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Background: Nephrotoxicity is common among cancer patients, yet some anti-cancer
drugs, for example, platinum derivatives, are nephrotoxic and have narrow therapeutic
indices. If nephrotoxicity is not managed, it can progress to kidney injury, which results in
unregulated blood pressure, hormonal imbalance, electrolyte imbalance, body fluid imbal-
ance and death. However, the burden of nephrotoxicity among adult cancer patients in
Uganda is not documented in the literature.

Objective: This study assessed the prevalence and risk factors of nephrotoxicity among
cancer patients receiving chemotherapy at Mbarara Regional Referral Hospital Cancer Unit
(MRRHCU).

Methods: The study was a cross-sectional study carried out at the MRRHCU, Uganda. All the
206 adult cancer patients who received at least three cycles of chemotherapy and fulfilled the
inclusion criteria were included. A data collection form was used to collect data, which was
recorded into Microsoft Excel version 2013. Data were analyzed using Stata version 12.1.
Results: Of the 206 participants, 74 (35.9%) developed nephrotoxicity with majority in
stage 1 (n = 83, 40.3%) and stage 2 (n =55, 26.7%). In the multivariate logistic regression of
risk factors for nephrotoxicity, age >50 years old (aOR: 1.80, 95% CI: 1.06, 1.91; p > 0.001),
hypertension (aOR: 1.71, 95% CI: 1.74, 1.94; p = 0.011) and use of platinum agents (aOR:
2.04, 95% CI:
nephrotoxicity.
Conclusion: About one-third (1/3) of the adult cancer patients at MRRHCU develop

nephrotoxicity, which indicates a high burden of nephrotoxicity. The prevention of progres-

1.82, 3.34; p = 0.002) were significant independent risk factors of

sion of nephrotoxicity from grades 0, 1 or 2 to grade 3 or 4 is therefore necessary, especially
among the patients with risk factors, such as hypertension and age >50 years old and use of
platinum agents.
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Introduction

The burden of cancer is on the rise worldwide with about 19.3 million cases and
10 million cancer deaths in 2020, the majority of which occur in low- and middle-
income countries.' Chemotherapy remains one of the major options for the treatment of
cancer.” Chemotherapy drugs are widely used either alone or in combination to treat
various types of cancer, such as ovarian cancer, cervical cancer, testicular cancer, head
and neck cancer, nasopharyngeal, and lung cancer.’” However, most chemotherapy

drugs have narrow therapeutic indices; their therapeutic doses are close to their
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respective toxic doses.* As such, chemotherapy drugs are
associated with various risks of toxicities, which include
nephrotoxicity, bone marrow suppression, gastrointestinal
toxicity, ototoxicity and neuropathy. Of these, nephrotoxicity
stands to be major and may largely contribute to restricted
therapeutic use of some chemotherapy drugs.”°
Nephrotoxicity is characterized by the decrease in glo-
merular filtration rate (GFR), which is clinically evaluated
from increased serum creatinine (SCr) and decreased creati-
nine clearance (CrCl) below 60mL/min/1.73 m%’ A study
carried out in Poland found out that nephrotoxicity was
amajor clinical problem among cancer patients who received
chemotherapy.® Chemotherapy regimens containing plati-
num agents (cisplatin, carboplatin or oxaliplatin) have the
most nephrotoxic effects.”'® The major mechanism of
nephrotoxicity is tubular necrosis, which leads to glomerular
damage hence decreasing GFR. In Benin, the prevalence of
nephrotoxicity was reported to be 16.1%."" A study done in
Indonesia showed a prevalence of nephrotoxicity of 34.1%
among cancer patients who were treated with cisplatin.12
Despite preventive strategies, nephrotoxicity among cancer
patients receiving chemotherapy, which includes hydration
with normal saline, administration of mannitol and magnesium
sulphate, still occurs.'® If nephrotoxicity is not managed, it can
progress to kidney injury that results in unregulated blood
pressure, hormonal imbalances, electrolyte imbalances and
body fluid imbalance.*'* This can impoverish the quality of
life for cancer patients, increases their costs of hospitalization
and may lead to death.'® Nevertheless, there has been inade-
quate reporting of ADR data, especially nephrotoxicity with
the National Pharmacovigilance Centre,'® and no study has
been done in Uganda to quantify the burden of nephrotoxicity
among adult cancer patients. This constrains the development
and implementation of strategies for the prevention and treat-
ment of nephrotoxicity among adult cancer patients.'>'”
Therefore, assessing the burden and risk factors of
nephrotoxicity among adult cancer patients receiving che-
motherapy is necessary for setting strategies to prevent
permanent kidney damage, given the fact that approxi-
mately 90% of renal function might be lost before manifes-
tation of clinical symptoms, such as swelling of the feet and
ankles, nausea, vomiting, shortness of breath and fatigue.'”

Methods
Study Design and Setting

The study was a retrospective cross-sectional study that
involved a review of records for cancer patients from

July 2017 to May 2019 at MRRHCU. The MRRHCU
had a bed capacity of 38 beds (20 and 18 beds for adult
and pediatric patients respectively) with 2 specialist
Oncologists, 1 Pharmacist and 7 Nurses.

Study Participants

All 206 adult cancer patients who received chemotherapy
from June 2017 to May 2019 at MRRHCU, who fulfilled
the inclusion criteria were included in the study.

Inclusion Criteria

The study included the records of adult cancer patients of
either sex (18 years old and above), who fulfilled the
following selection criteria.

e Patients who had confirmed cancer diagnosis.

e Patients who had available renal function test results.

e Patients who had normal baseline creatinine clear-
ance of more than 90mL/min/1.73m>.

e Patients who had received at least three consecutive
cycles of chemotherapy from June 2017 to May 2019.

Exclusion Criteria
e Patients with no confirmed cancer diagnosis
e Patients who had creatinine clearance of less than
90mL/min/1.73m’
e Patients with history of renal disease

Data Collection

A data collection checklist was developed based on the
National Cancer Institute, common terminology criteria
for adverse events (CTCAE)'® and it was used to extract
data from the patient charts. The data collection checklist
was structured to comprise four parts including socio-
demographic data, medical information, drug information
(Supplementary Table 1) and laboratory test results among

the selected cancer patients.

The creatinine clearance was computed from the serum
creatinine values using the Cockcroft-Gault formula."®

Two data collection assistants were trained, and the
process of data collection was closely supervised by the
principal investigator to ensure accuracy of data. In addi-
tion, a pretest was conducted on five percent of the sample
size (10 patients) before the actual data collection for the
study to provide feedback, which was used to improve the
data collection tool. The results obtained from the pretest
were not included in the final study results. The data
collected was recorded in Microsoft Excel version 2013.
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Data Analysis

The data collected during the study was exported from
Microsoft Excel version 2013 to Stata software version
12.1 for analysis. The measure of central tendency and
proportions were the descriptive statistics used to describe
the characteristics of the study population. The prevalence
and severity of nephrotoxicity were analyzed using per-
centages and proportions by comparing the baseline eGFR
with the eGFR after cycle 3 of chemotherapy basing on the
CTCAE'® (Supplementary Table 2). The association
between the predictor variables and nephrotoxicity was

measured using the Chi-square tests. Logistic regression
was used to predict the risk factors for nephrotoxicity,
where bivariate logistic regression was performed to deter-
mine the crude odds ratio (cOR) of nephrotoxicity with
each predictor variable. All predictor variables with p <
0.25 were fit into a multivariate logistic regression analysis
model to obtain the adjusted odds ratio (aOR) at 95% level
of confidence®® and control confounders. A value of p <
0.05 was considered statistically significant.

Ethical Considerations

The study was approved by the Mbarara University of
Science and Technology Research Ethics Committee
(MUST-REC) with approval reference number MUREC
1/7-2020. The study was also conducted in compliance
with the declaration of Helsinki and confidentiality of the
patients’ information was protected. The participants’
consent was waived by MUST-REC because the study
was conducted retrospectively on patient files and had no
direct interaction with them. All methods used in the
study were in line with regulations and guidelines of
MUST-REC and Mbarara Regional Referral Hospital
Cancer Unit.

Results

Participant Characteristics

A total of 206 cancer patients who received at least three
cycles of chemotherapy were included in the study. The
mean age of the adult cancer patients was 49 years, the
majority of whom were males (52.4%). Of the adult cancer
patients, 7 (3.4%), 39 (18.9%), 11 (5.3%) and 53 (25.7%)
had diabetes mellitus, hypertension, obesity and HIV, respec-
tively. Most of the cancer patients were married (67.9%).
The most prevalent cancers were breast cancer 18.5% (n =
38) and Kaposi’s sarcoma 13.1% (n = 27) (Table 1).

Table | Baseline Characteristics of Adult Cancer Patients at
MRRHCU

Characteristic Category Frequency (%)
Sex Male 108 (52.4)
Female 98 (47.6)
Age category (years) 18-50 106 (51.5)
> 50 100 (48.5)
Comorbidity None 107 (51.9)
DM 7 (34)
Hypertension 39 (18.9)
HIvV 53 (25.7)
Body mass index Underweight 44 (21.4)
Normal 122 (59.2)
Over weight 29 (14.1)
Obese 11 (5.3)
Average BSA Male 1.69
Female 1.57
Diagnosis Breast cancer 38 (18.5)
Kaposi’ sarcoma 27 (13.1)
Esophageal cancer 25 (12.1)
Prostate cancer 22 (10.7)
Stomach cancer 19 (9.2)
Others 75 (36.4)
Stage of cancer Stage 2 19 (9.2)
Stage 3 42 (20.4)
Stage 4 56 (27.2)
Not staged 89 (43.2)

Abbreviation: BSA, body surface area.

Prevalence of Nephrotoxicity
The prevalence of nephrotoxicity among adult cancer
patients at MRRHCU was 35.9% (n = 74) (Figure 1).

Severity of Nephrotoxicity

Of the 206 adult cancer patients, majority had grade 1
nephrotoxicity (n = 88, 42.7%). Forty-nine (23.8%), fifty-
nine (28.6%) and ten (4.9%) of the adult cancer patients
had grade 0, grade 2 and grade 3 nephrotoxicity respec-
tively. Grade 4 was observed in none of the adult cancer
patients (Figure 2).

Risk Factors of Nephrotoxicity

The p values of the independent risk factors for nephrotoxi-
city in the bivariate model that were <0.25 include; age >50
years (p < 0.001), hypertension (p = 0.003), obesity (p=0.091)
and platinum agents (0.001). These were considered for the
multivariate logistic regression analysis (Table 2).
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Prevalence of nephrotoxicity

®m No nephrotoxicity ~ mDeveloped nephrotoxicity

Figure | Prevalence of nephrotoxicity among adult cancer patients at MRRHCU.

The multivariate logistic regression showed that only age
>50 years (aOR: 1.81, 95% CI: 1.06, 1.17; p value <0.001),
hypertension (aOR: 1.71, 95% CI: 1.72, 1.98; p value =
0.011) and platinum agents (aOR: 2.04, 95% CI: 1.82,
3.34; p value <0.002) were the statistically significant risk
factors of nephrotoxicity among adult cancer patients who
received chemotherapy at MRRHCU (Table 3).

Discussion
The prevalence of nephrotoxicity among adult cancer
patients at MRRHCU was 35.9%. This shows a high burden
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Figure 2 Grades of nephrotoxicity of adult cancer patients at MRRHCU.

of nephrotoxicity among the adult cancer patients at
MRRHCU. The findings of this study are comparable to
previous studies, for example, a study done in Indonesia
about nephrotoxicity and associated risk factors among
cancer patients documented a prevalence of 34.1%.
However, the current prevalence (35.9%) is lower com-
pared to the finding of a study in Japan (48.8%).>' This
difference may have resulted from the different methods
used where the study included advanced esophageal cancer
patients who received only one platinum drug regimen,
whereas our study included patients of different types of
cancer treated with various chemotherapy regimens.
Similarly, a study in Kenya reported a relatively higher
prevalence (38.6%),”* probably due to the difference in
the technique used to determine nephrotoxicity, where
a percentage increase in serum creatinine was used, rather
than the estimated glomerular filtration rate in our study. In
addition, the study employed a prospective study design
unlike the retrospective study design used in our study.
A related study that investigated the prevalence of chronic
kidney disease in south-western Uganda reported a decline
in kidney function in 15.4% of the general medical patients
who were admitted to the medical ward of MRRH.*

The most prevalent grade of nephrotoxicity was grade
1 followed by grade 2. This is comparable with the find-
ings of a study, which was done in the Netherlands that
reported 25% for grade 2 and 8.0% for grade 3 nephro-
toxicity, respectively.”* Even though the proportion of

59
10
Grade 2 Grade 3
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Table 2 Bivariate Logistic Regression Analysis of the Independent Risk Factors for Nephrotoxicity Among Adult Cancer Patients at

MRRHCU
Characteristic Variable Level Presence of Nephrotoxicity cOR P value 95% ClI
Yes (n=74) No (n=132)
Age 18-50 20 86 Ref
>50 54 46 1.08 0.000 1.06-1.11
Sex Male 40 67 Ref
Female 34 65 I.14 0.650 0.65-2.02
Hypertension No 50 113 Ref
Yes 24 19 2.86 0.003 1.44-5.68
HIvV Negative 57 96 Ref
Positive 17 36 0.80 0.499 0.41-1.54
Diabetes mellitus No 71 128 Ref
Yes 4 1.35 0.698 0.29-6.21
Obesity No 73 122 Ref
Yes | 10 0.17 0.091 0.02-1.33
Chemotherapy Drugs Platinum agents No 42 101 Ref
Yes 32 31 3.64 0.001 2.32-5.94
Alkylating agents No 62 65 Ref
Yes 12 67 1.64 0.65 0.27-4.65
Antimetabolites No 17 84 Ref
Yes 09 48 0.96 1.12 0.51-3.93
Vinca alkaloids No 63 46 Ref
Yes ] 86 1.33 0.89 0.884.91
Taxanes No 71 101 Ref
Yes 03 31 0.72 1.98 0.39-5.14
Anthracyclines No 64 53 Ref
Yes 10 79 2.12 2.0l 0.87-3.92
Cortico-steroids No 51 30 Ref
Yes 23 102 1.35 1.77 0.534.73
Other treatments No 66 51 Ref
Yes 08 8l 091 1.88 0.97-2.41

Note: Bold: Statistically significant.
Abbreviations: cOR, crude odds ratio; Ref, reference groups.

cancer patients with grade 3 nephrotoxicity is small
(<10.0%), it should be given attention because it can easily
progress to total kidney damage.”® Therefore, grading of
nephrotoxicity is important as it signals a need for drug-
dose adjustments or discontinuation of chemotherapy until
the normal kidney function is restored among adult cancer
patients treated with chemotherapy.'***¢

The results from the bivariate logistic regression analysis
showed that the p-values for the risk factors; age >50 years

old (p <0.001), hypertension (p = 0.003), obesity (p =0.091)

and platinum agents (p = 0.04) were less than 0.2 hence
selected for the multivariate logistic regression analysis.>°

In the multivariate logistic regression analysis, having
an age of >50 years, hypertension and use of platinum
agents were statistically significant (p < 0.05).

The aOR for age above 50 years was 1.81, implying that
adult cancer patients aged >50 years are 1.81 times as likely
to develop nephrotoxicity as those aged 50 years and below.
This is consistent with previous studies conducted in China,

which reported that nephrotoxicity was higher in the elderly
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Table 3 Multivariate Logistic Regression Analysis of the Risk Factors for Nephrotoxicity Among Adult Cancer Patients at MRRHCU

Variable Level Nephrotoxicity aOR P value 95% CI
Yes (n=74) No (n=132)

Age 18-50 20 86 Ref

>50 54 46 1.81 0.000 1.06—1.97
Hypertension No 50 113 Ref

Yes 24 19 1.71 0.011 1.72-1.98
Obesity No 73 122 Ref

Yes | 10 0.13 0.646 0.01-2.15
Platinum agents No 45 103 Ref

Yes 29 29 2.04 0.002 1.82-3.34

Note: Bolded figures indicate statistically significant associations.
Abbreviation: aOR, adjusted odds ratio.

cancer patients than in patients who were below 50 years
0ld.?”*® The increase in age is associated with structural and
functional renal changes and the changes in kidney function
with normal aging are the most dramatic of any human organ
or organ system.”” A meta-analysis study of medication-
induced nephrotoxicity in older patients reported that older
patients are exposed to potential nephrotoxic drugs or poly-
pharmacy, which may lead to a decline in kidney function
hence a risk for developing nephrotoxicity.*® This is in line
with our study findings, where about three in four adult
cancer patients who developed nephrotoxicity were above
the age of 50 years.

Among the risk factors identified for nephrotoxicity in
our study was hypertension; adult cancer patients who had
hypertension were 1.7 times more likely to develop nephro-
toxicity as compared to the non-hypertensive patients. The
results of our study are similar to the findings of the pre-
vious studies done in the United States of America,10
Switzerland,*' China®? and Brazil,*® that reported hyperten-
sion as a significant risk factor for developing nephrotoxi-
city among adult cancer patients treated with chemotherapy.
Another related study done in south-western Uganda
reported hypertension to be a significant risk factor for the
decline in renal function among patients admitted to the
medical ward of MRRH.** Uncontrolled hypertension leads
to high intra-glomerular pressure, which damages the blood
vessels in the kidney, thus damaging glomeruli and result-
ing in reduced GFR.**

Our study revealed that adult cancer patients who received
platinum agents were two times likely to develop nephrotoxi-
city than those who received other treatment regimens,
a finding similar to other studies done in Switzerland,’’

Canada,” Brazil,*® and Ethiopia.’” The high prevalence of
nephrotoxicity among adult cancer patients who received pla-
tinum agents may be due to the preventive strategies used
where hydration with normal saline and administration of
magnesium sulphate were the preventive measures for nephro-
toxicity. Other strategies such as administration of mannitol
should be considered while developing a pharmaceutical care
plan for such patients."

A major mechanism of platinum-induced nephrotoxi-
city is tubular necrosis, which results in glomerular
damage leading to a decrease in GFR. Other mechanisms
are decreased urinal drainage, which causes an increase in
intra-tubular pressure and vasoconstriction of the efferent
artery. 353

The strength of the study included a relatively high
number of participants. Nevertheless, the study was lim-
ited by the retrospective study design where we relied on
recorded data in the patient files and any missing informa-
tion could not be obtained. The study was also done in

a single centre.

Conclusion

Over a third of the adult cancer patients develop nephro-
toxicity during the course of their treatment with che-
motherapy at Mbarara Regional Referral Hospital Cancer
Unit. The majority of patients with nephrotoxicity had
grade 1 and grade 2. Age of >50 years old and hypertension
were independent risk factors of nephrotoxicity.

Early screening for nephrotoxicity at MRRHCU and in
other regional cancer centers should be considered to
strengthen the strategies for the preventive measures of
nephrotoxicity patients that receive

among  cancer

https:
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chemotherapy. The diagnostics for nephrotoxicity should be
improved in order to allow for appropriate screening, prefer-
ably on-site laboratory investigations should be introduced.

Preventive measures for nephrotoxicity should be ensured
in order to avoid minimizing the risk of nephrotoxicity.

Abbreviations

AKI, Acute Kidney Injury; aOR, Adjusted Odds Ratio;
BMI, Body Mass Index; BSA, Body Surface Area; CI,
Confidence Interval, cOR, Crude Odds Ratio; CrCl,
Creatinine Clearance; CTCAE, Common Terminology
eGFR, Estimated
Glomerular Filtration Rate; GFR, Glomerular Filtration
Rate; MRRH, Mbarara Regional Referral Hospital,
MRRHCU, Mbarara Regional Referral Hospital Cancer
Unit; MUST, Mbarara University of Science and
Technology; MUST-REC, Mbarara University of Science
and Technology Research Ethics Committee; SCr, Serum
Creatinine; WHO, World Health Organization.
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