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Abstract

Background: Nephrotoxicity is a common complication of Cisplatin based chemotherapeutics. Several factors are
anticipated to be associated with this outcome.

Objectives: This study aimed to determine the potential risk factors associated with Cisplatin-induced nephrotoxicity
among Cancer patients in Bangladesh.

Materials and Methods: A multicenter cross-sectional study was conducted in tertiary-level hospitals. A total of 87
Cancer patients receiving cisplatin-based chemotherapy were enrolled. Serum creatinine and estimated glomerular
filtration rate (¢GFR) as indicative of nephrotoxicity were measured before and after each chemotherapy cycle. Statistical
analyses were performed to evaluate the risk factors associated with Cisplatin-induced nephrotoxicity.

Results: Mean age of the patients was 47.0£12.6 years with 54% female and 46% male. Among 87 participants,
nephrotoxicity was observed in 17.2% of patients. The Mann-Whitney U test showed a significant difference in age,
baseline creatinine, and eGFR between normal and nephrotoxic groups (p=0.002, 0.001, 0.003 respectively). Binary
logistic regression revealed increased odds of nephrotoxicity with increasing age (Odds Ratio (OR) =1.090, 95% CI:
1.026-1.157, p=0.005), diabetes (OR=8.500, 95% CI: 1.949-37.074, p=0.004), dose of cisplatin (OR=1.043, 95% CI:
1.003—-1.085, p=0.037), and baseline eGFR (OR=0.953, 95% CI: 0.922-0.986, p=0.005). Diabetes increased the odds of
nephrotoxicity by 8.5 times than non-diabetic.

Conclusion: Increased age, being diabetic, high baseline creatinine and low baseline eGFR were key risk factors for
nephrotoxicity. Adopting early preventive measures for risk groups may reduce the impact of Cisplatin-induced
nephrotoxicity.

Keywords: Cisplatin, Nephrotoxicity, Cancer, Chemotherapy, Risk factors.

Introduction

Cisplatin is a potent chemotherapeutic agent used for
various solid neoplasia." >3 It is frequently used as an
adjunct with other chemotherapeutic drugs.' It exerts
its cytotoxic anticancer properties by interfering with
cellular replication through direct Deoxy-ribonucleic
acid (DNA) damage which leads to defective gene
expression and the production of Reactive oxygen
species (ROS), and eventually cellular damage and
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death.!: >3 Despite its potency in Cancer treatment, it
like
gastrointestinal toxicity, neurotoxicity, ototoxicity,

demonstrates multisystem cytotoxic effects
marrow suppression, immunological reaction and
notably nephrotoxicity with varying degrees of renal
impairment which limits it use now-a-days. Among all
these side effects of Cisplatin, nephrotoxicity is
considered the most important and complicated
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because of the complexity of dose modification and
ambiguous risk benefit ratio. Studies revealed that

cisplatin can induce nephrotoxicity in 8-40% of cases."
2,5,7,8

Several risk factors including increasing age, sex,
diabetes, hypertension, diseases,
cisplatin  dose, predisposition,
nephrotoxic drugs are associated with cisplatin
induced renal toxicity. ** 7" It is evident from studies
that the risk of developing nephrotoxicity multiplies
with increasing age. '*'> Usually, ageing is a renal
impairing factor and renal function declines gradually
after 40 years.!
increased susceptibility to drug induced nephrotoxicity
due to predisposing muscle wasting, increasing
sensitivity to reactive oxygen species, and reduced
tubulo-glomerular function.® '> 3 Diabetes,
general comorbid factor for renal impairment in
normal patients,
nephrotoxicity caused by Cisplatin. A study showed
that cisplatin invoked nephrotoxicity among Diabetic
patients in 22.1% of cases.’. Cisplatin induced
nephrotoxicity can be intensified by diabetes and

cardiovascular

genetic other

Neoplasia in older age shows

as a

may also be associated with

atherosclerotic cardiovascular diseases.'?
Hypertension is another risk factor found in several
other studies for renal impairment." '* Moreover,
Cisplatin is a dose-modifying nephrotoxic drug which
has substantial cumulative effect for nephrotoxicity
with repeated, higher dose,
clearance rate. Since nearly 90% of cisplatin excretes
through kidney, higher dose and reduced clearance rate
increase the deposition of cisplatin metabolites in renal
tubule which eventually causes inflammation, cellular
damage by production of ROS and ultimately cellular
death.* In this study, we tried to figure out some of
these potential risk factors and their roles on
cisplatin-invoked nephrotoxicity
neoplastic patients in Bangladesh. This multicenter
study aimed at capturing an upfront picture of
pharmacological management of cancer patients with
cisplatin-based chemotherapy.

and reduced renal

in context to
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Materials and Methods
Study Design and Population

This cross-sectional study was conducted in the
Pharmacology Department of Sir Salimullah Medical
College. It included 87 Cancer patients aged >18 years
and received at least =>55mg/m2 of 3 cycles
cisplatin-based chemotherapy. Nephrotoxicity was
defined as a decline in renal function, measured by an
eGFR <60 ml/min, occurring from the first cycle of
cisplatin therapy until one month after the third cycle.
Patients with pre-existing chronic kidney disease were
excluded.

Data collection and processing

Data was collected conveniently from the oncology
department of Sir Salimullah Medical College
Hospital, Dhaka Medical College Hospital, and
National Institute Cancer and Research Hospital of
Bangladesh from 2021 to 2022. These three centers
were selected purposively as these centers usually
handle high burden of all types of cancer patients in
Dhaka. We categorized some related factors for
declining renal function such as age (<40 years and >
40years), cisplatin dose (<70 mg/m2 and =70 mg/m2),
body built of the patients (Body Mass Index
(BMI)-Underweight (<18.5 Kg/m2), Normal weight
(18.5-24.9 Kg/m2), Overweight (25.0-29.9 Kg/m2)
and Obese (=30.0 Kg/m2) etc. Prechemotherapy
clinical data like DM, HTN and relevant laboratory
data were taken from record review. We had obtained
serum creatinine and eGFR values before and after
each cycle of chemotherapy. eGFR was calculated
using the Modification of Diet in Renal Disease
(MDRD) formula.

Statistical Analysis

Data analysis was carried out using SPSS version 25.0.
Quantitative variables were stated as mean+SD.
Qualitative data were expressed as frequency and
percentage. We employed Mann-Whitney U test to
compare BMI, Baseline

Age, Cisplatin  dose,



TMSS Medical College Journal (TMCJ)

Creatinine, and Baseline eGFR between normal and
nephrotoxic patients.
analysis was used to find the Odds Ratio of Age, Sex,
Diabetes, Hypertension, Cisplatin dose, Baseline
creatinine, Baseline eGFR as predictors of
nephrotoxicity. P-value less than 0.05 at the 95%
Confidence Interval was considered as statistically
significant.

Binary logistic regression

Ethical Considerations

Ethical approval was obtained from the institutional
review boards of Sir Salimullah Medical College and
informed written consent was taken from all

participants.
Results

In this study, mean age of the patients was 47.0+12.6
years. Among these patients 54% were female and
46% were male. Nephrotoxicity was observed in
17.2% cases after completing three cycles of cisplatin
therapy. Patient’s other demographic and clinical
characteristics are shown in table- 1.

Vol. 24, No 1, January 2025

Characteristics Frequency | Percentage
(%)
Age (Years)
Comorbidity
Diabetes 9 10.3
Mellitus
Hypertension 7 8.0
Cisplatin dose
<70 mg/m’ 41 47.1
>70 mg/m’ 46 529
Baseline 0.78+0.16
Creatinine (mg/dl)
(mean+SD)
Baseline eGFR 103.12426.40
(mean+SD)
Outcome
Normal 72 82.8
Nephrotoxicity 15 17.2

Table II: Comparison of risk variables between
normal and nephrotoxic groups

Table I: Demographic and clinical characteristics Variables | Normal | Nephrotoxic | U Z | Pvalue*
of the patients (n=87) (Mean (Mean value | value
Rank) Rank)
Characteristics Frequency Percentage Age 40.09 6277 2585 | 3.170 | p=0.002
%) . . . . .
Age (Years) BMI 43.57 46.07 509.0 | -0.349 | p=0.727
Age<40 years 20 23.0 Cisplatin | 42.13 53.00 | 405.0 | -1.599 | p=0.110
Age=>40 years 67 77.0 dose
(Mean+SD) 47.0+12.6 Bascline | 39.95 6343 | 2485 | -3.280 | P=0.001
Gender Creatinine
Female 47 54.0 Bascline | 47.64 2653 | 2780 | -2.945 | P=0.003
Male 40 46.0 eGFR
Body built of the patients (BMI)
Fﬁ%@gWKelg/hg) 18 20.7 two groups in Mann-Whitney U test (p=0.002, 0.001,
<18.5 Kg/m . .
Normal weight 55 508 O:OO3 respectively). The Nephrotoxw. group h.aq a
(18.5-24.9 higher mean rank for age and baseline creatinine
Kg/m?) compared to the Normal group. For baseline eGFR, it
Ozve(r)\x;e;gght 15 17.2 showed inverse direction as the Nephrotoxic group
%;m-z) ’ had a lower mean rank than normal group. BMI
Obese (=30.0 2 23 (p=9.727) ar.ld Cisplatin Dose (p=0.110) showed no
Kg/m?) significant differences between the groups.
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Table III: Unadjusted Binary Logistic Regression
Analysis of Factors Associated with Nephrotoxicity

Variable B df | p-value | Odds Ratio 95%
(Unadjusted) Confidence
Interval

Age (Years) 0.086 | 1 0.005 1.090 (1.026 - 1.157)

Gender (Male) | 0.034 | 1 0.953 1.034 (0.339-3.154)

Diabetes (Yes) | 2.140 | 1 0.004 8.500 (1.949-37.074)

Hypertension | 0.723 | 1 0.416 2.062 (0.360-11.793)

(Yes)

Cisplatin dose | 0.042 | 1 0.037 1.043 (1.003-1.085)

(mg/m?)

Baseline 5.600 | 1 0.003 270.318 (6.355-

creatinine 11498.445)

(mg/dL)

Baseline eGFR | -0.048 | 1 0.005 0.953 (0.922-0.986)

Binary logistic regression showed the association of
risk factors with nephrotoxicity (Table I1I). We found
that the odds of nephrotoxicity among the participants
increase significantly by 9% with each unit increase in
age (OR =1.090, 95% CI: 1.026-1.157). It indicated
that older individuals had a higher likelihood of
developing nephrotoxicity. The OR for gender was
1.034 (p=0.953), indicating no significant difference in
nephrotoxicity between male and female Cancer
patients receiving Cisplatin. Diabetes was significantly
associated with nephrotoxicity (OR=8.500, 95% CI:
1.949-37.074). Individuals with diabetes were 8.5
times more likely to develop nephrotoxicity compared
to those without diabetes (p=0.004). Though
Hypertension is a common risk factor for renal
impairment, it didn’t show any significant association
with nephrotoxicity in this scenario (p=0.416). The
dose of cisplatin, baseline creatinine, and baseline
eGFR  were  significantly  associated  with
nephrotoxicity (OR=1.043, 95% CI: 1.003-1.085,
p=0.037; OR=270.318, 95% CI: 6.355-11,498.445,
p=0.003; and OR=0.953, 95% CI: 0.922-0.986,
p=0.005 respectively). These results indicated that for
each unit increase in cisplatin dose, the odds of
nephrotoxicity increased by 4.3%. In case of eGFR, a
lower baseline value was associated with an increased
likelihood of nephrotoxicity.

Discussion

The data was collected at three tertiary level
multi-disciplined hospitals in Bangladesh where
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patients usually come from all over the country. All
eligible patients receiving cisplatin-based
chemotherapy during the study period were included.
Cisplatin is a potent chemotherapeutic agent often
used in conjunction with other chemotherapeutic
drugs.! Several risk factors like age, sex,
comorbidities, BMI, cisplatin dose, gene expression
are associated with cisplatin induced renal toxicity.
Most of the patients were older adults (Mean age
47.0+12.6 years) and odds of nephrotoxicity increased
by 9% with the increasing age. It indicated that older
individuals had a higher likelihood of developing
nephrotoxicity. Usually, increasing age is a renal
impairing factor and renal function declines gradually
after 40 years.”” Neoplasia in older age shows
increased susceptibility to drug induced nephrotoxicity
due to predisposing muscle wasting, increasing threat
to oxygen species, and reduced
tubulo-glomerular function.®'*"* Our sample had 54%

female and 46% male patients. Similar male-female
1,14

reactive

distribution was also found in several other studies.
Nephrotoxicity was observed in 17.2% cases after
completing three cycles of cisplatin therapy in this
study. Some studies showed that prevalence of
nephrotoxicity due to cisplatin-based
chemotherapeutics ranges from 8% to 40% of cases." '

The Mann-Whitney U test showed direct relation of age
as well as baseline creatinine and an inverse relation of
baseline eGFR with Nephrotoxicity. Patients who had
higher creatinine or lower eGFR or both at baseline
were more likely to develop nephrotoxicity after
cisplatin therapy. Diabetes, as a general comorbid risk
factors for renal impairment in normal patients, was
also significantly associated with nephrotoxicity
caused by Cisplatin. Individuals with diabetes were 8.5
times more likely to develop nephrotoxicity compared
to non-diabetic. A study on cisplatin induced
nephrotoxicity among Diabetes Mellitus showed that
nephrotoxicity occurs in 22.1% of Diabetic Cancer
patients receiving this drug, possibly because of the
reduction in renal autophagy.’ Cisplatin induced
nephrotoxicity can be intensified by diabetes and
atherosclerotic cardiovascular diseases.'>. Though
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Hypertension is another risk factor found in several
other studies for renal impairment."'* this study didn’t
find any significant association of hypertension with
nephrotoxicity in this scenario. The dose of cisplatin,
baseline creatinine, and baseline eGFR were
significantly associated with nephrotoxicity.

These results indicated that for each unit increase in
cisplatin dose, the odds of nephrotoxicity increased by
4.3%. One unit decrease in baseline eGFR increased
the odds of nephrotoxicity by 4.7%. Cisplatin being a
dose-modifying nephrotoxic drug has significant
cumulative effect for nephrotoxicity with higher dose
and reduced renal clearance rate. Since nearly 90% of
cisplatin excretes through kidney, higher dose and
reduced clearance rate increase the deposition of
cisplatin metabolites in renal tubule which eventually
causes inflammation, cellular damage by production of
ROS and ultimately cellular death.* For each unit
increase in baseline creatinine value, the odds of
nephrotoxicity increased greatly with
variability in confidence interval, indicating that
higher baseline creatinine were strongly associated
with nephrotoxicity but at the same time with
considerable uncertainty. This could be due to small
samples and disproportionate effect of the scale of
between

a wide

measurement creatinine and outcome

variable.

As a retrospective cross-sectional study, this study had
limited scope for generalizing comparability between
nephrotoxic and normal patients. In addition, the effect
of adjunct therapy and other risk factors could not be
controlled in this setting which may yield to
sub-estimate or overestimate. Further research,
potentially with adjusted models, would be needed to
refine these associations and explore
relationships. Despite these facts, this study will
contribute substantially to prevention and clinical
management of nephrotoxicity among Cancer patients
receiving cisplatin in Bangladesh.

causal

Conclusion

This study sheds light on the pressing risk of
cisplatin-induced nephrotoxicity among cancer
patients, especially those who are older, diabetics,
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receive higher doses, or start with poor kidney
function. These findings underscore the importance of
close monitoring and early screening to protect
vulnerable patients during treatment. The study also
highlights the need for future, more detailed research
to better guide treatment decisions and protect patients
from avoidable harm.
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