.gov/pubmed/32593915
http://dx.doi.org/10.5603/OCP.2017.0016
http://dx.doi.org/10.5604/01.3001.0011.5845
http://dx.doi.org/10.1186/s40463-021-00506-0
https://www.ncbi.nlm.nih.gov/pubmed/33766142
http://dx.doi.org/10.1155/2018/1024324
https://www.ncbi.nlm.nih.gov/pubmed/29977907
http://dx.doi.org/10.1371/journal.pone.0101902
http://dx.doi.org/10.1371/journal.pone.0101902
https://www.ncbi.nlm.nih.gov/pubmed/25020203

