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Background: Platinum-based chemotherapeutic agents are fundamental in the treatment of various malignancies, yet their long-term
efficacy is often compromised by cumulative toxicity. This study investigates the association between platinum accumulation and
length of hospital stay (LOS), and develops a predictive tool to optimize individualized platinum therapy.

Methods: A total of 300 cancer patients receiving platinum-based chemotherapy were enrolled. Serum platinum concentration was
measured on day 21 + 3 after drug administration. The LOS and adverse events were recorded. Mediation analysis explored underlying
mechanisms, and a classification and regression tree (CART) model was constructed for risk prediction.

Results: Elevated serum platinum concentration significantly prolonged LOS, primarily mediated through reduced red blood cell
count (mediation effect accounted for 32.3%). The CART model identified serum platinum concentration>534.40 pg/L as a key
threshold and major predictor of adverse reactions, alongside age > 60.5 years, serum creatinine > 94.50 umol/L, and use of cisplatin or
carboplatin. The model demonstrated an AUC of 0.782 and accuracy of 75.7%.

Conclusion: A serum platinum concentration > 534.40 pg/L serves as a clinically meaningful cutoff for identifying patients at high
risk of platinum-related toxicity. The proposed decision-tree model offers a clinically actionable framework for the early recognition of
these high-risk individuals, facilitating timely dose management and treatment optimization in clinical practice.
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Introduction

Chemotherapy remains a cornerstone of clinical oncology. Among various antitumor treatment regimens, platinum-based
therapies are widely used in the management of multiple malignancies, including lung, colorectal, and ovarian cancers.'~
Platinum-based agents have become indispensable components of numerous first-line antitumor regimens. However, their
extensive use is associated with significant clinical challenges. Platinum compounds exert cytotoxic effects that result in well-
documented adverse reactions and dose-limiting toxicities, such as nephrotoxicity, neurotoxicity, and gastrointestinal
toxicity.>* Nevertheless, persistent discomfort following treatment completion and potential long-term adverse effects are
often overlooked in clinical practice. Our previous research has uncovered this underestimated phenomenon: months after
chemotherapy—when the drugs are theoretically fully metabolized—patients commonly continue to experience symptoms
such as nausea, fatigue, and skin rashes. Some patients even develop Mees’ lines, a characteristic sign of heavy metal
poisoning.” More importantly, these persistent symptoms show a significant correlation with the level of platinum accumula-
tion in the body. Further studies indicate that platinum accumulation is positively correlated with concurrent white blood cell
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and platelet counts, and increases the risk of anemia, other adverse reactions, and fatigue.5 © These observations cannot be
adequately explained by conventional theories of chemotherapy-induced adverse effects, suggesting that residual platinum
following platinum-based drug administration may mediate deeper, sustained pathophysiological processes.

Platinum-based chemotherapeutic agents differ from other conventional antitumor drugs in that their core active compo-
nent is the metallic element platinum (Pt). As a heavy metal, platinum shares physicochemical properties with toxic metals
such as lead (Pb), cadmium (Cd), and mercury (Hg). Although the toxicity of these metals has been extensively studied and

confirmed in the context of occupational and environmental exposure, '

studies have reported detectable platinum
accumulation in patients even up to 20 years after completion of platinum-based chemotherapy.'* However, the administration
of platinum-based drugs as antitumor agents differs fundamentally from environmental or occupational heavy metal exposure
in two key aspects. First, the intensity of exposure significantly exceeds that of typical environmental or occupational settings.
When administered intravenously, platinum bypasses the dermal barrier entirely. For example, following a 2-hour intravenous
infusion of oxaliplatin at a dose of 130 mg/m?, the peak plasma concentration of total platinum reaches 5.1 = 0.8 pg/mL, with
an area under the curve (AUC) as high as 189 + 45 pg-h/mL."* Second, due to the necessity and continuity of cancer treatment,
clinical management cannot abruptly discontinue platinum administration to terminate exposure. This leads to persistent
accumulation of platinum in the body, which may eventually exceed the threshold for human detoxification and excretion,
resulting in significant deposition in critical organs such as the liver and kidneys.

The implications of such high-concentration, sustained platinum infusion cannot be overlooked. In clinical practice, we
have observed that patients often report persistent symptoms such as fatigue and nausea during follow-up visits even after the
completion of chemotherapy. Similar to this often neglected aspect of potential toxicity, clinical discussions frequently focus
on efficacy and economic costs, while neglecting the quantification of time costs.'®> Hospitalization accounts for 66% to 80%
of the patient’s total medical time, exerting a substantial impact on their quality of life. Examining length of hospital stay
(LOS) aims to more authentically and comprehensively reflect the overall impact of cancer treatment on patients’ lives.'>!¢
Therefore, we consider both LOS and adverse reactions to be important factors in treatment outcomes.

This study aims to measure residual serum platinum concentrations in patients and employ mediation analysis to
explore potential mechanisms influencing the LOS. Additionally, a decision tree model will be applied to identify
thresholds for adverse reactions induced by platinum accumulation. The resulting risk prediction model may ultimately
be integrated into clinical medication management to contribute to improved quality of life for patients.

Methods

Study Design

This study will measure the serum platinum concentration and hematological parameters of patients receiving platinum-
based chemotherapy, and record and analyze related adverse reactions and hospitalization duration. A mediation effect
model will be constructed to explore the potential mechanisms by which platinum accumulation affects hospitalization
duration. Additionally, a predictive model for adverse reactions related to platinum accumulation will be developed to
identify high-risk factors and determine clinical intervention thresholds.

Based on the half-life theory, drugs are completely eliminated from the human body after 5.5 half-lives. Clinically,
chemotherapy cycles are generally set to be more than three weeks. Therefore, blood samples will be collected on the day
before the next round of chemotherapy to measure the serum platinum concentration, which represents the residual
platinum accumulation in the body from the previous chemotherapy.

Inclusion and exclusion criteria were established for the study, and patients receiving platinum-based treatment at the
Cancer Hospital Affiliated to Shantou University Medical College were recruited. The inclusion and exclusion criteria
are shown in Table 1.

Ethical Approval

The study was approved by the Ethics Committee of the Affiliated Cancer Hospital of Shantou University Medical
College (Approval No. 2024023). The committee confirmed that the study complies with the Declaration of Helsinki and
ICH-GCP guidelines, and all participants provided informed consent.

2 https: Drug Design, Development and Therapy 2026:20



Huang et al

Table | Patient Recruitment Criteria

Inclusion Criteria Exclusion Criteria

|. Diagnosed by clinicians and requiring platinum-based first- | |. Severe infection, moderate/severe hepatic or renal dysfunction, or intolerance to
line therapy. platinum drugs.

2. Documented prior treatment regimen. 2. Pregnant or lactating women.

3. Age >20 and <80 years, with expected survival > year. 3. Previous treatment with other chemotherapeutic agents.

4. Signed informed consent. 4. Occupational exposure to metal accumulation risks.

Treatment Regimens

All patients received standard platinum-based chemotherapy. Doses were BSA-adjusted: cisplatin (75-100 mg/m?, q3w),
carboplatin (AUC 5—6 via Calvert formula, q3w), or oxaliplatin (85-130 mg/m?, q2-3w). Dose modifications or delays
occurred for > grade 2 toxicities or renal dysfunction (creatinine clearance < 60 mL/min), per guideline recommenda-
tions. Each patient completed at least two full treatment cycles.

Clinical Data Collection

Clinical data were collected and recorded through electronic medical records. After enrollment, demographic character-
istics (including age, name, gender, and disease type) and treatment parameters (including regimen, dosage, and
administration route) were collected.

Blood Sample Collection

Baseline blood samples were collected before the use of platinum-based drugs after patient enrollment. Blood samples
were also collected after the elimination time of platinum-based drugs (considering clinical feasibility, the sampling
window was set before the patient’s next admission for treatment).

Serum Platinum Measurement
On day 21 + 3 following cisplatin/oxaliplatin/carboplatin chemotherapy (ie, on the morning prior to the next cycle), 1 mL
of fasting peripheral venous blood was collected using heparin-anticoagulated vacuum tubes.

For serum separation, whole blood samples were centrifuged at 3500 rpm for 10 minutes. Approximately 0.5 mL of
supernatant serum was aspirated and stored in 1.5 mL platinum-free EP tubes at —80 °C.

For sample digestion and dilution, A 100 pL aliquot of serum was mixed with 900 pL of a 0.5% nitric acid solution,
resulting in a final volume of 1 mL. The mixture was vortexed for 3 minutes to ensure thorough mixing and digestion,
followed by standing for 20 minutes. The supernatant was then collected for the determination of platinum concentration
using graphite furnace atomic absorption spectrometry (Jena ZEEnit 650, Germany)."”

Treatment Outcome Evaluation
Adverse reactions after drug administration: Adverse reactions persisting after drug elimination were recorded and
evaluated. The occurrence of adverse reactions was recorded as “No (0)” or “Yes (1)” and graded strictly according to the
Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 (grades 1-5).

Single hospitalization duration: The LOS for a single hospitalization was recorded. Situations where the LOS could
not be determined or where other factors influenced the LOS were also recorded, such as when a single hospitalization
included two drug administrations or when surgery or radiotherapy was performed during the hospitalization.

Statistical Methods

Statistical analysis was performed using SPSS Statistics 27.0, which was employed to run decision tree and mediation
effect analyses. Mediation analysis was applied to explore factors mediating the relationship between platinum accumu-
lation and LOS. This was conducted using the Process macro (Version 4.1, Model 4) with bootstrap resampling repeated
5000 times to calculate the 95% confidence interval for the indirect effect.

Drug Design, Development and Therapy 2026:20 https: 3



Huang et al

The Classification and Regression Tree (CART) algorithm is a universal binary tree-based algorithm. Its core
principle involves recursively partitioning the data space. At each node, the optimal feature and split point are identified
based on the principle of Gini impurity minimization, dividing the data into two subsets to construct a binary tree and
ultimately generate interpretable decision rules.

The occurrence of adverse reactions was defined as the outcome variable of the prediction model, while indicators
potentially influencing the occurrence of adverse reactions were included as independent variables for decision tree
construction. The risk prediction model was developed using the CART algorithm, with the Gini impurity serving as the
node splitting criterion and cost-complexity pruning applied as a built-in regularization strategy. The hyperparameters for
tree growth were configured as follows: the maximum tree depth was set to 5, the minimum number of cases in parent
nodes was set to 20, the minimum number of cases in child nodes was set to 10, and independent variables with
a normalized importance greater than 5% were retained. A 10-fold cross-validation approach was employed for model
training and validation, wherein the dataset was partitioned into 10 equally sized folds. During each iteration, 9 folds
were used for training and the remaining fold for testing, with the average performance across all iterations taken as the
final result. Model performance was evaluated using the receiver operating characteristic (ROC) curve and the area under
the curve (AUC). Based on established methodological practice, this approach is recognized as an effective means of
obtaining a decision tree model with reduced overfitting risk and enhanced generalization capability.

Results

Patient Characteristics

Following the application of predefined inclusion and exclusion criteria, a total of 300 eligible patients were ultimately
enrolled in this study, with baseline characteristics summarized in Table 2. The cohort included 151 males (50.33%) and
149 females (49.67%). A history of surgery was reported in 127 patients (42.33%), while 173 (57.67%) had no surgical
history. Treatment regimens consisted of cisplatin (129 patients), carboplatin (100 patients), and oxaliplatin (71 patients),
with specific regimens and doses determined by the clinicians. Lung cancer was the most common diagnosis (54 patients,
18.00%), followed by cervical and ovarian cancer (29 patients each, 9.67%). Other cancer types included nasophar-
yngeal, breast, colon, esophageal, rectal, endometrial, and gastric cancers (see Figure 1).

Table 2 Patient Baseline Characteristics

Item N=300 p-value
Gender; N (%)

Male 151 (50.33%) 0.954
Female 149 (49.67%)

Surgery, N (%)

Yes 127 (42.33%) 0.009
No 173 (57.67%)

Regimen, N (%)

Cisplatin 129 (43.00%) <0.001
Oxaliplatin 71 (23.67%)

Carboplatin 100 (33.33%)

First chemotherapy, N (%)

Yes 150 (50%) 1.000
No 150 (50%)

Age, Median (IQR) (years) 58.00 (51.00-65.00)

Height, Median (IQR) (cm) | 167.00 (158.00—170.00)

Weight, Median (IQR) (kg) 56.50 (49.50-61.50)

BMI, Median (IQR) (kg/m?) 20.49 (19.18-21.55)
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Other cancers
12.33%

Lung cancer

Gastric cancer
4.00%

Esophageal and gastric cancer
4.67%

Cervical cancer

Endometrial cancer 9.67%

5.00%

Rectal cancer
5.33%

Ovarian cancer
9.67%
Esophageal cancer
7.00%

Colon cancer Nasopharyngeal carcinoma
7.33% 8.67%
Breast cancer
8.33%

Figure |1 Cancer Type Distribution.

Impact of Platinum Accumulation on LOS

A systematic analysis was conducted on the single LOS following medication. After excluding cases in which LOS was
affected by surgery or radiotherapy or could not be accurately determined, 269 samples remained. The median LOS was
5.08 days (IQR: 4.00-8.04). A mediation effect analysis was conducted using the Bootstrap method.

The results (Figure 2) indicated a significant total effect of serum platinum concentration on LOS (B = 0.064, p <
0.05). However, after introducing the mediator (red blood cell count), the direct effect became non-significant (f = 0.043,
p > 0.05), while the indirect effect through the mediator was significant (effect value = 0.0207, 95% CI: 0.0056-0.0424).
Notably, both path coefficients were negative (Path a: f = —-0.001, p < 0.001; Path b: § =-27.211, p < 0.01), indicating
that higher serum platinum concentration reduces red blood cell count, which in turn prolongs LOS. This indirect effect
accounted for approximately 32.3% of the total effect.

a: B=-0.0008 RBC (M) b: p=-27.2109

(P < 0.001) (P < 0.01)
PM: 15.1% PM: 17.2%

¢: B=0.0434
Cpe (XD (P=0.168) LOS (Y)
PM: 32.3%

TE: c: f=0.0641
(P < 0.05)

Figure 2 Mediation Effect Analysis of Platinum Accumulation and LOS.
Abbreviations: Cp,, Serum Platinum Concentration; RBC, Erythrocyte; LOS, Length of Stay; PM, Proportion Mediated; TE, Total Effect.
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Statistical power analysis demonstrated that the current sample size (n=300) provided over 99% statistical power
(0=0.05) to detect the observed mediation effect size (f°=0.323°~0.48), confirming the adequacy of the sample.

Construction and Validation of the Platinum Accumulation Risk Prediction Model
Basic Information of the Decision Tree Model

The risk prediction model, constructed with the CART algorithm, ultimately formed a stable and interpretable tree
structure after parameter optimization and variable screening. The final model consisted of 12 nodes (including 5
decision nodes and 7 terminal nodes), had a depth of 5, and contained 12 decision paths (see Figure 3).

Initially, 14 potential independent variables were included: gender, age, serum platinum concentration, RBC count,
hemoglobin, ALT, AST, serum creatinine, platelet count, absolute lymphocyte count, absolute neutrophil count, serum
phosphorus, drug type, and number of treatment cycles. Following screening based on “minimum node cases” and
“normalized importance > 5%”, five core predictors were retained: serum platinum concentration, serum creatinine, age,

drug type, and serum phosphorus. Detailed model parameters are presented in Table 3.

Risk of Platinum Accumulation
N%: 100%
ADR%: 40.0%

Cp
|
[
<534.40 pg/L
|
Node 1
N%: 93.0%
ADR% : 36.2%
|
Drugs
|
[
Cisplatin / Carboplatin
|
Node 3
N%: 69.7%
ADR% : 43.1%
|
SCR
]
1
<=94.5 pmol/L
|
iplati >534.40 pg/L
Node 6 Oxaliplatin ng
N%: 62.0%
ADR% : 37.6%
|
Age
>94.5 pmol/L I | :
<=60.5 >60.5
| |
Node 7 Node 8
N%: 38.3% N%: 23.7%
ADR% : 27.8% ADR% : 53.5%
| |
P SCR
<=0.965 pmol/L >0.965 pmol/L <=77.0 pmol/L >77.0 pmol/L
| | | |
Node 5 Node 9 Node 10 Node 11 Node 12 Node 4 Node 2
N%: 7.7% N%: 6.0% N%: 32.3% N%: 13.3% N%: 10.4% N%: 23.3% N%: 7.0%
ADR% : 87.0% ADR% : 44.4% ADR% : 24.7% ADR% : 40.0% ADR% : 71.0% ADR% : 15.7% ADR% : 90.5%

Figure 3 Decision Tree Model for Platinum Accumulation Risk Prediction.
Abbreviations: Cp,, Serum Platinum Concentration; SCR, Serum Creatinine; P, Serum Phosphorus.
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Table 3 Decision Tree Model Information

Item Information

Growth Method CART

Dependent Variable Occurrence of adverse reaction
Independent Variables Cpy, SCR, Drug, Age, P
Validation 10-fold stratified cross-validation
Maximum Tree Depth 5 layers

Min Cases in Parent Node | 20
Min Cases in Child Node 10

Number of Nodes 12

Terminal Nodes 7

Root Node Serum Platinum Concentration
Intermediate Nodes Drug, SCR, Age, P

Abbreviations: CART, classification and regression tree; Cp,, Serum Platinum
Concentration; SCR, Serum Creatinine; P, Serum Phosphorus.

As shown in Figure 3, in the decision tree model developed in this study, serum platinum concentration served as the
root node. This indicates that a serum platinum concentration (Cp; > 534.40 pg/L) was the most critical decision factor in
this prediction model for determining the occurrence of adverse drug reactions, directly reflecting the level of platinum
accumulation in the body. The second-level decision node was the medication category, with cisplatin/carboplatin
conferring a higher risk of platinum accumulation toxicity than oxaliplatin. The third-level node was serum creatinine
(SCR), a key indicator for renal function assessment. When SCR > 94.50 pmol/L, the risk of platinum accumulation
toxicity increased significantly. Subsequent nodes, including age and serum phosphorus, were also identified as important
factors in predicting platinum accumulation risk. The decision nodes were ranked in descending order of importance as
follows: Serum platinum concentration, SCR, Platinum-based agent category, Age, and serum phosphorus (see Table 4
for the importance ranking of key independent variables in the model).

Performance Evaluation of the Risk Prediction Model

Confusion Matrix and Prediction Accuracy

The confusion matrix (Table 5) showed an overall prediction accuracy of 75.7%, preliminarily validating the model’s
utility.

Model Risk Assessment

To further evaluate the model’s stability and applicability, risk was assessed from the perspectives of both training set fit
and cross-validation generalization (K = 10 folds) (Table 6). The cross-validation error was 27.3% (SE + 0.027), slightly
higher than the resubstitution error (difference 3.0%; comparison: 24.3% + 2.5% vs. 27.3% =+ 2.7%), indicating mild
overfitting.

Model Predictive Performance Evaluation

The CART model developed in this study exhibited a sensitivity of only 50.8% at the default threshold, indicating a high
risk of missed diagnosis. This is attributed to the CART algorithm’s default classification threshold of 0.5. Adjusting the

Table 4 Key Independent Variable Importance Ranking

Variables Importance | Normalized Importance
Serum Platinum Concentration 0.048 100.0%
Serum Creatinine 0.046 95.9%
Platinum-based agent category 0.030 63.6%
Age 0.021 43.0%
Serum Phosphorus 0.007 15.2%
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Table 5 Confusion Matrix of the Risk Prediction

Model
Actual Predicted Accuracy
No Yes
No 166 14 92.2%
Yes 59 6l 50.8%
Overall Percentage | 73.8% | 81.3% 75.7%

Table 6 Risk Estimation of the Prediction Model

Method Estimate | Standard Error
Resubstitution 0.243 0.025
Cross-Validation 0.273 0.027

classification threshold can significantly improve this situation. We used the ROC curve to further evaluate the model’s
discriminatory ability (Figure 4). When the threshold was lowered from 0.57 to 0.32 (the point of maximum Youden
index), the maximum Youden index was 0.461, corresponding to a sensitivity of 70.8% and a specificity of 75.3%.
Compared to the threshold of 0.5, this adjustment allows for the identification of 20% more high-risk patients while
maintaining clinically acceptable specificity. The area under the ROC curve was 0.782 (95% CI: 0.727-0.837),
significantly greater than 0.5 (p < 0.001), indicating moderate to good predictive discrimination.

Discussion

Serum platinum concentration was used to reflect the extent of platinum accumulation in the body after drug clearance.
The accumulation mechanism is primarily related to the pharmacokinetic properties of platinum drugs:'® (1) Irreversible
binding: Platinum drugs can form covalent bonds with proteins, DNA, or other molecules, resulting in platinum-protein

complexes; (2) DNA cross-linking: For example, cisplatin forms intra- or inter-strand cross-links with DNA bases, which

038

06

Sensitivi

04 ’ AUC = 0.782
’ (95%CI: 0.727 - 0.837)

0o 02 D4 06 03 10

1 - Specificity

Figure 4 ROC Curve of the Risk Prediction Model.
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are difficult to repair; (3) Metabolic inertia: Platinum drugs mainly exist in their original or monohydrated form in vivo,
lacking effective metabolic degradation pathways. These properties collectively lead to sustained platinum accumulation.

We aimed to explore the impact of this chronic toxicity induced by platinum accumulation on patients’ quality of life.
LOS served as a key and multidimensional indicator, reflecting not only healthcare quality and resource utilization but,
more importantly, the economic and time burden on patients. A retrospective study showed that each additional day of
hospitalization increased average costs by 1399 yuan,'® highlighting the importance of controlling LOS to reduce
economic burden. Our previous research demonstrated that platinum accumulation is associated with an increased risk
of anemia,’ and other studies have linked anemia to prolonged LOS.?° The present mediation analysis connects these
findings: RBC count significantly mediates the relationship between serum platinum concentration and LOS. This reveals
a clear clinical pathological mechanism: increased serum platinum concentration significantly suppresses RBC count, and
lower RBC levels are closely associated with longer hospitalization. Therefore, monitoring and timely intervention for
platinum-induced erythrocytopenia are crucial for improving patient outcomes and shortening LOS.

Factors influencing LOS are complex and include disease type, cancer stage, age, adverse reactions, transfusions, and
surgery."*? In our preliminary investigation, serum platinum concentration was found to be correlated with several
hematologic indices, as well as with the incidence of adverse events, cancer-related fatigue, and the category of
medications used.” However, in the present study, we did not identify an association between these factors and LOS.
Yet multiple studies'>'®?* have indicated that chemotherapy regimens (eg, Nivolumab + FOLFOX), adverse events, and
chemotherapy-induced adverse reactions all increase patients’ length of hospital stay. These factors may also serve as
potential mediators between serum platinum concentration and LOS, which warrants further investigation.

In the decision tree model, serum platinum concentration served as the root node, indicating it is the most critical
factor for predicting adverse reactions (threshold: Cp; > 534.40 pg/L). When serum platinum exceeds this threshold, the
risk of adverse reactions increases significantly (90.5%). Our previous study also found that for every 1 pg/L increase in
serum platinum concentration, the risk of adverse reactions increased by 0.7%.° Other studies have reported that
oxaliplatin-induced neurotoxicity is reversible at low doses but becomes irreversible at high doses, potentially affecting
quality of life.>* Thus, serum platinum concentration holds value for guiding clinical individualized dosing. When
a patient’s measured serum platinum level is high, vigilance for adverse events and timely interventions are warranted. In
preventing adverse reactions to platinum-based drugs, common clinical approaches include pre-chemotherapy pretreat-
ment and post-chemotherapy accelerated elimination. However, there is currently a lack of effective intervention
strategies for the long-term toxicity issues induced by platinum accumulation after drug administration. Based on the
general principle of promoting the excretion of water-soluble substances, hydration and diuresis remain the most classic
method.”” When the serum platinum concentration exceeds the threshold (Cp, > 534.40 pg/L), aggressive fluid infusion
and diuresis can accelerate renal excretion of platinum.

The risk associated with oxaliplatin was significantly lower than that of cisplatin/carboplatin (15.7% vs. 43.1%), which
may be attributed to differences in pharmacokinetics and toxicity profiles. First, unlike cisplatin, oxaliplatin enters cells
primarily via organic cation transporters (OCT1-3)-mediated active transport and passive diffusion, reducing renal accumula-
tion and consequent nephrotoxicity.”® Second, the DNA adducts formed by oxaliplatin differ from those produced by cisplatin
and carboplatin. Its DACH ligand enables specific hydrogen bonding and structural distortions on DNA strands, potentially
leading to differences in apoptosis pathways. In contrast, cisplatin and carboplatin generate high levels of DNA intrastrand
cross-links, readily triggering oxidative stress and inflammatory responses, thereby increasing the risk of renal tubular
damage.”” Furthermore, oxaliplatin’s structure was optimized to reduce toxicity risk. Stable leaving groups diminish off-
target organ damage and significantly lower systemic toxicity, although a shift in the toxicity profile is unavoidable.
Neurotoxicity remains common and requires specific management strategies (eg, avoiding cold stimuli).?’

Age is another important factor in the risk prediction model. The higher risk of adverse drug reactions in elderly
patients is not limited to platinum drugs and is related to age-dependent changes in kidney structure: after age 60, the
number of nephrons decreases by 30-50%, and the proportion of sclerotic glomeruli increases from 0.5% to 36%
between ages 50—60, resulting in reduced glomerular filtration area and permeability. As the glomerular filtration rate
declines, the risk of drug accumulation toxicity increases.”® Data from platinum drug applications show that patients over
50 have a higher rate of chemotherapy termination due to infection risk, and elderly patients exhibit an increased need for
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transfusions.”” Among cisplatin-treated patients, those over 65 have a 2.96 times higher risk of acute kidney injury
compared to those under 25.°° Therefore, age should be considered a core variable for renal toxicity risk when using
cisplatin or carboplatin.

Serum creatinine and serum phosphorus, both related to renal function, were also included in the model. The risk of
adverse reactions increased significantly when serum creatinine exceeded 94.50 umol/L. In patients under 60.5 years, serum
phosphorus also influenced the incidence of adverse reactions. This aligns with our other study on platinum accumulation risk
modeling: platinum accumulation level was positively correlated with serum phosphorus, and accumulation led to increased
serum creatinine, partially mediating (5.2%) the occurrence of adverse reactions,’' underscoring the value of renal function
indicators in the prediction model. Notably, these variables appeared as sub-nodes under the cisplatin/carboplatin branch, not
under oxaliplatin, indicating that the metabolism of cisplatin and carboplatin highly depends on renal clearance, and their
toxicity risk is closely tied to renal function. The decision tree did not reveal distinct risk markers for oxaliplatin; its key
monitoring indicators require further exploration using real-world data.

We previously used mediation analysis to explore the biological mechanisms behind platinum accumulation-induced
toxicity and calculated cutoff values to predict the risk of adverse reactions when indicators are abnormal.®' Individual
cutoff values can serve for preliminary screening and dynamic warning based on single indicators. However, clinical
decision-making often requires integrating multiple variables.

From the decision tree model, it is evident that serum platinum concentration is a critical indicator in clinical
individualized dosing of platinum-based drugs, providing feedback on platinum accumulation levels and predicting
accumulation risks. When using carboplatin or cisplatin, a monitoring system centered on renal function should be
established, and indicators such as age, serum creatinine levels, and serum phosphorus levels should be given high
attention in assessing the risk of platinum accumulation. This study focuses on the fundamental pharmacokinetic
phenomenon of platinum metal accumulation and integrates multiple clinical indicators through a decision tree to
form a clear stratified decision pathway. This approach is better suited to the complex clinical data encountered in
practical applications. The predictive results can be directly used to guide dynamic adjustments to treatment plans,
reflecting a shift in perspective from “toxicity management” to “treatment optimization.”

In contrast to existing predictive models for platinum-based agents—such as the model for cisplatin-induced

nephrotoxicity developed by Zhang et al*?

and the model for myelosuppression following platinum-based chemotherapy
established by Li et al*> which focus on predicting risks of specific adverse drug reactions—this study introduces
a distinct approach by incorporating the cumulative platinum concentration after complete metabolic elimination
following each administration as the fundamental decision factor for risk assessment. Furthermore, the study establishes
clear clinical intervention thresholds for key variables (eg, Cp, > 534.40 pg/L, Age > 60.5 years), thereby constructing
a transparent and actionable clinical decision pathway with demonstrated originality.

In addition to the clinical parameters measured in this study, accumulating evidence indicates that genetic factors play
a pivotal role in the personalized application of platinum-based chemotherapy. For instance, deficiency in the DNA
damage repair pathway resulting from mutations in BRCA1/2 constitute a fundamental mechanism underlying the
heightened sensitivity of tumor cells to platinum-based chemotherapy, particularly cisplatin. Consequently, patients
harboring such mutations exhibit significantly higher objective response rates and experience meaningful survival
benefits.***> Beyond its role in sensitivity, BRCA1/2 genotype also serves as a critical biomarker for predicting the
efficacy of platinum-based chemotherapy in metastatic breast cancer.*® Beyond this, single nucleotide polymorphisms in
the DNA damage repair pathway genes (eg, XRCCI, ERCCI/2) and drug-metabolizing enzyme genes (eg, GSTPI,
GSTM]) are also significantly correlated with platinum-based chemotherapy sensitivity and resistance.>’* At the cellular
level, platinum-sensitive cells (eg, the testicular cancer 833K cell line) accumulate substantially higher levels of
platinum-DNA adducts (eg, Pt-1,2-d(GpG)) compared to resistant cells (eg, the breast cancer MDA-MB-231 cell
line).** Therefore, to refine precision treatment strategies for platinum-based chemotherapy, future predictive models
should integrate genomic factors in addition to the clinical indicators identified herein.

Our current predictive model has certain limitations that warrant acknowledgment. First, the findings are derived from
a single-center study, and their generalizability requires further validation through multi-center prospective cohorts.
Second, constrained by the sample size, we were unable to perform stratified analyses to reinforce our conclusions. For
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instance, metabolic-related cancers may lead to elevated platinum accumulation, thereby increasing the risk of dose-
dependent toxicity; dedicated stratified analyses could elucidate the correlation between platinum accumulation and
metabolism-related adverse reactions. However, filtering by specific cancer types would inevitably reduce the training set
size, which in turn would compromise the robustness and credibility of the model. Therefore, expanding sample sizes via
multi-center studies and integrating pharmacogenomic monitoring data represent key priorities for our future research.
Building on the present study, constructing a multi-omics prediction model that integrates clinical indicators with genetic
biomarkers using machine learning algorithms would be of significant scientific value. We hypothesize that such
a multidimensional prediction system could enhance both the accuracy and safety of platinum-based chemotherapy
administration, ultimately facilitating the development of a more refined, personalized precision medicine decision-
making system for clinical practice.

Conclusion

Platinum accumulation may prolong the length of hospital stay through mechanisms involving reduced red blood cell
count. Monitoring and managing platinum accumulation, along with implementing timely interventions, are key steps in
optimizing treatment strategies. This preventive, personalized risk management approach helps reduce unplanned
treatment interruptions due to toxicity, and is essential for improving patients’ long-term quality of life and treatment
outcomes. The present study established a preliminary framework for early identification of high-risk patients, offering
a strategy to enhance the clinical efficacy and safety of platinum-based drugs at an individualized level, and providing
a foundation for subsequent multi-center research.
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