
18 October 2026

Alma Mater Studiorum Università di Bologna
Archivio istituzionale della ricerca

Rosellini, M., Tassinari, E., Danielli, L., Marchetti, A., Ricci, C., Santoni, M., et al. (2025). The value of
molecular features in predicting efficacy of immuno-combinations in kidney cancer: just a drop in the
ocean?. EXPERT REVIEW OF MOLECULAR DIAGNOSTICS, Early Access, 1-4
[10.1080/14737159.2025.2478996].

Published Version:

The value of molecular features in predicting efficacy of immuno-combinations in kidney cancer: just a drop in
the ocean?

Published:
DOI: http://doi.org/10.1080/14737159.2025.2478996

Terms of use:

(Article begins on next page)

Some rights reserved. The terms and conditions for the reuse of this version of the manuscript are
specified in the publishing policy. For all terms of use and more information see the publisher's website.

Availability:
This version is available at: https://hdl.handle.net/11585/1007464 since: 2025-03-13

This is the final peer-reviewed author’s accepted manuscript (postprint) of the following publication:

This item was downloaded from IRIS Università di Bologna (https://cris.unibo.it/).
When citing, please refer to the published version.

http://doi.org/10.1080/14737159.2025.2478996
https://hdl.handle.net/11585/1007464


The value of molecular features in predicting efficacy of immuno-combinations in kidney 

cancer: just a drop in the ocean? 

 

 

Keywords: biomarkers; gene expression profiles; immune-based combinations; molecular 

characteristics; PD-L1; predictive factors; renal cell carcinoma; single gene mutations; 

transcriptomic. 

 

  



1. Introduction 

 

Based on the many successes of recent years and the introduction of the so-called immune-based 

combinations, nowadays first-line systemic therapy for renal cell carcinoma (RCC) provide multiple 

options for managing patients with advanced or metastatic disease. From a first-line treatment 

primarily based on single-agent tyrosine kinase inhibitors (TKIs), such as sunitinib, pazopanib, or 

cabozantinib, current international guidelines recommend the use of combinations, either of two 

immune checkpoint inhibitors (ICIs) such as nivolumab plus ipilimumab, or an ICI paired with a TKI, 

such as nivolumab with cabozantinib or pembrolizumab with lenvatinib or axitinib [1]. Despite the 

wide range of treatment options, the only validated parameter for guiding the therapeutic choice in 

the everyday clinical practice is the International Metastatic RCC Database Consortium (IMDC) risk 

stratification [1]. However, this approach poses limitations, as it was established in the TKIs’ era and 

is not easily adaptable to the emerging immunotherapy era. Finding predictive biomarkers that may 

guide the therapeutic decision is definitely one of the major challenges in RCC research. 

 

2. Body of the article 

 

Several factors have been so far assessed as potential biomarkers in metastatic RCC (mRCC), 

especially in this current ICI-era [2]. Molecular and genomic features of cancer cells or characterizing 

other cells from the tumor microenvironment (TME), remain a topic of significant interest and 

continue to be the focus of extensive analyses (Figure 1). Furthermore, many studies examined the 

genetic and pathological features of ccRCC, consistently identifying aberrant metabolism as a 

common characteristic and highlighting some potential metabolomic markers [3]. 

In June 2024, data regarding the biomarker analyses of the two pivotal KEYNOTE-426 and CLEAR 

trials was presented at the latest American Society of Clinical Oncology (ASCO) Annual Meeting 

[4,5]. Both these analyses focused on three main types of markers to evaluate in patients with mRCC 

treated with a first-line combination of pembrolizumab plus axitinib or lenvatinib (KEYNOTE-426 

and CLEAR studies, respectively): programmed death ligand-1 (PD-L1) status, single-gene mutations 

and gene expression profiles (GEPs). PD-L1 is constitutively expressed on immune, epithelial and 

cancer cells, playing a key role in evasion of antitumor T-cell response [6]. Unlike other malignancies, 

PD-L1 failed to be a feasible predictive factor for immunotherapy in RCC [2], whereas its value as a 

negative prognostic marker in kidney cancer was confirmed in many studies [2, 7]. KEYNOTE-426 

and CLEAR analyses have further reinforced the well-established inadequacy of PD-L1 as a 

predictive factor for ICI-based therapies in mRCC [4, 5]. Benefits in terms of progression-free 



survival (PFS) in CLEAR study was shown with pembrolizumab/lenvatinib irrespective of PD-L1 

expression [5], while PD-L1 was negatively related to overall survival (OS) within sunitinib arm in 

KEYNOTE-426 study (p = 0.025) [4]. These results are completely aligned with those highlighted in 

other ICI-based combinations’ pivotal trials (including CheckMate 214, CheckMate 9ER, and 

JAVELIN Renal 101) [8-10].  

No additional insights on the predictive role of individual gene mutations, particularly those involved 

in ccRCC oncogenesis (i.e. VHL, PBRM1, BAP1 and SETD2). To date, several studies have 

investigated individual gene mutations as prognostic or predictive biomarkers in mRCC, often leading 

to conflicting results that prevented their validation for clinical use. Moreover, many of these studies 

focused on patients receiving first-line TKIs, leaving the role of these mutations as biomarkers in the 

era of immune-based combinations unclear [2]. With regard to the novel findings from the biomarker 

analyses of KEYNOTE-426 and CLEAR studies, the ICI/TKI combinations (pembrolizumab plus 

axitinib or lenvatinib) were shown to improve outcomes across mutational status subgroups [4, 5]. 

The only notable finding relates to PBRM1 mutations in the biomarker analysis of KEYNOTE-426, 

where PBRM1-mutated patients showed significantly higher response rates to ICI/TKI therapy 

compared to wild-type patients (p = 0.002) [4]. This latter result appeared to be in line with previous 

data showing PBRM1 gene mutations as potential predictors of response to ICIs in RCC [2], also 

considering that PBRM1-mutated tumors tended to be related to an immunosuppressive and pro-

angiogenesis TME [11]. Notably, no association with benefits in survival outcomes were witnessed 

among PBRM1-mutated mRCC patients treated with an ICI-based combination, as highlighted in 

biomarker analyses of the CheckMate 214 and JAVELIN Renal 101 studies [8, 10]. No significant 

correlations were found for other single gene mutations analyzed, unveiling the need for further 

research into this topic.  

Knowledge regarding transcriptomic signatures (or GEPs) have been progressively increased so far, 

leading to some important information. In 2015, four molecular subtypes of ccRCC (ccrcc 1 to 4) 

were described as predictors of response or resistance to sunitinib monotherapy in mRCC patients 

[12]. The 35-gene signature defining these subtypes was more recently assessed in the phase II 

BIONIKK trial, which showed that these GEPs could guide the selection of the most effective 

treatment among nivolumab alone or in combination with ipilimumab, or TKI single-agent in 

treatment-naïve patients [13]. Furthermore, well-known clinical trials focused on 

immunocombinations with PD-L1 inhibitors (including the IMmotion 150/151 and JAVELIN Renal 

101 studies) have identified specific GEPs in ccRCC, though they did not yield positive results in 

meeting their primary endpoints [2]. A subsequent multi-omics analysis from Motzer et al. 

highlighted seven molecular subsets related to varying responses to TKIs or ICIs among the 



IMmotion studies patients. These findings showed that subsets with high angiogenesis benefited from 

sunitinib or atezolizumab/bevacizumab, while tumors with high T-effector or cell-cycle activity 

performed better with atezolizumab/bevacizumab, with some key gene mutations (i.e. PBRM1, 

KDM5C, CDKN2A/B, TP53) related to some specific pathways [14]. All these transcriptomic 

signatures were shown to have overlapping biology, and when applied to tumor specimens from the 

JAVELIN Renal 101 dataset, a benefit was observed with the ICI-based combination regimen across 

all the molecular subtypes [15].  

Focusing on novel results presented at the 2024 ASCO Annual Meeting, pembrolizumab/axitinib and 

pembrolizumab/lenvatinib outperformed sunitinib in all the subgroups of patients selected for 

transcriptomic signatures derived from IMmotion 151 and JAVELIN Renal 101 trials [4, 5]. In more 

detail, benefits in terms of PFS (p = 0.018) and ORR (p = 0.093) were reported with 

pembrolizumab/axitinib in patients with monocytic myeloid-derived suppressor cells’ GEP, whereas 

a positive association was found with hypoxia GEP (OS, p = 0.034; ORR, p = 0.071) and a negative 

association with MYC (OS, p < 0.001; PFS, p = 0.012) and proliferation GEPs (OS, p = 0.002) among 

patients treated with sunitinib (Table 1) [4]. As for the biomarker analysis of the CLEAR study, 

pembrolizumab/lenvatinib showed numerically higher ORRs and improved PFS than sunitinib across 

all molecular subtypes. On the other hand, the angiogenesis and microvessel density signatures were 

related to a higher sensibility to sunitinib, while MYC and proliferation signatures appeared to be 

associated with a poorer response to the TKI single-agent (similarly to data outlined in the 

KEYNOTE-426 analysis) (Table 1) [5]. Based on the current findings, the above-mentioned GEPs 

do not yet reliably select which patients will benefit from ICI-based combinations, thus not providing 

a sufficient justification to withhold immune-based combination therapies from any specific patient 

group. 

 

3. Expert Opinion  

 

Despite the meaningful efforts in recent years to identify predictive biomarkers of response to ICI-

based combination therapies, none have been validated to be used in the everyday clinical practice. 

As a matter of fact, no biomarkers have been prospectively confirmed in large or independent cohorts 

of patients and lot of work still remains in this area, by recalling the challenges faced in identifying 

predictive factors of response and resistance in the previous TKIs’ era. 

Recent biomarker analyses provide valuable insights for future research, even though none of the 

markers assessed so far may precisely predict response to ICI-based combinations. Moreover, real-

world data are needed to evaluate the effectiveness of these biomarkers in more assorted patient 



cohorts, beyond the carefully selected populations typically enrolled in pivotal trials. In this regard, 

further analyses are ongoing to explore how specific gene mutations and molecular features of both 

malignant cells and TME may predict response to immune-based combinations in mRCC, by using 

large, real-world patient cohorts.  

Evaluating the role of humoral, in addition to tissue-based markers, is also of particular interest, as 

shown in the adjuvant setting with markers like kidney injury molecule-1 (KIM-1) in the IMmotion 

010 study [16].  

In the last decade, much progress has been made in this area but we still have a long way to go in 

order to select an easily feasible in clinical practice and cost-effective biomarker, or to integrate the 

well-known clinical factors in order to refine the IMDC criteria enhancing their effectiveness 

nowadays. Another key objective for future research in this field is to develop integrated models of 

biomarkers that involve not only molecular characteristics of RCC but also transcriptomics, 

radiomics, and other advanced modalities. This comprehensive approach aims to enhance predictive 

efficacy and personalization of treatment strategies. 

In conclusion, while the advancements in understanding the molecular characteristics of RCC are 

undoubtedly significant, they are just “a drop in the ocean” (as the title suggests). All these insights 

drive us to intensify our efforts toward an even-more personalized oncology also in the management 

of mRCC. 
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Figure Caption: 

 

Figure 1. Current Biomarker Landscape in RCC Immunotherapy: Key Targets and Phases of 

Analysis. The figure illustrates the main factors assessed in recent biomarker analyses, including PD-

L1 status, single gene mutations, gene expression profiles and humoral markers (highlighting KIM-1 

as a current particular focus of investigation). Each biomarker category has undergone retrospective 

exploratory studies and reached prospective analysis phases, despite limitations in predictive 

accuracy for clinical practice, as discussed in the manuscript. Abbreviations: PD-L1, programmed 

death ligand-1; KIM-1, kidney injury molecule-1. 

 

Table Caption: 

 

Table 1. A simplified overview of the biomarker analyses results presented at ASCO Annual Meeting 

2024 from the KEYNOTE-426 and CLEAR studies. In particular, this table highlights key findings 

from the gene expression profile (GEP) analyses, summarizing the associations between specific 

GEPs and clinical outcomes in patients with metastatic RCC treated with first-line ICI/TKI 

combinations. Abbreviations: AxiPem, pembrolizumab/axitinib; LenPem, pembrolizumab/lenvatinib; 

NS, not significant; NE, not evaluated. 

 


