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Abstract

Renal cell carcinoma (RCC) is one of the most prevalent cancer worldwide. Management
of RCC depends on various factors like the size of tumor, location, histopathological type,
grade and its metastatic potential. The treatment of RCC has traditionally posed numerous
challenges. Despite advances in therapeutic approaches, metastatic RCC remains a
complicated malignancy to treat, and survival rates remain poor. The prognosis, overall
survival, and mortality in stage IV renal cell carcinoma are poor. The treatment options for
RCC include surgical excision, ablation, and active surveillance. The newer modalities like
cryoablation, stereotactic radiotherapy, immunotherapy, targeted therapy are coming up.
The immune checkpoint inhibitors have become a part of standard first-line treatments for
metastatic RCC and are associated with long-term survival. All modalities are not available
at various academic and non -academic medical centres, so the prognosis of advanced RCC
cases may differ. Utilizing the National Cancer Database as the main data source enhances
the credibility of the results. The study offers important perspectives on how the type of
healthcare facility affects patient outcomes and treatment choices, making it highly relevant for
healthcare providers and policymakers. This article is focused on the treatment of metastatic
RCC approaches between academic and non-academic medical centres and newer modalities
as per various Associations, Pannels, Societies and networks. With the recent clinical trials,
there are significant advancements have been made in systemic therapies to treat advanced
RCC. The literature shows improvements when using immunotherapy or combining immune
checkpoint inhibitors with VEGFR inhibitors. However, there are limited resources, information
and clinical guideline.
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Introduction

Over the last thirty years, the occurrence of kidney cancer has
been on the rise, likely linked to the incidental detection of small
kidney tumors through axial cross-sectional imaging [1]. Renal
cell carcinoma (RCC) ranks as the eighth most prevalent cancer
in the United States, with an estimated 73,820 new cases and
14,770 fatalities reported in 2019. The rate of RCC diagnosis
continues to climb, with an expected 73,750 new cases in the
United States in 2020 [2]. The predominant subtype, clear
cell metastatic renal cell carcinoma (ccRCC), is commonly
associated with mutations in the Von Hippel-Lindau gene and
represents about 75% to 85% of RCC cases. Non-clear cell
renal cell carcinoma encompasses various distinct histological
and molecular subtypes, including papillary, chromophobe,
collecting duct, and sarcomatoid or rhabdoid differentiation
RCC [3]. To evaluate the risk for RCC, patients' risk levels
can be classified using the International Metastatic Renal Cell
Carcinoma Database Consortium (IMDC) prognostic model
(IMDC score) [4].

Gross pathological features, Staging and Surgical
Management of RCC. The treatment guidelines for RCC depend
on its stage. Various national and international urological and
medical oncology societies and associations have published
guidelines on RCC [5]. The 2022 RCC guidelines have been
updated by a multidisciplinary panel of experts using the highest
methodological standards. The eighth edition of the Union for
International Cancer Control (UICC) TNM/(tumour—node—
metastasis) system is used for staging for urologic cancers [6].

T4 N1 MO disease is locally advanced but not metastatic. The
stage IV kidney cancer with the T4, N1, MO staging, meaning
the tumor has grown beyond Gerot’s fascia (possibly into the
adrenal gland), has spread to nearby lymph nodes, but has not
spread to distant parts of the body. This is a locally advanced
cancer because it has grown into nearby tissues and lymph
nodes, but it is not yet metastatic. Stage IV kidney cancer
typically involves any tumor with distant metastasis (M1),
regardless of the T or N status. The choice of treatment for
RCC depends on the histopathological type, grades of tumor,
tumor stagings, capsular / renal sinus / vascular invasion,
invasion,molecular / cytogenetics alteration, overall patient
health and other individualized factors.

For patients with stage IV disease, surgery can sometimes
be beneficial as part of a comprehensive treatment plan.
Cytoreductive nephrectomy before systemic therapy is
recommended in select patients with a potentially surgically
resectable primary tumor mass [7]. On gross examination the
classic RCC are usually well circumscribed, centred in cortex.
Herewith showing the resected specimen of radical nephrectomy,
consists of a kidney, perirenal fat with an attached segment of
ureter, renal vein and artery. Kidney in enlarged and weighs 385
grams and measures 11.5 x 7.5 x 5.2 cm. External surface was
irregular with tumor invasion to surrounding perinephric fat
and nodes (Figure 1), cut surface on gross showing large solid
yellow-grey tumor mass areas with variable amounts of cystic
change, extensive haemorrhage and necrosis (Figure 2), and
renal tumor with capsular invasion (Figure 3).

For the potentially surgically resectable primary RCC and
oligometastatic sites are candidates for nephrectomy and
management of metastases by surgical metastasectomy or with
ablative techniques for selected patients who are not candidates
for metastasectomy. In patients whose tumors are surgically
unresectable, the NCCN Panel recommends performing
tissue sampling to confirm diagnosis of RCC to determine
histology and guide subsequent management [8]. The European
Association of Urology (EAU) RCC guidelines panel has
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compiled clinical guidelines for the management of RCC [9].

Renal cell carcinoma treatment approaches between
academic and non-academic medical centre

Academic cancer centres typically have a strong staffing model
that includes numerous trained nurses and clinical research
associates specializing in a specific disease area. Each team
member is responsible for managing a select number of clinical
protocols and they frequently participate in regular meetings with
the principal investigator. Services offered at the main campus
may not be as readily available in community practices. Patients
referred to the higher academic centres for appropriate surgeries
for standardization of care. Additionally, academic centres are
linked to superior preoperative diagnostic capabilities, higher
rates of minimally invasive surgery, fewer complications, well-
integrated, multispecialty clinical practice and short duration of
hospitalization [10].

Renal cell carcinoma new treatment modalities

The treatment of renal cell carcinoma has traditionally presented
numerous challenges. Surgical excision remains the main therapy
for renal cancer ranging from radical to partial nephrectomy.
For RCC, several factors contributing to patients not receiving
treatment include demographic aspects, such as race and
ethnicity, geographic location, as well as clinical considerations
like advanced age, a greater burden of comorbidities, palliative
care and marital status [11].

It is crucial for medical oncologists in academic settings to
collaborate with community practitioners, especially urologists
and oncologists, in a multidisciplinary model that fosters
exceptional patient care and supports innovative clinical and
translational research. In such situations academic medical
centres have to play important roles. The clinicians should be
aware of new entities of subtypes of RCC like PRCC Type-II.
As the prognosis of PRCC Type-II is poorer than Type-I, these
tumors should be properly evaluated [12].

First-line treatments for early-stage RCC are partial or
radical nephrectomy, ablative techniques like cryoablation,
radiofrequency ablation, radiation. More than 50% of patients
with early-stage RCC are cured, but the outcome for stage IV
disease is poor. A systematic review of 49 studies conducted in
2015 indicated that systemic therapies for primarily metastatic
RCC are linked to poorer progression-free survival and overall
survival in patients with non-clear cell RCC compared to those
with clear cell RCC [13]. Furthermore, patients with localized
disease have survival rates exceeding 90%. The presence
of regional and distant metastasis has been associated with
a significantly poorer prognosis, with 5-year survival rates
between 5 and 20% [14].

The occurrence of regional and distal metastasis is linked to a
significantly poorer prognosis, with 5-year survival rates ranging
from 5% to 20% [15]. Many elderly patients with metastatic
stage IV RCC often do not receive surgery or systemic therapy
for up to 6 months following diagnosis due to competing
mortality factors. In patients with locoregional clear-cell
RCC, neoadjuvant targeted systemic therapy has consistently
resulted in a reduction in primary tumor size, benefiting those
with tumors that are not initially resectable. Additionally, the
underreporting of metastatic stage IV RCC may stem from the
limitations of cross-sectional imaging techniques. It has been
noted that patients with pT4 RCC post-radical nephrectomy
demonstrate poor survival rates. However, the advent of new
treatment modalities has positioned immunotherapy as the first-
line option for managing metastatic renal cell carcinoma. In with



Sunil VJ et al./Annals of Urologic Oncology 2026, 9: 6

Figure 1. Radical nephrectomy specimen consists of a enlarged
kidney, perirenal fat with an attached segment of ureter, renal vein
and artery. External surface is irregular with tumor invasion to
surrounding perinephric fat, nodes and hilar region.

the introduction of targeted therapies and immune checkpoint
inhibitors the introduction of VEGF inhibitors, mTOR inhibitors,
and immunotherapy in the management of stage IV RCC, the
therapeutic landscape has evolved significantly [16]. An immune
checkpoint inhibitor—based combination therapy is currently
considered the frontline standard of care.

Multi-institutional approaches are critical in the context
of stage IV RCC because they encourage standardization,
coherence, and accelerate updates in a field of rapidly evolving
treatment options.

Multi-institutional design to care for RCC patients

The multi-institutional design is beneficial for minimizing biases
that may arise in single-centred studies. Lane et al reported
results from a cohort of 72 patients who received sunitinib prior
to planned nephron-sparing surgery, observing a mean tumor
volume reduction of 32%. This decrease was noted in 65 tumors,
accounting for 83% of the total [17]. Nazim et al pointed out
that computed tomography scans showed low sensitivity (68%)
and a modest positive predictive value (76%) for detecting
capsular invasion in RCC, when compared to final surgical
pathology [18]. Although pre-surgical VEGFT tyrosine kinase
inhibitor therapy appears to induce tumor shrinkage in our high-
risk RCC population, further studies are necessary to assess

Figure 2. Cut surface showing large renal tumor mass with extensive
tumor necrosis and hemorrhages.

the effectiveness of neoadjuvant therapy for these patients.
Contemporary trials have shown improved outcomes with
immune checkpoint inhibition (ICI), whether administered alone
or in conjunction with tyrosine kinase inhibitors [19].

The academic centres have technological, translational, and
clinical investigation through offering participation in clinical
research than non-academic centre. The academic centres
can communicate the expertise, prominence, and guideline
committee membership of its clinicians. The role of the
community oncologist has grown increasingly important in the
network of care for RCC patients.

Patients suffering from brain metastases due to metastatic renal
RCC experienced extended overall survival by incorporating
stereotactic radiation therapy alongside immunotherapy.
Future research should take into account variables such as risk
stratification according to the International mRCC Database
Consortium, oligometastatic tumor load, stereotactic radiation
therapy dose and fractionation, as well as the application of
combination therapies to more effectively pinpoint patients
who could benefit from the dual approach of stereotactic
radiation therapy and immunotherapy. The stereotactic ablative
radiotherapy can delay systemic therapy, which may improve
quality of life [20].

Targeted anti-angiogenic therapies and immunotherapy via
PD-L1 inhibition have emerged as the cornerstone of treatment
for metastatic RCC, resulting in advancements in not only
progression-free survival but also overall survival in comparison
to older treatments like IL-2 and interferon [21].

The emergence of effective targeted therapies for metastatic
RCC significantly improved patients’ prognosis than
conventional cytotoxic chemotherapy. The agents such as



Figure 3. Radical nephrectomy specimen showing large renal tumor
with necrosis, capsular and fascia invasion.

sunitinib, pazopanib, axitinib (VEGF receptor tyrosine kinase
inhibitors), and everolimus (mTOR inhibitor) have been standard
treatments. Renal toxicities of targeted therapies are generally
mild to moderate in severity and can be managed effectively
[22].

The treatment at academic centres, which employ advanced
providers and novel therapies. Bob Weng, et al, observed that
patients with metastatic RCC treated at academic/research
facilities experienced increased survival compared to patients
treated at non-academic facilities [23]. A study from Dursun
F et al, observed that the treatment at academic centres and
high-volume hospitals was associated with a survival benefit
in patients with metastatic RCC. As it is related to, more likely
receiving immunotherapy and prior cytoreductive nephrectomy
[24].

Future perspectives in healthcare management and
treatment for RCC

The management of RCC is challenging and is rapidly evolving
along with the the recent update on molecular basis. The
molecular biology and cytogenetic of RCC has significant role in
the development of various targeted agents that have improved
treatment outcomes. A multidisciplinary approach is effective
for the diagnosis, staging, treatment. There is a global variation
in the incidence of RCC in developed countries and others.
Also noted variable survival and treatment of RCC stagewise.
In future low-income countries should develop significantly in
the technological progress as well as new policy regulations for
treatments.

An immunotherapy plays an important role. Currently, the
use of immuno-oncology (I10) drugs has substantially changed
the strategy of systemic therapy for advanced RCC. 10-
10 combination therapy includes a single regimen, namely
nivolumab plus ipilimumab, and it has been recommended as
the standard systemic therapy for previously untreated advanced
RCC in patients classified into the International MetastaticRCC
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Database Consortium (IMDC) score into three as: favorable
risk, intermediate and poor-risk group [25]. Immune-checkpoint
inhibitors (ICIs) emerged in 2015, The United States Food and
Drug Administration approved Nivolumab to treat metastatic
RCC, with Nivolumab it was found to improve overall
survival [26]. Rini B.I et al, study noted that in the first interim
analysis of the randomized, multicentre, open-label, phase
3 KEYNOTE-426 study (NCT02853331), treatment with
Pembrolizumab plus axitinib significantly improved overall
survival vs sunitinib monotherapy in treatment-naive advanced
RCC [27]. It is observed that the ICIs tend to produce more
durable responses, potentially leading to long-term remission in
a subset of patients, whereas targeted therapy responses are often
limited by acquired resistance.

Recent advances in molecular profiling have led to the
discovery of novel prognostic biomarkers for RCC, along with
new imaging technologies. Additionally, academic centres have
more qualified surgeons, adequate diagnostic facilities and
infrastructure, including intensive care units. They often enjoy
high stature in their communities, due to a perception that they
deliver high-quality, advanced care, access to new drugs and
technologies. The role of the community oncologist has grown
increasingly important in the network of care for RCC patients
to improve community cancer care [28].

Martinez LS et al, noted that clinical and translational research
has traditionally been conducted by academic institutions [29].
However, there is now a promising opportunity to integrate
community practitioners into the research framework. Academic
centres and comparable organizations should work together to
enhance their academic goals by securing funding to support
research and training initiatives aimed at improving treatment
and decreasing mortality rates among patients with RCC. Better
renal cancer-awareness programs, specific effective cancer-
treatment guideline, and establishing a cancer registry are
required for better outcome. The survival benefit is certainly due
to the complex and multidisciplinary management of the patient
and the sequence of treatments. ASCO believes that cancer
clinical trials are vital to inform medical decisions and improve
cancer care, and that all patients should have the opportunity to
participate [30].

The prospective study from Procopio G et al, showed that
systemic treatment with sorafenib did not increase RFS as
compared with observation in metastatic renal cell carcinoma
(mRCC) patients following radical metastasectomy [31].
Treatment advances in kidney cancer continually evolve.
The focus of treatment options continues with oral vascular
endothelial growth factor receptor (VEGFR) tyrosine kinase\
inhibitors (TKIs) or intravenous immune checkpoint inhibitors
[32].

Recently, the results of a phase II randomized trial
(CABOSUN) were reported: cabozantinib, a tyrosine kinase
inhibitor of VEGFR2, mesenchymal-epithelial transition
factor, and apoptotic cell recognition receptor, demonstrated a
significant benefit in overall response rate and progression free
survival over sunitinib in untreated intermediate and poor risk
patients with mRCC [33].

A prognostic model developed and is known as the IMDC
(International Metastatic RCC Database Consortium) or Heng’s
model which was derived from a population of patients with
metastatic RCC treated with vascular endothelial growth factor
(VEGF)-targeted therapy [34].

The role of adjuvant treatment after cytoreductive
nephrectomy in high-risk clear cell RCC are currently ongoing
by multiple trials. This will hopefully provide more clue on
proper patient and therapy selection in the adjuvant setting [35].

De Raffele E, et al, noted the multiple systemic treatments
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Table 1. Treatment modalities for advanced renal cell carcinoma.

A) may include radical nephrectomy [41]
Surgery B) cytoreductive nephrectomy [7]
C) depending on resectability and the extent of metastasis [45]

Stereotactic body radiotherapy [20] — an option for patients not eligible

Localized Treatment Radiotherapy [39] for surgery.

A) radiofrequency [20]
Thermal Ablation B) cryoablation; considered for small lesions in select patients

C) who are not candidates for surgery

» Cabozantinib — Tyrosine Kinase Inhibitor (TKI): a multireceptor
TKI often used as a single agent, including for non—clear cell RCC,
and can be used after previous therapy.

* Lenvatinib + Everolimus — Targeted Therapy (TKI + mTOR
inhibitor): an option for patients who have already been treated with

Targeted Therapy [38, 52] certain TKIs [46].
* Tivozanib (VEGFr) — Tyrosine Kinase Inhibitor (TKI): an option for
Systemic Therapy [16] patients who have had multiple prior systemic therapies [44, 46].
(First-line) » Everolimus / Temsirolimus — mTOR Inhibitors: used for patients

who have been previously treated with other targeted therapies [47].

¢ Bevacizumab + IFN-a

Combination Immunotherapy * Ipilimumab + Nivolumab

(IO drugs) + Targeted * Pembrolizumab + Axitinib
Therapy [48, 50, 51, 52] * Pembrolizumab + Lenvatinib

¢ Nivolumab + Cabozantinib

» Cytoreductive nephrectomy, targeted agents, systemic therapy,

cytokine therapy.
R * Dual immune checkpoint inhibitor combinations (anti-CTLA4 and
Multidisciplinary anti-PDL1)
Systemic Therapy * Metastasectomy can be achieved either with surgery or radiation.
(Other options) * Second-line systemic therapy after failure of first-line therapy.

[16, 20,21, 24, 43, 56]
» Pazopanib

Single-Agent Targeted * Cabozantinib
Therapy [52] + Sunitinib [47]

* Temsirolimus

S-TRAC Phase III Trial [54]  Sunitinib

RAMPART trial
(valid option for most After radical surgery, using durvalumab (anti—-PD-L1 antibody) and
patients with stage IV RCC tremelimumab (anti-CTLA-4 antibody).

Clinical Trials [49]
ASSURE [53] * Sunitinib + Sorafenib — adjuvant sunitinib or sorafenib for high-risk,
Double-blind, placebo- non-metastatic renal-cell carcinoma: ECOG-ACRIN E2805 [53].
controlled, randomised, * Bevacizumab plus interferon alfa-2a for treatment of metastatic renal

phase I1I trial cell carcinoma [40].
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and repeated series of surgical operations in aggressive surgical
resection, can be safely performed with long-term survival in
selected patients [36]. At present, it has not been possible to
achieve magnificent success in adjuvant therapy of RCC in
patients at high risk of relapse after surgical treatment. There
remains hope for adjuvant pembrolizumab, which has been used
for high-risk population including patients [37].

Overall patients with stage IV RCC, medicines such as
immunotherapy and targeted drugs are the main treatments,
still in some cases surgery may still be a part of treatment.
In most patients with advanced or metastatic RCC who
require systemic therapy, immune checkpoint inhibitor—based
combination therapy is currently considered. In Table 1 shows
management for advanced RCC are of various guidelines,
trends, organizations, database, associations/societies are given
[7,20,21,25-27, 31-34, 38-48].

In many patients with stage IV RCC, ICIs have transformed
the treatment paradigm by offering durable clinical benefits and
improved survival. Optimal management increasingly involves
personalized strategies, balancing efficacy and toxicity, with a
trend toward combination regimens to maximize therapeutic
benefit.

The large Phase III randomized clinical trials that have been
performed to assess the safety and efficacy of these systemic
therapies in the adjuvant setting [48, 49]. However, it has not
been possible to achieve magnificent success in adjuvan therapy
of RCC in patients at high risk of relapse after surgical treatment
[50]. Adjuvant therapy in RCC has been studied for over
twenty years, starting with vaccines, cytokines, TKIs and more
recently with immunotherapy. The Tuscan Interdisciplinary
Uro-Oncological Group (GIOTTO) gives practical, shared
recommendations for the use of adjuvant therapy in surgically
treated RCC patients [51]. Aldin A et al, study on first-line
therapy for adults with advanced RCC observed that, since the
combination of ipilimumab plus nivolumab and combination
axitinib plus pembrolizumab shown better results and replacing
older drugs like pazopanib and sunitinib [52]. Haas NB et al
study shows use of adjuvant sunitinib or sorafenib for high-risk,
non-metastatic renal-cell carcinoma (ECOG-ACRIN E2805)
[53]. The recent clinical trials have been conducted to assess the
efficacy and safety of new drugs in adjuvant therapy for advance
RCCs and multidisciplinary managements approaches [54].
Nevertheless, despite many recent drug approvals for RCC,
there remains need to identify new therapeutic targets for better
results. Further independent validation studies are necessary
to confirm the potential predictive and specific treatment for
advanced RCC.

Conclusion

The management of renal cell carcinoma is challenging and
is rapidly evolving along with the recent update on molecular
basis. The emergence of effective targeted therapies for stage
IV renal cell carcinoma (RCC) significantly improved patients’
prognosis than conventional cytotoxic chemotherapy. In most
patients with advanced or metastatic RCC who require systemic
therapy, immune checkpoint inhibitor—based combination
therapy is currently considered. New approach strategies
incorporating from academic to non-academic medical centres
will reduce the disparity in patient outcomes, increase overall
survival and reduce mortality in stage IV RCC. The raising
funds to support clinical as well as translational research and
training will provide better treatment and patient care for
advanced RCC. Despite various recent drug approvals for RCC,
there remains need to identify new therapeutic targets for better
results.
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