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ABSTRACT

Background: nephrotoxicity is one of the significant complications of cisplatin. Aim of study:
to evaluate the impact of cisplatin on nephrotoxicity in patients at the National Oncology
Teaching Hospital in Al-Najaf Province.

Patients and methods: An observational, cohort study was conducted by 40 patients at the
National Hospital for Oncology and Hematology in Al-Najaf Al-Ashraf, Irag.

Results: The study shows significant differences in urea and creatinine levels before and
after cisplatin treatment with p-values of 0.381, 0.036, respectively. Cisplatin treatment
significantly increased urea and creatinine levels in both genders, with females experiencing
a more pronounced decrease after four months than men.

Conclusion: Our findings indicate a high incidence of nephrotoxicity in Cisplatin patients, with
males at greater risk than females. This is influenced by Urea and Creatinine levels before, 2
months after, and 4 months after Cisplatin treatment.
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INTRODUCTION

Clinically sophisticated and extremely effective, cisplatin is an anticancer
medication used to treat a variety of solid tumors, including ovarian, stomach,
and lung cancer (1).

Kidney disease is a silent condition diagnosed by interpreting changes in
kidney function or decreased urine output, but these changes are neither
sensitive nor specific to acute kidney injury (AKI) (2).

Nonetheless, nephrotoxicity is the primary side effect of cisplatin administra-
tion. Clinically, there is a 20% to 35% probability that individuals using cisplatin
would experience nephrotoxicity, which can lead to AKI and death (3).

Since over 90% of cisplatin is excreted in the urine and negatively affects
the renal transport system, cisplatin-induced nephrotoxicity arises from a
greater degree of cisplatin buildup in the kidney than in another organ through
mediated transports (4).
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The pathogenic processes of cisplatin-induced
nephrotoxicity often Ischemia or necrosis may be
observed in the proximal renal tubular epithelial cells,
as well as reductions in renal blood flow and glomerular
filtration rate (5). Renal tubular epithelial cells lose
their brush-like morphology because of cisplatin.
Proteinaceous casts arise as a result of the necrosis and
progressive loss of epithelial cells brought on by an
increase in cisplatin accumulation (5).

Nephrotoxicity, a major barrier to cisplatin
treatment, is caused by inflammation, autophagy,
oxidative stress, and apoptosis, necessitating further
investigation into therapeutic options. Investigating
nephrotoxicity therapeutic options requires an under-
standing of the underlying mechanism.

The kidneys are primarily responsible for excreting
cisplatin. The concentration of substances in renal
tubular epithelial cells is considerably greater than that
present in the blood, highlighting the critical role these
cells play in renal function and metabolic processes,
and it gets concentrated during excretion. A high
concentration of cisplatin in the kidneys results from
the secretion and reabsorption of cisplatin and its
metabolites in the renal tubules during glomerular
filtration during excretion (6). Recent research shows
renal tubular cells absorb cisplatin through copper
transporter CTR1 and organic cation transporter OCT2
(7), and secrete it into the lumen by multidrug and
toxin extrusion 1 and solute carrier family 47 member
1 (8). Knocking down the OCT2 gene can significantly
decrease nephrotoxicity (9). OCT2 mutations in patients
reduce cisplatin transport into renal tubular cells and
OCT2 expression, reducing nephrotoxicity (10).
Downregulation of CTR1 expression also significantly
reduces cisplatin absorption and cytotoxicity (11).

By attaching to DNA and forming adducts that
damage DNA, cisplatin mediates its cytotoxic effects.
Water molecules take the place of cisplatin's chloride
ligand in an aqueous environment to create a positively
charged hydrated complex ion, which is then carried to
the nucleus by DNA electrostatic attraction. Then, in
rapidly growing cells, this complex attaches itself to
DNA to create an adduct, which causes DNA cross-
linking and stops DNA synthesis and replication (12,13).

Cisplatin induces apoptosis through caspase [as
both dependent and independent] pathways. When
entering renal tubular epithelial cells, BAX triggers
caspase-2, releasing cytochrome c, apoptosis-inducing
factor, and SMAC/DIABLO. Also, p53 activates the mito-
chondrial pathway in cisplatin-induced cytotoxicity,
altering proapoptotic protein BAX and mitochondrial
membrane integrity, leading to apoptosis and down-
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regulation of antiapoptotic proteins (14).

Cisplatin can trigger the endoplasmic reticulum
stress-mediated apoptotic pathway by affecting the
cytochrome P450 enzymatic system, causing oxidative
stress and activating caspase-12, leading to apoptosis.
As anticipated, cytochrome P450, family 2, subfamily E,
polypeptide 1 [Cyp2el]-knockout animals and anti-
caspase-12 antibody transfections have shown signifi-
cant reductions in cisplatin-induced apoptosis (15-18).

Recent research indicates oxidative and nitrosative
stress are key factors in cisplatin-induced nephrotoxicity,
with antioxidants and reactive oxygen species [ROS]
scavengers showing strong protective effects against
this toxicity (19).

Cisplatin-induced nephrotoxicity is linked to
inflammatory response, with elevated tumor necrotic
factor [TNF-a] expression in a nephrotoxic mouse.
Dimethyl thiourea, a hydroxyl radical scavenger,
protects against cisplatin-induced kidney damage by
inhibiting p38 MAPK activation and TNF-a mRNA
expression in murine kidneys (20).

By limiting increases in autophagy and apoptosis in
NRK-52E cells treated with cisplatin, autophagy is
shown to be essential for preserving cellular homeosta-
sis and avoiding cisplatin-induced nephrotoxicity (21).

This study evaluates cisplatin's impact on nephro-
toxicity in patients at the National Oncology Teaching
Hospital, aiming to quantify its effects on renal function
and uncover underlying mechanisms. Analyzing clinical
data, serum creatinine levels, and urine output will
improve patient management strategies.

PATIENTS AND METHODS
Study Design

The observational cohort study was conducted
based on the laboratory analyses of patients at the
National Hospital for Oncology and Hematology in
Al-Najaf Al-Ashraf. The study took place from October
to December 2023. The patients included in the study
had various types of tumors, such as metastatic
bladder cancer, head and neck cancer, non-small cell
lung cancer, ovarian cancer, and testicular cancer. All
patients were treated with cisplatin as one of the anti-
tumor medications.

Renal Function Markers

The laboratory analysis results focused on serum
creatinine and blood urea nitrogen (BUN) to observe
the incidence of nephropathy among patients using
cisplatin.
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Data Collection

The results of this study were obtained from the
hospital's laboratory, with contributions from the
consultant doctor, pharmacists, and medical analysts.
Our analysis included laboratory results from approxi-
mately 40 patients, evenly divided between 20 male
and 20 female patients.

Statistical Analysis

All data were analyzed using the Statistical Package
for the Social Sciences (SPSS) software, version 26, and
Microsoft Excel 2019. Results are expressed as mean +
standard deviation (SD). The significance of differences
was evaluated at [p-value less than 0.05].

RESULTS

In the table presented (table 1), there is a
noticeable difference in urea and creatinine levels
before and after the administration of cisplatin. The
first pair indicates a significant increase in urea levels in
40 patients following cisplatin treatment, suggesting a
strong correlation with nephrotoxicity. In contrast,
the second pair shows the changes in creatinine
levels, which, while elevated, do not demonstrate as
pronounced a change as the urea levels. The p-value
associated with these differences indicates that the
changes in creatinine levels are not as statistically
significant as those observed in urea levels. This
suggests that while both markers indicate kidney
function, urea levels may provide a more sensitive
indication of nephrotoxic effects following cisplatin
administration in this patient cohort.

In pairs 3 and 4, when we compared the levels of

urea and creatinine, we found an insignificant p-value,
indicating a reduced risk of nephrotoxicity after four
months of Cisplatin administration due to appropriate
monitoring.

In pair 5, when comparing urea levels after two and
four months of Cisplatin treatment, we observed a
significant p-value, suggesting that urea levels
markedly decreased after four months. However, in
pair 6, which examined the differences in creatinine
levels after two and four months, the p-value was
insignificant, indicating that creatinine levels did not
show a significant reduction.

The following table (table 2) illustrates the
variation in results between male and female patients,
highlighting the impact of gender on the outcomes. We
observe differences in the levels of creatinine and urea
between males and females, even before the adminis-
tration of cisplatin, as indicated by the p-value. Female
patients exhibited lower levels of urea and creatinine
compared to male patients.

After two months of cisplatin administration, both
male and female patients showed an increase in urea
and creatinine levels, with the p-value indicating
significant differences. Furthermore, after four months,
the decrease in urea and creatinine levels in female
patients was more pronounced than in male patients,
with the p-value again showing significant differences.

DISCUSSION

Michele Peyrone synthesized cisplatin, also known
as Peyronie chloride, in 1845. Furthermore, cisplatin
(dichlorodiamino platinum) became a widely used inor-
ganic platinum-based chemotherapy agent for treating
various malignant solid tumors (22).

Cisplatin is a chemotherapy drug used to treat a

Table 1 - Comparison of creatinine and urea levels before, 2 months after, and 4 months after cisplatin
administration.

Variables Mean = SD N P-value
Pair 1 Urea before cisplatin 26.7325+7.66672 40 0.000*
_L!((_a_a after 2months of cisplatin 36.5775¢17.91386 40 0000*
Pair 2 Creatinine before cisplatin 0.6768+.30902 40 0.036*
9(§gtinine after 2 months of cisplatin 0.7760+41091 40 0036*
Pair 3 Urea before cisplatin 26.7325+7.66672 40 0.381
Urea after 4 months of cisplatin 28.2225¢1244773 40 0381
Pair 4 Creatinine before cisplatin 0.6768+.30902 40 0.951
Creatinine after 4 months of cisplatin 06730+30662 40 0.951
Pair 5 Urea after 2 months of cisplatin 36.5775+17.91386 40 0.000*
_L!(a_a_a after 4 months of cisplatin 28.2225¢12.44773 40 0000*
Pair 6 Creatinine after 2 months of cisplatin 0.7760+.41091 40 0.126
Creatinine after 4 months of cisplatin 0.6730+.30662 40 0.126

*Significant differences at p-value <0.05, SD: standard deviation
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Table 2 - Comparison of creatinine and urea levels before, after, and 4 months following cisplatin administration
based on gender differences.

Variables Gender N Mean = SD P value
Urea before cisplatin Male 20 29.5350+7.75760 0.019*
__________ Female 20 _23.9300:6.62842
Creatinine before cisplatin Male 20 0.7895+.35941 0.02*
__________ Female 20 _0.5640+.20019
Urea after 2month of cisplatin Male 20 43.9900+.20019 0.007*
__________ Female 20 _29.1650+12.31739
Creatinine after 2 months of cisplatin Male 20 0.9300+.49454 0.016*
__________ Female 20 _ 0.6220+.22823
Urea after 4 months of cisplatin Male 20 32.0750+£14.86153 0.049*
__________ Female 20 __24.3700:8.12009
Creatinine after 4 months of cisplatin Male 20 0.7925+.35209 0.012*
Female 20 0.5535+.19736

*Significant differences at p-value <0.05, SD: standard deviation

variety of cancers, including testicular, ovarian, blad-
der, head and neck, esophageal, lung, breast, cervical,
gastric, and prostate cancers. It is also effective against
Hodgkin's and non-Hodgkin's lymphoma, melanoma,
and mesothelioma. Cisplatin works by activating the
apoptotic pathway, which causes cell damage through
oxidative stress and inflammation (22, 23).

As shown in our findings, a minor portion of filtered
creatinine is reabsorbed in the tubules, while a larger
amount [up to 10%] is actively secreted into the urine
by the tubules. The glomerular filtration rate (GFR) can
decrease by 50% before plasma creatinine concentra-
tions rise above the normal range. Moreover, when
GFR decreases by an additional 50%, the plasma
creatinine concentration doubles. As a result, normal
plasma creatinine levels do not necessarily indicate
normal renal function; however, elevated creatinine
levels typically suggest impaired kidney function (24).

Another study has indicated that kidney damage is
evidenced by a significant rise in serum BUN and
creatinine levels when compared to the control group.
These findings align with those of earlier research that
demonstrated cisplatin's nephrotoxic effects. Cisplatin
can lead to significant complications, including damage
to the tubular structures of the kidneys, inflammation
in the surrounding interstitial areas, and injury to the
blood vessels. These effects highlight the importance of
monitoring renal health when using this powerful
chemotherapy agent (25).

The increased levels of BUN (Blood Urea Nitrogen)
and creatinine serve as critical markers for assessing
kidney function and can help in the early detection of
nephrotoxicity, allowing for timely intervention.
Understanding the mechanisms underlying cisplatin-
induced kidney damage is crucial for developing

S20

strategies to mitigate these adverse effects and
improve patient outcomes.

Due to variations in hormone levels, men might
have a greater risk of experiencing kidney failure at
an earlier age compared to women. In men, high
testosterone levels may play a role in the deterioration
of kidney function. On the other hand, due to higher
levels of estrogen in females, women’s kidneys may
experience protective effects from this hormone
(26,27).

Another study indicated the difference in gender in
association on nephrotoxicity induced by cisplatin has
yielded differing conclusions about the existence of sex
differences. According to some studies, women
may have greater resistance to nephrotoxicity because
of their more robust antioxidant defenses and the
protective properties of estrogen. Other studies,
however, have suggested that due to their higher
clearance rates of cisplatin, males may be less
vulnerable than females (28).

Another hypothesis proposes that the kidneys
might actively gather cisplatin, as indicated by its
greater concentration in kidney tissue than in blood.
Cisplatin penetrates cells via two kinds of membrane
transporters: the copper transporter (CTR1) and the
organic cation transporter (OCT2). Reports indicate
that OCT2 levels are considerably greater in males and
show a positive correlation with nephrotoxicity (29).

After four months of cisplatin administration, imple-
menting active hydration with saline and simultaneous
administration of mannitol before, during, and after
treatment has been shown to significantly reduce
nephrotoxicity associated with cisplatin. This strategy
is now widely accepted as the standard of care to
mitigate the drug's side effects.
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Strategies for protecting against cisplatin toxicity
include Enhancing drug elimination via intravenous
hydration, judicious use of osmotic diuretics, and
reducing nephrotoxic medications (30).

CONCLUSIONS

Our findings show a high incidence of nephrotoxicity
in Cisplatin patients, with males at greater risk than
females. Elevated Urea and Creatinine levels are noted
in males both before treatment and after two months,
with Urea increasing significantly more than Creatinine.
After four months, monitoring leads to a decrease in
both levels. The decision-making process for patients
should be approached cautiously, considering factors
such as sex, age, health status, medical history, and
other medications that may increase toxicity risk. It is
important to assess treatment goals and the patient's
susceptibility to cisplatin-related toxicities.

Additionally, it's vital to correct risk factors for
nephrotoxicity, ensure adequate hydration during
treatment, and option for non-nephrotoxic alternatives
when possible.
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