Current Topics in

Pharmacology

Vol. 29, 2025

Original Article

Impact of anticancer therapy on renal function:
A comparative analysis of creatinine and urea profiles

Marwan M. Merkhan"*, Wejdan Al-Shakarchi’ and Yasser J. Ali®

'Department of Pharmacology and Toxicology, College of Pharmacy, University of Mosul,
Alhadbaa Street, Mosul, 41002, Iraq; 2Departrnent of Pharmaceutical Chemistry, College of Pharmacy,
University of Mosul, Alhadbaa Street, Mosul, 41002, Iraq; *Nineveh Health Directorate,

Almeethaq Street, Mosul, 41002, Iraq.

ABSTRACT

Kidneys are primarily responsible for drug elimination
and are highly vulnerable for toxicity, especially
during the use of a combination of nephrotoxic
drugs. The present study compared the renal function
in cancer patients using different combinational
treatment protocols, which are currently used in
the patients presented to the clinical settings.
To do so, a total of 57 cancer patients already
recorded as cancer patients were recruited and their
medical files were investigated for demographic
characteristics. Patients’ records were used for
procuring data regarding their characteristics and
treatment profiles. The patients were sub-classified
based on the chemotherapeutic medications used
into platinum-based regimen (PBR), targeted therapy
regimen (TTR), anthracycline-based regimen (ABR),
taxane-based regimen (TBR), antimetabolite regimen
(AmR), and immunotherapy regimen (ITR).
Four millilitres of venous blood was withdrawn
from overnight fasting cancer patients, serum
separated, and frozen at -20°C. An enzyme-linked
immunosorbent assay (ELISA)-based technique
was used to determine creatinine and urea from
serum. The patients enrolled in the present study
were middle-aged adults (56.6+15.2 years), mostly
females 48, 84.2%). The common cancer type was
breast cancer (36.8%), and the least common type
was ovarian cancer (7%). Serum creatinine and
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urea in patients with uterine cancer (141.7+41.5
and 6.08+1.17 umol/L, respectively) were
significantly (p<0.05) higher than those of breast
cancer, lung cancer, and ovarian cancer. The
serum creatinine levels in TBR (106.2+42.8) and
TTR (106.2+42.8) groups were significantly
(p<0.05) higher compared to all other groups.
Conversely, the lowest creatinine levels were
reported in the AmR group (66.8+18.9). Renal
function has shown deterioration in the case of
uterine cancer compared to lung, ovarian, and
breast cancers. The renal function impairment was
significantly associated with targeted therapy
regimen and taxane-based regimen. Moreover, the
outcomes revealed that renal function in the
immunotherapy regimen was better compared to
other regimens. These findings necessitate baseline
assessment of renal function prior to anticancer
therapy and monitoring of renal function. This
aspect should be considered in particular in
uterine cancer patients.
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INTRODUCTION

Cancer is one of the principal life-threatening
triggers, and anticancer therapy acts as a keystone
of cancer management for various tumour types
and at different stages [1]. Despite the therapeutic
benefits and life-saving potential of these anticancer
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agents, toxicity is unavoidable, hindering the safety
and quality of life of patients [2, 3]. Nephrotoxicity is
the most clinically relevant complication associated
with anticancer therapy, overburdening the healthcare
system and imposing a challenge in the clinical
setting, necessitating drug dose titration or even
discontinuation of the offending regimens [4-6].

The kidneys, as an elimination organ, are
principally susceptible to anticancer therapy-induced
injury, perhaps due to their metabolic activity and
high vascularisation capacity [7, 8]. The mechanism
of renal toxicity includes direct tubular injury,
glomerular toxicity, interstitial nephritis, and
vasculopathy [9, 10]. For example, it has been
reported that platinum-based regimens were
associated with nephrotoxicity, represented as an
acute tubular necrosis and chronic kidney disease
[11, 12]. Moreover, even targeted anticancer therapy
(e.g. monoclonal antibodies) has nephrotoxic
potential despite having a different mechanism
of action compared to classical anticancer
medications [13, 14]. Attempts to reduce such
nephrotoxicity are directed toward the synthesis
of more targeted drugs, immunotherapy, and a
combination of lower doses of anticancer agents.
Investigating the distinct nephrotoxic effects of
these chemotherapy regimens is important to
optimise and monitor the therapy [9].

The frequent monitoring of renal function during
anticancer therapy is vital, particularly at high
doses or when anticancer drugs are applied in the
elderly. The measurement of creatinine and urea is
the main test in a clinical setting to confirm the
functionality of the renal system, helping in renal-
based dose adjustment; however, anticancer
regimen-related nephrotoxicity varies based on
the type of anticancer regimens used. The present

study seeks to assess renal functionality by
measurement of creatinine and urea in cancer
patients with different cancer types using different
anticancer regimens.

MATERIALS AND METHODS

Study design and setting: Overall, 57 cancer
patients were recruited for this observational
prospective clinical study; the patients were
already recorded as cancer patients and their
medical files were investigated for demographic
characteristics.

Selection criteria: Those patients whose records
confirmed a diagnosis of cancer were enrolled in
the present study, irrespective of their cancer type
or stage, or treatment profile.

Data collection: Patients’ records were used for
procuring data regarding patients’ characteristics
and treatment profiles.

Treatment regimens: Based on the treatment
protocols designed by oncologists, the patients
enrolled in the present study were sub-classified
according to the groups of the combinational
regimen used (Table 1).

Blood sampling and blood parameter
measurement: 4 ml of blood was withdrawn from
overnight fasting cancer patients and left at room
temperature to clot, centrifuged and serum collected,
and frozen (-20 °C) to be ready for further analysis.
An ELISA-based technique was used to determine
creatinine and urea from serum using a kit
supplied by Biolabo (France).

Statistical analysis: Demographic variables are
non-continuous and are expressed as frequency
and percentage. Serum creatinine and urea, age,
body mass index, and blood pressure are continuous

Table 1. The classification of combination therapy is based on the use of group of drugs as a regimen.

Regimen group n(%) Example of the drug used
Platinum-based regimen (PBR) 18 (31.5) | Carboplatin, Cisplatin, and Oxaliplatin
Targeted therapy regimen (TTR) 10 (17.5) | Trastuzumab, Goserelin, Tamoxifen, and
Palbociclib
Anthracycline-based regimen (ABR) 8 (14%). Doxorubicin and Cyclophosphamide.
Taxane-based regimen (TBR) 7 (12%) Paclitaxel, Docetaxel, and Vinorelbine.
Antimetabolite regimen (AmR) 5 (9%) Pemetrexed or Gemcitabine
Immunotherapy regimen (ITR) 9 (16%) Atezolizumab or Pembrolizumab
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variables and are expressed as mean * SD.
To compare creatinine and urea of different
chemotherapeutic regimens or different cancer
diseases, one-way analysis of variance with
Tukey’s post hoc test was conducted. The p-value
outcome of these tests was considered significant
at p <0.05 for all analyses.

Ethical considerations: Patients were informed
about the use of their data in the study. The study
was approved and registered in the College of
Pharmacy at the University of Mosul.

RESULTS

The patients enrolled in the present study were
middle-aged adults (56.6 + 15.2 years), mostly

females (48, 84.2%). Almost all participants were
married (98.2%, n = 56), and were housewives
(70.2%, n = 40). Only one patient was a smoker,
and one-quarter were hypertensive. Their mean
BMI of 28.5+4.4 kg/m? indicate obesity in relation
to their surface area (1.77+£0.16 m?). Upon
investigation, blood pressure, heart rate, and
oxygen saturation were nearly normal. The
common cancer types were breast cancer (36.8%),
uterine and lung cancers (12.3%), and ovarian
cancer (7.0%). The renal function was normal at
baseline (urea 5.2+1.7 mmol/L, creatinine
89.3+32.8 umol/L) (Table 2).

Serum creatinine in patients with uterine cancer
(141.7+41.5 pmol/L) was significantly (p<0.05)

Table 2. Demographic and clinical diagnostic parameters of the studied group.

Demographic parameters (n =57) Values
Age, years 56.6+15.2
Gender, n(%) Female 48 (84.2)
Male 9 (15.8)
Marital Status, n(%) Married 56 082)
Widow 1(1.8)
Housewife 40 (70.2)
Occupation, n(%) Employee 8140
Retired 6(10.5)
Free work 3(5.3)
Smoking History, n(%) 1(1.8)
Hypertension, n(%) 15 (26.3)
Body Surface Area, m* 1.77£0.16
BMI, kg/m2 28.5+4.4
Systolic BP, mmHg 130.7+18.9
Diastolic BP, mmHg 78.4+10.8
SpO:, % 97.242.1
Heart Rate, bpm 91.9+17.5
Breast 21 (36.8)
Uterus 7(12.3)
Cancer Types Lung 7(12.3)
Ovarian 4(7.0)
Others 18 (31.6)
Renal function tests S Urea (mmol/L) 52+1.7
S Creatinine (pmol/L) 89.3+32.8

BP = blood pressure, bpm = beat per minute
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Table 3. Renal function tests on different cancer types.

Parameter Breast cancer Lung cancer Uterine cancer Ovarian cancer
(n=18) (n=8) m="7) (n=4)

S. Creatinine (umol/L) 95.7 +35.7° 96.8 + 40.6° 141.7 +41.5° 83.7+21.7°

S. Urea (mmol/L) 4.89+1.57° 5.68 +2.24° 6.08 = 1.17° 4.81 +0.90°

Similar letters indicate non-significant differences, while different letters indicate significant differences.

Table 4. Renal function tests in cancer patients currently under treatment
with different anticancer regimens.

Regimen Grou S. Creatinine (mmol/L) S. Urea (mmol/L)
g p Mean+SD Mean+SD
PBR,n=17 99.4 +35.2° 52+1.4°
TTR,n=12 106.2 + 42.8° 48+1.2°
ABR,n=6 88.2 +20.1° 46+1.9°
TBR,n=15 110.5 +41.3° 53+1.1°
AmR,n=4 77.6 +4.1° 48+1.2°
ITR,n=3 66.8 + 18.9% 47+0.3°

Data expressed as meantSD. One-way ANOVA was used, followed by
Tukey’s post hoc test, and a p-value less than 0.05 was considered significant.
Similar letters indicate non-significant differences, while different letters

indicate significant differences.

higher than that of breast cancer, lung cancer, and
ovarian cancer, with similar non-significant levels
of creatinine in breast cancer, lung cancer, and
ovarian cancer. Similarly, urea represented a
significantly (p<0.05) highest level in uterine
cancer (6.08+1.17) compared to breast cancer,
lung cancer, and ovarian cancer, with similar non-
significant levels of urea in breast cancer, lung
cancer, and ovarian cancer (Table 3).

The serum creatinine levels of the TBR (106.2 +
42.8) and TTR (106.2 =+ 42.8) groups were
significantly (p < 0.05) higher compared to all
other groups. Conversely, the lowest creatinine
levels were reported in the AmR group (66.8 +
18.9). Other regimens were associated with
moderate creatinine elevations. The serum urea
levels in ITR (4.7 £ 0.3), TBR (5.3 + 1.1), and
PBR (5.2 + 1.4) groups were significantly (p <
0.05) higher compared to all other groups.
Conversely, the lowest creatinine levels were
reported in the TTR, ABR, and AmR groups
(Table 4).

DISCUSSION

The present study confirmed that TTR and TBR
regimens are potentially associated with increased
creatinine and urea compared to other regimens
(PBR, ABR, AmR, and ITR); moreover, uterine
cancer was the most affected type of cancer in
terms of compromised renal functionality. The best
regimens in terms of protected renal functionality
were associated with ITR compared to other
tested protocols.

The PBR and ABR demonstrated moderately
increased renal function parameters, which are
congruent with earlier research that tested
oxaliptin and carboplatin and found that both
increased serum creatinine to higher levels than
that of cisplatin [15]. In an alternative study, all
three platinum drugs (cisplatin, carboplatin, and
oxaliplatin) have shown similar compromised
renal function with no differences between them
indicated by measured creatinine levels [16].
These findings harmonized with the well-known
nephrotoxic potential of platinum compounds,



Effects of anticancer therapy on renal function

35

which initiates renal tubular damage through
multiple mechanisms, including the generation of
reactive oxygen species, direct tubular cell apoptosis,
and vascular endothelial damage [17]. The
precipitation of platinum derivatives in renal
tubular epithelial cells enhances mitochondrial
damage and hence cellular necrosis, mainly damaging
the proximal tubules where these compounds are
precipitated [18]. In contrast to our results, studies
conducted on anthracyclines have shown non-
significant differences after therapy based on
measured creatinine or microalbuminuria in human
studies [19] and animal studies [20]. These
adverse effects have been explained in the context
of oxidative stress and mitochondrial dysfunction
[21]. Similarly, AmR groups have shown lower
nephrotoxicity compared to other regimens.

The TTR and TBR demonstrated the highest renal
function parameters; taxanes (e.g. paclitaxel and
docetaxel) are not clinically strong nephrotoxic
agents; however, Cremophor EL, used as a
solubilizing agent, has mainly led to modulations
in renal hemodynamics and potential tubular
injury. Similarly, TTR is associated with elevation
of creatinine levels, but preserved urea levels.
Perhaps this divergence is associated with TTR,
which could be explained in term of the targeted
mechanism of actions of these agents, since
tyrosine kinase inhibitors and monoclonal antibodies
can initiate proteinuria, thrombotic microangiopathy,
and modulation of glomerular filtration through
impacts on vascular endothelial growth factor
signaling pathways. The ITR demonstrated the
best renal function compared to other regimens,
reflecting the selectivity of the mechanism of
these immunotherapeutic agents, which target the
host immune cells rather than killing rapidly
dividing cells [22]. Perhaps this could be attributed
to the restricted indication of these agents for
patients with normal renal function. Several studies
conducted on immunotherapy have shown similar
results reflecting no impact of these agents on
renal function tests, including pembrolizumab and
Atezolizumab [23-25].

The renal function biomarkers were higher in
uterine cancer patients compared to those in breast,
lung, and ovarian cancer. Perhaps this could be
explained in the context of the mass pressure of

the uterus on the kidney (obstructive uropathy) in
case of uterine cancer or the metabolic profile of
released material from the uterus alongside the
drug therapy profile of the anticancer agent used
in this distinct cancer type. In a previous study
conducted on lung cancer using various anticancer
regimens, no changes in renal function were
observed in lung cancer [26] or were only
minimally affected [27]. Similarly, ovarian cancer
patients were only slightly and progressively
associated with mild deterioration of renal function
based on measured glomerular filtration rates [28],
regardless of the type of therapy or regimen used
[29]. Breast cancer patients at different stages
using different treatment protocols have been
associated with non-significant changes in renal
functionality, confirmed by measured creatinine
and urea levels [30]. These results were reported
at different prognostic stages during therapy [31],
apart from those patients at end-stage breast
cancer who have shown deteriorating renal
function [32].

These findings necessitate baseline assessment of
renal function before anticancer therapy and
monitoring of renal function in case of application
of TBR or TTR, or in case of patients with uterine
cancer treated by any regimen. The limitations of
the present study include a cross-sectional design
hindering the temporal assessment of renal
function, and the small sample sizes for each
regimen protocol limit the generalizability of
findings. Moreover, factors such as cumulative
drug exposure, concurrent medications, and
patient status were not sufficiently controlled,
mismatching the associations between treatment
regimens and renal function parameters.

CONCLUSIONS

Renal function documented by measurement of
creatinine and urea showed deterioration in the
case of uterine cancer compared to lung, ovarian,
and breast cancers. The severity of renal function
impairment was associated with the type of
anticancer protocol, especially targeted therapy
regimen and taxane-based regimen. Moreover,
better renal function was achieved with protocols
using an immunotherapy regimen.
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