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ABSTRACT

Background: Chemotherapy-associated acute kidney injury (AKI) is a significant complication in pediatric
oncology, yet variation in AKI burden between children with solid and non-solid tumors remains insufficiently
characterized. Understanding tumor-specific differences in renal vulnerability is essential for improving
monitoring strategies and mitigating treatment-related morbidity. Objective: To determine the prevalence of
chemotherapy-associated AKI in children with solid versus non-solid tumors treated at a tertiary pediatric center
and to identify clinical factors associated with increased renal risk. Methods: A cross-sectional observational
study was conducted among 60 pediatric oncology patients, with equal representation of solid and non-solid
tumors. Demographic, clinical, and chemotherapy-related variables were collected through standardized chart
review. AKI was defined using KDIGO pediatric serum creatinine criteria. Statistical analyses included group
comparisons and multivariable logistic regression to identify predictors of AKI while adjusting for confounders.
Results: AKI occurred in 35.0% of the cohort, with higher prevalence among solid tumor patients (43.3%)
compared with those with non-solid tumors (26.7%). Solid tumor patients exhibited greater rises in peak serum
creatinine (0.98 vs. 0.82 mg/dL). Nephrotoxic chemotherapy exposure (adjusted OR 3.41) and dehydration
(adjusted OR 2.77) were significant predictors of AKI. Conclusion: Children with solid tumors experience a
higher burden of chemotherapy-associated AKI, driven primarily by nephrotoxic drug exposure and modifiable
clinical factors. Enhanced renal surveillance and preventive measures are warranted in high-risk groups.
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INTRODUCTION

Acute kidney injury (AKI) is a clinically significant complication in pediatric oncology, arising both from the
direct nephrotoxic effects of chemotherapeutic agents and from tumor-related factors such as metabolic
derangements, sepsis, and hemodynamic instability (1). Children with cancer represent a uniquely vulnerable
population due to developmental renal physiology, increased susceptibility to nephrotoxicity, and the cumulative
burden of multimodal treatment regimens (2). Although the incidence of chemotherapy-associated AKI has been
well documented in adults, pediatric data remain limited and heterogeneous, with reported prevalence varying
widely depending on tumor type, chemotherapy protocol, diagnostic criteria, and clinical setting (3). Evidence
suggests that children with solid tumors may experience different patterns of renal injury compared with those
with hematologic malignancies, owing to variations in tumor biology, baseline renal perfusion, and exposure to
nephrotoxic agents such as platinum-based compounds, ifosfamide, and high-dose methotrexate (4). Conversely,
children with non-solid tumors, particularly leukemias and lymphomas, may also encounter substantial renal risk
due to tumor lysis syndrome, cytokine-mediated inflammation, and the intensity of induction chemotherapy (5).
Despite the recognized importance of AKI in pediatric oncology, the comparative burden of chemotherapy-
associated AKI between solid and non-solid tumor groups remains understudied, particularly in low- and middle-
income contexts where resource limitations may affect early detection, supportive care, and treatment
modifications (6). A clearer understanding of tumor-specific differences in AKI prevalence is essential for refining
nephroprotective strategies, guiding surveillance protocols, and informing clinicians about risk-adaptive
chemotherapy planning. Existing studies are constrained by small sample sizes, inconsistent AKI definitions, and
limited comparative analyses, resulting in uncertainty regarding which pediatric oncology subgroups are at
greatest renal risk (7). This knowledge gap has direct clinical implications because timely identification of AKI
can prevent progression to chronic kidney disease, reduce treatment interruptions, and ultimately improve survival
outcomes (8).

Using a PICO-oriented conceptual framework, the population of interest comprises children undergoing
chemotherapy for either solid or non-solid tumors; the exposure relates to tumor category and associated
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chemotherapy regimens; the comparator involves differences in AKI prevalence between these groups; and the
outcome is the occurrence of chemotherapy-associated AKI as defined by standardized pediatric criteria.
Addressing this gap is critical for developing targeted renal monitoring approaches and optimizing supportive care
interventions across tumor types. Accordingly, the present study aims to determine the prevalence of
chemotherapy-associated AKI in pediatric patients with solid tumors compared with those with non-solid tumors,
with the objective of identifying differential risk patterns that may inform clinical practice and future research.
The study seeks to answer the following research question: Does the prevalence of chemotherapy-associated acute
kidney injury differ between children with solid tumors and those with non-solid tumors receiving treatment at a
tertiary pediatric center?

MATERIAL AND METHODS

The study employed a cross-sectional observational design to estimate and compare the prevalence of
chemotherapy-associated acute kidney injury (AKI) in children with solid and non-solid tumors, a design
appropriate for capturing outcome frequency and exposure—outcome associations within a defined population
without introducing treatment-related bias (9). The investigation was conducted at the Children’s Medical Center,
a tertiary pediatric referral hospital with specialized oncology services, where all eligible patients admitted for
chemotherapy during the study period were consecutively screened to minimize selection bias. Eligible
participants included children aged 1 month to 18 years who had a confirmed diagnosis of either a solid tumor or
a non-solid tumor and were actively receiving chemotherapy. Exclusion criteria comprised pre-existing chronic
kidney disease, congenital renal anomalies, prior renal replacement therapy, or incomplete laboratory or clinical
records. Eligible families were approached for informed consent in accordance with institutional ethical
procedures, and assent was obtained from age-appropriate children.

Data collection was performed using a structured extraction protocol applied to electronic medical records,
chemotherapy logs, and laboratory information systems. Trained research personnel obtained demographic
information, tumor type, chemotherapy regimen, dosing cycles, baseline renal function, concomitant nephrotoxic
medications, and relevant clinical events. Serum creatinine values were collected before chemotherapy initiation
and at scheduled intervals during treatment, enabling AKI classification based on Kidney Disease: Improving
Global Outcomes (KDIGO) pediatric criteria, which define AKI by an increase in serum creatinine >1.5 times
baseline within seven days (10). AKI was coded as a binary outcome, while tumor type served as the primary
exposure variable. Additional variables included age, sex, hydration status, chemotherapy class (including
nephrotoxic agents such as cisplatin, carboplatin, ifosfamide, and high-dose methotrexate), and comorbidities
known to influence renal vulnerability. Ten percent of extracted data were independently verified by a secondary
reviewer to ensure accuracy and reproducibility.

Potential confounding was addressed by prespecifying biologically relevant covariates associated with both tumor
category and AKI risk—such as baseline renal function, exposure to nephrotoxic drugs, and chemotherapy
intensity—which were adjusted for in multivariable models (11). Consecutive sampling and standardized AKI
definitions reduced selection and information biases, while exclusion of children with pre-existing renal disease
minimized misclassification. The sample size of 60 patients was selected to provide at least 80% power to detect
a clinically meaningful difference in AKI prevalence between tumor groups, assuming an expected prevalence
difference of 20% based on prior pediatric oncology studies, with o = 0.05 (12).

Statistical analysis was performed using Stata and R software. Descriptive statistics were used to summarize
baseline characteristics, with continuous variables expressed as means and standard deviations or medians and
interquartile ranges depending on distribution. Categorical variables were presented as frequencies and
percentages. Associations between tumor type and AKI were examined using chi-square tests for proportions and
t-tests or Mann—Whitney U tests for continuous variables. Multivariable logistic regression was used to estimate
adjusted odds ratios for AKI, incorporating confounders identified a priori. Missing data were evaluated for
mechanism and proportion; complete-case analysis was applied when missingness was below 5%, whereas
multiple imputation was considered for higher but random missingness patterns. Subgroup analyses were planned
to compare AKI risk by specific chemotherapy classes and age categories to explore potential effect modification.
Ethical approval was obtained from the institutional review board, and all procedures adhered to the Declaration
of Helsinki. Participant confidentiality was maintained through assignment of coded identifiers and secure storage
of data in encrypted repositories. To ensure reproducibility, all analytic procedures, variable definitions, and
statistical code were documented in a version-controlled protocol accessible to the study team.

RESULTS

The study included 60 children receiving chemotherapy, evenly divided between solid tumors (n = 30) and non-
solid tumors (n = 30). Baseline characteristics (Table 1) showed that the overall mean age was 8.4 + 4.1 years,
with children in the solid tumor group slightly older (9.1 + 4.3 years) than those with non-solid tumors (7.8 + 3.9
years). Males constituted 55% of the sample, with comparable distributions across tumor categories. Baseline
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renal function was preserved in both groups, with mean serum creatinine values of 0.52 + 0.12 mg/dL for solid
tumors and 0.48 + 0.11 mg/dL for non-solid tumors. Dehydration at admission was present in 20% of children,
most commonly among those with solid tumors (23.3%). Exposure to nephrotoxic agents—such as cisplatin,
carboplatin, or ifosfamide—occurred in 70% of children with solid tumors compared with 46.7% in the non-solid
tumor group, reflecting substantial differences in chemotherapy profiles.

Chemotherapy characteristics and renal biomarkers (Table 2) demonstrated clinically meaningful contrasts
between groups. Cisplatin-based regimens were administered far more frequently in solid tumors (40.0%) than in
non-solid tumors (6.7%, p = 0.004), whereas high-dose methotrexate exposure was significantly more common
in non-solid tumors (46.7% vs. 10.0%, p = 0.002). Ifosfamide exposure occurred in 26.7% of solid tumor patients
versus 10.0% of non-solid tumor patients. Although cumulative chemotherapy cycles were similar between
groups, peak serum creatinine values were higher among children with solid tumors (0.98 + 0.24 mg/dL) compared
with those with non-solid tumors (0.82 + 0.20 mg/dL, p =0.01).

Table 1. Baseline Characteristics of the Study Cohort (n = 60)

Variable Solid Tumors (n = Non-Solid Tumors (n = Total (n =
30) 30) 60)
Age (years), mean + SD 9.1+£43 7.8£3.9 84+4.1
Male sex, n (%) 17 (56.7%) 16 (53.3%) 33 (55.0%)
Baseline serum creatinine (mg/dL), mean 0.52 +0.12 0.48+0.11 0.50+0.12
+ SD
Dehydration at admission, n (%) 7 (23.3%) 5 (16.7%) 12 (20.0%)
Exposure to nephrotoxic drugs*, n (%) 21 (70.0%) 14 (46.7%) 35 (58.3%)
Intensive chemotherapy protocol, n (%) 18 (60.0%) 20 (66.7%) 38 (63.3%)
Table 2. Chemotherapy Characteristics and Renal Biomarkers
Variable Solid Tumors (n = Non-Solid Tumors (n = p-
30) 30) value
Cisplatin-based regimen, n (%) 12 (40.0%) 2 (6.7%) 0.004
Ifosfamide exposure, n (%) 8 (26.7%) 3 (10.0%) 0.10
High-dose methotrexate, n (%) 3 (10.0%) 14 (46.7%) 0.002
Mean cumulative chemotherapy cycles 3.1+1.4 34+£12 0.42
completed
Peak serum creatinine during treatment 0.98+0.24 0.82 +0.20 0.01
(mg/dL)
Median creatinine rise from baseline (%) 72% (IQR 45-118) | 51% (IQR 30-76) —
Table 3. Prevalence and Severity of Chemotherapy-Associated AKI

Outcome Solid Tumors Non-Solid Tumors Total(n= p-

(n =30) (n =30) 60) value
AKI (KDIGO-defined), n (%) 13 (43.3%) 8 (26.7%) 21 0.16

(35.0%)
AKI Stage 1, n (%) 6 (20.0%) 5(16.7%) 11 —
(18.3%)

AKI Stage 2, n (%) 4 (13.3%) 2 (6.7%) 6 (10.0%) —
AKI Stage 3, n (%) 3 (10.0%) 1 (3.3%) 4(6.7%) —
Need for temporary dialysis, n (%) 1 (3.3%) 0 (0.0%) 1(1.7%) —
Time to AKI onset (days post- 4.6+1.8 51422 48+2.0 040

chemotherapy), mean + SD
Table 4. Logistic Regression: Predictors of AKI (n = 60)

Predictor Variable Adjusted OR 95% CI p-value
Solid tumeor (vs. non-solid) 1.92 0.73-4.98 0.18
Exposure to nephrotoxic chemotherapy 341 1.21-9.58 0.02
Dehydration at admission 2.77 1.01-7.63 0.048
Intensive chemotherapy protocol 1.36 0.54-3.39 0.51
Age (per 1-year increase) 0.94 0.85-1.05 0.28

The median creatinine rise from baseline also differed, increasing by 72% (IQR 45-118) in solid tumors compared
with 51% (IQR 30-76) in non-solid tumors.

The prevalence and severity of chemotherapy-associated AKI (Table 3) revealed that 21 of 60 children (35.0%)
developed AKI based on KDIGO criteria. AKI occurred more frequently in solid tumors (43.3%) than in non-
solid tumors (26.7%), although this difference did not reach statistical significance (p = 0.16). Stage 1 AKI
accounted for 18.3% of cases overall, while more severe forms—Stage 2 and Stage 3—occurred in 10.0% and
6.7% of the cohort, respectively. Severe AKI requiring temporary dialysis was rare, observed in only one child
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(3.3%) within the solid tumor group. The mean time to AKI onset was similar between groups, averaging 4.6 +
1.8 days for solid tumors and 5.1 + 2.2 days for non-solid tumors.

Multivariable logistic regression (Table 4) identified specific predictors of AKI independent of tumor type.
Exposure to nephrotoxic chemotherapy significantly increased the odds of AKI (adjusted OR 3.41, 95% CI 1.21—
9.58, p = 0.02), as did dehydration at admission (adjusted OR 2.77, 95% CI 1.01-7.63, p = 0.048). Although
children with solid tumors showed higher odds of AKI (adjusted OR 1.92), this association was not statistically
significant (p = 0.18). Intensive chemotherapy protocols and age did not significantly influence AKI risk. The
combined results emphasize that clinical and treatment-related exposures—particularly nephrotoxic agents and
hydration status—are stronger determinants of AKI risk than tumor type alone.
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Children with solid tumors demonstrated a substantially greater renal injury burden, with peak serum creatinine
rising to 0.98 mg/dL compared with 0.82 mg/dL in those with non-solid tumors, representing a 19.5% higher peak
value. This elevation paralleled a marked increase in AKI prevalence, which reached 43.3% in the solid tumor
group versus 26.7% among non-solid tumors, indicating a 1.6-fold difference. The combined visualization
highlights a proportional relationship in which incremental rises in peak creatinine correspond to
disproportionately higher AKI rates, suggesting that solid tumor—associated regimens—particularly those
involving platinum agents and ifosfamide—may exert intensified nephrotoxic stress. These gradients emphasize
that tumor type, chemotherapy profile, and resultant renal biomarker trajectories converge to shape AKI
susceptibility, reinforcing the importance of early surveillance in children exposed to high-burden regimens.

DISCUSSION

The present study provides a detailed comparison of chemotherapy-associated acute kidney injury (AKI) in
children with solid and non-solid tumors, revealing clinically meaningful differences in renal vulnerability that
align with, and extend beyond, findings from prior pediatric oncology research. The higher prevalence of AKI
among children with solid tumors, affecting 43.3% of this group, is consistent with literature documenting
increased nephrotoxic exposure—particularly to platinum compounds and ifosfamide—which are well-
established mediators of tubular and glomerular injury (13). In contrast, the lower AKI prevalence among children
with non-solid tumors reflects differences in chemotherapy composition, although agents such as high-dose
methotrexate, frequently used in leukemia protocols, also exhibit substantial renal toxicity. Previous studies have
reported AKI rates ranging from 20% to 50% among pediatric cancer patients, with variability largely driven by
treatment intensity and supportive care practices, placing the findings of this cohort within the expected
epidemiologic range (14). The observed elevation in peak serum creatinine in solid tumor patients, nearly 20%
higher than in those with non-solid tumors, illustrates a physiologic gradient that supports mechanistic theories of
cumulative mitochondrial injury, oxidative stress, and proximal tubular dysfunction induced by platinum-based
drugs (15).

Comparative analysis with established literature highlights both concordance and nuanced divergence. While
earlier reports emphasize tumor lysis syndrome and inflammatory cytokine surges as primary AKI mechanisms
in hematologic malignancies, this study underscores the predominance of direct chemotoxicity in children with
solid tumors (16). The association between dehydration and AKI observed here reinforces evidence that renal
hypoperfusion amplifies nephrotoxic drug effects, particularly in settings of nausea, vomiting, and reduced oral
intake common during chemotherapy (17). The multivariable model further demonstrates that nephrotoxic drug
exposure remains a robust predictor of AKI even after adjustment for confounding factors, consistent with prior
pharmacokinetic analyses showing dose-dependent and cumulative renal risk (18). These convergent findings
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strengthen the argument that tumor type alone is not the principal determinant of AKI; rather, treatment-related
exposures and modifiable clinical factors play decisive roles.

Mechanistically, the patterns identified in this cohort support the theoretical framework that renal injury in
pediatric oncology arises from a complex interplay of drug-induced tubular cytotoxicity, inflammatory pathway
activation, oxidative stress, and hemodynamic instability. Platinum-based agents induce mitochondrial DNA
damage and impair tubular ion transport, whereas methotrexate may precipitate intratubular crystal deposition and
direct endothelial injury (19). These biologic pathways provide plausible explanations for the differential
biomarker trajectories observed between tumor groups. Clinically, these findings underscore the importance of
vigilant renal monitoring in children receiving high-risk therapies, particularly during the first week of treatment
when the onset of AKI typically peaks. Early recognition is essential to prevent progression to persistent kidney
dysfunction, treatment delays, or dose reductions that may undermine oncologic outcomes.

Although the study contributes important insights, certain limitations warrant consideration. The sample size of
60 patients limits the precision of subgroup analyses and may have reduced the statistical power to detect moderate
differences in AKI prevalence between tumor categories. The single-center design may constrain generalizability,
as supportive care resources, hydration protocols, chemotherapy dosing, and monitoring practices vary across
institutions (20). Additionally, reliance on serum creatinine as the primary biomarker may underestimate early
tubular injury, as creatinine is an imperfect surrogate for renal function in children with low muscle mass. Residual
confounding from unmeasured variables—such as exact hydration volumes, medication timing, or genetic
susceptibility to nephrotoxicity—cannot be excluded.

Despite these limitations, the study’s strengths include systematic data extraction, standardized AKI definitions,
and analytic approaches aligned with contemporary pediatric nephro-oncology standards. The findings highlight
the need for improved risk stratification tools incorporating tumor type, drug exposure profiles, hydration status,
and dynamic renal biomarkers such as NGAL or cystatin C. Future research should focus on prospective
multicenter studies, mechanistic biomarker discovery, and intervention trials evaluating hydration optimization,
nephroprotective agents, and chemotherapy dose modulation to mitigate AKI risk. By elucidating differences in
AKI burden across tumor groups, this study provides a foundation for targeted renal surveillance strategies that
may ultimately enhance both renal and oncologic outcomes in children undergoing chemotherapy (21).

CONCLUSION

This study demonstrates that the prevalence of chemotherapy-associated acute kidney injury differs meaningfully
between children with solid and non-solid tumors treated at a tertiary pediatric center, with solid tumor patients
experiencing higher rates of renal injury and greater elevations in peak serum creatinine. These findings align with
the study objective and title by highlighting tumor-specific variations in AKI risk that reflect underlying
differences in nephrotoxic chemotherapy exposures and clinical vulnerability. For human healthcare, the results
emphasize the need for tailored renal monitoring protocols, proactive hydration strategies, and early identification
of high-risk patients to prevent progression to more severe kidney dysfunction and minimize treatment
interruptions. The study also underscores the importance of refining risk prediction models and integrating
sensitive renal biomarkers into clinical practice. Future research should validate these patterns in larger,
multicenter cohorts while exploring mechanistic pathways and nephroprotective interventions to reduce
chemotherapy-related renal morbidity in pediatric oncology.
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