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Simple Summary

In this review we looked at clinical trials involving patients with advanced kidney cancer
(metastatic renal cell carcinoma) who were treated with targeted therapies known as VEGF
inhibitors. These drugs are often used after the first treatment stops working. We compared
outcomes between patients who had received prior immunotherapy versus those who
received only prior VEGF-inhibitor. Our findings suggest that patients who were previously
treated with immunotherapy may respond better to VEGF-inhibitor, which may be due to
the lasting effects of immunotherapy even after the treatment has been stopped. While our
study cannot prove this, it highlights a trend and the need for further research into the best
way to sequence treatments for kidney cancer.

Abstract

Background/Objectives: Most patients with metastatic renal cell carcinoma (mRCC)
progress on first-line immune checkpoint inhibitor (ICI). Subsequent vascular endothelial
growth factor (VEGF) tyrosine kinase inhibitor (TKI) is standard. Due to the rapid evolution
in treatment landscape, data directly comparing outcomes of VEGF-TKI following ICI ver-
sus VEGF-TKI alone are limited. This scoping review aimed to explore whether VEGF-TKI
following prior ICI is associated with improved outcome, potentially reflecting a treatment
sequence effect. Methods: PubMed/MEDLINE and ClinicalTrials.gov were searched sys-
tematically to identify phase 2/3 prospective clinical trials that investigated VEGF-TKI
in patients who had progressed after ≥1 therapy published from 2004. Included studies
were summarised by prior therapy and reported outcomes. Data from subgroups/arms
were extracted and weighted overall response rate (ORR), progression free survival (PFS)
and overall survival (OS) calculated for patients pretreated with VEGF-TKI versus ICI. An
exploratory, hypothesis generating analysis was performed comparing outcomes between
patients who received prior VEGF-TKI only or ICI-based therapy. Results: In total, 17 clin-
ical trials were included: 2538 patients had prior VEGF-TKI (15 subgroups/arms) and
724 prior ICI-based therapy (11 subgroups/arms). In prior VEGF-TKI, weighted mORR
was 8% (IQR 6–16%) versus 28% (IQR 20–41%) post-ICI. Weighted mPFS was 3.9 m (IQR
3.6–5.4) with prior VEGF-TKI versus 8.3 m (IQR 7.4–10.3) in prior ICI group. Weighted
mOS was 15.2 m (IQR 11.1–16.6) versus 22.1 m (IQR 10.9–22.1) with prior ICI. Conclusions:
Improved outcomes in ICI pretreated population in this exploratory analysis suggests
ongoing biological benefit of ICI therapy. As prospective 2L randomised studies are not
feasible, we conclude that VEGF therapy in pretreated mRCC is at least as good, if not
better, since the introduction of 1st line ICI.
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1. Introduction
The treatment landscape for metastatic renal cell carcinoma (mRCC) has expanded

dramatically over the past two decades. Before the emergence of immune checkpoint inhibi-
tion (ICI), vascular endothelial growth factor (VEGF) tyrosine kinase inhibitors (TKIs) such
as sunitinib, pazopanib and cabozantinib were the mainstay in front line treatment [1–3].

The approval of nivolumab in a second line setting in 2015 marked the begin-
ning of immunotherapy in RCC, with CheckMate025 demonstrating survival benefit
over everolimus [4]. Since then, first line ICI has become standard of care with ipili-
mumab/nivolumab demonstrating survival benefit over sunitinib in intermediate and
poor risk mRCC [5]. ICI/VEGF-TKI combination-based regimens including cabozan-
tinib/nivolumab, lenvatinib/pembrolizumab and axitinib/avelumab have further trans-
formed the field and are also approved first line therapies in mRCC [6–8].

Despite these advances, the majority of patients with mRCC eventually progress fol-
lowing first-line ICI-based therapy and require further treatment. VEGF-TKI monotherapy
is standard of care in second line for patients previously treated with ICI combinations [9].
Yet the optimal sequencing of therapies following ICI-based regimens remains unclear, as
randomised sequencing trials evaluating continued or rechallenged ICI beyond progression
have not demonstrated clinical benefit [10,11].

There is growing biological rationale to suggest that VEGF-TKIs may retain or even en-
hance activity following prior ICI exposure. Angiogenic and immune pathways are closely
interconnected; VEGF can modulate the tumour microenvironment, inhibit dendritic cell matura-
tion and promote immunosuppression, while VEGF-TKIs may re-sensitise tumours to immune
surveillance [12]. Furthermore, the long-term immune memory induced by ICIs may persist
beyond initial treatment discontinuation, possibly contributing to the efficacy of subsequent
therapies [13]. This concept may explain the paradox observed in trials such as CheckMate214,
where durable overall survival (OS) benefit was seen despite modest PFS benefit [5].

In parallel, emerging clinical trial datasets, retrospective cohorts and real-world analy-
ses have suggested that VEGF-TKI administered after prior ICI exposure retains clinical
activity with response rates and survival outcomes comparable to those observed in the
historical VEGF-TKI only era [14–16]. These findings have generated the hypothesis that
prior ICI may modulate subsequent sensitivity to VEGF-TKI. However, available evidence
derives largely from non-randomised series and retrospective analyses. Consequently,
uncertainty persists regarding whether outcomes with VEGF-TKI therapy differ between
the pre- and post-ICI era.

Given lack of head-to-head comparative data and heterogeneity of clinical trials, design
of a synthesis of available evidence is needed. This scoping review aims to summarise
clinical trial data evaluating VEGF-TKI outcomes in patients with mRCC who received
prior ICI-based therapy, compared to those treated with VEGF-TKI alone. In addition, we
conducted an exploratory, cross-trial analysis to examine differences in patient outcomes
across these treatment sequences.

2. Materials and Methods
A scoping review was chosen for this study to systematically map the available clinical

trial evidence on VEGF-TKI therapy in mRCC according to prior systemic therapy. Given
the diversity in trial design, patient populations, end points and absence of head-to-head
to comparisons addressing this treatment sequence, a scoping review was considered most
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appropriate. This scoping review was not registered with PROSPERO, as the platform does
not accept scoping reviews. The protocol has not been published previously. The review
was conducted in accordance with PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-analyses extension for Scoping Reviews) guidelines [17].

2.1. Search Strategy and Eligibility Criteria

Literature searches were conducted in PubMed and ClinicalTrials.gov (6 December
2023; updated 25 May 2025) to identify phase 2/3 clinical trials published from 2004
reporting outcomes for patients with confirmed diagnosis of mRCC treated with VEGF-TKI
who had previously received at least one line of prior systemic therapy. Prior systemic
therapy included either single agent VEGF-TKI with no prior ICI therapy or ICI-based
therapy, which may include a single agent ICI, ICI/ICI or ICI/VEGF-TKI combination.
Trials were included if at least one VEGF-TKI was evaluated as a subsequent line of therapy.
Single arm, multi arm, parallel group and crossover trials were included. For crossover
trials only the data for subsequent line of systemic therapy was assessed, and for multi-arm
trials only the arm involving single agent VEGF-TKI was included. Trials were eligible if
subgroups/arms had a minimum of 30 patients.

2.2. Study Selection and Data Extraction

Two reviewers (EN, AJ) independently screened titles/abstracts and subsequently
full texts. Disagreements were reconciled by a consensus with a third senior reviewer
(TP). From each eligible trial, relevant data from arm/subgroup were extracted by two
reviewers (EN, AJ) and subjected to quality control (SM, GP, CG, AM, FJS); population
characteristics, trial design, RCC histopathology type, first line of therapy, subsequent line
of therapy, median overall response rate (ORR), median progression-free survival (PFS)
and medianOS. Where outcome measures were not available for the subgroups of interest,
the trials were included in the narrative, but the outcome measure was excluded from the
analysis. Outcome measures with the longest follow-up available were used.

2.3. Objective

This scoping review aimed to map and summarise the available prospective clinical trial
evidence evaluating outcomes of VEGF-TKI in mRCC according to prior systemic therapy
exposure. In addition, we aimed to explore whether prior exposure to ICI is associated with
improved clinical outcomes following subsequent VEGF-TKI in mRCC. An exploratory cross-
trial analysis was conducted using reconstructed pseudo-individual data. This analysis was
hypothesis generating in nature and sought to examine differences in ORR, PFS and OS between
patients who received prior ICI versus prior VEGF-TKI. ORR was considered the primary
exploratory outcome, with PFS and OS assessed as secondary exploratory outcomes.

2.4. Statistical Plan

Reported medians for ORR, PFS and OS were extracted by treatment subgroup.
Weighted medians were calculated for descriptive comparison, accounting for subgroup
sample sizes. As individual level data were not available, we reconstructed pseudo-
individual observations which were generated based on reported medians and sample
sizes. This assumes that each individual in a subgroup/arm experienced the median PFS
allowing for exploratory, rank-based comparisons with acknowledgement of limitations
in underlying assumptions. Moreover, p values may overestimate precision and are not
intended to imply confirmatory significance.

A Mann–Whitney U test was applied to the reconstructed data to compare ORR, PFS,
and OS distributions between patients pretreated with VEGF-TKI versus ICI. As this is
an exploratory analysis, results from the test are informal assessments of trends rather

https://doi.org/10.3390/cancers18050807

https://doi.org/10.3390/cancers18050807


Cancers 2026, 18, 807 4 of 13

than hypothesis-confirmed inferences. Observed p values are interpreted with reference to
the conventional 0.05 level for context only. All statistical analyses were conducted using
GraphPad Prism v10.

3. Results
The selection process resulted in the inclusion of 17 clinical trials. Screening criteria

are detailed in the PRISMA-ScR flow diagram (Figure 1). Of these, 10 were phase III and 7
were phase II clinical trials.

Figure 1. PRISMA-ScR flow diagram of included clinical trials.

3.1. Study Characteristics

A total of 3262 participants were included across the relevant subgroups from the
17 selected trials published between August 2010 and October 2024. Baseline patient
characteristics were generally comparable across the trials. All 17 trials recruited patients
with clear cell RCC; 3 trials permitted patients with other RCC subtypes, but these were
a minority (5%, n = 172). The selected trials recruited patients across all prognostic risk.
Earlier trials used MSKCC prognostication score whilst more recent trials used IMDC.

A total of 2538 participants had received prior VEGF-TKI therapy across 15 sub-
groups/arms within 9 trials [18–26] (Table 1). Of these, 71% (n = 1809) had received
one prior VEGF-TKI, 6% (n = 159) received two prior VEGF-TKIs and 22% (n = 570) 1L
VEGF-TKI and 2L mTOR. The commonest prior TKI therapy was sunitinib (63%, n = 1600)
followed by sorafenib (15%, n = 396) and pazopanib (11%, n = 281). The VEGF-TKI investi-
gated was most commonly sorafenib (46%, n = 1185) followed by dovitinib (11%, n = 284)
and cabozantinib (9%, n = 223). In regard to prognostic score, 7 trials used MSKCC score;
18% (n = 466) of patients were favourable, 30% (n = 755) intermediate and 6% (n = 149)
poor risk. Two trials used IMDC; 5% of patients (n = 128) were favourable, 8% (n = 193)
intermediate and 1% (n = 35) poor risk. Prognostic score was not available for 32% (n = 812)
of VEGF pretreated patients.

In total, 724 participants had received prior ICI-based therapy [10,11,19,27–32]
(Table 2). Of these, 38% (n = 273) had prior ICI/ICI whilst 44% (n = 319) had combination
ICI/VEGF-TKI. Detailed prior treatment was not described for 18% (n= 132). The VEGF-
TKI investigated most commonly was cabozantinib (66%, n = 481), followed by tivozanib
(30%, n = 219). All trials used IMDC prognostication; 18% (n = 135) were favourable, 47%
(n = 340) intermediate and 12% (n = 87) poor risk. For 22% (n = 162) of patients their risk
status was not available.
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Table 1. ORR, PFS and OS reported in phase 2/3 clinical trials exploring subsequent VEGF-TKI therapy in patients with mRCC who had received prior VEGF-TKI.

Date of
Completion Phase Prior Therapy

(Arm/Subgroup) Anti-VEGF ITT
n

Risk %
Favourable,

Intermediate,
Poor

ORR (%);
95% CI

mPFS (Months);
95% CI

mOS (Months);
95% CI

1L Sunitinib 2L Axitinib 194 19 * 6.5;
5.7–7.9

15.2;
12.8–18.3AXIS [18]

(NCT00678392)
10 August 3

1L Sunitinib 2L Sorafenib 195

MSKCC:
28, 36, 33,

3 unk 9 * 4.4;
2.9–4.7

16.5;
13.7–19.2

1L Sorafenib 2L Sunitinib 182 17 5.4;
3.0–5.5

31.5 **;
90% CI 23.3–36.9SWITCH [20]

(NCT00732914) 11 December 3
1L Sunitinib 2L Sorafenib 183

MSKCC:
42, 55, 0.5,

3 unk 6.6 2.8;
2.7–2.9

30.2 **;
90% CI 23.6–50.1

Motzer et al. 2014
[22]

(NCT01223027)
12 September 3

1L VEGF (92%
sunitinib) + 2L mTOR

(87% everolimus)
3L Dovitinib 284

MSKCC:
21, 57, 22

6 3.7;
3.5–3.9

11.1;
9.5–13.4

1L VEGF (88%
sunitinib) + 2L mTOR

(86% everolimus)
3L Sorafenib 286 4 3.6;

3.5–3.7
11;

8.6–13.5

COSAK [23]
(NCT00942877) 2012 2

96% 1L VEGF (82%
sunitinib) + 4% 1L+ 2L

VEGF

2L Cediranib +
placebo 69 MSKCC:

14, 70, 16 13 5.4;
3.7–7.3

14.2;
11.2–17.3

INTORSECT [24]
(NCT00474786) 13 December 3 1L Sunitinib 2L Sorafenib 253 MSKCC:

17, 70, 13 8 3.9;
2.8–4.2

16.6;
13.6–18.7

METEOR [25]
(NCT01865747) 14 November 3

1L/2L sunitinib 2L/3L
cabozantinib 135

IMDC:
43, 46, 11

16;
11–24

9.1;
6.5–9.3

21.4;
16.2-NR

1L/2L pazopanib 2L/3L
cabozantinib 88 19;

12–29
7.4;

5.6–8.5
22;

18.2–NR

1L Sorafenib 2L Pazopanib 189 19.8;
3.1–15.3

2.9;
2.0–3.7

28 **;
22.6–34.1SWITCH II [21]

(NCT01613846) 16 November 3
1L Pazopanib 2L Sorafenib 188

MSKCC:
50, 48, 2 9.2;

3.1–15.3
2.1;

1.8–3.5
22.7 **;

17.4–28.6

1L + 2L VEGF 3L Tivozanib 79 NR 5.5;
3.6–7.4

16.4 ***;
13.4–22.2TIVO-3 [19]

(NCT02627963)
17 August 3

1L + 2L VEGF 3L Sorafenib 80

IMDC:
20, 61, 19 NR 3.7;

3.6–3.9
19.2 ***;

15.0–24.2

CONCEPT [26]
(NCT03095040) 19 May 3

1L VEGF (sunitinib
33.1%, sorafenib 49.6%,

pazopanib 4.5%)

2L Vorolanib +
placebo 133 MSKCC:

25, 67, 8
10.5;

5.9–17.0
6.4;

4.6–8.3
30.5;

22.8–NR

* not stratified according to prior therapy—54% received sunitinib, 46% received bevacizumab, cytokines or temsirolimus. ** Total mOS (1L + 2L VEGF) rather than 2L VEGF mOS *** not
stratified according to prior therapy—45% received ×2 VEGF, 28% received VEGF + mTOR/IFN, 26% received IO + VEGF; ORR, overall response rate; mPFS, median progression-free
survival; mOS, median overall survival; ITT, intention to treat; CI, confidence interval; NR, not reached; MSKCC, Memorial Sloan Kettering Cancer Centre; IMDC, International
Metastatic Renal Cell Carcinoma Database Consortium.
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Table 2. ORR, PFS and OS reported in phase 2/3 clinical trials exploring VEGF-TKI therapy in patients with mRCC who had received prior ICI-based therapy.

Clinical Trial Date of
Completion Phase Prior Therapy

(Arm/Subgroup) Anti-VEGF ITT
n

IMDC Risk %
Favourable,

Intermediate, Poor

ORR (%);
95% CI

mPFS (Months);
95% CI

mOS (Months);
95% CI

Median Follow
Up (Months)

TIVO-3 [19]
(NCT02627963)

17 August
3 VEGF + ICI 3L Tivozanib 47

19, 62, 19
18 7.3;

4.8–11.1
18.1

19
VEGF + ICI 3L Sorafenib 44 7 5.1;

3.2–7.4 20.9

Ornstein et al. [27]
(NCT02579811) 18 February 2 VEGF + ICI * 2L–5L Axitinib 40 10, 75, 15 45 8.8;

5.7–16.6 NR 8.7

CANTATA [28]
(NCT03428217) 19 September 2 1L ICI/ICI 2L Cabozantinib 65 17, 68, 15 41 10.9

NC NR 11.7

Powles et al. 2020
[29]

(NCT03200717)
19 September 2 1L ICI ± 2L VEGF 2L–3L

Pazopanib ** 62 32, 57, 11
9;

6.9–25.8
6.5;

3.7–9.2
21.3;

14.9–NR 10.7

BREAKPOINT [30]
(NCT03463681) 21 March 2 1L ICI or ICI/ICI or

ICI/VEGF 2L Cabozantinib 30 17, 53, 30 37.9;
20.7–57.7

8.3;
3.9–17.4

13.8;
7.7–29.0 11.9

Sadeghi et al. 2022
[31]

(NCT03092856)
21 October 2 ≥1L therapy inc

ICI ***
≥2L Axitinib +

placebo 30 20, 77, 3 37 8.5;
5.5–11 NR 13.4

CONTACT-03 [10]
(NCT04338269) 21 December 3

1L ICI/ICI 2L Cabozantinib 70 5, 49, 16 38 10.5;
8.1–14.0

NR;
16.5–NR

15.2
1L ICI/VEGF 2L Cabozantinib 37 11, 23, 3 31 10.4

6.3–12.5
20.7

15.3–NR

CABOPOINT [32]
(NCT03945773)

23 May 2

1L ICI/ICI 2L Cabozantinib 85
87% intermediate/

poor

41;
30–52

10.9;
8.2–14.4

24.3;
18.5–31.8

19.3
1L ICI/VEGF 2L Cabozantinib 42 28;

15–44
8.3;

5.6–11.1
24.1;

17.1–NR

TiNivo-2 [11]
(NCT049887203) 24 October 3 1–2L ICI ± VGEF 2L–3L Tivoxanib 172 18, 66, 16 20;

14–26
7.4;

5.6–0.2
22.1;

15.2–NR 12

* most recent therapy = ICI, no limit on number of previous lines—28% 1L ICI only, 48% 2L therapies (IO + VEGF), 23% 3L therapies, 3% received 4L therapies ** 76% received pazopanib
as 2L, 24% as 3L therapy *** 60% received 1–2L therapy, 40% received 3L+ therapy ORR, overall response rate; mPFS, median progression-free survival; mOS, median overall survival;
ITT, intention to treat; CI, confidence interval; MSKCC, Memorial Sloan Kettering Cancer Centre; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium.
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3.2. Trial Outcomes & Exploratory Analysis

ORR data were available from 11 VEGF-TKI pretreated arms/subgroups (n = 1990)
and 9 arms/subgroups that had received prior ICI (n = 724). In AXIS [18] and TIVO-3 [19]
ORR was not reported in the VEGF-TKI-only pretreated arms and was therefore excluded
from this analysis. ORR ranged from 4 to 19.8% in patients treated with prior VEGF
compared to 7–41% in patients who received prior ICI (Figure 2). Using reconstructed
pseudo-individual data from published trial ORRs and sample sizes, the weighted median
ORR in prior VEGK-TKI was 8% (IQR 6–16%) compared to 28% (IQR 20–41%) in patients
pretreated with ICI (p < 0.0001).

Figure 2. Bubble plot displaying overall response rate (ORR) to ≥2nd line VEGF-TKI reported across
17 phase 2/3 trials in patients who received prior VEGF-TKI (blue) [20–26] versus patients that
received prior ICI-based therapy (orange) [10,11,19,27–32].

PFS data were available from all subgroups/arms reported across the 17 trials. Median
PFS (95% CI) for prior VEGF-TKI treatment ranged from 2.1 to 9.1 months compared to
6.5–10.9 months with prior ICI (Figure 3). The shortest median PFS (2.1 months) was
reported for the 1L pazopanib, 2L sorafenib subgroup (n = 188) in SWITCH II [21]. The
longest median PFS (10.9 [NR] months) was reported in the 1L ICI/ICI, 2L cabozantinib
subgroup (n = 65) of CANTATA [28] and also the 1L ICI/ICI, 2L cabozantinib subgroup
(n = 85) of CABOPOINT (10.9 [8.2–14.4] months) [32]. The phase 3 trial CONTACT-03 [10]
subgroup analysis also reviewed PFS in patients who received prior ICI/ICI versus ICI-
VEGF and no difference was observed (10.5 [8.1–14] versus 10.4 [6.3–12.5] months). Using
reconstructed pseudo-individual patient data from trial-reported medians and sample sizes,
we observed a weighted median PFS of 3.9. months (IQR 3.6–5.4) in patients previously
treated with VEGF-TKI (15 arm/subgroups), compared to 8.3 months (IQR 7.4–10.3) in
those with prior ICI-based therapy (10 arm/subgroups) (p < 0.0001).
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Figure 3. Bubbleplot displaying median progression-free survival (PFS) reported across 17 trials in
patients who received ≥2nd line VEGF-TKI with those pre-treated with VEGF-TKI (blue) [18–26]
versus those that had previous ICI-based therapy (orange) [10,11,19,27–32].

OS data were less readily available compared to ORR and PFS. SWITCH [20] and
SWITCH II [21] reported total OS following 1st and 2nd line VEGF-TKI and was therefore
excluded from OS analysis. OS was stratified and reported in 9 arms/subgroups involving
patients with prior single agent VEGF-TKI therapy (n = 1637) and 8 arms/subgroups for
patients who received prior ICI-based therapy (n = 519). Median OS for prior VEGF-TKI
treatment ranged from 11 to 30.5 months compared to 13.8–24.3 months with prior ICI. The
shortest median OS (11.9 [8.6–13.5] months) was reported in a Motzer at al. [22] phase 3 trial
which investigated 3L Dovitinib (n = 284) versus Sorafenib (n = 286) in patients pretreated
with 1L VEGF-TKI and 2L mTOR inhibition. CABOPOINT reported similar OS in patients
who received 2L cabozantinib post-ICI/ICI versus ICI/VEGF-TKI (24.3 [18.5–31.8] versus
24.1 [17.1–NR] months) [32]. Using reconstructed pseudo-individual data, the weighted
median OS in prior VEGF-TKI subgroups/arms was 15.2 months (IQR 11.1–16.6), compared
to 22.1 months (IQR 20.9–22.1) in prior ICI (p < 0.0001).

4. Discussion
This scoping review and exploratory analysis of clinical trial data provide a cross-

study synthesis of the efficacy of VEGF-TKI in patients with mRCC, comparing outcomes
in patients previously treated with ICI to those treated with VEGF-TKI alone. While
exploratory in nature, the inclusion of data from multiple phase II and II randomised trials
allows for identification of potential trends in clinical outcomes.

Our findings suggest that prior ICI exposure may be associated with improved out-
comes following subsequent VEGF-TKI therapy. Weighted median ORR, PFS and OS were
all higher in patients pretreated with ICI. These findings are consistent with emerging
data suggesting persistent immunologic changes after ICI exposure. Several immunologic
and pharmacodynamic mechanisms may contribute to this observation. While the precise
mechanism remains uncertain, complementary explanations have been proposed. Firstly,
anti-VEGF may enhance activity of ICI through changes in the tumour microenvironment
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such as increased T-cell infiltration, improved antigen presentation and vascular normalisa-
tion [33,34]. Secondly, ICI may retain residual activity beyond radiographic progression
due to sustained immune memory, allowing continued antitumour immune activity even
after apparent treatment failure [35]. While these interactions remain incompletely defined
in RCC, they provide a plausible biological rationale for the possible improved outcomes
seen in patients pretreated with ICI.

The role of ICI rechallenge in this setting has been examined in two negative phase III
trials, CONTACT-03 [10] and TiNivo-2 [11] which showed no improvement in PFS or OS
with rechallenge atezolizumab and nivolumab, respectively. It is possible that the lack of
benefit associated with rechallenge is due to ongoing long-term effects of prior ICI therapy
and adding more ICI confers little additional clinical benefit. This lack of benefit may
reflect immune exhaustion or adaptive resistance. Additionally, expression of alternative
inhibitory pathways may limit the pharmacodynamic efficacy of ICI rechallenge even if
drug exposure persists [36]. This may also explain the better-than-expected performance of
the control arms in these rechallenge ICI trials.

These findings should be interpreted in the context of several important limitations.
The analysis presented in this review involves cohorts drawn from partially overlapping
but distinct treatment eras. Over the past decade, improvements in supportive care,
patient selection, access to subsequent therapies and trial design may have contributed
to the improved outcomes independently of prior ICI exposure. While we attempted
to mitigate these effects by focussing only on prospective studies, the potential impact
of evolving standard of care cannot be excluded. Differences in VEGF-TKIs used across
trials may also influence efficacy independent of prior therapy; however, even newer
agents such as cabozantinib have not consistently demonstrated OS advantages over earlier
VEGF-TKI in a second line setting [3]. Data were extracted from subgroup analyses across
heterogenous trials with differing designs, populations and endpoints. Confounding factors
such as subsequent lines of therapy and crossover effects could also bias the observed OS
signal. Moreover, progressive disease post-ICI may be a different entity and not directly
comparable to patients who progress past VEGF-TKI only.

The analysis relied on summary level data, and reconstructed assumptions made to
generate pseudo-data may introduce bias. The statistical tests applied to pseudo-individual
patient data and reported p-values should be interpreted with caution and remain ex-
ploratory in nature. The wide interquartile ranges observed reflect the underlying hetero-
geneity in trial design and patient population. OS data were less available, particularly for
patients previously related with ICIs, which limits conclusions. Finally, due to trial-level
reporting limitations, we were unable to distinguish between prior dual ICI (e.g., ipili-
mumab/nivolumab) and ICI/VEGF-TKI combination regimens. These front line regimens
differ, with dual ICI aiming to enhance immune priming while ICI/VEG-TKI combinations
act synergistically. Whether the observed benefit is specific to one of these approaches
remains uncertain. However, recent subgroup analyses from CABOPOINT and CONTACT-
03 suggest comparable post-progression outcomes irrespective of the frontline ICI regimen
used, indicating the observed benefit may be broadly preserved across immunotherapy
regimens [32,37].

Looking ahead, whilst ICI-based therapy is established in the frontline setting, optimal
sequencing of therapies in mRCC remains undefined. Prospective trials directly comparing
VEGF-TKI efficacy following prior ICI versus VEGF-TKI alone are unlikely to be feasible
given ethical constraints of using single agent VGEF-TKI monotherapy in the first line. As
such, retrospective analyses and cross trial comparisons, despite their limitations, remain
the current viable approach to explore this. The complexity of sequencing has only increased
with the use of ICI/VEGF-TKI combinations, the introduction of adjuvant pembrolizumab
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and the emergence of HIF-2α inhibitors such as belzutifan, which received FDA approval
in a metastatic setting and have recently shown recurrence-free survival benefit when
combined with pembrolizumab in the adjuvant setting [38–40]. These developments further
complicate treatment algorithms and highlight the need for high quality prospective data
to guide second line decision making. Emerging data exploring potential biomarkers may
help guide personalised sequencing strategies in real time; however, no clinically actionable
biomarkers in RCC have yet been validated [41]. Future prospective studies, guided by
translational endpoints, may help identify predictive signatures of response and resistance
that can inform treatment sequencing strategies in the evolving RCC landscape.

5. Conclusions
These data should be considered hypothesis-generating and support further evalu-

ation. Improved ORR, PFS and OS in the ICI pretreated population in this exploratory
analysis suggest a potential ongoing biological benefit of ICI therapy. These findings offer
a potential explanation for negative ICI re-challenge studies in RCC. As prospective sec-
ond line randomised trials addressing this sequencing question are not feasible, we can
conclude that VEGF-TKI in pretreated mRCC is at least as good, if not better, since the
introduction of 1st line ICI.
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