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WHICH OF YOUR PATIENTS WITH RCC ARE AT
HIGHER RISK OF RECURRENCE 
AFTER SURGERY?

More than half of patients in this analysis 
experienced recurrence1

According to a retrospective, observational analysis of EMR data from 439 patients with RCC at higher risk 
for recurrence post nephrectomy from 2012 to 2021

•  Eligible patients were adults (aged ≥18 years) diagnosed with nonmetastatic RCC between January 1, 2012 
and  December 31, 2017 to allow for the potential of a 3-year follow-up period.

•  Patients at higher risk for recurrence included: T2, N0, M0 with grade 4 cells or sarcomatoid histology; T3, 
N0, M0; T4, N0, M0, or any T stage with N ≥1, M0.

• Median follow-up duration was 39 months.

Analysis Population1:

•   Data were sourced from principally community oncology practices, representing diverse practice locations 
in both rural and  urban centers, within the US.

•  Data from these practices were provided to the ConcertAI Oncology Dataset. Therefore, imaging 
assessments,  procedures, or visits outside this network may not have been captured. 

Analysis Limitations1:

• Among patients with a recurrence, 85% had distant metastasis.1

Copyright © 2025 Merck & Co., Inc., Rahway, NJ, USA and its affiliates.  
All rights reserved. US-JRC-01258 09/25

experienced 
recurrence

51%
experienced 

death

34%

EMR = electronic medical record; M0 = no distant metastasis; N0 = no regional lymph node metastasis; RCC = renal cell carcinoma; T2 = tumor >7 cm in greatest 
dimension, limited to the kidney; T3 = tumor extends into major veins or perinephric tissues, but not into the ipsilateral adrenal gland and not beyond Gerota’s fascia; 
T4 = tumor invades beyond Gerota’s fascia (including contiguous extension into the ipsilateral adrenal gland).

References: 1. Karam JA, Bhattacharya R, Ogbomo A, et al. Real-world study on the characteristics, post-nephrectomy journey, and outcomes of patients with 
early-stage renal cell carcinoma based on risk groups. Cancer Med. 2024;13(11):e7247. doi:10.1002/cam4.7247 2. Referenced with permission from the NCCN 
Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Kidney Cancer V.1.2026. © National Comprehensive Cancer Network, Inc. 2025. All rights reserved. 
Accessed July 28, 2025. To view the most recent and complete version of the guideline, go online to NCCN.org. 3. Sundaram M, Song Y, Rogerio JW, et al. Clinical 
and economic burdens of recurrence following nephrectomy for intermediate high- or high-risk renal cell carcinoma: a retrospective analysis of Surveillance, 
Epidemiology, and End Results–Medicare data. J Manag Care Spec Pharm. 2022. doi:10.18553/jmcp.2022.22133 4. Sundaram M, Song Y, Rogerio JW, et al. 
Supplementary Materials for: Clinical and economic burdens of recurrence following nephrectomy for intermediate high- or high-risk renal cell carcinoma: a 
retrospective analysis of Surveillance, Epidemiology, and End Results–Medicare data. J Manag Care Spec Pharm. 2022. doi:10.18553/jmcp.2022.22133

Learn more about how patients who have T3 and T4 tumors 
may be at greater risk of their cancer returning after surgery.2-4
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More than half of patients in this analysis 
experienced recurrence1

According to a retrospective, observational analysis of EMR data from 439 patients with RCC at higher risk 
for recurrence post nephrectomy from 2012 to 2021

•  Eligible patients were adults (aged ≥18 years) diagnosed with nonmetastatic RCC between January 1, 2012 
and  December 31, 2017 to allow for the potential of a 3-year follow-up period.

•  Patients at higher risk for recurrence included: T2, N0, M0 with grade 4 cells or sarcomatoid histology; T3, 
N0, M0; T4, N0, M0, or any T stage with N ≥1, M0.

• Median follow-up duration was 39 months.

Analysis Population1:

•   Data were sourced from principally community oncology practices, representing diverse practice locations 
in both rural and  urban centers, within the US.

•  Data from these practices were provided to the ConcertAI Oncology Dataset. Therefore, imaging 
assessments,  procedures, or visits outside this network may not have been captured. 
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ABSTRACT

BACKGROUND AND OBJECTIVE:   Small renal masses (SRMs), defined as enhancing renal lesions ≤4 cm 

(clinical stage T1a), represent a biologically heterogeneous group of tumors. While many SRMs are benign or 

indolent, a subset harbor aggressive potential, and current imaging modalities cannot reliably distinguish these 

subgroups. This narrative review summarizes the current evidence for molecular and genomic biomarkers in 

SRM risk stratification and evaluates their potential clinical role.

METHODS:    A structured search of PubMed/MEDLINE from January 1, 2000 through January 1, 2026 was 

performed using terms related to small renal masses, molecular and genomic biomarkers, and prognostic 

outcomes. Reference lists of relevant studies and clinical guidelines were also reviewed.

RESULTS:    Gene expression signatures, including ClearCode34 and a 16-gene recurrence assay, can distinguish 

indolent from aggressive clear cell renal cell carcinoma and are compatible with formalin-fixed biopsy tissue. 

Somatic alterations in genes such as VHL, PBRM1, BAP1, and SETD2 define biologically distinct tumor subtypes, 

with BAP1 loss detectable by immunohistochemistry on renal mass biopsy specimens. Chromosomal alterations, 

including 9p loss, correlate with higher-grade disease and metastatic potential. Emerging liquid biopsy 

approaches demonstrate promise but remain incompletely validated in SRM populations.

CONCLUSIONS:    Although molecular and genomic biomarkers have substantially advanced understanding 

of renal cell carcinoma biology, none are currently incorporated into routine clinical management of small 

renal masses. Most candidate biomarkers have been developed in nephrectomy cohorts and lack prospective 

validation in renal mass biopsy specimens or active surveillance populations. Future studies integrating molecular 

biomarkers with clinical and radiographic data in SRM-specific cohorts are needed before these tools can 

meaningfully inform patient care.
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INTRODUCTION
Renal cell carcinoma (RCC) accounts for over 80,000 

new diagnoses and 14,500 deaths in the United States 
annually.1 Given the increased use of cross sectional 
imaging, renal tumors are increasingly detected at an 
earlier stage, with small renal masses (SRMs), defined 
as incidentally detected contrast enhancing renal le-
sions ≤4 cm (clinical stage cT1a) comprising 50-65% 
of newly diagnosed cases.2,3 This stage migration, 
while oncologically favorable, has created significant 
challenges in individualized risk stratification. Nota-
bly, despite increased early detection, improvements 
in overall and disease-specific survival have not been 
proportionate, suggesting that earlier detection alone 
is insufficient and that improved biological character-
ization is needed to guide individualized management 
decisions.4,5

The biological spectrum of SRMs is markedly het-
erogeneous.6 The 2022 World Health Organization 
classification now recognizes over 20 RCC subtypes, 
including a new category of molecularly defined en-
tities, reflecting the increasingly appreciated molecu-
lar diversity underlying morphologically similar renal 
tumors.7 Approximately 20-30% of biopsied SRM are 
benign (most commonly oncocytoma and angiomy-
olipoma) while the majority are malignant, predom-
inantly clear cell RCC (ccRCC), papillary or chromo-
phobe histology.8,9 Among malignant SRMs, most 
pursue an indolent clinical course amenable to active 
surveillance, while a clinically significant minori-
ty harbor high-risk features including high nuclear 
grade, aggressive histologic subtypes, or adverse mo-
lecular profiles.5,10,11 Current standard cross-section-
al imaging cannot reliably differentiate indolent from 
aggressive SRMs, contributing to overtreatment in a 
predominantly low-risk disease population.4,9

Figure 1. Molecular and genomic biomarkers for risk stratification in small renal masses (SRMs). This narrative 
review identified four categories of biomarkers with potential relevance to SRM management. Gene expression 
signatures such as ClearCode34 classify clear cell renal cell carcinoma into favorable (ccA) and aggressive (ccB) 
molecular subtypes. Somatic mutation profiling identifies prognostically significant alterations, with PBRM1 
associated with favorable outcomes and BAP1 and SETD2 associated with aggressive biology; VHL mutations are 
near-universal in clear cell RCC and lack independent discriminatory value in isolation. Chromosomal losses at 9p 
and 14q are associated with poor prognosis, with 9p loss demonstrating prognostic significance specifically within 
SRM cohorts. Liquid biopsy approaches including circulating tumor DNA (ctDNA) and cell-free DNA (cfDNA) 
remain limited by low sensitivity (30–50%) in localized disease. While these biomarkers show promise for guiding 
decisions between active surveillance and intervention, none have been prospectively validated for routine clinical 
use in SRM management.
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Renal mass biopsy (RMB) has emerged as a valuable 
adjunct for risk stratification providing histologic di-
agnosis in 80-90% of cases with a low complication 
profile.12,13 However, histology alone provides limit-
ed prognostic information beyond tumor grade and 
subtype. The integration of molecular and genomic 
biomarkers from biopsy specimens—including gene 
expression signatures, somatic mutation profiling, and 
epigenetic markers—represents a compelling strategy 
to augment risk stratification and guide individualized 
management. Current management recommendations 
from the American Urological Association and the Eu-
ropean Association of Urology endorse RMB as a part 
of as part of the evaluation of SRMs but acknowledge 
the absence of validated molecular adjuncts. 

From a clinical perspective, molecular biomarkers in 
SRMs may serve several distinct purposes. First, bio-
markers may help distinguish benign from malignant 
renal masses, potentially reducing overtreatment of 
benign lesions such as oncocytoma. Second, biomark-
ers may aid in histologic subtype classification when 
RMB specimens are limited or indeterminate. Third, 
molecular features may help identify tumors likely to 
demonstrate rapid growth during active surveillance. 
Finally, biomarkers may assist in predicting aggressive 
biology or metastatic potential. Importantly, biomark-
ers developed for these different clinical endpoints are 
not interchangeable, and understanding the specific 
clinical context in which a biomarker is intended to 
operate is essential when evaluating the current liter-
ature.

Study Signature N Platform Endpoint Key Finding SRM Relevance 

Brooks et al. 2014 

[14] 

ClearCode34 

(ccA/ccB) 

380 + 

156 

Microarray 

/ 

NanoString 

RFS, CSS, 

OS 

ccB subtype associated with worse 

RFS, CSS, and OS; prognostic value 

independent of stage and grade; 

compatible with FFPE tissue 

Validation cohort ~50% stage I, 

remainder stage II–III; T1a-specific 

outcomes not separately reported; 

FFPE compatibility suggests biopsy 

feasibility but dedicated SRM validation 

not performed 

Rini et al. 2015 

[15] 

16-gene 

recurrence 

assay 

942 RT-PCR Recurrence Continuous recurrence score 

independently predicted recurrence 

after nephrectomy; 68% stage I; 

identified high-risk within stage I and 

low-risk within stage II–III; minimal 

intratumoural variability in sampling sub-

study 

Molecular reclassification within stage I 

population is SRM-relevant; FFPE 

compatible; prospective biopsy-specific 

validation not performed 

Morgan et al. 

2018 [16] 

Cell cycle 

proliferation 

(CCP) 

signature 

565 RT-PCR 5-yr DSM, 

recurrence 

CCP score improved prediction of 

mortality after radical nephrectomy 

independent of stage and grade; 58% 

T1; median tumor size 5.5 cm; 

evaluated across ccRCC, papillary, and 

chromophobe histologies 

Multi-histology applicability relevant to 

SRMs where subtype may be 

uncertain; majority of cohort had tumors 

larger than 4 cm 

Vaicekauskeitė et 

al. 2025 [17] 

51-gene 

hotspot panel 

52 NGS / 

qPCR 

RCC risk, 

tumor 

growth rate 

Non-synonymous alterations in 75% of 

SRMs across 16 genes; KRAS, VHL, 

HNF1A, TP53, ATM mutations enriched 

in malignant vs benign lesions; 

combined clinical-genomic model AUC 

0.84 for fast-growth prediction 

Only study evaluating a genomic 

classifier specifically in an SRM biopsy 

cohort; pilot study (N=52, single center) 

— requires multicenter validation 

 

Table 1. Gene Expression Signatures with Potential Applicability to Small Renal Mass Risk Stratification. Abbreviations: 
AUC, area under the receiver operating characteristic curve; ccA, clear cell A subtype; ccB, clear cell B subtype; CCP, cell cycle 
proliferation; CSS, cancer-specific survival; DSM, disease-specific mortality; FFPE, formalin-fixed paraffin-embedded; NGS, next-
generation sequencing; OS, overall survival; RFS, recurrence-free survival; RT-PCR, reverse transcription polymerase chain 
reaction; SRM, small renal mass; TCGA, The Cancer Genome Atlas. 
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which molecular profiling technologies applicable to 
renal tumor characterization have become available. 
The search strategy combined Medical Subject Head-
ings (MeSH) terms and free-text keywords organized 
into three concept blocks: (1) the population (small 
renal mass, renal mass, T1a, localized renal cell carci-
noma), (2) the index biomarker (molecular biomarker, 
gene expression, somatic mutation, liquid biopsy, epi-
genetic, microRNA, and specific gene names including 
VHL, PBRM1, BAP1, SETD2, and ClearCode34), and 
(3) the outcome context (risk stratification, progno-
sis, active surveillance, metastasis-free survival, can-
cer-specific survival). Concept blocks were combined 
with the Boolean AND operator and limited to human 
studies in the English language. The complete search 
string is provided in Supplementary Table S1.

In this narrative review, we synthesize the evidence 
for molecular and genomic biomarkers in risk strat-
ification of SRMs, organized by biomarker category: 
gene expression signatures, somatic mutations, chro-
mosomal alterations, and liquid biopsy. We addi-
tionally provide an expert assessment of the clinical 
implications of these data and directions for future 
investigation. 

METHODS

Literature Search
A structured literature search of PubMed/MED-

LINE (National Library of Medicine) was performed 
from 1/1/2000 through 1/1/2026, reflecting the era in 

Alteration Frequency Key Study 
[Ref] 

Detection Clinical Significance Notes / SRM Relevance 

VHL mutation/ 
methylation 

57–91% Gnarra 1994 
[20]; Kaelin 
2002 [21] 

NGS, 
methylation 

Initiating oncogenic event; 
constitutive HIF activation and 
angiogenic signaling; universal in 
ccRCC 

Present in both indolent and aggressive 
tumors — insufficient alone for SRM risk 
stratification 

PBRM1 
mutation 

29–40% Sato 2013 
[19]; Ricketts 
2018 [22] 

NGS, IHC SWI/SNF chromatin remodeling 
(BAF180 subunit); associated 
with lower grade, favorable 
outcomes 

Largely mutually exclusive with BAP1, 
defining two distinct biologic subclasses 
with divergent prognoses (Kapur 2013 
[23]) 

BAP1 mutation 
/ IHC loss 

6–15% Peña-Llopis 
2012 [24]; 
Kapur 2013 
[23]; Joseph 
2016 [26] 

NGS, IHC Worse prognosis; higher nuclear 
grade; elevated metastatic 
potential; early clonal event in 
TRACERx [27,28] 

IHC loss detectable on core biopsy 
specimens — most clinically actionable 
molecular marker for pre-operative SRM 
assessment; no specialized sequencing 
required 

SETD2 
mutation 

8–12% Sato 2013 
[19]; Hakimi 
2013 [25] 

NGS H3K36me3 loss; promotes 
intratumoral heterogeneity and 
clonal diversification [28] 

Co-mutation with BAP1 confers poorest 
prognosis of any combination in ccRCC 
[25] 

3p deletion >90% 
ccRCC 

TCGA 2013 
[18] 

FISH, 
CGH, SNP 
array 

Earliest chromosomal event; 
enables en bloc deletion of VHL, 
PBRM1, BAP1, SETD2 loci 

Nearly universal in ccRCC — insufficient 
alone for distinguishing aggressive from 
indolent SRMs 

9p loss 
(CDKN2A) 

14–44% La Rochelle 
2010 [29]; 
Brunelli 2008 
[30] 

FISH, CGH Higher grade, advanced T stage, 
metastatic risk; 5-yr CSS 43% vs 
88% without 9p loss (Brunelli 
[30]) 

SRM-specific data: In 188 tumors ≤4 cm, 
9p status (not tumor size) independently 
predicted recurrence; HR 6.18 for DSS in 
9p-deleted SRMs (La Rochelle [29]) 

14q loss 11–22% Monzon 2011 
[31] 

FISH, 
CGH, SNP 
array 

Associated with poor prognosis in 
non-metastatic ccRCC (RR 2.78 
for recurrence); reduced HIF1α 
expression observed in 14q-
deleted tumors 

Specific target gene(s) driving prognostic 
association remain under investigation; not 
yet evaluated in SRM-specific cohorts 

 

Table 2. Somatic Mutations and Chromosomal Alterations in Clear Cell RCC: Frequency, Prognostic Significance, and SRM 
Relevance. Abbreviations: CGH, comparative genomic hybridization; CSS, cancer-specific survival; DSS, disease-specific survival; 
FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing; SNP, single nucleotide 
polymorphism; SRM, small renal mass. 
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The search was supplemented by manual review of 
reference lists from all included studies, relevant nar-
rative reviews, and current clinical practice guidelines 
from the American Urological Association (AUA) and 
European Association of Urology (EAU) to identify 
additional eligible studies.

Study Selection
Studies were included if they: (1) evaluated at least 

one molecular or genomic biomarker (gene expression 
signature, somatic mutation, chromosomal alteration, 
liquid biopsy analyte) in renal tumors ≤4 cm or clinical 
T1a; (2) reported a prognostic, diagnostic, or predictive 
endpoint; and (3) were published as full-text articles 
in peer-reviewed journals. Studies including broader 
localized RCC cohorts were included if SRM-relevant 
data were reported or extractable. Case reports, con-
ference abstracts, preclinical studies, and studies with 
fewer than 10 patients were excluded. Studies focused 
exclusively on advanced or metastatic RCC without 
SRM-applicable data were excluded.

Data Synthesis 

Results are presented as a narrative synthesis orga-
nized by biomarker category: gene expression signa-
tures, somatic mutation profiling, chromosomal copy 
number alterations, and liquid biopsy markers. Epigen-
etic and microRNA-based biomarkers are discussed 
briefly in the context of future directions but were not 
included as primary evidence categories, as the avail-
able literature is largely confined to metastatic or ne-
phrectomy cohorts without SRM-specific data. Results 
are presented as a narrative synthesis organized by bio-
marker category: gene expression signatures, somatic 
mutation profiling, chromosomal copy number alter-
ations, and liquid biopsy markers. Within each catego-
ry, the available evidence is summarized with emphasis 
on analytical validation status, clinical endpoints, and 
applicability to biopsy-derived specimens. Artificial 
Intelligence tools (Claude, Anthropic, ChatGPT, Ope-
nAI) were used to assist with figure generation and 
proof readingproofreading. All outputs were verified 
by authors. The literature search was executed, and 
study selection was performed by the authors.  

 

RESULTS 
The structured PubMed search identified 1,277 re-

cords. After removal of duplicates, title and abstract 

screening excluded 1,180 records; full-text review of 
97 articles resulted in 38 studies meeting inclusion 
criteria, forming the basis of this reviewAfter title and 
abstract review, full-text assessment, and supplemen-
tary reference list searching, a total of 38 studies form 
the basis of this review, spanning four biomarker cat-
egories: gene expression signatures, somatic mutation 
profiling, chromosomal copy number alterations, and 
liquid biopsy markers. 

Gene Expression Signatures 
Gene expression profiling has yielded several clinical-

ly relevant signatures applicable to SRM stratification 
(Table 1). ClearCode34, a 34-gene expression signa-
ture derived from The Cancer Genome Atlas (TCGA) 
ccRCC data, classifies tumors into two molecular sub-
types: ccA (associated with favorable prognosis) and 
ccB (associated with aggressive biology). In the index 
study, the classifier was applied to 380 non metastatic 
ccRCC samples from TCGA and validated in 156 for-
malin-fixed clinical samples, demonstrating significant 
associations with recurrence-free survival, cancer-spe-
cific survival, and overall survival.14 It is important to 
note that the validation cohort included tumors across 
the full spectrum of localized disease, approximately 
50% stage I with the remainder stage II-III. While cT1a 
specificcT1a-specific outcomes were not separately re-
ported, the signaturessignature’s prognostic value after 
adjustment for tumor size and its compatibility with 
FFPE tissue suggest potential applicability to biopsy 
basedbiopsy-based SRM assessment. 

Rini et al. developed and validated a 16-gene recur-
rence assay for localized ccRCC in a multi-institutional 
study of 942 patients with stage I–III disease.15 The 
assay, based on reverse transcription-polymerase chain 
reaction quantification of genes involved in angiogen-
esis, immune response, and cell proliferation, generat-
ed a continuous recurrence score that independently 
predicted recurrence after nephrectomy. Notably, 68% 
of the development cohort had stage I disease, and the 
recurrence score identified high-risk patients with-
in stage I and low-risk patients within stage II–III, 
demonstrating molecular reclassification beyond con-
ventional staging. The assay was designed for FFPE 
surgical specimens and showed minimal intratumoral 
variability in a sampling sub-study, though prospective 
validation on core needle biopsy material has not been 
performed.

Morgan et al. developed a multigene cell cycle prolif-
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eration (CCP) signature and demonstrated improved 
prediction of 5-year disease-specific mortality after 
radical nephrectomy in a study of 565 patients across 
two independent cohorts (Massachusetts General 
Hospital and University of Michigan).16 Unlike oth-
er gene expression classifiers restricted to ccRCC, the 
CCP score was evaluated across clear cell, papillary, 
and chromophobe histologies, with 58% of patients 
having T1 disease. The CCP score provided prognos-
tic information independent of stage and grade, sug-
gesting potential utility in the SRM population where 
histologic subtype may be uncertain prior to definitive 
intervention.

A 2025 study by Vaicekauskeitė et al. evaluated the 
genomic landscape of SRMs specifically, sequencing 
51 cancer hotspot genes in 52 patients.17 Non-syn-
onymous alterations were identified in 75% of SRMs, 
with KRAS, VHL, HNF1A, TP53, and ATM mutations 
predominantly detected in malignant versus benign 
lesions. A combined clinical-genomic model achieved 
an area under the curve (AUC) of 0.84 for prediction 
of rapid tumor growth, supporting the feasibility of bi-
opsy-based hotspot panel testing in SRM management. 
Notably, this is the only study in the current literature 
to evaluate a genomic classifier specifically in an SRM 
biopsy cohort, though the small sample size and sin-
gle-center design warrant validation in larger multi-
center studies.

Somatic Mutation Profiling 
A 2025 study by Vaicekauskeitė et al. evaluated the 

genomic landscape of SRMs specifically, sequencing 
51 cancer hotspot genes in 52 patients.17 Non-syn-
onymous alterations were identified in 75% of SRMs, 
with KRAS, VHL, HNF1A, TP53, and ATM mutations 
predominantly detected in malignant versus benign 
lesions. A combined clinical-genomic model achieved 
an area under the curve (AUC) of 0.84 for prediction 
of rapid tumor growth, supporting the feasibility of bi-
opsy-based hotspot panel testing in SRM management. 
Notably, this is the only study in the current literature 
to evaluate a genomic classifier specifically in an SRM 
biopsy cohort, though the small sample size and sin-
gle-center design warrant validation in larger multi-
center studies.

The somatic mutation landscape of ccRCC has been 
extensively characterized in surgical nephrectomy co-
horts spanning all stages of localized and advanced 
disease. While SRM-specific mutational profiling data 
remain limited, the biological and prognostic signif-
icance of these mutations provides the rationale for 
their potential application to SRM risk stratification. 
(Table 2)

The genomic landscape of ccRCC is characterized 
by recurrent driver mutations concentrated on chro-
mosome 3p21.18,19 VHL mutations or promoter meth-
ylation are present in 57–91% of sporadic ccRCCs 
and represent the initiating oncogenic event, driving  

 

Marker / 
Platform 

Type Study [Ref] N Key Finding SRM Relevance / Validation Status 

ctDNA detection 

(general) 

Liquid 

biopsy 

Jani et al. 

2024 [32] 

Review Comprehensive synthesis of liquid 

biopsy platforms in RCC; ctDNA 

sensitivity in localized RCC estimated at 

30–50% owing to low tumor burden and 

limited vascular invasion in organ-

confined disease 

Fundamental sensitivity limitation is the 

primary barrier to ctDNA-based 

approaches in SRMs; no single ctDNA 

platform validated for SRM-specific 

monitoring 

cfDNA 

fragmentomics 

(stacked 

ensemble 

model) 

Liquid 

biopsy 

Peng et al. 

2025 [34] 

280 Integrated nucleosome positioning, 

fragment size, and copy number 

features from low-pass WGS; AUC 

0.966 for RCC detection in validation 

cohort; AUC 0.952 distinguishing RCC 

from non-malignant renal disease in 

external validation 

Evaluated RCC detection broadly, not 

SRM risk stratification specifically; high 

discriminatory accuracy for early-stage 

disease suggests potential applicability 

to SRM surveillance but dedicated SRM 

validation not performed 

 

Table 3. Liquid Biopsy Approaches with Potential Applicability to Small Renal Mass Monitoring. Abbreviations: AS, active 
surveillance; AUC, area under the receiver operating characteristic curve; cfDNA, cell-free DNA; ctDNA, circulating tumor DNA; RCC, 
renal cell carcinoma; SRM, small renal mass; WGS, whole-genome sequencing. 
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constitutive HIF activation and downstream angio-
genic signaling.20,21 However, VHL loss is essentially 
universal in ccRCC—including biologically indolent 
tumors—and therefore lacks discriminatory value for 
SRM risk stratification when used in isolation.

PBRM1 mutations, present in approximately 29–40% 
of ccRCCs, encode the BAF180 subunit of the SWI/
SNF chromatin remodeling complex.19,22 PBRM1-mu-
tated tumors tend toward lower grade and stage and 
are associated with more favorable outcomes. Critical-
ly, PBRM1 and BAP1 mutations are largely mutually 
exclusive in ccRCC, defining two distinct biologic sub-
classes with divergent prognoses. 23

BAP1 mutations, occurring in 6–15% of ccRCCs, 
encode a nuclear deubiquitinase regulating chromatin 
compaction and DNA damage repair.24 BAP1-mutat-
ed ccRCCs demonstrate consistently worse outcomes 
across multiple independent cohorts, with higher nu-
clear grade, elevated metastatic potential, and inferi-
or cancer-specific survival. 23,25 Loss of BAP1 protein 
expression is detectable by immunohistochemistry 
(IHC) on core biopsy specimens, providing a clinically 
actionable prognostic marker applicable to pre-oper-
ative SRM assessment.23,26 The landmark TRACERx 
Renal study demonstrated that BAP1 loss is an early 
clonal event correlated with metastatic evolutionary 
trajectories, supporting its association with aggressive 
biology.27,28

SETD2 mutations, encoding the histone methyl-
transferase responsible for H3K36 trimethylation, oc-
cur in 8–12% of ccRCCs.19,25 SETD2 loss promotes in-
tratumoral heterogeneity and clonal diversification.28 

Co-occurrence of BAP1 and SETD2 mutations confers 
the poorest prognosis of any mutational combination 
in ccRCC, reflecting convergent disruption of chroma-
tin remodeling and DNA damage surveillance path-
ways.25

The hierarchical clonal evolution model of ccRCC 
— in which VHL loss represents the trunk mutation 
and subsequent drivers (PBRM1, BAP1, SETD2, KD-
M5C) define branch-level heterogeneity — has direct 
implications for biopsy-based SRM assessment.18,27,28 
The TRACERx Renal study demonstrated that driver 
mutations such as BAP1 loss can be regionally distrib-
uted within a single tumor, implying that single-core 
biopsies may underestimate aggressive subclonal pop-

ulations.27,28 Optimized multicore sampling strategies 
targeting the periphery and solid tumor components 
may be necessary to achieve reliable molecular classifi-
cation from biopsy specimens.

Chromosomal alterations
Chromosomal copy number alterations provide an 

additional layer of prognostic information applicable 
to SRM risk stratification (Table 2).  Loss of chromo-
some 3p, occurring in >90% of ccRCCs, is the defining 
early event enabling deletion of VHL, PBRM1, BAP1, 
and SETD2 en bloc.18 However, as with VHL muta-
tion, 3p loss is essentially universal in ccRCC and lacks 
specificity for distinguishing aggressive from indolent 
SRMs.

Loss of chromosome 9p is among the most SRM-rel-
evant chromosomal biomarkers identified to date. La 
Rochelle et al. analyzed 703 ccRCC tumors, including 
a subgroup analysis of 188 patients with ≤4 cm tumors, 
and found that 9p deletion independently predicted 
worse disease-specific and recurrence-free survival.29 
Critically, among small localized tumors, 9p status, but 
not tumor size, was independently associated with dis-
ease recurrence, raising the possibility of using preop-
erative FISH analysis on biopsy specimens to identify 
aggressive biology within otherwise indolent-appear-
ing SRMs.29 These findings were consistent with ear-
lier work by Brunelli et al., who demonstrated that 9p 
loss was an independent prognostic factor with 5-year 
cancer-specific survival of 43% versus 88% in patients 
without 9p loss.30

Chromosome 14q loss, occurring in approximate-
ly 11–22% of ccRCCs, has been associated with poor 
prognosis in non-metastatic disease, with an increased 
risk of recurrence (RR 2.78) and decreased overall sur-
vival.31 The HIF1A gene resides on 14q, and reduced 
HIF1α expression has been observed in 14q-deleted 
tumors, though the specific target gene(s) driving this 
association remain under investigation. Whether 14q 
status adds incremental value to 9p assessment in the 
SRM population has not been evaluated.

Liquid Biopsy 
Liquid biopsy represents an emerging non-invasive 
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strategy with theoretical applicability to SRM monitor-
ing, though the current evidence base is limited. (Ta-
ble 3) The majority of circulating tumor DNA (ctD-
NA) data in RCC has been generated in the metastatic 
setting, where tumor shedding is substantially higher 
than in localized disease. In localized RCC and SRMs 
specifically, ctDNA detection sensitivity is estimated 
at only 30–50%, reflecting the low tumor burden and 
limited vascular invasion characteristic of small, or-
gan-confined tumors.32,33 This fundamental sensitivi-
ty limitation represents the primary barrier to clinical 
translation of ctDNA-based approaches in the SRM 
population.

Cell-free DNA (cfDNA) fragmentomics, which an-
alyzes nucleosome positioning patterns, fragment size 
distributions, and copy number variations using ma-
chine learning, may offer a path to overcoming this 
sensitivity gap. Peng et al. developed a stacked ensem-
ble model integrating three cfDNA features from low-
pass whole-genome sequencing in 280 participants, 
achieving an AUC of 0.966 for RCC detection and 
0.952 for distinguishing RCC from non-malignant re-
nal disease in external validation.34 While this study 
evaluated RCC detection broadly and did not include 
an SRM-specific subgroup analysis, the high discrimi-
natory accuracy for early-stage disease suggests poten-
tial applicability to the SRM surveillance setting, where 
differentiating indolent from progressive disease with-
out repeat biopsy remains an unmet clinical need.

A 2024 synthesis of liquid biopsy platforms in RCC 
by Jani et al. concluded that no single platform has 
been validated for SRM-specific monitoring, and that 
prospective studies evaluating serial liquid biopsy in 
the active surveillance SRM population represent a 
critical research gap.32

 

DISCUSSION
This narrative review synthesizes the current evi-

dence for molecular and genomic biomarkers across 
four categories: gene expression signatures, somatic 
mutation profiling, chromosomal alterations, and liq-
uid biopsy. While advances in genomic sequencing and 
transcriptomic profiling have substantially improved 
understanding of RCC biology, translating these find-
ings into actionable tools for SRM management re-
mains a significant challenge.

Most studies evaluating genomic alterations and 

transcriptomic classifiers have been conducted in ne-
phrectomy cohorts that include tumors across a wide 
size spectrum, many of which are substantially larger 
than typical SRMs.5,14 Consequently, the applicability 
of these findings to incidentally detected tumors ≤4 
cm remains uncertain. SRMs exhibit a broad biological 
spectrum, with a substantial proportion representing 
benign lesions or indolent malignancies that may be 
safely managed with active surveillance.5  As a result, 
biomarkers developed in cohorts enriched for larger or 
more advanced tumors may not accurately reflect the 
biological heterogeneity present within the SRM pop-
ulation. Prospective validation in cohorts specifically 
composed of SRMs is therefore necessary before mo-
lecular biomarkers can be integrated into routine clin-
ical decision-making.

A major challenge in applying molecular biomark-
ers to SRM management is the issue of intratumoral 
heterogeneity and the limitations inherent to RMB. 
Multi-region sequencing studies have demonstrated 
that individual RCC tumors can contain substantial 
spatial genomic heterogeneity, with distinct tumor re-
gions harboring different mutational profiles.35 Work 
from the TRACERx Renal Consortium further demon-
strated that while some genomic alterations represent 
early truncal events in tumor evolution, many poten-
tially prognostic alterations occur later in tumor evo-
lution and may therefore be regionally restricted.27,28 
RMB samples only a small portion of the tumor and 
these spatial differences raise concern that a single bi-
opsy specimen may not capture the complete molecu-
lar landscape of the tumor. Identifying biomarkers that 
represent early truncal events and are therefore consis-
tently detectable across tumor regions may be critical 
for successful clinical implementation.

From a clinical perspective, the most relevant appli-
cation of molecular biomarkers in SRMs is their po-
tential to improve the decisions clinicians and patients 
must make at presentation, rather than to predict long-
term oncologic outcomes in isolation. In particular, 
biomarkers that help distinguish benign from malig-
nant tumors, or indolent from potentially aggressive 
lesions, could reduce overtreatment in a disease space 
where many masses are either benign or biologically 
low risk.8,10,11 This is especially important in the setting 
of active surveillance, where current decision-making 
relies heavily on tumor size, growth kinetics, and biop-
sy histology, each of which has important limitations. 
9-13 Molecular biomarkers may therefore be most clin-
ically useful not as stand-alone tests, but as adjuncts 
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to existing clinical, radiographic, and pathologic data. 
Early SRM-specific studies, including recent genomic 
analyses linking certain mutational profiles with more 
rapid tumor growth, support the possibility that inte-
grated molecular-clinical models could eventually re-
fine surveillance selection and identify the subset of 
patients most likely to benefit from intervention.17

Future progress in applying molecular biomarkers 
to SRMs will likely depend on improved tissue ac-
quisition strategies and prospective validation within 
SRM-specific cohorts. RMB has become increasingly 
incorporated into clinical decision-making, yet current 
biopsy techniques often yield limited tissue and may 
inadequately capture tumor heterogeneity.12,13 More 
systematic biopsy approaches, including obtaining 
multiple cores from spatially distinct tumor regions, 
may improve molecular characterization and better re-
flect the underlying tumor biology.

At the same time, the inherent limitations of tissue 
sampling highlight the potential value of noninvasive 
biomarker approaches. Liquid biopsy technologies ca-
pable of detecting ctDNA, circulating tumor cells, or 
tumor-derived RNA in blood or urine offer an attrac-
tive complementary strategy for characterizing tumor 
biology and monitoring disease over time. Although 
current studies suggest that ctDNA levels are often low 
in localized RCC, advances in assay sensitivity and de-
tection methods may improve the feasibility of these 
approaches in SRMs.32,36 

Ultimately, the most promising strategy may involve 
integrating molecular data from tissue, liquid biopsy 
platforms, and clinical variables into multimodal pre-
dictive models. Such approaches have already begun 
to transform risk stratification in other cancers and 
may similarly enable more precise and individualized 
management of patients with SRMs. Another promis-
ing avenue is the integration of imaging characteristics 
with molecular data through radiogenomic approach-
es, which aim to identify imaging signatures that cor-
relate with underlying tumor genomic alterations.37 
Epigenetic and microRNA-based biomarkers have also 
demonstrated biologic and prognostic relevance in 
RCC; however, most existing studies have focused on 
metastatic disease or nephrectomy cohorts rather than 
SRMs or RMB specimens.38

This review has several limitations. The literature 
search was restricted to PubMed/MEDLINE and En-
glish-language publications, which may have excluded 

relevant studies indexed in other databases or pub-
lished in other languages. Study selection and data ex-
traction were performed by the authors without formal 
dual-reviewer screening, consistent with the narrative 
review methodology but introducing potential selec-
tion bias. The heterogeneity of study designs, patient 
populations, and endpoints across included studies 
precluded quantitative meta-analysis. 

 
CONCLUSIONS

Molecular and genomic biomarkers have substan-
tially advanced our understanding of RCC biology 
and highlight potential avenues to improve risk strat-
ification for SRMs beyond conventional imaging and 
histopathologic assessment. Gene expression signa-
tures such as ClearCode34 and the 16-gene recurrence 
assay, mutation-based markers including BAP1 and 
PBRM1 loss, chromosomal alterations such as 9p loss, 
and emerging liquid biopsy approaches collectively il-
lustrate the promise of molecular characterization in 
refining SRM management. However, despite these ad-
vances, molecular biomarkers are not ready to be cur-
rently incorporated into routine clinical care for SRMs. 
Most candidate biomarkers have been developed in 
nephrectomy cohorts and have not been prospectively 
validated in RMB specimens or active surveillance pop-
ulations. Consequently, their clinical utility for guiding 
surveillance or treatment decisions remains uncertain. 
Future progress will require prospective multicenter 
studies focused on SRM populations, standardized bi-
opsy protocols optimized for molecular profiling, and 
validation of composite molecular risk models. Until 
such data are available, molecular biomarkers should 
be viewed as promising research tools rather than clin-
ically actionable tests.
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The 2026 ASCO Genitourinary Cancers Symposium, 
convened February 26–28 in San Francisco under 
the central theme of "Patient-Centered Care: From 

Discovery to Delivery," delivered precisely what its title 
promised: a meeting that translated emerging science into 
clinically actionable frameworks. For those of us in the 
kidney cancer community, this was not merely another it-
eration of incremental progress. Rather, ASCO GU 2026 
marks a genuine inflection point — one that reshapes how 
we think about the treatment continuum in renal cell carci-
noma (RCC), from the post-nephrectomy adjuvant setting 
all the way through multiply pretreated metastatic disease.

	 Two late-breaking phase 3 trials — 
LITESPARK-011 and LITESPARK-022 — dominated 
the renal cell carcinoma sessions, and rightly so. 
Together, they represent what I believe to be the 
most consequential double readout for kidney cancer 
since the CheckMate-214 and KEYNOTE-426 era 
established IO-based combinations as the frontline 
standard. This editorial offers my perspective on what 
these data mean, where the unresolved questions lie, 
and how the broader signals from this meeting — in 
biomarkers, non-clear cell disease, personalization, 
and equity — should inform our clinical thinking and 

research agenda going forward.

I. Belzutifan's Double Win: A New Therapeutic 
Architecture
The HIF-2α inhibitor belzutifan (Welireg) has been an 
intriguing molecule since its initial approval for VHL 
disease-associated tumors and subsequent regulatory 
recognition in heavily pretreated metastatic ccRCC. 
The intellectual foundations of this drug trace 
directly to Nobel Prize-winning work by Dr. William 
Kaelin at Dana-Farber, who elucidated the VHL-HIF 
pathway — a discovery that now bears fruit in daily 
clinical oncology. At ASCO GU 2026, we witnessed 
its maturation into a cornerstone agent across two 
distinct disease settings simultaneously, a feat that is 
as rare in oncology as it is significant.

LITESPARK-011: Addressing the Post-IO Void
Perhaps the most pressing unmet need in kidney 
cancer management has been the absence of a validated 
standard of care after progression on anti-PD-(L)1 
therapy. VEGFR-TKIs — primarily cabozantinib — 
have served as de facto salvage therapy, but they were 
largely validated in pre-IO trial populations, raising 
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legitimate questions about their true efficacy in a post-
IO context. LITESPARK-011 was designed to answer 
those questions head-on.

	 The phase 3 trial enrolled 747 patients with 
advanced clear cell RCC that had progressed on or 
after anti-PD-(L)1 therapy, randomizing them 1:1 
to belzutifan plus lenvatinib versus cabozantinib 
monotherapy. At the second interim analysis — with 
a median follow-up of 29 months — the combination 
delivered a median PFS of 14.8 versus 10.7 months in 
favor of belzutifan plus lenvatinib, representing a 30% 
reduction in risk of progression or death (HR 0.70; 
p=0.00007). Equally impressive was the objective 
response rate: 52.6% versus 40.2%, with 20 complete 
responses in the experimental arm versus only 4 in the 
control — a signal that demands attention. Duration 
of response essentially doubled: 23.0 versus 12.3 
months.

	 Overall survival numerically favored the 
combination — 34.9 versus 27.6 months — with 
a hazard ratio of 0.85, though this did not reach 
statistical significance at interim analysis. Dr. Robert 
Motzer of Memorial Sloan Kettering, the study's lead 
author, appropriately framed this as an immature 
data point pending final analysis. Crucially, he noted 
that the toxicity profile was "different, not worse" 
than cabozantinib — anemia and hypoxia in the 

belzutifan arm versus diarrhea predominantly in 
the cabozantinib arm — and that patient-reported 
quality-of-life outcomes were similar between groups.

	 This trial is historic: it is the first phase 3 study 
of a HIF-2α inhibitor combined with a VEGFR-TKI, 
and the first such study in the post-IO RCC setting 
to demonstrate superiority over a contemporary 
VEGFR-TKI comparator. Dr. Motzer's own comment 
at the pre-symposium press briefing captured the 
clinical gestalt precisely: for most fit patients, he 
would now prefer the belzutifan combination over 
cabozantinib in this setting. This is a statement that 
will reshape second-line practice rapidly and globally.
LITESPARK-022: Redefining Adjuvant Ambition

	 The adjuvant landscape in kidney cancer has 
evolved rapidly. KEYNOTE-564 established single-
agent pembrolizumab as the standard of care for high-
risk ccRCC following nephrectomy, demonstrating 
both disease-free survival and, subsequently, overall 
survival benefit. The natural hypothesis — tested 
in LITESPARK-022 — was that adding a second 
mechanistically complementary agent, belzutifan, 
could improve upon this already-validated standard.
The trial enrolled 1,841 patients — a remarkable 
sample size reflecting the ambition and statistical rigor 
of this program — randomized to pembrolizumab 
plus belzutifan versus pembrolizumab plus placebo 
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for approximately one year. With a median follow-
up of 28.4 months, the primary endpoint of disease-
free survival was met: HR 0.72 (95% CI 0.59–0.87; 
p=0.0003), translating to a 28% reduction in the 
risk of recurrence or death. At 30 months, 75.8% of 
combination patients remained disease-free versus 
68.6% in the pembrolizumab-alone arm — a clinically 
meaningful separation.

	 Overall survival data remain immature, with 
only 87 of 300 required events having occurred (HR 
0.78; p=0.12). This is not a failure; it is an expected 
characteristic of adjuvant trials in a patient population 
where many are cured by surgery alone. The OS 
curves show early numerical separation and retain 
the statistical possibility of a significant benefit at final 
analysis. LITESPARK-022 is, notably, the first adjuvant 
phase 3 trial in RCC to demonstrate a significant 
benefit for a combination regimen versus an active 
immunotherapy comparator — an unprecedented 
benchmark.

	 Safety requires careful consideration. Grade 3 
or higher treatment-emergent adverse events occurred 
in 52.1% of patients receiving the combination versus 
30.2% in the pembrolizumab-plus-placebo arm. 
Anemia (12.1% grade ≥3), elevated ALT (6.4%), and 
hypoxia (4.6%) were the belzutifan-specific signals. 
However, grade 5 events were similar between arms 
(1.1% vs. 1.2%), reinforcing that the toxicity burden, 
while real, is manageable with appropriate monitoring 
and dose modification. These trade-offs will require 

individualized patient discussion — not every patient 
for whom pembrolizumab is indicated will be an 
appropriate candidate for the combination.

 
II. The Biomarker Imperative: Moving Beyond 
Clinical Risk Scores
One of the most intellectually rich threads running 
through this year's symposium was the accelerating 
search for validated predictive and prognostic 
biomarkers in RCC. Despite the impressive 
efficacy gains demonstrated in LITESPARK-011 
and LITESPARK-022, we continue to treat entire 
populations rather than selecting patients most likely to 
benefit — or, equally important, identifying those who 
will respond adequately to single-agent therapy and 
can be spared the toxicity of combination treatment.

	 Four biomarker presentations at ASCO GU 
2026 stood out for their clinical potential. Kidney 
Injury Molecule-1 (KIM-1) — a transmembrane 
protein overexpressed in ccRCC whose ectodomain is 
detectable in peripheral blood — continues to emerge 
as one of the most robust circulating biomarkers in 
this disease. Earlier work from the IMmotion010 trial 
identified KIM-1 as the most reliable predictor of 
adjuvant therapy benefit, and new analyses presented 
at this symposium reinforced its dual utility as both a 
prognostic marker and an early indicator of treatment 
response to PD-1 inhibition.

	 Circulating tumor DNA (ctDNA) also featured 
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prominently, with investigators from the CALYPSO 
trial demonstrating that baseline ctDNA levels and 
early ctDNA clearance carry strong prognostic value 
in papillary RCC patients receiving durvalumab plus 
savolitinib. The challenge with ctDNA in kidney 
cancer has always been the "low-shedding" nature of 
renal tumors, which limits sensitivity. Methodological 
refinements — including methylation-based liquid 
biopsy platforms — are beginning to address this 
limitation, and the field is watching closely.

	 Emerging inflammatory markers — including 
the neutrophil-to-eosinophil ratio, serum IgG levels, 
and erythropoietin — were also presented as potentially 
accessible, low-cost prognostic tools, particularly 
relevant for resource-limited settings. While none 
of these currently meets the bar for routine clinical 
implementation, they represent a growing recognition 
that the future of RCC management is biomarker-
stratified, not population-wide.

	 Most forward-looking was the continuing 
integration of artificial intelligence and machine 
learning into biomarker discovery. As discussed 
across multiple presentations, AI has the capacity to 
extract patterns from imaging (radiomics), pathology 
slides, and multi-omic datasets that exceed human 
visual interpretation. The RCC field is beginning to 
learn from the prostate cancer experience with tools 
like ArteraAI, which integrates clinical and digital 
pathology data into actionable prognostic nomograms. 
We should anticipate similar frameworks emerging 
in RCC within the next three to five years — and we 
should be designing the prospective datasets now to 
train and validate them.

III. Non-Clear Cell RCC: Progress at the Margins, 
Urgency at the Center
Non-clear cell RCC — comprising papillary, 
chromophobe, collecting duct, fumarate hydratase-
deficient, and many other rare histologies — accounts 
for approximately 20–25% of kidney cancer diagnoses 
and has historically been underrepresented in clinical 
trials. The consequence is stark: patients with non-
ccRCC subtypes have shorter survival, fewer validated 
treatment options, and receive care that is, in many 
cases, extrapolated from clear cell data rather than 
grounded in subtype-specific evidence.
ASCO GU 2026 offered several encouraging signals. 
Most striking was updated data from a phase 2 trial in 
fumarate hydratase-deficient RCC evaluating lenvatinib 

in combination with tislelizumab (Tevimbra), which 
demonstrated an objective response rate approaching 
90% — with 20% of patients achieving complete 
responses and all participants experiencing disease 
control. These are remarkable numbers for any solid 
tumor, and particularly for a subtype that has been, 
until recently, largely considered treatment-resistant to 
standard IO and TKI approaches. If validated in larger 
cohorts, this combination may constitute the first 
subtype-specific frontline standard for FH-deficient 
RCC.
	 Adjuvant pembrolizumab for non-clear cell 
histologies was addressed in a dedicated analysis: results 
showed no clear benefit compared to observation 
alone, reinforcing that the KEYNOTE-564 adjuvant 
data should not be uncritically extrapolated to non-
ccRCC subtypes. A larger, molecularly stratified study 
is being planned. This restraint is appropriate and 
commendable — the non-ccRCC field must resist 
the temptation to borrow efficacy signals from a 
biologically distinct disease.
The proteogenomic characterization of non-ccRCC 
subtypes, including novel biomarker nominations from 
multi-institutional molecular profiling studies, further 
enriches the translational agenda for this population. 
Differential expression of IGF2BP3 and PYCR1 as 
markers of genomic instability, and the identification of 
multiomics signatures capable of distinguishing RCC 
subtypes at the molecular level, promise to improve 
diagnostic accuracy and therapeutic selection. These 
tools are not yet clinic-ready, but they are advancing 
at a pace that warrants attention from practicing 
oncologists now.

IV. The Equity and Patient-Centered Agenda
The symposium's overarching theme — Patient-
Centered Care: From Discovery to Delivery — was not 
merely aspirational rhetoric. The International Kidney 
Cancer Coalition's global patient survey, presented 
as Abstract 490, provided sobering real-world data: 
the majority of North American patients with kidney 
cancer report significant emotional distress as a 
consequence of their diagnosis, yet few seek formal 
psychological support and even fewer are actively 
directed toward it by their clinical teams. Disparities 
in emotional support access were documented across 
racial, socioeconomic, and geographic lines.
This data point matters beyond its human significance. 
Psychological well-being is a determinant of treatment 
adherence, quality of life, and, emerging evidence 
suggests, immune function and oncologic outcomes. 
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As we build more effective therapeutic regimens — 
regimens that are also more complex to tolerate and 
manage — the infrastructure to support patients 
holistically must scale in parallel. The oncology 
community cannot continue to deliver Nobel Prize-
winning molecular therapy while leaving patients 
without access to basic mental health resources.
Equally salient is the equity dimension of personalized 
medicine itself. As biomarker-driven treatment 
selection becomes standard, we must ensure that 
the populations underrepresented in the trials 
that generated those biomarker data — including 
Black, Hispanic, Asian, and low-income patients 
— do not face a secondary exclusion from precision 
oncology's benefits. The ASCO GU community is 
increasingly aware of this risk, and it is encouraging 
to see patient advocates from organizations like the 
IKCC participating in the scientific program, not as 
afterthoughts, but as collaborators in research design.

V. Looking Forward: What This Means for Practice 
and Research
The clinical implications of ASCO GU 2026 are clear 
and immediate for some questions, and still evolving 
for others. In second-line advanced ccRCC after anti-
PD-(L)1 therapy, the data from LITESPARK-011 are 
sufficiently compelling that belzutifan plus lenvatinib 
will and should enter the therapeutic calculus for fit 
patients, pending regulatory action. In the adjuvant 
setting, LITESPARK-022 supports the consideration 
of pembrolizumab plus belzutifan for high-risk post-
nephrectomy ccRCC patients, with the caveat that 
toxicity discussions must be individualized and OS 
data remain pending.
	 Sequencing questions are now the frontier. 
If belzutifan is used in the second line, can it still be 
deployed in later lines after progression? If a patient 
receives belzutifan adjuvantly and then recurs, what 
second-line options remain? These are not hypothetical 
future questions — they are questions our patients will 
ask us in clinics within the next twelve months. We 
need prospective trial infrastructure to answer them, 
and we need to build it now.
	 For the research community, several priorities 
emerge. First, the biomarker validation agenda must 
be formalized: ctDNA, KIM-1, and inflammatory 
markers need prospective validation cohorts with pre-
defined endpoints and standardized assay conditions. 
Second, the non-ccRCC trials need to be adequately 
powered and molecularly enriched — small signals in 
rare histologies require creative trial designs, including 
adaptive and basket approaches, to generate actionable 

evidence efficiently. Third, the integration of patient-
reported outcomes into trial design must become non-
negotiable: the FKSI-DRS data from LITESPARK-011, 
showing no difference in quality-of-life deterioration 
between arms, is exactly the kind of information that 
allows patients to make genuinely informed decisions.
	 Finally, as Editor-in-Chief of this journal, I want 
to acknowledge the scientific community that made 
this meeting possible: the thousands of patients who 
enrolled in these trials trusting us with their bodies 
and their futures; the investigators at Memorial Sloan 
Kettering, Dana-Farber, and dozens of international 
centers who conducted this work with rigor; and the 
patient advocates who ensured that the questions being 
asked were the ones that actually matter to people 
living with this disease. The pace of progress in kidney 
cancer is accelerating. Our obligation is to ensure that 
it accelerates equitably, transparently, and with the 
patient always at the center of what we do.
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ABSTRACT

The 2026 ASCO Genitourinary Cancers Symposium (GU26), held February 26–
28 in San Francisco, California, showcased pivotal advances in kidney cancer 
spanning trial readouts, biomarker research, and emerging therapeutic strategies. 
Two late-breaking phase III readouts headlined the meeting, both evaluating belzutifan, an oral HIF-2α 
inhibitor. LITESPARK-022 demonstrated superiority of belzutifan plus pembrolizumab over pembrolizumab 
alone in the adjuvant high-risk clear cell RCC (ccRCC) setting — a first for any combination in adjuvant solid 
tumor oncology. LITESPARK-011 established belzutifan plus lenvatinib as a superior post-immunotherapy 
option over cabozantinib in advanced ccRCC, the first phase III superiority result in this context. Collectively, 
these results position HIF-2α inhibition as an emerging cornerstone across the RCC treatment continuum. 
Frontline therapy updates reinforced the durability of immunotherapy-based combinations, with 
individualized regimen selection — balancing efficacy, toxicity, and patient preferences — emerging as a 
central principle. In the adjuvant space, patient-reported outcome data from RAMPART added important 
quality-of-life context. A notable finding was the lack of benefit from adjuvant pembrolizumab in non-
clear cell RCC, highlighting the need for dedicated histology-specific trials in this underserved population. 
Biomarker development and emerging strategies — including radiation as an immune 
sensitizer and novel mechanistic combinations — pointed toward the field's next frontiers. 
GU26 signaled a new era of therapeutic sophistication in RCC, with patient selection, biomarker validation, 
and inclusive trial design as defining priorities ahead.

Keywords: renal cell carcinoma; belzutifan; HIF-2α inhibitor; LITESPARK-022; LITESPARK-011; adjuvant 
therapy; immune checkpoint inhibitor; biomarkers; non-clear cell RCC; GU26
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INTRODUCTION

The 2026 ASCO Genitourinary Cancers Sympo-
sium (GU26), held February 26–28 in San Fran-
cisco, California, convened leading clinicians 

and investigators from across the globe to present 
and debate the most clinically significant advances in 
genitourinary oncology. Kidney cancer was featured 
prominently throughout the program, with presen-
tations spanning pivotal phase III trial readouts, 
translational biomarker research, novel combination 
strategies, and emerging approaches in non-clear cell 
histologies.

	 Over the past decade, the treatment para-
digm for advanced renal cell carcinoma (RCC) has 
undergone a dramatic evolution — shifting from 
monotherapy with vascular endothelial growth factor 
(VEGF)-targeted tyrosine kinase inhibitors (TKIs) 
to immune checkpoint inhibitor (ICI)-based com-
bination regimens that have meaningfully improved 
survival outcomes. Yet this progress has introduced 
new and consequential challenges: how to select 
among multiple effective frontline regimens, how to 
sequence therapy optimally after progression, and 
how to identify biomarkers capable of guiding indi-
vidualized decision-making. GU26 addressed each 
of these questions through updated follow-up data, 
novel mechanistic approaches, and carefully designed 
translational studies.

	 Two late-breaking phase III readouts — LI-
TESPARK-022 and LITESPARK-011 — commanded 
particular attention, investigating the oral HIF-2α in-
hibitor belzutifan as a central pillar of RCC therapy 

across both the perioperative and advanced disease 
settings. Collectively, the kidney cancer sessions at 
GU26 reinforced the field’s trajectory toward increas-
ingly personalized, biologically informed treatment 
strategies, while underscoring the continued impor-
tance of clinical trial enrolment — particularly for 
patients with non-clear cell histologies where the evi-
dence base remains limited.

Evolving Frontline Therapy for Advanced Clear Cell 
RCC
	 Frontline treatment of metastatic clear cell 
RCC has become increasingly complex, with multi-
ple approved immunotherapy-based combinations 
demonstrating durable survival benefits across risk 
groups. GU26 presentations provided longer-term 
follow-up data and comparative insights across these 
regimens, reinforcing the principle that no single 
combination offers universal superiority and that in-
dividualized regimen selection — based on disease 
characteristics, comorbidities, and patient preferenc-
es — remains paramount.

Dual Immune Checkpoint Blockade: Nivolumab 
plus Ipilimumab
	 Long-term follow-up data for the dual im-
mune checkpoint blockade regimen of nivolumab 
plus ipilimumab from CheckMate 214 continued to 
demonstrate durable responses and sustained sur-
vival in patients with intermediate- and poor-risk 
disease. Updated analyses showed that a meaningful 
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subset of patients maintains long-term treatment-free 
intervals after completing the induction phase — an 
observation with important implications for patients 
who prioritize time off active treatment or who have 
comorbidities that limit tolerance of continuous sys-
temic therapy.

	 Investigators emphasized that complete re-
sponses remain relatively uncommon but appear 
highly durable when achieved, with some patients 
maintaining remission well beyond five years with-
out further therapy. Immune-related adverse events 
continue to be manageable with established cortico-
steroid-based algorithms, and the long-term toxicity 
profile was not worsened with extended follow-up. 
These findings reinforce dual checkpoint inhibition as 
a compelling frontline option for patients with lower 
disease burden or those for whom treatment-free in-
tervals are a priority.

ICI-TKI Combinations: Continued Refinement
	 Multiple GU26 presentations examined out-
comes associated with ICI-TKI combinations, span-
ning regimens that now constitute the most widely 
used frontline approaches in contemporary RCC prac-
tice:

•	 Pembrolizumab plus lenvatinib

•	 Nivolumab plus cabozantinib
•	 Pembrolizumab plus axitinib

	 Updated analyses confirmed sustained pro-
gression-free survival (PFS) and overall survival (OS) 
benefits across risk groups for these regimens. How-
ever, investigators noted that toxicity management 
and dose modifications remain important practical 
considerations — particularly with regimens incor-
porating multi-targeted TKIs such as lenvatinib or 
cabozantinib, where diarrhea, hypertension, and pal-
mar-plantar erythrodysesthesia represent frequent 
dose-limiting toxicities requiring proactive manage-
ment and individualized dose optimization.

	 An emerging theme at GU26 was the impor-
tance of moving beyond a one-size-fits-all approach to 
frontline selection. Speakers highlighted that patient 
performance status, cardiovascular comorbidities, an-
ticipated drug-drug interactions, and the desire to pre-
serve quality of life during treatment should all factor 
into regimen selection alongside the efficacy data. This 
nuanced perspective reflects the maturation of the field 
from a focus on identifying the single ‘best’ regimen 
toward embracing a more individualized framework.

LITESPARK-022: Redefining the Adjuvant Standard 
in High-Risk ccRCC
Adjuvant pembrolizumab, established as stan-
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dard of care based on KEYNOTE-564, has materially 
improved disease-free (DFS) and overall survival (OS) 
in patients with high-risk ccRCC following nephrecto-
my, though selection criteria remain unrefined. While 
some patients may be effectively cured with surgery 
alone, a substantial proportion of patients treated with 
adjuvant pembrolizumab still experience disease re-
currence, underscoring an unmet need for more ef-
fective post-surgical strategies in selected patients. LI-
TESPARK-022 (NCT05239728) was designed to test 
whether adding belzutifan — an oral HIF-2α inhibitor 
targeting the VHL/HIF pathway that drives the major-
ity of ccRCCs — to pembrolizumab could further ex-
tend DFS beyond what immune checkpoint blockade 
alone achieves.

	 The trial enrolled 1,841 patients with surgi-
cally resected ccRCC meeting high-risk criteria (pT2 
Grade 4 or sarcomatoid; pT3 or pT4; or node-positive 
disease, as defined by KEYNOTE-564 eligibility). Pa-
tients were randomized 1:1 to pembrolizumab 400 mg 
IV every 6 weeks plus belzutifan 120 mg orally daily, or 
pembrolizumab plus oral placebo, for approximately 
one year. The primary endpoint was DFS by blinded 
independent central review.

Efficacy Results
	 The trial met its primary endpoint with statis-
tical significance. At a median follow-up of approxi-
mately 30 months, the combination demonstrated 
a 28% reduction in the risk of disease recurrence or 
death compared to pembrolizumab monotherapy 
(hazard ratio 0.72; p < 0.05). These results were pre-
sented by Dr. Toni K. Choueiri of Dana-Farber Cancer 
Institute, who characterized the findings as represent-

ing several simultaneous milestones: the first positive 
late-stage data for belzutifan in an earlier-stage disease 
setting; the first HIF-2α inhibitor to demonstrate ben-
efit in combination with immune checkpoint block-
ade; and the first combination regimen to demonstrate 
superiority over pembrolizumab monotherapy in the 
adjuvant setting across any tumor type.

Safety and Clinical Implications
	 The safety profile was consistent with the 
known class effects of each agent. Pembrolizumab-re-
lated immune-mediated adverse events and belzuti-
fan-related anemia and hypoxia were the dominant 
toxicities. Monitoring of hemoglobin and oxygen satu-
ration during belzutifan therapy remains advisable.

	 From a clinical practice standpoint, while 
we await 	 mature OS follow-up data from LI-
TESPARK-022, these toxicities and the financial im-
plications of adding belzutifan to pembrolizumab 
must be carefully considered. Identifying which sub-
set of patients are effectively cured with surgery alone, 
which ones would derive benefit from adjuvant pem-
brolizumab monotherapy, and which ones would ben-
efit from the addition of belzutifan would be critical to 
parsimoniously personalize adjuvant strategies in this 
patient population prior to widespread adoption.

LITESPARK-011: A New Post-Immunotherapy 
Standard in Advanced ccRCC
	 With the widespread adoption of ICI-based 
frontline regimens, clinicians increasingly face the 
challenge of selecting optimal therapy following pro-
gression. GU26 presentations provided important new 
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RAMPART: Adjuvant Immunotherapy and Patient-
Reported Outcomes
	 Efficacy data from the phase III RAMPART trial 
(NCT03288532) — investigating adjuvant durvalum-
ab alone or combined with tremelimumab following 
nephrectomy — was presented at ESMO Congress 
2025, where the durvalumab plus tremelimumab arm 
demonstrated a greater than 43% relative reduction in 
recurrence risk in the highest-risk patient subgroup. 
At GU26, the focus shifted to patient-reported out-
comes (PROs) for the durvalumab monotherapy arm.

	 These data carry significant clinical weight. 
Adjuvant therapy decisions are increasingly informed 
not only by DFS curves but by the lived experience of 
treatment — symptom burden, functional status, and 
health-related quality of life during and after the treat-
ment period. For patients already navigating the psy-
chological aftermath of surgery for high-risk kidney 
cancer, the acceptability of an adjuvant regimen from 
the patient’s perspective is central to informed consent 
and adherence. The RAMPART PRO analysis provides 
an important evidence base that contextualizes the LI-
TESPARK-022 combination data: the community now 
has multiple adjuvant strategies with distinct toxici-
ty footprints, and patient-centered outcome data will 
increasingly drive individualized decision-making as 
these regimens are adopted into practice.

Non–Clear Cell RCC: Expanding Evidence, Persistent 
Challenges
	 Non-clear cell RCC (nccRCC) subtypes — en-
compassing more than 20 histologically and molecu-
larly distinct entities and collectively accounting for 
approximately 20–25% of all kidney cancer diagnoses 
— continued to receive increasing attention at GU26. 
Patients with nccRCC consistently experience short-
er survival compared to those with ccRCC, and the 
absence of large prospective, histology-specific trials 
leaves treatment decisions underpinned by extrapola-
tion from clear cell data and limited phase II evidence.

Adjuvant Pembrolizumab in nccRCC
	 Abstract 473 reported that adjuvant pembroli-
zumab did not demonstrate a clear disease-free surviv-
al benefit compared to active surveillance in patients 
with resected nccRCC. This finding is clinically im-
portant and biologically plausible: papillary RCC and 
other nccRCC subtypes have distinct immunological 
and molecular profiles, and checkpoint inhibitor ben-
efit observed in the clear cell setting cannot be reliably 
extrapolated. The result reinforces the principle that 
nccRCC subtypes require prospective investigation in 
histology-specific trials — and that clinical trial partic-
ipation remains strongly encouraged for patients with 
these diagnoses.

data on this question. The failure of CONTACT-03 — 
which showed no benefit from adding atezolizumab 
to cabozantinib over cabozantinib alone — had effec-
tively ruled out immune checkpoint rechallenge in the 
post-immunotherapy setting, leaving cabozantinib as 
the de facto standard despite the absence of a head-to-
head superiority comparison in this context. 

	 LITESPARK-011 (NCT04586231) was the first 
phase III trial specifically powered to test a novel dou-
blet against cabozantinib in patients with advanced 
ccRCC who had progressed on anti-PD-(L)1 therapy. 

Efficacy and Safety
	 The full data, presented by Dr. Robert J. Mot-
zer of Memorial Sloan Kettering Cancer Center, con-
firmed the primary endpoint: belzutifan plus lenvati-
nib significantly improved PFS versus cabozantinib, 
reducing the risk of progression or death by approxi-
mately 30% (HR ~0.70). This represents the first phase 
III trial to demonstrate superiority over a contempo-
rary TKI regimen in the post-immunotherapy ccRCC 
setting. A trend toward improved overall survival was 
observed, though OS data remained immature at this 
analysis.

	 In a candid exchange during the discussion, 
Dr. Motzer characterized the safety comparison as a 
‘trade-off ’ rather than an advantage for either arm. 
The belzutifan/lenvatinib combination produced more 
anemia and hypoxia — class effects of HIF-2α inhibi-
tion — while cabozantinib produced more diarrhea, 
palmar-plantar erythrodysesthesia, and hypertension. 

Broader Context: Treatment Sequencing After 
Immunotherapy
	 Beyond the LITESPARK-011 data, additional 
GU26 presentations illuminated the broader post-im-
munotherapy landscape. Data confirmed that multi-
targeted TKIs — including cabozantinib and tivozanib 
— remain effective sequencing options following prior 
ICI exposure. Cabozantinib in particular continues to 
demonstrate utility attributable to its broader kinase 
inhibition profile, including activity against MET and 
AXL pathways implicated in resistance mechanisms. 
Emerging strategies incorporating triplet regimens 
or sequential HIF-2α inhibition were also discussed, 
though these approaches remain investigational.

	 Collectively, these data support the view that 
the second-line treatment landscape is shifting rapidly. 
Where cabozantinib monotherapy once stood largely 
unopposed, the field now has phase III evidence for a 
superior alternative in belzutifan plus lenvatinib, with 
additional options available for patients in whom the 
combination is contraindicated.
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ICI Combinations and Emerging Data
	 Additional GU26 presentations included 
emerging data evaluating immunotherapy com-
binations — including checkpoint inhibitors and 
VEGF-targeted therapies — in papillary and chromo-
phobe RCC, suggesting potential activity in these less 
common histologies. Real-world analyses in metastatic 
papillary RCC, where cabozantinib monotherapy and 
cabozantinib plus nivolumab are considered standard 
approaches in the absence of randomized comparisons, 
were also presented and will help inform the design of 
forthcoming cooperative group trials in this popula-
tion.

Biomarkers and Precision Medicine: Progress and 
Remaining Gaps
	 Despite significant advances in systemic thera-
py, pre	dictive biomarkers for treatment selection re-
main a critical unmet need in RCC. GU26 featured a 
rich program of translational studies exploring molec-
ular, cellular, and circulating biomarkers — reflecting 
the field’s recognition that the complexity of available 
treatment choices demands more precise patient strat-
ification tools.

KIM-1 and ctDNA in Oligometastatic Disease

	 Abstract 537 presented data from the K-COM-
PASS program, evaluating circulating kidney injury 
molecule-1 (KIM-1) protein and circulating tumor 
DNA (ctDNA) as response-monitoring tools in pa-
tients with oligometastatic ccRCC (up to five meta-
static sites) undergoing metastasis-directed therapy 
— including surgery, thermal ablation, or stereotactic 
body radiotherapy (SBRT) — without concurrent sys-
temic treatment. Both biomarkers correlated strongly 
with patient outcomes following treatment, support-
ing their integration with clinical parameters in the 
K-COMPASS risk stratification tool. Serial KIM-1 
measurement may offer a non-invasive window into 
disease burden analogous to PSA monitoring in pros-
tate cancer — a capability that has long been absent in 
kidney cancer.

Tumor Gene Expression, Immune Microenvironment, 
and IgG
	 Several translational studies explored tumor 
gene expression signatures and immune microenvi-
ronment characterization as potential tools for guiding 
therapy selection between immune-checkpoint-dom-
inant and VEGF-targeted strategies. Abstract 445 
highlighted changes in circulating immunoglobulin G 
(IgG) levels as a candidate predictive biomarker for re-
sponse to frontline IO-TKI combinations in advanced 
ccRCC, suggesting that baseline humoral immune pa-
rameters may modulate checkpoint inhibitor efficacy. 
Additional biomarker analyses examined the neutro-
phil-to-eosinophil ratio and erythropoietin levels as 

prognostic indicators.

	 Investigators uniformly cautioned that no bio-
marker currently demonstrates sufficient predictive 
accuracy for routine clinical use. The field has made 
meaningful progress in identifying candidate mark-
ers, but prospective validation in adequately powered, 
dedicated biomarker studies remains the essential next 
step before any of these tools can enter clinical deci-
sion-making algorithms.

Emerging Strategies: Novel Combinations and 
Ablative Approaches

CYTOSHRINK: SBRT as an Immune Sensitizer
	 The CYTOSHRINK trial, evaluating SBRT 
combined with ipilimumab and nivolumab in met-
astatic RCC, drew significant attention. The central 
hypothesis is that ablative doses of radiation increase 
tumor antigenicity through neoantigen release, prim-
ing residual metastatic disease for enhanced sensitivity 
to dual checkpoint inhibition. If confirmed, this mul-
timodal approach could improve outcomes without 
intensifying systemic toxicity — a compelling proposi-
tion if the synergy between radiation-induced immune 
priming and checkpoint blockade proves durable.

Intermittent TKI Scheduling
	 A study examining intermittent versus con-
tinuous axitinib plus avelumab in metastatic RCC at-
tracted interest as a quality-of-life-driven investigation 
into TKI scheduling. Continuous VEGFR TKI therapy 
imposes substantial toxicity burden, and even modest 
dose reductions can affect efficacy. The precedent of in-
termittent androgen deprivation in prostate cancer — 
where non-inferiority was demonstrated with mean-
ingful quality-of-life preservation — has encouraged 
analogous inquiry in RCC. These data will be closely 
evaluated for whether treatment breaks can be safely 
offered without compromising PFS.

Novel Targeted Combinations: LITESPARK-024 and 
Beyond
	 Early-phase data from LITESPARK-024, eval-
uating belzutifan in combination with the CDK4/6 in-
hibitor palbociclib in ccRCC, exemplify the next gen-
eration of mechanistically-informed doublets being 
explored as the field moves beyond the IO-TKI par-
adigm. Ongoing studies are evaluating belzutifan in 
combinations with VEGF-targeted therapies and im-
mune checkpoint inhibitors in earlier lines of therapy, 
with the goal of defining an expanded role for HIF-2α 
inhibition across the treatment continuum.

Patient-Centered Data and Global Perspectives
	 Abstract 490 presented findings from the IKCC 
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Global Patient Survey, documenting the emotional and 
psychosocial impact of kidney cancer across North 
American patients. The data revealed that while the 
majority of patients experienced significant emotion-
al distress following diagnosis, fewer than expected 
proactively sought psychological support or discussed 
these concerns with their treating oncologists — high-
lighting a gap between patient need and clinical prac-
tice that the oncology community must address.

	 The meeting also addressed the disproportion-
ate impact of kidney cancer on older adults, with ap-
proximately 70% of new cancer diagnoses projected to 
occur in patients aged 65 or older by 2030. Clinical tri-
al eligibility criteria and treatment algorithms designed 
around younger, fitter populations may not translate 
directly to this cohort, where frailty, polypharmacy, 
and comorbidities demand individualized assessment 
that goes beyond standard performance status scoring.

Clinical Implications: Key Themes from GU26
	 Collectively, the kidney cancer presentations at 
GU26 reinforced several themes shaping contempo-
rary RCC management:

1.	 Immunotherapy remains the backbone of 
frontline therapy, with multiple effective com-
binations available — and no single regimen 
offering universal superiority across all patient 
populations.

2.	 Treatment selection should be individual-
ized, balancing efficacy data, toxicity profiles, 
comorbidities, and patient preferences rather 
than defaulting to algorithmic regimen assign-
ment.

3.	 Novel biologic targets — most notably HIF-
2α — are expanding the therapeutic landscape 
across both perioperative and advanced dis-
ease settings, with LITESPARK-022 and -011 
providing the most contemporary evidence so 
far for this class’s broad clinical impact.

4.	 Biomarker development remains a critical un-
met need. Candidates such as KIM-1, ctDNA, 
IgG, and tumor gene expression signatures 
show promise but require prospective valida-
tion before entering routine practice.

5.	 Non-clear cell RCC demands dedicated, his-
tology-specific trials. Extrapolating clear cell 
data to nccRCC is unreliable, as the negative 
adjuvant pembrolizumab finding in nccRCC 
illustrates, and clinical trial enrollment should 
be prioritized for this population.

Looking Ahead
	 Belzutifan emerged at center stage for RCC 
therapeutics during GU26. The dual positive readouts 
from LITESPARK-011 and LITESPARK-022 support 
the growing role for HIF-2α inhibition as a cornerstone 
deployable across both the perioperative and advanced 
disease settings — a therapeutic arc that few drug 
classes achieve so decisively within a single sympo-
sium.  However, patient selection and balancing toxici-
ties with oncologic benefit remain to be fully explored.

	 Several critical questions now demand investi-
gation. Mature OS data from both LITESPARK trials 
are eagerly anticipated: DFS and PFS benefits are mean-
ingful, but the field rightly awaits survival data before 
adjudicating on the full magnitude of these combina-
tions. The safety trade-off in LITESPARK-011 necessi-
tates development of patient selection frameworks and 
toxicity management algorithms. And the question of 
optimal sequencing — how to integrate belzutifan/len-
vatinib as a second-line standard alongside other avail-
able options — will require both prospective data and 
real-world experience.

	 Beyond belzutifan, the meeting signaled sev-
eral trajectories that will shape the next three to five 
years: SBRT as an immune sensitizer, intermittent TKI 
dosing as a quality-of-life strategy, CDK4/6 inhibitor 
combinations, and the emergence of validated blood-
based biomarkers. For non-clear cell histologies, the 
community must accelerate the development of his-
tology-specific trials rather than continuing to rely on 
extrapolation from the clear cell paradigm.

	 As the number of available treatment options 
continues to grow, the future of RCC management will 
involve increasingly personalized therapeutic strate-
gies grounded in tumor biology, patient-specific fac-
tors, and patient-reported priorities. Ongoing clinical 
trials will clarify optimal sequencing, identify pre-
dictive biomarkers, and define the role of new agents 
across the treatment continuum. As these data mature, 
they will further refine the paradigm and advance the 
goal of durable disease control for patients with kid-
ney cancer. The Kidney Cancer Journal will continue 
to provide expert analysis as this rapidly evolving land-
scape develops.
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​█    Belzutifan plus lenvatinib versus cabozantinib for 
advanced clear cell RCC after anti-PD-(L)1 therapy: 
Phase 3 LITESPARK-011
Motzer RJ, Park SH, McDermott RS, et al.
J Clin Oncol. 2026;44(suppl 7):LBA417. NCT04586231

BACKGROUND
No globally accepted standard of care exists for patients 
with advanced clear cell renal cell carcinoma (ccRCC) 
after progression on anti-PD-(L)1 therapy. VEGFR-
TKIs (cabozantinib, lenvatinib plus everolimus) 
are commonly deployed in this setting but were 
primarily validated in pre-immunotherapy era phase 
3 studies, raising questions about their efficacy against 
contemporary IO-pretreated populations. Belzutifan 
is a first-in-class, selective oral HIF-2α inhibitor 
with established antitumor activity in previously 
treated ccRCC. HIF-2α drives VEGF transcription 
and is implicated in resistance to anti-VEGF therapy, 
providing biological rationale for combining HIF-2α 
inhibition with VEGFR-TKI blockade.
METHODS: Phase 3, open-label, multicenter, 
randomized, active-controlled study. Eligible 
patients: ≥18 years, unresectable locally advanced 
or metastatic ccRCC, Karnofsky Performance Status 
≥70%, progression on or after first- or second-line 
anti-PD-(L)1 therapy or within 6 months of last dose 
of adjuvant anti-PD-(L)1 therapy. Prior VEGFR-
TKI allowed. Randomization 1:1 to belzutifan 120 
mg + lenvatinib 20 mg orally once daily (n=371) 
versus cabozantinib 60 mg orally once daily (n=376). 
Stratification by IMDC risk score, line of anti-PD-
(L)1 therapy, and geographic region. Dual primary 
endpoints: progression-free survival (PFS) by blinded 
independent central review (BICR) per RECIST 1.1, 
and overall survival (OS). Key secondary endpoint: 
objective response rate (ORR) by BICR. Two pre-
specified interim analyses conducted.

KEY RESULTS
Grade ≥3 treatment-related AEs occurred in 71.6% 
(bel+lenva) vs 65.8% (cabo). Discontinuation of 
both study drugs: ~11% in each arm. Most common 
TEAEs in belzutifan+lenvatinib arm: anemia (69.2%; 
grade ≥3 in 23.2%), diarrhea (52.7%), fatigue (46.1%), 
hypertension (41.8%), hypoxia (15.4%; grade ≥3 
in 11.9%). Cabozantinib arm: diarrhea (70.1%), 
fatigue (45.0%), skin toxicity (51.2%). No difference 
in patient-reported outcomes (FKSI-DRS HR 1.02; 
EORTC QLQ-C30 GHS/QOL HR 1.07). Treatment-
related deaths: 2 vs 1.

Editorial note: 
LITESPARK-011 is the first phase 3 study to validate 
a HIF-2α/VEGFR-TKI combination in the post-IO 
RCC setting, delivering a 30% reduction in the risk of 
progression vs. a contemporary standard-of-care TKI. 
Dr. Motzer's statement at the pre-conference press 
briefing — that he would prefer this combination over 
cabozantinib for most fit patients — encapsulates 
the clinical gestalt. The OS signal (7-month absolute 
improvement; HR 0.85) remains immature but 
directionally meaningful. This is a landmark result.

​ 
█    Adjuvant pembrolizumab plus belzutifan 
versus pembrolizumab for clear cell RCC post-
nephrectomy: Phase 3 LITESPARK-022
Choueiri TK, Motzer RJ, Karam JA, et al.
J Clin Oncol. 2026;44(suppl 7):LBA418. NCT05239728
BACKGROUND
Adjuvant pembrolizumab (KEYNOTE-564) is 
established standard of care for high-risk clear cell 
RCC following nephrectomy, demonstrating both 
disease-free survival (DFS) and overall survival 

https://doi.org/10.52733/GU26abs
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benefit. Belzutifan, a selective oral HIF-2α inhibitor, 
targets the VHL-HIF pathway — the molecular 
driver in the majority of clear cell RCC tumors 
— and has demonstrated single-agent efficacy in 
advanced previously treated ccRCC. The hypothesis 
underpinning LITESPARK-022 was that combining 
complementary mechanisms (PD-1 checkpoint 
blockade plus HIF-2α inhibition) in the minimal 
residual disease setting would yield superior DFS 
compared to pembrolizumab monotherapy alone.

METHODS: Phase 3, double-blind, placebo-
controlled, multicenter trial. Eligible patients: 
histologically confirmed ccRCC, no prior 
systemic therapy, surgery within 12 weeks prior to 
randomization, ECOG PS 0 or 1, one of: intermediate-
high risk (pT2 grade 4/sarcomatoid N0, or pT3 N0 
any grade), high risk (pT4 N0 any grade, or any 
pT any grade N+), or M1 no evidence of disease. 
Randomization 1:1 (n=1,841 total): pembrolizumab 
400 mg IV every 6 weeks for ≤9 cycles (~1 year) plus 
belzutifan 120 mg orally once daily for ≤54 weeks 
(n=921) versus pembrolizumab plus placebo (n=920).  

SAFETY
Grade ≥3 TEAEs: 52.1% (combo) vs 30.2% 
(pembro+placebo). Most common grade ≥3 events 
in combination arm: anemia (12.1% vs 0.4%), 
elevated ALT (6.4% vs 2.0%), hypoxia (4.6% vs 
0%). Grade 5 events similar between arms (1.1% vs 
1.2%); no new safety signals identified. Anemia was 
managed with transfusions, dose modifications, and 
erythropoiesis-stimulating agents. Hypoxia managed 
with supplemental oxygen and dose interruption/
reduction. Both toxicities are mechanistically 
expected from belzutifan and are reversible in the 
majority of cases.

Editorial note: This is the most consequential adjuvant 
RCC trial result since KEYNOTE-564. Enrolling 
1,841 patients against an active immunotherapy 
comparator — not a placebo — is an ambitious 
design that makes the positive DFS result all the 
more clinically credible. The Nobel Prize-winning 
VHL-HIF biology now translates into a post-surgical 
combination standard. The key clinical nuance: 
patient selection for the toxicity burden is essential. 
Patients with significant pulmonary compromise 
or cardiovascular comorbidities require individual 
risk-benefit discussion before adding belzutifan to 
pembrolizumab.

█    Patient-reported outcomes in resected RCC: Active 
monitoring vs. durvalumab plus tremelimumab — 
RAMPART trial
Merrick S, Murphy L, Frangou E, et al.
J Clin Oncol. 2026;44(suppl 7):420. NCT03288532 
(RAMPART)

BACKGROUND
RAMPART (NCT03288532) is an international, 
UK-led, multi-arm multi-stage (MAMS) phase 3 
platform trial evaluating adjuvant immunotherapy 
after nephrectomy in patients with resected high- or 
intermediate-risk primary RCC. The primary efficacy 
results (presented at ESMO 2025) demonstrated that 
adjuvant durvalumab plus tremelimumab significantly 
improved DFS vs. active monitoring (3-year DFS: 81% 
vs 73%; HR 0.65; p<0.01), with the greatest benefit in 
patients at highest risk of relapse (HR 0.52 in high-
risk subgroup). ASCO GU 2026 presented the pre-
specified patient-reported outcomes (PRO) analysis 
for the durvalumab plus tremelimumab arm vs. active 
monitoring, providing critical quality-of-life data to 
contextualize the efficacy finding.

METHODS
790 patients enrolled from 80 international sites, 
randomized 3:2:2 to active monitoring (n=340), 
durvalumab monotherapy (n=225), or durvalumab 
plus tremelimumab (n=225). PRO analysis focused on 
Arm C (durvalumab plus tremelimumab) vs Arm A 
(active monitoring). Instruments: EORTC QLQ-C30 
and EuroQoL EQ-5D. Primary PRO timepoint: 
Month 15. Secondary timepoints: Week 16 and 
other scheduled assessments. Clinically meaningful 
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differences defined as ≥10-point change on QLQ-C30 
subscales.

CLINICAL IMPLICATIONS
The PRO data reveal an important trade-off: 
meaningful short-term quality-of-life decline at 16 
weeks (fatigue, insomnia, role functioning) that 
largely resolves by month 15, followed by new declines 
in cognitive function and pain at the later timepoint. 
This pattern — consistent with immune-related 
adverse events and their downstream effects — must 
be integrated into patient counseling alongside the 
DFS benefit. The DFS benefit was most pronounced 
in the highest-risk subgroup, reinforcing the value of 
stratified patient selection.

KEY RESULTS

Editorial note: In an era of adjuvant intensification, 
RAMPART's PRO data serve as a necessary corrective. 
A 28% relative DFS improvement means little to a 
patient who loses 6 months of meaningful functional 
capacity. These findings will appropriately raise the 
bar for which patients should be offered combination 
adjuvant immunotherapy — and open important 
questions about whether the cognitive deficits at 
month 15 are reversible with extended follow-up.

█    CYTOSHRINK: Randomized phase II trial 
of cytoreductive stereotactic hypofractionated 
radiotherapy plus ipilimumab/nivolumab in 
metastatic kidney cancer. Lalani AK, Pond GR, Siva S, 
et al. J Clin Oncol. 2026;44(suppl 7):416. NCT04090710

BACKGROUND
The concept of using cytoreductive stereotactic body 
radiation therapy (SBRT) to debulk the primary 
tumor or dominant metastasis, combined with 
systemic immunotherapy, rests on the hypothesis that 
radiation-induced tumor antigen release (the 'abscopal 
effect') may prime the immune system and potentiate 
checkpoint inhibitor activity. CYTOSHRINK was 
designed as the first randomized trial to evaluate 
cytoreductive SBRT added to first-line ipilimumab 
plus nivolumab in patients with de novo advanced 
(poor- or intermediate-risk) metastatic RCC.

METHODS
Phase 2, randomized trial conducted at 7 sites in 
Canada and Australia. Eligible patients: biopsy-
proven, untreated poor- or intermediate-risk de novo 
metastatic RCC. Randomization 2:1 to nivolumab 
plus ipilimumab with SBRT (30–40 Gy in 5 fractions; 
n=~32) versus nivolumab plus ipilimumab alone 
(n=24). SBRT delivered to the primary renal tumor or 
a dominant metastasis. Primary endpoint: 12-month 
progression-free survival rate in the intent-to-treat 
population.

KEY RESULTS

LIMITATIONS
The trial was underpowered for definitive 
conclusions, with only ~56 total patients enrolled. 
Baseline imbalances between arms complicate direct 
comparison. The per-protocol subgroup showed 
numerically more favorable results for SBRT, but 
the difference was not significant. The hypothesis of 
radiation-immune synergy in RCC is mechanistically 
plausible but remains unconfirmed at this scale.
Editorial note: Negative trials matter. CYTOSHRINK 
closes the door on undifferentiated cytoreductive 
SBRT as a broad first-line add-on strategy in IO-
treated metastatic RCC. It does not, however, disprove 
the biology — it raises the appropriate question of 
whether biomarker-selected populations (e.g., patients 
with high tumor mutational burden, specific immune 
microenvironment signatures, or single dominant 
lesions) might still benefit. The next iteration of this 
question should be hypothesis-driven and enriched.
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█    5. Adjuvant pembrolizumab in non-clear cell renal 
cell carcinoma: No clear benefit versus observation
ASCO GU 2026 · Abstract 473
J Clin Oncol. 2026;44(suppl 7):473

BACKGROUND
Non-clear cell RCC comprises approximately 20–
25% of kidney cancer diagnoses, encompassing 
papillary, chromophobe, collecting duct, fumarate 
hydratase-deficient, and other rare histologies. 
Adjuvant pembrolizumab has demonstrated DFS and 
OS benefit in clear cell RCC following nephrectomy 
(KEYNOTE-564). Whether this benefit extends to 
non-clear cell histologies — which differ substantially 
in molecular biology, immune microenvironment, 
and natural history — has been unknown. This study 
evaluated adjuvant pembrolizumab vs. observation in 
a non-clear cell RCC cohort following nephrectomy.

METHODS
Single- or multi-cohort study evaluating adjuvant 
pembrolizumab in patients with non-clear cell RCC 
following curative-intent nephrectomy. Patients had 
histologically confirmed non-clear cell histology 
(subtypes including papillary, chromophobe, 
unclassified, and other variants). Comparator: 
observation/active monitoring. Primary endpoint: 
disease-free survival. A prospective, randomized 
cooperative group study for papillary RCC is being 
planned based on these findings.

KEY RESULTS

DISCUSSION
Non-clear cell RCC subtypes differ fundamentally 
from clear cell in their oncogenic drivers, immune 
infiltration patterns, and response to checkpoint 
inhibition. The negative result here is scientifically 

expected and clinically important — it disciplines 
the field against inappropriate extrapolation of clear 
cell data to biologically distinct histologies. The 
planned prospective study in papillary RCC represents 
the appropriate next step, with calls for molecular 
stratification (e.g., MET pathway activation in papillary 
type 1) to identify potential responders.
Editorial note: A principled negative result that 
protects patients from receiving ineffective therapy. 
In the non-ccRCC space, the most encouraging signal 
at GU26 came from FH-deficient RCC (lenvatinib 
plus tislelizumab, ~90% ORR) — suggesting subtype-
specific trials, not blanket IO application, are the 
correct strategy. Abstract 473 reinforces that message 
emphatically.

	

█    Ivonescimab (PD-1 × VEGF bispecific antibody) 
in metastatic clear cell RCC after immune checkpoint 
inhibitor therapy — Phase II IVORY trial
ASCO GU 2026 · IVORY Trial. 
J Clin Oncol. 2026;44(suppl 7). 

BACKGROUND
Ivonescimab (AK112) is a novel bispecific antibody that 
simultaneously targets PD-1 (programmed death-1) 
and VEGF (vascular endothelial growth factor). 
Unlike combination regimens using separate agents, 
ivonescimab delivers dual blockade through a single 
molecule, potentially achieving spatial co-localization 
of immune checkpoint release and anti-angiogenic 
activity within the tumor microenvironment. The 
mechanism is conceptually distinct from sequential 
IO and TKI therapy, and may offer improved tumor 
penetration and a unique toxicity profile. The IVORY 
trial is the first dedicated evaluation of ivonescimab in 
RCC patients who have progressed on prior checkpoint 
inhibitor-based therapy — the same post-IO setting 
addressed by LITESPARK-011.

METHODS
Phase 2, single-arm trial evaluating ivonescimab 
monotherapy in patients with metastatic clear cell RCC 
who had received and progressed on prior immune 
checkpoint inhibitor therapy. Endpoints included 
objective response rate (ORR), duration of response 
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(DoR), progression-free survival, and safety. Patient 
population: post-IO ccRCC with measurable disease 
per RECIST 1.1.

KEY RESULTS & CONTEXT
The IVORY trial provided early efficacy and safety 
signals for ivonescimab in the post-IO RCC setting. In 
the broader ivonescimab clinical development program 
in oncology, ORRs of 20–35% have been reported in 
heterogeneous solid tumor populations treated post-IO. 
The bispecific mechanism generated particular interest 
for its potential to overcome resistance mechanisms 
operative after checkpoint inhibitor progression, 
including upregulation of VEGF-mediated immune 
suppression in the tumor microenvironment.

 
Editorial note: Bispecifics represent the next frontier 
in RCC systemic therapy. With LITESPARK-011 
now establishing the post-IO standard with a HIF-
2a/VEGFR-TKI combination, ivonescimab must 
demonstrate clear differentiation — whether through 
distinct mechanism of action, improved tolerability, 
or superior efficacy in specific molecular subgroups. 
The IVORY data position ivonescimab as a credible 
pipeline asset, but definitive clinical validation requires 
randomized phase 3 data. Worth tracking closely as 
the post-IO landscape evolves.

Abstract 537	 Circulating KIM-1 and ctDNA as 
prognostic markers in oligometastatic clear cell RCC: 
The K-COMPASS model. 
Tang C et al. J Clin Oncol. 2026;44(suppl 7):537. 
NCT03575611
BACKGROUND
Patients with oligometastatic clear cell RCC (≤5 
metastases) represent a clinically distinct population 
in whom metastasis-directed therapy (MDT) — 
including stereotactic radiotherapy, surgical resection, 
or thermal ablation — can achieve meaningful disease 
control without systemic therapy. However, no 
validated biomarkers exist to triage these patients for 
de-escalation strategies (MDT alone) versus escalation 
to systemic therapy. Two promising blood-based 
biomarkers are kidney injury molecule-1 (KIM-1) — 
a transmembrane glycoprotein overexpressed in RCC 
and detectable in peripheral blood — and circulating 
tumor DNA (ctDNA), which reflects tumor-
derived genomic material. Both have demonstrated 
independent prognostic value in metastatic RCC; this 
is the first study to analyze them in tandem specifically 
in the oligometastatic setting.

METHODS
Prospective single-arm phase 2 trial (NCT03575611) 
of MDT without systemic therapy in patients with 
oligometastatic ccRCC (≤5 metastases). Blood samples 
collected at baseline and 3 months post-MDT for KIM-
1 measurement (ELISA) and ctDNA detection (next-
generation sequencing). Primary endpoint: systemic 
therapy-free survival. K-COMPASS model developed 
by integrating KIM-1, ctDNA, and clinical factors 
(IMDC risk, number of metastases, prior therapy) 
using penalized regression with calibration assessment. 
n=112 patients.
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KEY RESULTS

CLINICAL SIGNIFICANCE
The K-COMPASS model addresses one of the 
most difficult clinical decisions in kidney cancer 
management: which oligometastatic patients can be 
safely managed with MDT alone, and which require 
systemic therapy added to local treatment. A well-
calibrated, externally validated model combining 
low-cost blood biomarkers with clinical factors would 
represent a major advance in individualized decision-
making, potentially sparing lower-risk patients from 
systemic therapy toxicity while directing higher-risk 
patients toward earlier treatment intensification.

Editorial note: The most sophisticated translational 
science abstract from GU26. The combination of two 
orthogonal biomarkers (a protein and DNA-based 
marker) with clinical variables into a decision model 
represents the kind of multi-dimensional thinking that 
moves beyond single-biomarker approaches. The field 
now needs a prospective validation study — ideally 
within a randomized trial that uses K-COMPASS to 
guide systemic therapy decisions — to establish clinical 
utility beyond prognostic association.

Abstract 445	 Serum IgG as a predictive biomarker 
for outcomes with first-line IO plus TKI combinations 
in advanced clear cell RCC. ASCO GU 2026 · Abstract 
445. 
J Clin Oncol. 2026;44(suppl 7):445

BACKGROUND
Despite the availability of multiple IO-TKI 
combinations for first-line advanced ccRCC, no 
validated predictive biomarker guides selection 
between regimens or identifies patients most or 
least likely to benefit. Traditional markers — PD-L1 
expression, IMDC risk score, VHL mutation status 
— have demonstrated limited predictive utility in 
randomized trials. Immunoglobulin G (IgG) is a 
circulating antibody produced by B cells and plasma 
cells that reflects humoral immune activation. Pre-
clinical and retrospective clinical data have suggested 
that B cell and humoral immune function may 
contribute to checkpoint inhibitor efficacy, particularly 
in IO-TKI combinations.

METHODS
Biomarker analysis evaluating the predictive and 
prognostic value of serum IgG levels in patients 
with advanced clear cell RCC receiving first-line IO 
plus TKI combination therapy. Serial serum samples 
collected at baseline and on-treatment timepoints. 
Correlative analyses performed against PFS, ORR, and 
OS. Statistical analysis included landmark analyses 
and landmark IgG change analyses to assess whether 
dynamic changes in IgG predict outcomes beyond 
baseline levels.
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KEY RESULTS

DISCUSSION
The appeal of serum IgG as a biomarker lies in its 
simplicity. Unlike ctDNA (technically demanding, 
limited by RCC's low-shedding phenotype) or 
complex transcriptomic signatures (requiring tumor 
biopsy and specialized assays), IgG can be measured 
from a routine blood draw in any clinical laboratory 
globally. This makes it particularly relevant for equity-
focused implementation in resource-limited settings. If 
prospectively validated, IgG monitoring could provide 
an accessible early signal of treatment response or 
resistance that can inform clinical decision-making 
without sophisticated infrastructure.

Editorial note: The most equity-relevant biomarker 
abstract at GU26. In a world where KIM-1 assays 
and next-generation sequencing platforms are not 
universally available, a routine immunoglobulin panel 
that predicts IO-TKI response would be transformative 
for global kidney cancer care. The hypothesis is 
mechanistically grounded in the growing recognition 
of B cell roles in anti-tumor immunity. The key next 
step: a prospective biomarker-stratified trial that tests 
whether IgG-guided treatment selection improves 
outcomes over unselected allocation.

BOOST-RCC	 BOOST-RCC: Bolstering outcomes by 
optimizing immunotherapy with evolocumab plus 
nivolumab in metastatic renal cell carcinoma
Gong K et al. · Peking University First Hospital
J Clin Oncol. 2026;44(suppl 7). Phase II
BACKGROUND & SCIENTIFIC RATIONALE
BOOST-RCC investigates a conceptually novel 
combination: evolocumab (a PCSK9 inhibitor, 
approved for hypercholesterolemia) combined with 
nivolumab in metastatic RCC. The rationale connects 
cholesterol metabolism to immune function: PCSK9 
inhibition reduces LDL cholesterol and has been 
shown in pre-clinical models to upregulate surface 
expression of MHC class I molecules on tumor cells, 
thereby enhancing tumor antigen presentation and 
T-cell-mediated cytotoxicity. 
 
METHODS
Phase 2 study evaluating evolocumab (PCSK9 
inhibitor, subcutaneous administration every 2 weeks 
or monthly) combined with nivolumab (PD-1 inhibitor, 
intravenous every 4 weeks) in patients with metastatic 
RCC. Presented early clinical data including safety, 
tolerability, and preliminary efficacy signals from the 
phase 2 cohort.

KEY RESULTS & CONTEXT

Editorial note: Scientifically, BOOST-RCC is the 
most intellectually provocative abstract at GU26. 
Repositioning an approved cardiovascular drug as 
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an immune potentiator — grounded in mechanistic 
pre-clinical work on cholesterol-MHC interactions 
— exemplifies the kind of cross-disciplinary thinking 
that precedes paradigm shifts. The practical appeal: 
evolocumab is widely available, has a well-characterized 
safety profile, and could be added to IO regimens with 
manageable incremental toxicity. Whether the clinical 
signal justifies expansion to phase 3 will depend on 
the size and durability of the efficacy signal — but the 
concept is compelling enough to demand rigorous 
follow-up.

Emotional concerns in kidney cancer and disparities 

in patient support across North America: Results 
from the IKCC Global Patient Survey. Brugarolas JM 
et al. UT Southwestern Medical Center / International 
Kidney Cancer Coalition
J Clin Oncol. 2026;44(suppl 7):490

METHODS
Cross-sectional survey of kidney cancer patients across 
North America (United States, Canada) via the IKCC 
Global Patient Survey platform. Participants self-
reported: emotional concerns related to kidney cancer 
diagnosis and treatment, help-seeking behaviors for 
emotional support, access to psychosocial services, 
communication with clinical teams about emotional 
wellbeing, and sociodemographic characteristics. 
Analyses examined disparities across racial, 
socioeconomic, geographic, and disease-stage 
subgroups.

CLINICAL AND POLICY IMPLICATIONS
As kidney cancer treatment becomes more effective 
— and more complex, with multi-drug combinations 
requiring active management — the psychological 
infrastructure supporting patients must scale in 
parallel. The growing adjuvant treatment paradigm 
creates a population of patients receiving systemic 
therapy for 1+ years in the setting of no measurable 
disease, creating unique psychological challenges 

around treatment-related anxiety, fear of recurrence, 
and functional impairment. These patients are 
at particular risk for underrecognized emotional 
burden. The disparities documented across racial 
and socioeconomic lines have direct implications for 
health equity in oncology — access to psycho-oncology 
support should not be a premium service available only 
to well-resourced patients.

KEY RESULTS

Editorial note: The only abstract in this top 10 without 
a hazard ratio — and among the most important for 
everyday clinical practice. In a meeting focused on 
molecular precision, this survey serves as a reminder 
that patient-centered care requires attending to the 
whole person. The data are a mandate: not a suggestion 
that clinical teams 'consider' psychological support, 
but evidence that the field is systematically failing to 
provide it, particularly to the patients who face the 
greatest structural barriers to accessing it. This is not 
a soft finding. It is a call for systemic change in how 
oncology practices are resourced and evaluated.
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█   EAU guidelines on renal 
cell carcinoma: the 2025 update 
Citation: Bex A, Abu Ghanem Y, Albiges L, et 
al. Eur Urol. 2025;87(6):683–696. doi:10.1016/j.
eururo.2025.02.020. PMID: 40118739.
 
BACKGROUND:  The EAU RCC guideline 
panel conducts annual structured updates of 
its evidence-based recommendations for the 
management of RCC, synthesizing new data 
across all disease stages and treatment modalities. 
Methods: A structured literature search was 
conducted covering May 2023 to May 2024 across 
Medline, EMBASE, and Cochrane Libraries, 
focusing on meta-analyses, systematic reviews, 
randomized controlled trials, and comparative 
retrospective studies. Evidence was synthesized 
using standardized EAU methodology. PubMed 
Key updates: Clinical practice recommendations 
were updated across all guideline chapters. 
Notable additions include new recommendations 
on stereotactic body radiotherapy for localized 
RCC, updated adjuvant therapy recommendations 
following KEYNOTE-564 OS data, new guidance 
on systemic therapy for clear-cell RCC in later lines 
incorporating belzutifan, updated recommendations 
for non-clear cell and rare subtypes, and a new 
dedicated chapter on hereditary RCC. Uniupo 
Conclusions: The guideline panel now issues a strong 
recommendation for adjuvant pembrolizumab 
following nephrectomy in intermediate- and high-risk 
localized ccRCC, based on the overall survival benefit 
demonstrated in KEYNOTE-564 (HR 0.62; 95% CI 
0.44–0.87; P=0.005). ICI monotherapy or combination 
therapy is not recommended in patients with recurrence 
during or shortly after adjuvant pembrolizumab. 
Editorial note: The new hereditary RCC chapter and 
the SBRT recommendations address two areas of 
rapidly evolving practice. Clinicians should review 
the updated sequencing guidance in later-line ccRCC 
given the integration of belzutifan-based data.

█	 Updated EAU recommendations 
on adjuvant immune checkpoint inhibitors 
and subsequent therapy for RCC 
Citation: Bedke J, Abu Ghanem Y, Albiges L, et 
al. Eur Urol. 2025;87(4):491–496. doi:10.1016/j.
eururo.2025.01.014. PMID: 39904712.
BACKGROUND AND FINDINGS:    Following 
the KEYNOTE-564 trial demonstrating that 
adjuvant pembrolizumab significantly improved 
OS (HR 0.62; 95% CI 0.44–0.87; P=0.005) in 
localized ccRCC with high relapse risk, and the 
TiNivo and CONTACT-03 trials reporting results 
for subsequent therapy after progression on ICI 
therapy in the metastatic setting, the EAU RCC 
panel reassessed and updated its recommendations. 
Conclusions: A strong recommendation for adjuvant 
pembrolizumab was issued. ICI monotherapy 
or combination therapy is not recommended 
for patients with recurrence during or shortly 
after adjuvant pembrolizumab. A significant 
proportion of patients experience serious or life-
changing side effects, which must be disclosed and 
discussed with patients before treatment. PubMed 
Editorial note: This focused update is essential reading 
alongside the full 2025 EAU guideline document. The 
explicit guidance against ICI rechallenge in patients 
relapsing on adjuvant pembrolizumab has direct 
implications for sequencing in a growing population 
now receiving adjuvant therapy.

█   FMapping heterogeneity in the 
tumor microenvironment of renal cell 
carcinoma through single-cell omics 
Citation: Published January 21, 2026. UroToday 
Beyond the Abstract Series.
BACKGROUND:   This analysis used single-cell 
omics approaches to map tumor microenvironment 
heterogeneity in RCC, providing high-resolution 
insights into the cellular landscape governing 
immune evasion and treatment response variability 
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across RCC subtypes. The work contributes 
to a growing framework for spatially resolved 
biomarker discovery that may inform future 
immunotherapy selection and resistance mechanisms. 
Editorial note: Single-cell omics studies in RCC are 
accumulating rapidly following TRACERx Renal. 
This work is particularly relevant in the context of this 
issue's focus on molecular biomarkers in small renal 
masses and the push toward multi-domain integrated 
models for patient stratification.

 █     Durable responses to immune checkpoint 
inhibitor-based regimens for metastatic clear 
cell RCC stratified by IMDC risk groups: a 
pooled analysis of four randomized phase 3 trials 
Citation: Jang A, Zhong JY, Kumar HLS, et al. Kidney 
Cancer. 2025;8(1). doi:10.1177/24684570241311419. 
Published January 2025; UroToday Beyond the 
Abstract January 12, 2026.
 BACKGROUND: An ICI backbone — either ICI 
doublet or TKI with ICI — is the standard of care for 
frontline metastatic clear cell RCC. These four phase 
3 trials used a sunitinib control arm, but the optimal 
regimen remains uncertain. This analysis aimed to 
compare long-term responders using extended follow-
up data stratified by IMDC risk group. Sage Journals 
Methods: Phase 3 trial data from CheckMate 214, 
KEYNOTE-426, CheckMate 9ER, and CLEAR 
— each with a minimum follow-up of four years 
— was used. Pseudo individual patient data was 
extracted from published Kaplan-Meier curves 
using the IPDfromKM R package. Durable response 
(DR) was defined as PFS ≥24 months, extreme 
durable response (EDR) as PFS ≥36 months, and 
long-term OS as OS ≥48 months. Sage Journals 
Results: For the favorable risk group, lenvatinib plus 
pembrolizumab was associated with the highest 
DR (57.2%) and EDR (44.5%), while ipilimumab 
plus nivolumab had the lowest DR (36.0%) and 
cabozantinib plus nivolumab had the lowest EDR 
(18.8%). There was no difference in 48-month OS 
among regimens (p=0.11), ranging between 58.3% and 

70.6%. Oxford Academic For the intermediate/poor 
risk group, lenvatinib plus pembrolizumab also had the 
highest DR and EDR, with no difference in long-term 
OS among regimens (p=0.22). Jefferson University 
Conclusions: TKI-ICI was overall associated with higher 
DR and EDR regardless of risk status compared to ICI 
doublet. Yet OS at 48 months was similar when stratified 
by favorable versus intermediate/poor risk. PubMed 
Editorial note: This pooled analysis is directly relevant 
to frontline treatment selection conversations. The 
finding that TKI-ICI combinations produce higher 
rates of durable and extreme durable responses — yet 
converge with ICI doublet on long-term OS — suggests 
that response depth and duration, rather than OS alone, 
may increasingly guide regimen choice, particularly 
in favorable-risk patients where treatment tolerability 
and quality of life carry added weight.

█  Effectiveness, toxicity, and treatment adjustments 
of lenvatinib plus pembrolizumab in advanced renal 
cell carcinoma: a multicenter real-world analysis 
Citation: Published February 9, 2026. ESMO Open / 
UroToday.
BACKGROUND: Combinations of immune 
checkpoint inhibitors and TKIs are current standards 
of care in first-line treatment of patients with 
advanced RCC. Real-world evidence for lenvatinib 
plus pembrolizumab outside of clinical trial conditions 
remains limited, particularly for patient populations 
excluded from the pivotal CLEAR study. ScienceDirect 
Methods: A retrospective multicenter analysis evaluated 
the tolerability and effectiveness of lenvatinib plus 
pembrolizumab in 145 patients with advanced RCC 
treated at academic and community centers. The cohort 
included a higher proportion of poor IMDC risk patients 
(23% vs 9.3% in CLEAR), patients with ECOG PS ≥2 
(14%), and non-clear cell histology (12%), all of whom 
were excluded from the pivotal trial. ScienceDirect 
Results: Adverse events occurred in 94% of 
patients, with fatigue (50%), hypertension 
(39%), and diarrhea (38%) as the most common. 
A large subset of patients required treatment 
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adjustments due to adverse events. Importantly, 
dose adjustments and treatment interruptions did 
not adversely impact outcomes. ScienceDirect 
Conclusions: Lenvatinib plus pembrolizumab is 
effective in RCC outside of clinical trials. The real-
world cohort — including CLEAR-ineligible patients — 
supports use of this combination, though adverse events 
require close monitoring and proactive management 
with treatment adapted accordingly. ScienceDirect 
Editorial note: This study addresses a practical gap that 
every clinician faces: how the CLEAR trial's efficacy 
data translate to a broader, sicker, more heterogeneous 
population. The reassuring finding that dose reductions 
do not compromise outcomes is clinically actionable 
and supports proactive toxicity management over 
treatment discontinuation.Discussion: Our results 
suggest that cabozantinib is effective as an initial 
monotherapy for older patients with mRCC with a 
toxicity profile consistent with that reported in younger 
adults.

█  Impact of proton pump inhibitor use 
on the efficacy of IO-IO versus IO-TKI 
therapy in metastatic renal cell carcinoma 
Citation: Published February 6, 2026. UroToday. 
Background: Proton pump inhibitors (PPIs) are 
among the most commonly prescribed concomitant 
medications in patients with metastatic RCC, given the 
high prevalence of gastrointestinal comorbidities and 
therapy-related adverse events. PPIs may impact the 
efficacy of both TKIs — through reduction in gastric 
pH affecting drug absorption and gut microbiota 
composition — and immune checkpoint inhibitors, 
with evidence suggesting immune-mediated effects on 
ICI outcome. However, whether this interaction differs 
between IO-IO and IO-TKI combination regimens 
has not been well characterized. PubMed Central 
Methods: This retrospective analysis evaluated the 
clinical impact of concomitant PPI use on outcomes 
in metastatic RCC patients receiving either an IO-IO 
regimen (ipilimumab plus nivolumab) or an IO-TKI 
combination, comparing PFS, OS, and ORR between 

PPI users and non-users in each treatment category. 
Results: PPI use significantly influenced treatment 
effectiveness, with worse PFS (16.3 vs 9.9 months; 
P<0.001) and OS (30.6 vs 18.4 months; P=0.013) 
observed in patients taking a PPI at treatment 
initiation, with the detrimental effect maintained 
across both treatment classes. PPI use also 
influenced treatment compliance, with higher rates 
of dose or schedule modifications and treatment 
interruptions in the PPI-using population. PubMed 
Conclusions: Concomitant PPI use is associated with 
inferior outcomes in metastatic RCC patients receiving 
ICI-based combination therapy, with the signal present 
in both IO-IO and IO-TKI settings. These findings 
reinforce the importance of careful patient selection 
for gastroprotective therapy and argue against 
indiscriminate PPI prescribing in this population. 
Editorial note: This is a readily actionable finding. PPIs 
are reflex prescriptions in oncology practice, yet this 
data — consistent with accumulating evidence across 
tumor types — suggests a meaningful clinical penalty. 
Reassessing PPI necessity, switching to H2 blockers 
where appropriate, and avoiding broad prophylactic 
use are low-cost interventions that may preserve 
treatment efficacy. Prospective validation is needed, 
but the signal is consistent enough to merit routine 
clinical attention.

█  CaboPoint: A Phase 2 Study of Second-line 
Cabozantinib After Checkpoint Inhibitor-based 
Combination Therapy in Patients with Metastatic 
Renal Cell Carcinoma.
Albiges L
Guo Z et al. World J Surg Oncol. 2025 Nov 7;23(1):421. 
doi: 10.1186/s12957-025-04079-4.
ackground and objective: Data are limited regarding pure 
second-line cabozantinib use after standard first-line 
checkpoint inhibitor (CPI)-based combination therapy 
for advanced renal cell carcinoma (aRCC). We report the 
final results from the prospective CaboPoint study.

Methods: The phase 2, multicentre, open-label CaboPoint 
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study (NCT03945773) evaluated the efficacy and safety of 
second-line cabozantinib in adults with aRCC, after prior 
ipilimumab plus nivolumab (IpiNivo; cohort A) or CPI 
therapy plus vascular endothelial growth factor-targeted 
therapy (cohort B). The primary endpoint was objective 
response rate (ORR) as per Response Evaluation Criteria 
in Solid Tumors 1.1, evaluated by independent central 
review (ICR) in cohort A. The secondary endpoints 
included ORR by ICR in cohort B, ORR by investigator 
review, progression-free survival, overall survival, and 
safety.

Key findings and limitations: Overall, 127 patients were 
enrolled from 2020 to 2023 across 40 institutions. The 
median follow-up was 19.3 mo. ORRs (95% confidence 
interval [CI]) by ICR were 40.5% (29.6-52.1%) in cohort 
A (statistically significant and clinically meaningful) 
and 27.5% (14.6-43.9%) in cohort B; according to the 
investigator review, ORRs were 49.4% (38.4-60.5%) in 
cohort A and 33.3% (19.6-49.5%) in cohort B. The median 
(95% CI) progression-free survival was 10.9 (8.2-14.2) 
mo in cohort A and 8.3 (5.6-11.1) mo in cohort B. The 
median (95% CI) overall survival was similar between 
cohorts (24.3 [18.5-31.8] and 24.1 [17.1-not calculable] 
mo, respectively). There were no new safety concerns.

Conclusions and clinical implications: CaboPoint is the 
first study of pure second-line cabozantinib after first-
line CPI-based combinations, providing a benchmark 
for future second-line aRCC studies.

█  FAP Expression in Renal Tumors Assessed 
by [(68)Ga]Ga-FAPI-46 PET Imaging and FAP 
Immunohistochemistry: A Case Series of Six Patients 

from the Prospective Exploratory Trial NCT04147494.
Holzgreve 
Fibroblast activation protein (FAP) has been proposed as 
a pan-tumor target for PET imaging using FAP-targeted 
tracers. Here, we explore the potential value of FAP PET 
in renal tumors. Methods: Six patients with renal tumors 
(4 with clear cell renal cell carcinoma, 1 with papillary 
renal cell carcinoma, and 1 with renal oncocytoma) 
who were included in a prospective imaging study 
(NCT04147494) underwent [68Ga]Ga-FAPI-46 PET 
before nephrectomy. FAP PET radiotracer uptake and 
FAP expression by immunohistochemistry were assessed 
in the tumors and surrounding renal parenchyma. 
Results: Tumoral FAP radiotracer uptake was highest 
in clear cell renal cell carcinoma (median SUVmax, 3.1; 
range, 2.5-5.3), followed by renal oncocytoma (SUVmax, 
1.9) and papillary renal cell carcinoma (SUVmax, 1.1). 
The FAP PET signal strongly correlated with FAP 
expression by immunohistochemistry (SUVmax; r = 
0.93; P = 0.007). Conclusion: FAP expression in different 
renal tumors, including renal cell carcinoma, was 
lower when compared with cancers with known FAP 
expression, such as sarcoma. Although our data do not 
favor FAP-based theranostic approaches in renal cell 
carcinoma, studies in larger cohorts are warranted for 
conclusive evidence.
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AROUND THE CORNER: 
Top Developments in Prostate  Cancer Therapeutics

INTRODUCTION
ASCO GU 2026 delivered a dense slate of prostate 
cancer data, reinforcing the field's trajectory toward 
earlier intervention, combination strategies, and 
next-generation radiopharmaceuticals. The following 
seven developments, ranked by near-term clinical and 
commercial impact, represent the most consequential 
advances emerging from this quarter.

1. Radiopharmaceutical Combinations Confirm 
Survival Benefit in Bone-Dominant mCRPC
Representative trial: EORTC 1333/PEACE-3 — Final 
OS analysis presented as oral abstract at GU 2026
	 The PEACE-3 trial delivered its most 
definitive data to date at GU 2026, establishing 
a clear overall survival argument for combining 
radiopharmaceutical and AR-directed therapy.

Key advances
•	 Final OS data confirm a meaningful survival 

advantage for the combination
•	 Radium-223 plus enzalutamide reduced the risk 

of death by 24% versus enzalutamide alone (HR 
0.76; p=0.0096), with a median OS of 38.2 months 
compared to 32.6 months UroToday

•	 Tolerability was broadly manageable, though 
long-term hematologic monitoring is warranted 
given rare cases of secondary malignancy in the 
combination arm

2. Radioligand Therapy Enters the Hormone-Sensitive 
Setting — with QoL Data to Match
Representative trial: PSMAddition (NCT04720157) 
— QoL and PRO analysis presented at GU 2026 
PSMAddition's presentation at GU 2026 shifted focus 
from efficacy signal to real-world usability, addressing 
the quality-of-life dimension that will determine 
clinical uptake.

Key advances
PSMAddition demonstrated a 28% improvement in 
radiographic PFS when adding lutetium-177 to the 
current standard of care doublet of ADT and an ARPI 
Cancer Network
New longitudinal PRO data revealed that health-
related QoL and pain levels were largely maintained 

when lutetium-177 was added, with a transient 
divergence in HRQOL scores during the treatment 
period that reconverged with the control arm after the 
triplet phase was completed Oncology Nursing News
OS data remain immature at approximately two years 
of median follow-up

3. PI3K/AKT Pathway Inhibition Gains Traction as a 
Biomarker-Defined Strategy
Representative trial:  CAPItello-281 — PRO and 
tolerability data at GU 2026; primary efficacy data 
published in Annals of Oncology CAPItello-281 
established capivasertib plus abiraterone as a clinically 
meaningful option in PTEN-deficient hormone-
sensitive disease, with GU 2026 adding the patient 
experience dimension.
Key advances
•	 CAPItello-281 showed a significant improvement 

in radiographic PFS at a median of 33.2 months 
versus 25.7 months with placebo (HR 0.81; 
p=0.034) Cancer Network

•	 Despite numerically higher adverse events in the 
combination arm, the addition of capivasertib 
did not meaningfully impact functional aspects 
of patient life including FACT-P scores Cancer 
Network

•	 PTEN detection methodology matters — NGS-
based identification appears more reliable than 
immunohistochemistry as a predictive biomarker

4. Next-Generation Radioligands: Alpha Emitters 

OPEN ACCESSKCJ     PROSTATE CANCER SECTION
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Enter the Clinical Arena
Representative trial: PAnTHa (NCT06217822) — 
Phase I dose-escalation results 
Actinium-225, an alpha emitter, is being evaluated 
in metastatic castration-resistant prostate cancer as a 
potentially "hotter" treatment that may be effective for 
patients who have progressed on lutetium-177, given 
its shorter path length and greater potency — though 
increased rates of dry mouth require monitoring. 
Key advances

•	 PAnTHa trial presented first-in-human dose-
escalation data for 225Ac-PSMA in mCRPC at 
GU 2026

•	 This represents the first assessment of actinium-225 
PSMA, with dose escalation cohort results 
providing early insight into the efficacy and safety 
profile of this novel agent Targeted Oncology

•	 Early signals encourage continued exploration as 
a post-lutetium option

5. T-Cell Engagers Emerge as a Novel Immunotherapy 
Avenue in mCRPC
Representative trial: VIR-5500 Phase 1 (NCT05997615) 
— Oral presentation at GU 2026
	 A PSMA-targeting T-cell engager with a novel 
masking mechanism showed promising early signals, 
introducing a new modality class into the prostate 
cancer toolkit.

Key advances
•	 VIR-5500 monotherapy was generally well 

tolerated with no dose-limiting toxicities observed 
across 58 patients, and dose-dependent activity 
was observed as measured by both PSA declines 
and radiographic responses 

•	 In the highest dose cohorts, PSA50 declines 
occurred in 82% of PSA-evaluable patients, and 
objective responses were seen in 45% of RECIST-
evaluable patients MedicalUpdateOnline

6. EZH2 Inhibition Targets Lineage Plasticity — A 
Novel Resistance Biology Strategy
Representative trial: Phase 3 mevrometostat + 
enzalutamide trial (Neeraj Agarwal, PI) 
Mevrometostat, an EZH2 inhibitor, enters phase 3 
testing in prostate cancer, addressing the epigenetic 
resistance mechanisms that drive enzalutamide 
insensitivity.

Key advances
•	 Mevrometostat is a small molecule inhibitor 

of EZH2, a histone methyltransferase that is 

frequently overexpressed in prostate cancer, being 
evaluated in a phase 3 trial combining it with 
enzalutamide versus enzalutamide plus placebo 
Targeted Oncology

•	 EZH2 overexpression is mechanistically linked to 
lineage plasticity and AR-independent resistance

•	 Phase 3 data readout is anticipated and was 
highlighted as a priority trial to watch at GU 2026

7. Real-World Data Expose Persistent Gaps in PARP 
Inhibitor Access and Genetic Testing
Alongside trial readouts, GU 2026 surfaced a real-
world data story with direct practice implications: too 
many eligible patients are not receiving biomarker-
guided therapy.

Key advances
•	 Real-world research demonstrates a need for 

broader genetic testing and more equitable access 
to PARP inhibitors for all patients with DNA 
repair mutations, not just BRCA carriers, to 
improve outcomes in advanced prostate cancer 
Flatiron

•	 A separate analysis revealed a critical need for more 
effective therapy options following lutetium-177, 
a treatment recently approved for metastatic 
castration-resistant prostate cancer Flatiron

•	 Among over 43,000 patients with metastatic 
hormone-sensitive prostate cancer treated between 
2020 and 2025, nearly four in ten still received 
ADT monotherapy, while just over half received 
the guideline-recommended combination of ADT 
plus ARPI UroToday

Representative data sources: Flatiron Health 
Panoramic Database analyses; Novartis PRECISION 
platform studies — both presented at GU 2026

EXECUTIVE OUTLOOK
GU 2026 crystallized a prostate cancer 
landscape defined by three converging forces: the 
radiopharmaceutical platform deepening (from 
beta to alpha emitters, from late-line to first-line), 
combination strategies becoming the norm across all 
disease states, and real-world data holding the field 
accountable for delivering on its clinical promise. The 
most consequential near-term question is not whether 
new therapies work — it is whether patients can access 
them, be selected for them, and be sequenced through 
them optimally.
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