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Abstract 

Renal cell carcinoma (RCC) is a biologically heterogeneous disease. In the recent past, the clinical management of RCC 

has been redefined by the new development of diagnostic imaging, molecular and genetic profiling. The following review 

attempts to provide the current events in diagnosing, risk stratification, and management of RCC through the lens of 

nephrology.  A literature review was performed thoroughly with the emphasis on the developments in imaging modalities, 

molecular and genetic diagnostics, prognostic models, and novel therapeutic methods. Literary evidence of clinical trials, 

systematic reviews, and international guidelines was analyzed. The result showed that imaging and radiomics advances 

have enhanced the characterization of tumors and the assessment of risks associated with RCC, whereas molecular and 

genetic diagnostics have allowed a fine classification of the disease. The Therapeutic interventions, such as setting up 

targeted therapy, immunotherapy and minimally invasive surgery procedures, have taken a huge step forward in oncologic 

outcomes. The changes in the management of RCC over the years, the concept of advanced diagnostics, along with the 

modern modalities, have revolutionized the management process of this cancer. Oncologic efficacy should be offset with 

renal preservation by using multidisciplinary nephrology-centered approaches. Additional studies and fair practice of 

precision medicine is also essential to ensure better outcomes and life of patients with RCC. 

 

Keywords: Renal cell carcinoma, Precision medicine, Molecular diagnostics, Risk stratification, Nephron-sparing 

therapy 

 

Introduction 

Kidney cancers have diagnostic and therapeutic 

problems which are unique due to their biological 

heterogeneity and their proximity to renal functions. 

Early disease infestation is usually asymptomatic and 

allows for less time to diagnose and intervene with a 

curative measure. Conventional diagnostic procedures 

and treatment plans are often inadequate to describe the 

heterogeneity of tumors, or they no longer contribute to 

targeted therapy. Simultaneously the important 

physiologic role of the kidney should be taken into 

consideration when choosing surgical or systemic 

therapy because disease and treatment can deteriorate 

the renal functions. These shortcomings underscore the 

increasing demand of new diagnostic instruments that 

can be used to enhance tumor detection, 

characterization and risk stratification. Equally, there is 

need to develop therapeutic modalities that can increase 

treatment efficacy but at the same time the kidney 

functions and toxicity should be reduced. All these 

problems make it necessary to proceed with innovative 

work in the diagnosis and treatment of kidney 

malignancies. 

Renal cell carcinoma (RCC) is the primary product of 

malignancy of the kidney and it represents about 85-90 

percent of all cases of renal cancer in the world. In 

particular, combination regimens based on immunology 

have completely transformed the treatment environment 

of advanced renal cell carcinoma [1,2]. Major 

randomized clinical trials prove better survival rates 

with immune checkpoint-inhibitor-based therapy 

compared to those with conventional monotherapy with 
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tyrosine kinase inhibitors [3,4]. Renal cell carcinoma 

affects directly renal anatomy and renal functioning and 

sometimes surgical intervention, systemic therapy, or 

both may be required. Combination regimens are 

complemented with the addition of the targeted therapy 

and immunotherapy to improve progression-free and 

overall survival in a myriad of disease settings [5,6]. 

Additionally, post-nephrectomy adjuvant 

immunotherapy has emerged as an effective strategy for 

reducing the risk of recurrence in patients with high-risk 

localized disease [7]. Therapeutic progress, proper 

diagnosis, risk stratification, and individualization of 

treatment are not easy despite the therapeutic 

advancements. The new technologies in diagnostics, 

such as molecular imaging and liquid biopsy methods 

are opening up scope for early detection and better 

characterization of the disease [8,9]. Thus, it is 

important to evaluate the latest diagnostic and treatment 

advances in renal cell carcinoma to support clinical 

judgment and interdisciplinary care. Recent clinical 

recommendations focus on risk-specific management 

approaches and heterogeneity of the disease restricts the 

quality of prognostic models and treatment choices [10]. 

The current liquid biopsy method and especially 

circulating tumor DNA (ctDNA) is shown to have 

potential in prognostication and disease monitoring in 

renal cell carcinoma, but the sensitivity depends on the 

disease stage [11]. Advances in metastasis-directed 

radiotherapy for oligometastatic clear-cell renal cell 

carcinoma introduce new treatment paradigms but 

require further validation before widespread clinical 

adoption [12]. Prognostic associations between 

circulating tumor DNA levels and clinical outcomes 

further support the potential role of liquid biopsy in 

surgically resected renal cell carcinoma [13]. 

Radiomics-based analysis of computed tomography and 

magnetic resonance imaging improves non-invasive 

tumor characterization and prognostic assessment in 

renal cell carcinoma [14,15]. Narrative and systematic 

reviews further support the growing role of radiomics 

and artificial intelligence-based imaging in predicting 

treatment response and oncological outcomes [16,17]. 

Emerging biomarker strategies, including circulating 

tumor cells (CTCs), enhance understanding of tumor 

biology and provide complementary value to circulating 

tumor DNA-based approaches [18]. Machine learning 

enhanced radiomic models add incremental prognostic 

value beyond existing clinical risk models [19]. Recent 

meta-analyses also demonstrate the feasibility of non-

invasive prediction of nuclear grade in renal cell 

carcinoma using computed tomography-based 

radiomics [20]. 

Although these technological advances are present, 

there are a number of significant issues that still restrict 

their extensive usage in the clinical context. Lots of 

radiomic and machine learning models are still limited 

to research only because they are not standardized, 

imaging protocols vary, and they are not validated in 

large different populations of patients. Variations in 

scanner, image acquisition, and segmentation 

techniques decrease the reproducibility and comparison 

between studies. Moreover, the incorporation of 

advanced imaging biomarkers into standard clinical 

activities is still complicated and it takes special skills 

and computer resources, which are not always 

accessible. Clinicians are unsure of the way radiomic 

outputs should be interpreted and utilized with 

established clinical and pathological risk factors in the 

best way possible. These shortcomings have provided a 

case to harmonise the methodologies, prospective 

validation and models that are clinically interpretable to 

ensure that diagnostic innovations add substantial value 

to patient care and therapeutic decision-making in renal 

cell carcinoma. 

 

Objectives of the Study: 

1. To review recent advances in the diagnosis, risk 

stratification, and management of renal cell carcinoma 

2. To evaluate the role of molecular, imaging, and 

prognostic tools in personalized RCC care 

3. To highlight nephrology-focused strategies aimed at 

preserving renal function while optimizing oncologic 

outcomes 

 

Methods 

Literature Search Strategy 

A comprehensive literature search was conducted to 

identify studies reporting diagnostic and therapeutic 

innovations in renal cell carcinoma. Electronic 

databases such as PubMed/MEDLINE, Scopus, and 

Web of Science were used. The search was limited to 

the past seven years 2018 to 2025 to guarantee the 

availability of current and clinically relevant studies. 

Search terms were joined by using Boolean operators 

and comprised of keywords such as  renal cell 

carcinoma, kidney cancer, diagnostic innovations, 

advanced imaging, molecular biomarkers, targeted 

therapy, immunotherapy, nephron-sparing surgery, and 

renal toxicity. Manual screening of the reference lists of 

the selected articles was done to find relevant 

publications, clinical, translational and experimental 

research related to nephrology and urology were also 

included. 

 

Study Selection Criteria 

The studies were included based on predetermined 

inclusion and exclusion criteria. Articles that could be 

included in the study were the original research articles, 

randomized and non-randomized clinical trials, 

observational studies, systematic reviews, meta-

analyses, international clinical guidelines on renal cell 

carcinoma diagnostics and treatment methods. Articles 

which showed applicability to kidney disease, renal 

functioning maintenance or urologic oncology were 

included. The exclusion criteria included conference 

abstracts that were not full papers, editorials without 

substantial data, non-peer-reviewed articles, case 

reports, and studies that were older than seven years. 

 

Data Mining and Generalization 

The included studies provided relevant information, 

which was extracted in terms of diagnostic methods, 

treatment approaches, clinical outcomes, and renal 

functioning implications. The information that was 

extracted covered the study design, patient population, 

diagnostic modality, therapeutic intervention and the 
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main findings. Due to the diversity of the study designs 

and the results that were reported, a narrative synthesis 

method was used. The data were categorized in themes 

of diagnostic innovations, therapeutic developments 

and considerations of nephrology. A comparative 

analysis was conducted in order to reveal the tendencies, 

strong points, weaknesses, and gaps in the literature. 

This methodology allowed synthesizing existing 

evidence in an integrated and clinically meaningful way 

that was applicable to nephrologists, urologists, and 

researchers in the renal field. 

 

Scope and Conceptual Framework of the Review 

The review was constructed as a narrative synthesis of 

emerging data in a manner that reflected a synthesis of 

the current evidence to bring the emerging diagnostic 

modalities, changing treatment modalities, and 

considerations that nephrology has with the 

management of renal cell carcinoma. The focus was put 

on clinically meaningful innovations, such as 

innovations in imaging, molecular profiling, target and 

immune-based therapies, and modalities intended to 

maintain renal functionality. In this way, the analysis of 

the current trends, unmet needs and potential future 

directions in the field of renal cell carcinoma care was 

achieved both under urologic and nephrologic 

perspective. 

 

Overview of Renal Cell Carcinoma 

Renal cell carcinoma (RCC) comprises a heterogeneous 

group of malignancies arising from the renal tubular 

epithelium and exhibits substantial variation in 

histological and biological behavior. At the 

pathophysiological stage, RCC has a natural 

abnormality in angiogenesis, immune modulation, and 

cellular metabolic changes. Uncommon clinical 

findings have been made of spontaneous or dramatic 

regression of tumors with systemic inflammatory 

responses following targeted therapy, which can be 

explained by the complicated nature of the interplay 

between the biology of the tumors and the host immune 

response [21]. Nevertheless, the activation of the 

immune can also have a negative influence on the renal 

tissue. Case-studies show that the use of immune 

checkpoint inhibitor therapy can trigger acute 

tubulointerstitial nephritis by the immune cells 

infiltrating the renal parenchyma [22]. The increased 

number of multicenter studies also proves that immune 

checkpoint inhibitor-related acute kidney injury is a 

clinically significant complication and should be 

monitored and managed with special care [23]. Novel 

treatment modalities look into combination therapy to 

enhance the efficacy of treatment. There is case-based 

evidence that proposes the potential advantages of 

immunotherapy and chemotherapy combination in 

specific locally advanced renal and urothelial 

malignancies [24]. The current trend in systemic therapy 

for RCC increasingly emphasizes targeted therapies and 

immunotherapy, with a focus on balancing oncologic 

efficacy with renal safety and long-term preservation of 

kidney function [25]. 

 

 
Figure 1: Extracellular Vesicles in the Pathophysiology and Progression of Renal Cell Carcinoma 

Source: Takeda M et al., Nanomaterials, 2023;13:1611. DOI: 10.3390/nano13101611 [26] 

 

Figure 1 indicates the key functions of extracellular 

vesicles that cancerous renal cells secrete during cancer 

progression. Extracellular vesicles facilitate 

dysfunctional angiogenesis, immune regulation in the 

tumor bed, metastatic spread, and drug resistant 

formation. 

 

Diagnostic Innovations in Renal Cell Carcinoma 

Recent New developments in diagnostic approaches 

have led to substantial diagnosing, characterizing, and 

treatment of renal cell carcinoma (RCC). Conventional 

diagnostic methods were based on the traditional 

imaging and histopathological analysis nevertheless, 

these techniques are often insufficient to obtain the 

heterogeneity and molecular complexity of the tumor. 

Simultaneously, united imaging standards like the 

Bosniak classification (version 2019) have enhanced the 



Дослідницька стаття / Research article 

268 Kidneys Vol. 15, No. 1, 2026 

diagnosing and treating cystic renal masses by 

enhancing reporting and risk grouping [27]. Moreover, 

better awareness of renal imaging mimic and there has 

been growing relevance to minimize misclassification 

and inappropriate treatment [28]. Together, these 

advancements have precursors to early detection, 

enhanced characterization, and less risky longitudinal 

observation, especially in the nephrology environment 

where renal functional preservation is one of the 

priorities. 

 

Imaging Advances 

Imaging continues to play a crucial role in the process 

of RCC diagnosis and staging, additionally, the latest 

innovations continue to mainstream its use in the 

clinical context. Diffusion-weighted imaging and 

perfusion techniques are considered functional imaging, 

which offers data about the cellularity and   and the 

base of high-level quantitative analysis. Radiomics 

makes it possible to extract imaging features that cannot 

be observed visually and assists in the prediction of 

tumor grade, treatment response, and prognosis [29]. 

Artificial intelligence, which supports imaging, has 

more recently increased the number of applications in 

urinary tumors, including automated lesion 

classification, decision-making, and tailored treatment 

strategies [30]. These non-invasive techniques can be 

used jointly to decrease the need to perform repeated 

biopsies and enhance longitudinal surveillance, 

especially in cases where the patient uses a nephron-

sparing approach or in patients with impaired renal 

functioning. 

 

Molecular and Genetic Diagnostics 

The use of molecular and genetic diagnostics has 

changed the way renal cell carcinoma is perceived and 

allowed for a more precise diagnosis of this disease. 

Genomic profiling detects important molecular changes 

that are entailed in tumor growth, angiogenesis, and 

immune evasion in favor of targeted therapy. Such 

approaches as circulating tumor cells and circulating 

tumor DNA are liquid biopsy techniques that provide 

the minimally invasive disease monitoring and 

prognostic models. Such methods enable the evaluation 

of the tumor dynamics in real time and could reveal a 

possibility of changes in molecular features linked with 

treatment resistance. Combined with the imaging 

results, molecular and genetic diagnostics allow 

completing the evaluation of RCC and make it 

individualized, which is in line with the premises of the 

practice of precision medicine [31]. 

 

Risk Stratification and Early Detection 

Correct stratification of risk is very critical in order to 

maximize the management strategies in renal cell 

carcinoma. The predictive models based on a 

combination of clinical variables, imaging 

characteristics, and molecular data can assist in 

determining much higher-risk patients of the disease 

progression or reoccurrence. Specifically, radiomics in 

MRI has been observed to have an important role in 

preoperative staging, size, grade and necrosis 

prediction, and has become more valuable to assess non-

invasive risks more precisely [32]. Prognostic markers 

allow distinguishing between indolent and aggressive 

tumors, which allows monitoring the intensity of 

surveillance and treatment intervention. The advantage 

of early detection strategies is that, using a combination 

of advanced imaging with biomarker-based assessment, 

there is enhancement, which identifies the clinically 

significant disease at an earlier stage. These methods 

contribute to interventional interruptions in good time 

and reduce overtreatment. Refined risk stratification has 

been shown to play a particularly beneficial role in 

nephrology-focused care, by expensive treatment 

escalation, and appropriate choice of the nephron-

conservative treatment. Table 1 provides the brief 

overview of the main diagnostic advances in renal cell 

carcinoma, combining the development of imaging, 

molecular diagnostics, and risk estimates. It emphasizes 

the benefits of the standard and modern imaging modes, 

such as radiomics and artificial intelligence, in 

characterizing tumors and prognostic evaluation. 

 

Table 1: Diagnostic Innovations in Renal Cell Carcinoma 

Diagnostic Domain Technique / Tool Key Information 

Provided 

Clinical Utility Nephrology-

Relevant Benefit 

Conventional Imaging CT / MRI Tumor size, location, 

vascularity 

andDiagnosis

staging 

Baseline assessment 

with non-invasive 

evaluation 

Standardized Imaging 

Frameworks 

Bosniak Classification 

(v2019) 

riskCystic lesion

stratification 

Management 

guidance 

Avoids unnecessary 

surgery 

Functional Imaging DWI, Perfusion MRI Tumor cellularity, 

angiogenesis 

Tumor 

characterization 

forReduces need

biopsy 

Radiomics featureQuantitative

extraction 

Tumor grade, 

prognosis prediction 

Risk stratification Supports nephron-

sparing decisions 

AI-Assisted Imaging learningMachine

models 

lesionAutomated

classification 

Decision support Enables longitudinal 

monitoring 

Genomic Profiling DNATumor

sequencing 

Molecular alterations, 

pathways 

therapyTargeted

selection 

Personalized 

treatment planning 

Liquid Biopsy ctDNA, CTCs Tumor dynamics, 

resistance markers 

Disease 

monitoring 

Minimally invasive 

surveillance 

Biomarkers Blood/urine/tissue 

markers 

andPrognostic

predictive signals 

Early detection Renal- risksafe

assessment 
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Integrated Risk Models Clinical + imaging + 

molecular data 

andProgression

recurrence risk 

Surveillance 

tailoring 

renalPreserves

function 

Source: Compiled from peer-reviewed studies on imaging advances, radiomics, artificial intelligence, and molecular 

diagnostics in renal cell carcinoma 

 

Therapeutic Innovations 

The management of renal cell carcinoma has evolved at 

high rates in the past few years with some of the latest 

drugs, immunotherapies and methods of surgeries. 

Through these inventions, there has been a better chance 

of survival and wider range of treatment choices of a 

disease at any level. The development of contemporary 

therapeutic approaches and practices puts increased 

focus on individualized selection of treatment choices, 

which varies and depends on tumor biology, patient 

features, and credits state of renal functioning in 

accordance with recognized prognostic factors and risk 

models in renal cell carcinoma [33]. Combination of the 

systemic therapies with the surgical methods and 

minimally invasive methods allow more thorough 

management of the disease. Nonetheless, despite 

ongoing advances, concerns regarding toxicity and 

long-term kidney health persist, underscoring the need 

for a multidisciplinary approach. 

 

Targeted Therapies 

Treatment with specific therapy is one of the pillars of 

renal cell carcinoma. Tumor angiogenesis can 

effectively be blocked using agents that inhibit vascular 

endothelial growth factor pathways and tyrosine kinase 

signaling. There are other mechanisms of suppressing 

tumor growth and metabolism by mammalian target of 

rapamycin inhibitors. These therapies have shown great 

clinical utility especially in metastatic disease and 

advanced disease. Dosage schedules and patient 

identification will always be crucial to achieve the 

highest benefit of the therapy without interference with 

the renal performance, especially combined with 

nephron-sparing and minimally invasive surgery [34]. 

 

Immunotherapy 

Immunotherapy treatment has brought change to the 

treatment of renal cell carcinoma because it uses the 

host immune system to regulate growth of the tumor. 

Diegetic immunochemotherapy has been shown to 

enhance survival and suppress cancer tumor invasion by 

using the immune checkpoint blocking programmed 

cell death pathways. Combination regimens that include 

immunotherapy using targeted agents can promote 

further efficacy but could potentially be more toxic and 

this is especially important in cases featuring 

perioperative and high-risk disease (or both) [35]. Renal 

complications are one of the adverse events associated 

with immunity that should be taken into account within 

the clinical practice. Proper patient selection, early 

toxicity detection, coordinated efforts of nephrologists 

and oncologists are essential in safe and effective 

administration of immunotherapies. 

 

Surgical and Minimally Invasive Approaches 

One of the most important interventions in the 

management of renal cell carcinoma is surgery, 

especially in the localized disease. Nephron-sparing 

operation is expected to attain oncologic renal cortex 

which maintains renal functioning and lessens chances 

of chronic kidney illness. The development of robotic-

assisted and minimally invasive surgeries has enhanced 

surgical accuracy, decreased the morbidity of the 

perioperative period, and decreased the time of recovery 

due to greater knowledge in tumor biology and 

molecular heterogeneity [36]. Ablative methods provide 

alternative solutions to selected patients who cannot be 

well-operated upon with results progressively based on 

sophisticated pathology staging systems [37]. These are 

strategies that are consistent with the nephrology-

focused care that emphasizes long-term preservation of 

the kidneys along with effective management of tumor. 

Table 2 gives an organized view of the key therapeutic 

developments in renal cell carcinoma which are 

inclusive of targeted treatments, immunotherapy, 

surgical and minimally invasive treatments. It 

emphasizes action mechanisms, clinical manifestations 

and settings of therapy in various stages of the disease. 

Specific attention is paid to addressing the renal and 

nephrology-related issues, such as the risk of 

nephrotoxicity, the maintenance of renal functions, and 

patient selection. The table allows comparison of both 

systemic and local remedies in the context of a 

multidisciplinary care approach. 

 

Table 2: Therapeutic Innovations in Renal Cell Carcinoma 

Therapeutic 

Modality 

/Examples

Techniques 

Mechanism of Action Clinical 

Indications 

Renal & Nephrology 

Considerations 

Targeted 

Therapies 

inhibitors,VEGF

mTORTKIs,

inhibitors 

Inhibition of 

angiogenesis and tumor 

growth pathways 

Advanced and 

metastatic RCC 

Risk of nephrotoxicity; 

requires dose adjustment 

and monitoring 

Immunotherapy PD-1 / PD-L1 

inhibitors, 

combination regimens 

ofRestoration

immuneantitumor

response 

Advanced and 

high-risk RCC 

Immune-related renal 

adverse events; 

multidisciplinary oversight 

needed 

Combination 

Therapy 

+Immunotherapy

targeted agents 

tumorSynergistic

control 

High-risk and 

metastatic 

disease 

Increased toxicity; careful 

patient selection 

Nephron-Sparing 

Surgery 

Partial nephrectomy Local tumor excision 

with renal preservation 

Localized RCC Reduces risk of chronic 

kidney disease 
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Robotic & 

Minimally 

Invasive Surgery 

Robotic-assisted 

partial nephrectomy 

Precision surgery with 

reduced morbidity 

Complex 

localized 

tumors 

renalFaster recovery,

preservation 

Ablative 

Techniques 

Cryoablation, 

radiofrequency 

ablation 

Local tumor destruction Poor surgical 

candidates 

Minimally invasive, renal-

safe alternatives 

Source: Compiled from peer-reviewed studies and reviews on therapeutic strategies and surgical management of renal 

cell carcinoma 

 

Nephrology-Focused Considerations 

One of the core concerns in the treatment of renal cell 

carcinoma (RCC) involves preserving renal 

functionality since the disease and the agents used to 

treat it may have a significant impact on the well-being 

of the kidneys. A considerable number of RCC patients 

go to the hospital with renal impairment. They are at a 

greater risk of developing chronic kidney disease after 

intervention. Such therapies as immunotherapy and 

targeted therapy can cause nephrotoxicity due to 

hemodynamic adjustments, immune-driven damage, or 

accumulation of stress in the kidneys and require close 

monitoring and prompt treatment. In metastatic RCC, 

prognostic factors are more firmly laid down, and risk-

adapted treatment options are offered to enable 

clinicians to adjust the intensity of the treatment, taking 

into consideration the renal vulnerability [38]. Although 

surgical treatments are potentially curative in focal 

disease, further depletion of renal reserve can occur, 

especially with the need to do radical renal surgery. 

Therefore, the nephron-sparing treatment and the 

conservative management methods are given the first 

priority whenever it can be done oncologically. Renal 

injury caused by treatment can worsen the chronic renal 

disease progression, which will impact on the quality of 

life and survival in the long run. Dose adjustment, ethics 

of hydration, preventive use of nephrotoxic substances 

and close biochemical monitoring all should be 

implemented as nephroprotective measures to prevent 

these risks. The interdisciplinary partnership of the 

oncologists, nephrologists and urologists is of crucial 

importance in terms of detection and treatment of the 

renal complications. This coordinated care especially 

applies to patients who are undergoing active 

surveillance or conservative management of small renal 

masses, whereby the maintenance of renal functioning 

is one of the main therapeutic objectives of the treatment 

[39]. 

 

 
Figure 2: Nephrology-Focused Management Framework in Renal Cell Carcinoma: Treatment-Related Renal 

Injury Mechanisms and Outcomes 

 

Source: Created by the authors based on a synthesis of published literature and clinical practice guidelines in nephrology 

and oncology. 

 

Figure 2 presents a nephrology-based model on the 

management of renal cell carcinoma. It provides an 

outline of the role of patient baseline renal status and 

treatment modalities such as surgery and targeted 

therapy in renal injury mechanisms. The mechanisms 

include hemodynamic changes, immune-mediated 

nephritis and accumulative renal stress. The figure 

shows the possible outcomes of renal failure including 

acute kidney injury or preservation of renal function. 

Nephroprotective strategies are stressed as a focal point 
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of renal damage reduction and enhancing patient 

outcomes. 

 

Nephrotoxicity Monitoring and Biomarker-Guided 

Renal Assessment 

The development of renal biomarkers is an encouraging 

breakthrough in the identification of nephrotoxicity and 

risk classification. Neutrophil gelatinase-associated 

lipocalin (NGAL), kidney injury molecule-1 (KIM-1) 

and cystatin C are some examples of biomarkers that 

have demonstrated early detection of acute kidney 

injury and immune-mediated nephritis compared to 

conventional outcomes. Such indicators will become 

particularly useful in patients undergoing immune 

checkpoint inhibitors treatment, where the toxicity of 

the renal system can manifest within a short time. Such 

a combination of clinical parameters, laboratory 

biomarkers, and radiography findings allow a more 

effective assessment of kidney susceptibility to help 

with precision oncology and risk-based decision-

making on therapeutic choices, and maintain long-term 

renal functionality. Table 3 provides a summary of the 

important parameters of renal monitoring that are 

employed to monitor nephrotoxicity in patients with 

renal cell carcinoma. It illuminates the traditional renal-

based test results and the developing biomarkers, which 

aid in the early identification of kidney injury. 

 

Table 3. Renal Monitoring Parameters and Biomarkers for Nephrotoxicity Assessment in Renal Cell Carcinoma 

Assessment Category Parameter / Biomarker Clinical Relevance Utility in RCC Management 

Conventional Renal 

Function Markers 

Serum creatinine Indicator of overall renal 

filtration 

Baseline renal assessment and 

longitudinal monitoring 

 Estimated glomerular 

filtration rate (eGFR) 

Reflects kidney function 

reserve 

Guides treatment selection 

and dose adjustment 

Urinary Markers Proteinuria of glomerularMarker

injury 

forParticularly relevant

VEGF-targeted therapies 

 Urinalysis (sediment) orDetects tubular

inflammatory injury 

Early identification of renal 

toxicity 

RenalEmerging

Biomarkers 

NGAL (Neutrophil 

gelatinase-associated 

lipocalin) 

Early marker of acute 

kidney injury 

subclinicalDetects

nephrotoxicity 

 KIM- injury1 (Kidney

molecule-1) 

of tubularMarker

damage 

therapyUseful in -related 

renal injury 

 Cystatin C Sensitive indicator of 

GFR changes 

Less influenced by muscle 

mass than creatinine 

Immunotherapy-

Related Markers 

Inflammatory markers 

(e.g., eosinophilia) 

Suggest immune-

mediated nephritis 

Supports early detection of 

immune- adverserelated

events 

Imaging-Based 

Assessment 

Renal ultrasound / CT Structural evaluation of 

renal parenchyma 

Identifies obstruction, 

scarring, or volume loss 

MonitoringIntegrated

Approach 

Combined clinical, 

laboratory, and imaging 

data 

renalComprehensive

risk evaluation 

andpersonalizedSupports

risk-adapted RCC

management 

Source: Created by the authors based on a synthesis of published literature and current clinical practice guidelines in 

nephrology and urologic oncology. 

 

Management Challenges 

Management of renal cell carcinoma faces still faces 

existing challenges. The issue of therapeutic resistance 

has been a significant challenge, and is in large part due 

to tumor heterogeneity and the dynamic nature of 

tumor-cell evolution in response to treatment effects, 

which allow cancer cells to circumvent treatment effects 

[40]. This resistance usually minimizes the persistence 

of clinical responses and makes them regularly change 

therapy. Toxicity due to the treatment is also another 

issue, where the side effects may interfere with patient 

compliance, as well as negatively affecting renal 

function, especially in individuals with underlying 

kidney disease. In addition, renal cancer cells reprogram 

metabolism, which leads to the pathogenesis and 

difficulties with the effectiveness of continuous 

treatment [41]. There is still a considerable gap in 

knowledge concerning the ideal sequencing and 

combination of the available therapies, their long-term 

renal outcome and overall survival. Economic 

determinants can significantly be seen as obstacles as 

well, and their availability is limited to a great number 

of healthcare facilities due to the high cost of treatment 

and a lack of access to advanced diagnostics and 

innovative treatments. Nanotechnological research, 

optimisation of clinical guidelines and incorporation of 

fair and patient-focused healthcare interventions will be 

needed to overcome these issues. 

 

Future Directions 

It is assumed that future developments in the treatment 

of renal cell carcinoma (RCC) will focus more and more 

on the development of risk-adaptive and more 

individualized treatment regimes that will optimize both 

the oncologic outcomes and ensure renal survival over 

the long term. Better characterization of small foci of 

renal disease by fine-tuning clinical evaluation, 

developments in imaging, and focused treatment will 
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enable tailored treatment and prevent excessive 

treatment to the indolent disease [42]. Advances in the 

prognostic model will continue to be a major research 

area especially among patients who have high-risk 

localised and locally advanced RCC. Strong predictive 

models that incorporate clinical, pathological, and 

molecular factors could be used to improve the detection 

of patients at higher risk of relapse or early disease 

recurrence to inform decisions related to surveillance 

and adjuvant treatment after the surgical resection [43]. 

Active surveillance is also anticipated to widen its role 

and this is with patients who are carefully chosen with 

localized small renal masses. The evidence supporting 

surveillance-based strategies indicates that intervention 

may be delayed or avoided without compromising 

oncologic outcomes, while preserving renal function 

and quality of life [44]. Simultaneously, the ongoing 

development of guideline-based imaging plans will 

enhance the level of accuracy of the diagnosis process, 

risk classification, and follow-up of the presence of 

renal masses. onsistency in decision-making and 

multidisciplinary care will be enhanced through the use 

of standardized imaging procedures aligned with 

clinical guidelines [45]. All these future prospects 

highlight the significance of incorporating the risk 

stratification, surveillance, and nephroprotective 

approaches to propel precision medicine in RCC. 

 

Conclusion 

Renal cell carcinoma is a complex and heterogeneous 

malignancy that requires a multidisciplinary approach 

for optimal management. The innovations in diagnostic 

imaging, molecular and genetic profiling, and risk 

stratification have significantly enhanced the 

characterization of tumors, which has led to earlier 

identification of the disease and more accurate 

evaluation of the disease behavior. This progression 

informs personalized clinical decision-making, 

enabling distinction between indolent and aggressive 

tumors, thereby minimizing unnecessary interventions 

while ensuring timely treatment for high-risk patients. 

RCC therapy has changed the contemporary world of 

treatment, with specific therapy, immunotherapy, and 

minimal invasive surgery techniques that have advanced 

the survival rates in patients at different stages of the 

disease in a great way. The growing focus on the 

nephron-sparing strategies indicates the recognition of 

the significance of maintaining renal functioning and 

has not sacrificed the control of oncologic 

achievements. Meanwhile, the trends of increased usage 

of systemic therapy and combination dosages 

emphasize the importance of careful patient monitoring 

of treatment associated with toxicity especially renal. 

Considerations of nephrology are at the center of the 

current RCC management because several patients are 

initially diagnosed with kidney disease or renal failure 

after the treatment. There should be shared management 

between the oncologist, the urologist, the radiologist, 

and the nephrologist to moderate between the 

therapeutic effectiveness and the kidney health. 
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