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Abstract

Adjuvant therapy for renal cell carcinoma has moved from repeated negative trials to an evolving postopera-
tive treatment landscape. Pembrolizumab is the first systemic therapy after nephrectomy to demonstrate both
disease-free survival (DFS) and overall survival (0OS) benefit in patients with clear-cell renal cell carcinoma
(ccRCC) at increased risk of recurrence. However, clinicopathological eligibility exposes some patients already
cured by surgery to immune-related toxicity and cannot identify microscopic residual disease. This narrative
review integrates mature KEYNOTE-564 outcomes, the active-control LITESPARK-022 trial of pembrolizumab
plus belzutifan, RAMPART findings, prior negative immune checkpoint inhibitor and tyrosine kinase inhibi-
tor trials, and emerging biomarkers. We explicitly distinguish established standard care, promising but not
yet mature strategies, and interventions that remain investigational. One year of pembrolizumab is the estab-
lished evidence-based option for medically suitable KEYNOTE-564-eligible patients. Pembrolizumab plus bel-
zutifan improves DFS versus pembrolizumab alone and is approved in the United States, but OS is immature,
toxicity is greater, and its place in other regions remains unsettled. Dual-checkpoint blockade, postoperative
treatment allocation based on kidney injury molecule-1 (KIM-1) or circulating tumor DNA (ctDNA), molecular
subtypes, programmed death-ligand 1 expression, and radiomics remain investigational. No biomarker is vali-
dated to select routine adjuvant therapy, and efficacy in non-clear-cell histologies has not been established. We
propose a conceptual three-axis framework integrating clinicopathological recurrence risk, candidate residu-
al-disease signals, and treatment fitness or patient preference. It is a decision aid, not a validated algorithm. At
present, precision resides mainly in risk stratification, fitness assessment, and shared decision-making; mo-
lecular treatment selection awaits prospective validation.
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Introduction

Surgery is curative for many patients with localized renal
cell carcinoma (RCC), yet recurrence remains common
after resection of high-risk clear-cell RCC (ccRCC). Post-
operative imaging may show no evidence of disease even

when occult systemic deposits persist; at the same time
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Earlier cytokine and vascular endothelial growth factor
receptor (VEGFR) tyrosine-kinase inhibitor (TKI) tri-
als largely failed to improve overall survival (OS), and
discrepant disease-free survival (DFS) findings did not
establish a broadly accepted European standard [1-6]. The
phase 3 KEYNOTE-564 trial changed this landscape: ad-
juvant pembrolizumab improved DFS and subsequently
showed a statistically significant OS benefit [7-10]. More
recent trials have expanded the decision beyond pembro-
lizumab alone. LITESPARK-022 demonstrated superior
DFS with pembrolizumab plus belzutifan compared with
pembrolizumab alone, while RAMPART reported a DFS
benefit with durvalumab plus tremelimumab but not with
durvalumab monotherapy [11-13]. Clinicians must now
consider whom to treat, whether to intensify, for how
long, and how to integrate biological markers of residual
disease.

This narrative review provides a clinically oriented update
focused on the decisions created by 20242026 evidence.
Its purpose is to interpret and categorize the available
evidence rather than to issue de novo guideline recom-
mendations. Unlike a previous systematic review from
our group, which compared first-generation adjuvant trials
[14], the present article addresses an active-control inten-
sification trial, the first positive OS evidence for adjuvant
immunotherapy, emerging postoperative biomarkers,
treatment after adjuvant relapse, and a conceptual three-
axis decision aid.

Evidence acquisition

The literature was last updated on 10 September 2026
using PubMed/MEDLINE, ClinicalTrials.gov, current
guideline documents and primary congress reports. Search
concepts combined renal cell carcinoma with adjuvant,
perioperative, pembrolizumab, belzutifan, immune check-
point inhibitor, biomarker, kidney injury molecule-1
(KIM-1), circulating tumor DNA (ctDNA), minimal re-
sidual disease and post-adjuvant relapse. Sources were
eligible when they reported adult human data on periop-
erative or adjuvant systemic therapy, postoperative recur-
rence biomarkers, or treatment after adjuvant relapse in
localized or completely resected RCC; priority was given
to randomized phase 3 trials, mature updates, prespecified
translational analyses and current guidelines. Preclinical-
only studies, metastatic-only reports without relevance
to post-adjuvant sequencing, non-RCC studies, duplicate
reports and non-primary commentary were excluded.
For multiple reports from the same trial, the most mature
peer-reviewed source was prioritized; earlier reports were
retained only when they added a distinct prespecified
analysis. Congress abstracts were retained only when they
provided the most current results of a pivotal trial. Be-
cause source selection was purposive and practice-orient-
ed, no protocol registration, duplicate screening, formal
risk-of-bias assessment or meta-analysis was undertaken.

To align the strength of the language with this narrative
method, we use three evidence categories: established
standard (randomized evidence of sufficient maturity and

current guideline support for routine use), promising but
not yet mature (positive phase 3 or regulatory evidence
with immature OS, incomplete publication, or limited
guideline uptake), and investigational only (biomarker-
directed allocation or regimens without adequate evidence
for routine care). These categories are interpretive and do
not constitute formal certainty grading.

Defining risk after nephrectomy

Pathological stage, World Health Organization/Interna-
tional Society of Urological Pathology grade, nodal status,
sarcomatoid differentiation and tumor necrosis remain
the foundation of recurrence prediction. The Leibovich
score and University of California, Los Angeles Inte-
grated Staging System improve prognostic discrimination
compared with stage alone, but they were not developed
as predictive biomarkers for a specific drug [15, 16]. Trial
eligibility should therefore not be equated with certainty
of benefit for an individual patient.

KEYNOTE-564 enrolled patients with a clear-cell com-
ponent and intermediate-high risk (pT2 grade 4 or sarco-
matoid, NO MO; or pT3 any grade, NO MO), high risk (pT4
any grade, NO MO; or any pT, any grade, N-positive MO0),
or M1 no evidence of disease after complete resection of
metastases. These categories provide the current evidence
boundary. Patients with non-clear-cell histology, lower-
risk disease, major autoimmune disease, organ transplan-
tation or a need for chronic immunosuppression were not
adequately represented. In these groups, extrapolation
should be cautious.

Risk of recurrence is only one side of the decision. Com-
peting mortality, baseline renal function, cardiovascular
disease, frailty, fertility and pregnancy considerations,
autoimmune history, access to rapid toxicity management
and willingness to accept a potentially permanent endo-
crine adverse event are equally relevant. Shared decision-
making should communicate absolute benefit rather than
hazard ratios (HR) alone.

The established standard: pembrolizumab

KEYNOTE-564 randomly assigned 994 patients to pem-
brolizumab 200 mg every three weeks for up to 17 cycles
or placebo after nephrectomy, with or without metastasec-
tomy [7]. At the prespecified OS analysis, median follow-
up was 57.2 months. Estimated OS at 48 months was
91.2% with pembrolizumab and 86.0% with placebo (HR
0.62, 95% confidence interval [CI] 0.44—0.87), while the
DFS advantage remained clinically meaningful [9]. Five-
year follow-up continued to support durable DFS and
OS benefit [10]. On this basis, contemporary European
guidelines strongly recommend offering adjuvant pembro-
lizamab to trial-defined patients, preferably within 12—-16
weeks after surgery [17].

The OS result is decisive because several earlier agents
improved, or appeared to improve, DFS without demon-
strating longer survival. However, relative benefit must be
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interpreted alongside overtreatment. Most control-group
patients were alive at four years and many remained
recurrence-free. Treatment-related grade 3—5 adverse
events, discontinuation, immune-mediated endocrinopa-
thy, hepatitis, pneumonitis, colitis and nephritis are es-
pecially consequential in patients who may already have
reduced nephron mass. Toxicity can persist beyond the
planned one-year treatment period.

Within KEYNOTE-564 eligibility, the absolute-risk ra-
tionale may be strongest for pT4, node-positive, sarcoma-
toid and completely resected M1 no-evidence-of-disease
states; however, these subgroup estimates are imprecise
and should not be interpreted as proof of differential treat-
ment effect. For pT3 low-grade disease, the expected
absolute benefit may be smaller and patient preference
carries greater weight. Baseline evaluation in routine care
generally includes performance status, renal and hepatic
function, thyroid function, medication review, autoim-
mune history and postoperative imaging excluding residu-
al disease.

Why other adjuvant strategies failed

The negative or discordant TKI experience illustrates the
limitations of transporting activity from metastatic disease
into the minimal-residual-disease setting. ASSURE found
no DFS or OS benefit with sunitinib or sorafenib; S-TRAC
showed a centrally reviewed DFS advantage for sunitinib
but no OS benefit and substantial toxicity; PROTECT,
ATLAS and SORCE did not establish a favorable overall
benefit-risk profile for pazopanib, axitinib or sorafenib [1-
6]. Everolimus did not significantly improve recurrence-
free survival in the overall EVEREST population [18].

Table 1. Practice-changing and contextual phase 3 perioperative trials.

The immune checkpoint inhibitor (ICI) class is not uni-
formly effective. IMmotion010 (atezolizumab), Check-
Mate 914 (nivolumab plus ipilimumab) and PROSPER
RCC (perioperative nivolumab) missed their primary
efficacy endpoints [19-21]. Differences in drug target,
treatment schedule, perioperative design, risk composi-
tion, histology and statistical power probably contributed.
These trials also show that efficacy in metastatic RCC
does not validate an adjuvant regimen and that pro-
grammed death 1 (PD-1), programmed death-ligand 1
(PD-L1) and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) strategies cannot be treated as interchangeable.
The principal phase 3 perioperative trials and their current
clinical interpretation are summarized in Table 1.

Intensification beyond pembrolizumab

Belzutifan plus pembrolizumab

Belzutifan inhibits hypoxia-inducible factor 2 alpha
(HIF-2a), a central downstream effector of von Hippel-
Lindau (VHL) loss in ccRCC. This mechanism makes
it a biologically rational partner for PD-1 blockade. In
LITESPARK-022, 1,841 participants were randomly
assigned to pembrolizumab plus belzutifan or pembroli-
zumab plus placebo. The combination significantly im-
proved DFS (HR 0.72, 95% CI 0.59-0.87; P = 0.0003),
with estimated 24-month DFS of 80.7% vs. 73.7% after
28.4 months’ median follow-up [11]. Grade 3 or higher
treatment-emergent adverse events occurred in 52.1% vs.
30.2% of participants, with anemia and hypoxia among
the characteristic added toxicities [11]. OS was immature.
This active-control trial is a major advance, but the com-
bination is best classified as promising but not yet mature

Evidence category and

Trial Populati i Key findi
rial opulation Comparison ey finding i
Pembrolizumab vs. DFS and OS benefit; 48-month OS  Established standard: randomized DFS and
KEYNOTE-564 994; ccRCC placebo 91.2% vs. 86.0%, HR 0.62 OS benefit
1.841: hich-risk Pembrolizumab DFS HR 0.72; OS immature; grade >  Promising but not yet mature: approved in
LITESPARK-022 00 e + belzutifan vs. 3 treatment-emergent adverse events  the United States; OS immature and toxicity
ccRCC .
pembrolizumab 52.1% vs. 30.2% greater
Durvalumab + L . Lo
Resected RCC; . Combination DFS signal; durval- Investigational only: congress-level DFS
RAMPART . tremelimumab vs. - ..
multi-arm . .. umab alone not significant result; mature OS and full publication needed
active monitoring
IMmotion010 778: RCC Atezolizumab vs. No DFS benefit Ns?gatlve phase 3 evidence; no routine
placebo adjuvant role
. Nivolumab + . . .
CheckMate 914 816; predominant ipilimumab vs. No DFS benefit; toxicity Nt?gatlve phase 3 evidence; no routine
ccRCC adjuvant role
placebo
Perioperative . . . .
PROSPER RCC 819; RCC nivolumab vs. No recurrence-free survival benefit Negative phase 3 evidence; no routine

surgery alone

Adjuvant VEGFR

S-TRAC/ASSURE TKIs

High-risk RCC benefit

Discordant or negative DFS; no OS

perioperative role

Negative or discordant evidence; no routine
adjuvant role

Notes: ccRCC: clear-cell renal cell carcinoma; DFS: disease-free survival; HR: hazard ratio; OS: overall survival; RCC: renal cell carcinoma; TKI:
tyrosine-kinase inhibitor; VEGFR: vascular endothelial growth factor receptor.
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rather than as a universal standard. Belzutifan adds ane-
mia, hypoxia, fatigue and monitoring burden, and a DFS
improvement does not establish an OS benefit. The com-
bination received US Food and Drug Administration ap-
proval in June 2026 [22]. By contrast, the currently cited
European guideline recommendation remains one year
of pembrolizumab for KEYNOTE-564-defined risk [17].
Treatment should therefore follow current regional autho-
rization and guidance; counseling should explicitly ad-
dress immature OS, added toxicity and uncertainty about
long-term quality of life.

Dual immune checkpoint blockade

RAMPART used a multi-arm, multi-stage design and in-
cluded broader RCC histologies. Durvalumab plus treme-
limumab improved DFS compared with active monitoring,
with the largest effect in a prespecified higher-risk group,
whereas durvalumab monotherapy did not reach statisti-
cal significance [12, 13]. The combination also increased
grade 3 toxicity. These congress-level findings are promis-
ing, but dual-checkpoint blockade remains investigational
only pending mature OS, full peer-reviewed reporting and
adequately powered histology-specific analyses.

Limits of extrapolation to non-clear-cell RCC

Histology is an evidence boundary rather than a minor
subgroup variable. KEYNOTE-564 and LITESPARK-022
required a clear-cell component, whereas PROSPER RCC
and RAMPART allowed non-clear-cell histologies [7, 11,
21, 23]. PROSPER was negative overall and included
only 17% non-clear-cell disease; available RAMPART re-
ports have not provided adequately powered, prospective
efficacy estimates for individual non-clear-cell subtypes
[12, 13, 21, 23]. These tumors are biologically heteroge-
neous: papillary RCC includes MET-driven and other mo-
lecular classes, while chromophobe RCC is characterized
by distinctive chromosome losses and mitochondrial or
metabolic alterations, with natural history and immunobi-
ology that differ from ccRCC [24]. No adjuvant systemic
regimen has established efficacy for non-ccRCC. Ac-
cordingly, ccRCC-derived treatment claims should not be
extrapolated; surveillance and histology-specific clinical
trials should be discussed according to individual risk and
availability.

Biomarkers for precision adjuvant treatment

A useful adjuvant biomarker must do more than predict
recurrence. It should ideally identify residual disease,
predict differential benefit from a specific treatment, be
reproducible across laboratories and add information be-
yond pathology. No available biomarker currently satisfies
all of these requirements.

KIM-1

Post-nephrectomy plasma KIM-1 is a promising marker
of occult disease. Higher levels were associated with
worse DFS and OS in prospective trial cohorts [25, 26]. In
an exploratory IMmotion010 analysis, patients with high

KIM-1 appeared to derive greater relative benefit from
atezolizumab than those with low KIM-1 [26]. This obser-
vation is hypothesis-generating, cannot be generalized to
pembrolizumab and does not validate treatment allocation
outside a trial. Serial change may be more informative
than a single value. Nevertheless, assay thresholds, tim-
ing, renal-function effects and prospective treatment-as-
signment utility remain unresolved. KIM-1 should not yet
be used to deny pembrolizumab to an otherwise eligible
patient.

ctDNA and minimal residual disease

ctDNA is conceptually attractive because postoperative
positivity can represent molecular residual disease before
radiological recurrence. RCC is relatively low-shedding,
particularly when tumor volume is microscopic, so a neg-
ative plasma assay may reflect limited sensitivity rather
than cure. Tumor-informed assays, methylation signatures,
fragmentomics and combined plasma-urine approaches
may improve detection [27, 28]. Prospective trials should
test whether ctDNA-guided escalation improves outcomes
and whether persistently negative patients can safely
avoid or shorten treatment. At present, ctDNA remains
investigational in localized RCC.

Tumor and imaging biomarkers

PD-L1 expression is prognostic in some RCC cohorts but
has not reliably selected benefit from adjuvant therapy.
VHL loss or inactivation is central to ccRCC biology
but is not, by itself, a clinically useful selector. Gene-
expression programs describing angiogenic, proliferative
and immune-infiltrated phenotypes, spatial immune archi-
tecture, tumor mutational features, radiomics and compu-
tational pathology may refine risk [29, 30]. Their principal
limitation is external validation: a high-performing retro-
spective classifier may fail when pathology processing,
imaging protocols or patient mix changes. The potential
value, principal limitations and current role of postopera-
tive biomarkers are summarized in Table 2.

A practical decision framework

As a conceptual approach, the postoperative consulta-
tion can proceed in four steps. First, confirm pathological
review, clear-cell component, stage, grade, nodal status,
margin status, sarcomatoid features and absence of re-
sidual disease on imaging. Second, quantify recurrence
risk using a validated model and map the patient to trial-
defined eligibility. Third, assess treatment fitness and
competing risks, with specific attention to autoimmune
disease, transplant status, renal function, tolerance for un-
certainty and toxicity, and patient values. Fourth, discuss
observation, established adjuvant pembrolizumab and
relevant clinical trials in a multidisciplinary setting. Ex-
perimental biomarker results may support trial enrollment
but should not override routine eligibility or determine
treatment outside a study.

Within the terminology used in this review, one year of
pembrolizumab is the established standard to discuss with
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Table 2. Biomarkers for postoperative risk and treatment selection.

Marker

Potential value

Principal limitation

Current role

Clinicopathological models

Plasma KIM-1

ctDNA/molecular residual
disease

Integrated tissue and
imaging markers

Validated recurrence prognosis; immediately
available

Postoperative level associated with recurrence;
dynamic signal

May identify residual disease when positive;
serial monitoring is possible

PD-L1, gene-expression, spatial immune,
radiomic and computational-pathology signals

Not drug-predictive; intratumoral
biology incompletely captured

Thresholds and treatment-predictive
validation incomplete

Low shedding, small cohorts and
false-negative results in localized
RCC

No single assay is externally validated
to select adjuvant therapy; protocol

Established for prognostic risk
estimation; not drug-predictive

Investigational only; research
or trial stratification

Investigational only; no routine
treatment assignment

Investigational only; do not use
PD-L1 alone

may capture heterogeneity

dependence and bias remain

Notes: ctDNA: circulating tumor DNA; KIM-1: kidney injury molecule-1; PD-L1: programmed death-ligand 1.

Table 3. Proposed three-axis framework for postoperative precision treatment.

Axis

Q

Current measure

Decision contribution

1. Recurrence risk

2. Residual-disease
assessment

3. Treatment fitness
and preference

Integrated decision

How likely is clinically relevant
relapse?

Is residual disease detectable
radiologically or through investig-
ational biomarkers?

Can the patient accept treatment

burden and uncertainty?

Do all three axes support intervent-
ion?

Pathology, stage, grade, nodal and
sarcomatoid status; validated model

Postoperative imaging; KIM-1 and
ctDNA only in research

Renal function, autoimmune or
transplant history, frailty, compe-ting
risk, values and access

Multidisciplinary review and shared
decision-making

Defines evidence boundary and expected
absolute benefit

May eventually support trial enrollment or
allocation; not ready for routine treatment
selection

Determines whether expected benefit
outweighs toxicity and burden

Observation, established pembrolizumab,
or a clinical trial; regionally approved
intensification requires explicit discussion of

immature OS and added toxicity

Notes: This framework is a clinical synthesis proposed by the authors. It has not been prospectively validated, does not assign therapy according to
biomarkers and should not replace regulatory labeling, guidelines or individualized multidisciplinary judgment. Abbreviations: ctDNA: circulating

tumor DNA; KIM-1: kidney injury molecule-1; OS: overall survival.

medically suitable KEYNOTE-564-cligible patients after
balanced counseling. Observation remains a valid option
when expected absolute benefit is limited, contraindica-
tions are substantial or the informed patient declines thera-
py. In the United States, pembrolizumab plus belzutifan is
approved in the United States and represents a promising
but not yet mature option, because OS is immature and
toxicity is greater; its use elsewhere depends on current
local authorization and guidance. Dual-checkpoint block-
ade and biomarker-directed escalation or de-escalation
remain investigational only. Table 3 summarizes the pro-
posed framework. Figure 1 illustrates how the three axes
inform observation, standard pembrolizumab or clinical-
trial consideration.

Treatment after relapse following adjuvant
pembrolizumab

Prospective phase 3 data specific to recurrence after adju-
vant pembrolizumab are unavailable, so sequencing guid-
ance is extrapolated from ICI-pretreated metastatic disease
and expert consensus. Relapse during pembrolizumab or
within 6 months of completion is generally treated as ICI-
refractory or early progression and may reflect primary
or rapidly acquired resistance. Potential mechanisms
include pre-existing immune exclusion, an angiogenic or

myeloid-dominant microenvironment and acquired im-
mune escape; these remain hypotheses extrapolated from
metastatic biology rather than validated post-adjuvant
treatment selectors [29]. Current European Association
of Urology (EAU) guidance weakly favors VEGFR-TKI
monotherapy and advises against immediate ICI rechal-
lenge in this setting [31]. A European Delphi consensus
likewise distinguishes recurrence by the interval after
adjuvant therapy [32]. The early-relapse approach is
supported indirectly by CONTACT-03 and TiNivo-2, in
which adding an ICI to a VEGFR-TKI after prior ICI
exposure did not improve outcomes [33, 34]. For relapse
more than 12 months after completion, that consensus
supports reconsidering standard first-line options, includ-
ing an ICI-based combination; possible renewed ICI sen-
sitivity remains a hypothesis rather than a prospectively
proven post-adjuvant phenomenon [32]. The 6—12-month
interval remains a gray zone without consensus and war-
rants multidisciplinary review and, when feasible, clinical-
trial enrollment [32].

Toxicity, survivorship and value

Adjuvant toxicity occurs in patients without measurable
disease and must be evaluated differently from toxic-
ity in metastatic RCC. Immune-related endocrinopathies
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Three-axis framework for postoperative decisions in resected ccRCC

Conceptual decision aid without prospective validation

Stage, grade and nodal status
Validated prognostic model

AXIS 2
Lodls T RESIDUAL-DISEASE B
CLINICOPATHOLOGICAL RISK e FITNESS AND PREFERENCES

Postoperative imaging
ctDNA and KIM-1 remain
investigational

Comorbidity and treatment toxicity
Patient goals

INTEGRATED MULTIDISCIPLINARY DISCUSSION

Expected benefit, toxicity and uncertainty
Patient health, preferences and goals

OBSERVATION OR SURVEILLANCE

Patient preference or an unfavorable
benefit-risk balance

PEMBROLIZUMAB
ESTABLISHED STANDARD

Suitable KEYNOTE-564-¢ligible
patients after balanced counseling

CLINICAL TRIAL
INVESTIGATIONAL

Biomarker-guided allocation or other
unvalidated strategies

Regional context: pembrolizumab plus belzutifan is approved in the United States and improves DFS. OS remains immature and grade 3 or higher adverse
events are more frequent. Use depends on current local authorization and guidance.

Figure 1. Conceptual three-axis decision framework after nephrectomy for clear-cell renal cell carcinoma. Clinicopathological risk defines the
evidence boundary and expected absolute benefit; treatment fitness and patient preferences determine whether the balance is acceptable; candidate
residual-disease markers currently direct clinical-trial consideration only. The figure is not a validated treatment algorithm and does not replace
current labeling, guidelines or multidisciplinary judgment. ccRCC, clear-cell renal cell carcinoma; ctDNA, circulating tumor DNA; DFS, disease-free

survival; KIM-1, kidney injury molecule-1; OS, overall survival.

may require lifelong replacement; nephritis has particular
relevance after nephrectomy; and treatment visits affect
employment, travel and caregiver burden. Real-world
evidence confirms that serious adverse events can lead to
pembrolizumab discontinuation in a clinically relevant
proportion of patients [35]. Belzutifan introduces chronic
anemia and hypoxia risk. Patient-reported outcomes, de-
cisional regret and financial toxicity should therefore be
incorporated as important prospective outcomes in future
trials rather than treated as secondary descriptive end-
points.

Value depends on absolute recurrence risk, durable OS
improvement, treatment cost and the proportion of pa-
tients exposed without benefit. Biomarker-enriched de-
signs could improve both clinical value and statistical
efficiency. De-escalation is equally important: optimal
duration may be shorter than one year for some patients,
while persistent molecular residual disease may justify
longer or combination treatment in others.

Research priorities

Four priorities should guide the next generation of stud-
ies. First, mature OS and long-term safety are required for
every intensified regimen. Second, biospecimens should
be collected longitudinally to validate KIM-1, ctDNA and
integrated tissue-imaging signatures as predictive—not
merely prognostic—tools. Third, trials should incorporate
treatment duration and de-escalation questions. Fourth,
subsequent-therapy outcomes must be captured so that

adjuvant benefit is not assessed in isolation from the meta-
static treatment sequence.

Adaptive platform designs may be useful in RCC because
biological subgroups can be refined as biomarkers mature.
Future trials should test whether eligibility can safely
move from broad anatomical risk toward composites of
clinicopathological risk, residual-disease detection and
tumor-immune state. Until those strategies are prospec-
tively validated, they should not be used to intensify or
omit routine treatment.

Strengths and limitations

This review integrates the first adjuvant regimen with
proven OS benefit, the first active-control intensification
trial, contemporary biomarker evidence and post-adjuvant
sequencing in one clinically focused synthesis. It was not
conducted as a systematic or scoping review: source selec-
tion was purposive, and duplicate screening, formal risk-
of-bias assessment and certainty grading were not per-
formed. Its evidence categories are therefore interpretive
rather than formal recommendations. Several 2025-2026
findings remain available only as congress reports, OS is
immature for intensified therapy, and prospective sequenc-
ing evidence after adjuvant pembrolizumab is absent. The
proposed three-axis framework is hypothesis-generating
and requires prospective validation; regional regulatory
and guideline positions may also change.
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Conclusions

One year of adjuvant pembrolizumab is the established
evidence-based option to discuss with medically suitable
patients with resected ccRCC at KEYNOTE-564-defined
increased risk because randomized evidence demonstrates
both DFS and OS benefit. Pembrolizumab plus belzutifan
is a promising, regionally approved intensification option,
but immature OS, greater toxicity and unsettled guide-
line uptake preclude describing it as a universal standard.
RAMPART dual-checkpoint blockade and all biomarker-
directed treatment allocation remain investigational. No
biomarker is validated to select or omit routine adjuvant
therapy, and these ccRCC-derived conclusions should
not be extrapolated to non-clear-cell histologies. At pres-
ent, precision resides mainly in clinicopathological risk
stratification, assessment of treatment fitness and shared
decision-making; molecular selection awaits prospective
validation.
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