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Abstract

Background: Immune-based combinations have transformed first-line treatment for metastatic renal
cell carcinoma (mRCC), but reliable biomarkers for patient selection remain elusive. Chromosome
3p mutations (e.g., VHL, PBRM1, SETD2, BAP1) have shown inconsistent prognostic and
predictive value. This retrospective study assessed the prognostic impact of tissue-based
biomarkers, focusing on 3p mutations in mRCC.

Patients and Methods: A single-center retrospective analysis included mRCC patients treated with
immunocombinations or tyrosine kinase inhibitors (TKIs). We evaluated mutations in 14 genes,
including VHL, PBRM1, SETD2, and BAP1. Primary endpoints were overall survival (OS) and
progression-free survival (PFS). Prognostic factors were analyzed using univariate and multivariate
models.

Results: Among the included 38 patients, the most common mutations were in VHL (45%), PBRM1
(42%), and SETD2 (26%), with these latter more frequent in males (p = 0.012). Most patients (74%)
received immune-based combinations; 26% received TKIs. SETD2 mutations were associated with
primary refractoriness (30%). Median OS was not reached; brain metastases (p = 0.001) and BAP1
mutations (p = 0.025) predicted worse OS, while PBRM1 mutations trended toward improved OS (p
= 0.845). Median PFS was 14.1 months. Higher tumor grade (p = 0.038) and worse ECOG PS (p =
0.008) negatively impacted PFS, while 3p mutations showed no significant effect on PFS.
Conclusions: ECOG PS and brain metastases were confirmed as poor prognostic factors. VHL and
PBRM1 mutations may suggest a better prognosis, while SETD2 and BAP1 mutations portend

worse outcomes. Larger studies are needed to confirm these findings.

Keywords: biomarkers, chromosome 3p, immune-based combinations, PBRM1, renal cell
carcinoma, SETD2, VHL.



1. Introduction

About 87% of kidney cancer diagnoses per year is represented by renal cell carcinoma (RCC),
which accounted for over 400,000 new cases globally in 2020, making it one of the most prevalent
forms of genitourinary cancer and the 14th most commonly diagnosed malignancy worldwide [1].
In more details, RCC encompasses a broad spectrum of histopathological entities, with clear cell
RCC (ccRCC) comprising approximately 80% of cases. The remaining 20% of cases, collectively
known as non-clear cell RCC (nccRCC), includes several variant histologies characterized by
distinct molecular and cytogenetic profiles. Among these, the two major subtypes are papillary RCC
(pPRCC, ~15%) and chromophobe RCC (chRCC, ~5%) [2, 3]. The remaining cases consist of
extremely rare subtypes, each with an incidence of <1%, as well as unclassified tumors (also known
as not-other-specified RCC, NOS RCC), which account for 4-5% of RCC diagnoses [4].

As for the therapeutic management of this disease, curative surgery remains the gold standard for
localized and early-stage RCC, typically through complete or partial nephrectomy and irrespective
of histology (ccRCC vs nccRCC) [5]. However, 20-40% of these patients will experience
recurrence or disease progression. The programmed cell death-1 (PD-1) inhibitor pembrolizumab
has recently been approved as adjuvant treatment strategy for patients with resected ccRCC at a
higher risk of relapse, based on KEYNOTE-564 results [5-7]. Additionally, 25-30% of patients
present with metastatic disease at diagnosis, with a notable lower 5-year overall survival (OS) rate
compared to those with localized tumors (12% vs 93%) [2].

Over the past decade, the systemic treatment for metastatic RCC (mRCC) has been radically
revolutionized by the introduction of the so-called immune-based combinations, which are
combinations of immune checkpoint inhibitors (IClIs) alone (PD-1 inhibitors plus cytotoxic T-
lymphocyte antigen 4 (CTLA-4) inhibitors such as nivolumab plus ipilimumab) [8] or with
tyrosine-kinase inhibitors (TKIs, such as pembrolizumab plus axitinib or lenvatinib, and nivolumab
plus cabozantinib) [9-11]. The onset of ICI/ICI and ICI/TKI combinations led to a meaningful
improvement in terms of tumor response rates and survival outcomes, never seen before with the
use of the previous standard-of-care single agent TKls [12].

Despite these therapeutic advances, responses to ICI-based treatments are heterogeneous among
MRCC patients. To date, the only validated parameter to guide the therapeutic decision-making
process is represented by the International Metastatic RCC Database Consortium (IMDC) risk
stratification [13]. However, the IMDC risk stratification poses considerable limitations in the
current age of immunotherapy, as it was initially developed as a prognostic model during the

previous TKIs” era. As a consequence, the urgent need of validated biomarkers for 1CI-based



treatments is remarkable to better tailor the available treatment strategies to patients and tumor
features, thus avoiding unnecessary toxicities and highlighting those patients with an increased
probability of experiencing a durable response to therapies [14]. Moreover, established prognostic
factors which may be currently used in the everyday clinical practice during this immunotherapy era
are still awaited [14].

Multiple potential biomarkers have been assessed to date as possible prognostic factors or
predictors of response to systemic therapies, including driver mutations in gatekeeper-genes
involved in RCC biology and progression [14]. Although no single genomic predictor has been
identified for mRCC, ongoing research continues to show promise in this area.

Focusing on ccRCC, the loss of chromosome 3p is an early and pivotal oncogenic event, leading to
the biallelic inactivation of the Von Hippel Lindau (VHL) tumor suppressor gene, which occurs in
over 90% of cases [15]. Following VHL inactivation, other 3p-located tumor suppressor genes,
including polybromo 1 (PBRM1), SET domain containing 2 (SETD2), and BRCAZ1l-associated
protein 1 (BAP1), may contribute to disease progression, though their mutations occur later and are
less rate-limiting [16]. The loss of chromatin-modifying genes on 3p disrupts both epigenetic and
non-epigenetic processes, playing a crucial role in tumorigenesis. Additionally, lysine demethylase
5C (KDM5C) is the most frequently mutated non-3p gene in ccRCC, highlighting the importance of
epigenetics in this cancer [16]. In contrast, the molecular drivers of nccRCC are less understood,
apart from the role of the mesenchymal-epithelial transition (MET) gene’s pathway and
chromosome 7 in some pRCC cases [17]. While PBRM1, BAP1, and SETD2 mutations are also
found in pRCC, they occur at lower frequencies than in ccRCC [18].

With regard to chromosome 3p genes, VHL was certainly one of the primaries focuses of
translational research in ccRCC due to its common mutations in these patients. As a part of an E3
ubiquitin ligase complex, VHL plays a key role in cellular oxygen sensing by binding hydroxylated
hypoxia-inducible factor-o. (HIFa), marking it for degradation. Loss-of-function mutations in VHL
prevent this process, causing HIFa accumulation and persistent activation of hypoxia response
genes, even in normal oxygen conditions, thus encouraging blood vessel formation, cancer cells
proliferation and metastatic dissemination [19]. In 2019, a sequencing analysis of ccRCC tumor
samples from an institutional database revealed improved progression-free survival (PFS) in VHL-
mutated patients treated with first line TKIs, suggesting a favorable response to targeted therapy
[20]. On the other hand, VHL mutations did not reliably predict responses to immunotherapy in
retrospective analyses of mRCC patients treated with later-line nivolumab [21, 22]. While studies

regarding the prognostic role of VHL mutations in mRCC are conflicting [14], only few inconsistent



data exist on the efficacy of this gene alteration as predictor of response to ICI/TKI combinations
[23, 24].

PBRM1 encodes the BRG1-associated factor (BAF180), which acts as a subunit of the SWI/SNF-
chromatin remodeling complex, also being the second most frequently mutated gene in ccRCC
(with a mutational frequency of about 20-40%) [16]. Inactivating mutations of PBRM1 were shown
to have a favorable prognostic role among mRCC patients treated with TKIs [25], while several
studies suggest promising potential for using PBRM1 status as a biomarker for predicting response
to IClIs [22, 26, 27]. Nonetheless, the current results do not support the use of this mutation as a
validated marker for immune-based combinations and more robust data is still awaited.

As well as PBRM1, SETD2, and BAP1 also work as epigenetic regulators [16]. BAP1 mutations
were shown to be related to poor prognosis in patients with localized and metastatic RCC [14]. No
evidence exists regarding a potential correlation between BAP1 mutations and response to
immunotherapy in mRCC, while BAP1-mutated patients have shown lower survival benefits with
TKIs compared to non-mutated patients [14, 28]. Notably, BAP1 and PBRM1 mutations are
mutually exclusive.

As for SETD2, this 3p-located gene encodes a H3 lysine 36 histone methyltransferases, involved in
several chromatin-regulated processes, and its role as a marker of poor prognosis is nhowadays well
established [29]. Interestingly, a 2021 study analyzed a pan-cancer cohort from The Cancer Genome
Atlas (TCGA) and found a significant correlation between SETD2 mutations and overall response
rates (ORR) in patients treated with ICls, suggesting SETD2 as a potential tissue-agnostic predictive
biomarker for immunotherapy [30]. Conversely, data regarding the potential role of SETD2 as a
predictor of response to targeted therapies is inconsistent and controversial [14, 29].

The available results on the efficacy of BAP1 or SETD2 mutations as predictive biomarkers for
mRCC patients treated with immune-based combinations are limited and primarily derived from
phase III pivotal studies’ biomarkers analyses, which remain inconclusive [14, 23, 24].
Consequently, ongoing research aims to obtain more robust evidence on this topic.

Recently, a hypothesis-generating exploratory analysis conducted on a small cohort of mRCC
patients treated with ICI/ICI or ICI/TKI combinations from our Center showed a possible negative
prognostic role of SETD2 mutations in this setting, also highlighting that concomitant VHL and
PBRM1 alterations could act as a predictor for ICI/TKI efficacy [31].

The aim of this retrospective study is to evaluate tissue-based biomarkers that may be associated
with prognosis or may predict a response to available first line systemic therapy, focusing on

chromosome 3p gene mutations.



2. Materials and methods

2.1 Patients selection

This is a single-center retrospective analysis that included patients with mRCC candidate to receive
an ICl-based combination (both ICI/ICI and ICI/TKI) or a single agent TKI as a first line of
treatment from 2014 to 2024.Eligible patients had the following features: age of 18 years or older;
histologically confirmed diagnosis of RCC (both ccRCC and nccRCC); available formalin-fixed
paraffin-embedded (FFPE) tissue sample from primary or metastatic lesions; eligible to receive an
ICI-based combination or a targeted therapy for advanced or metastatic disease. TNM staging was
assessed based on the American Joint Committee on Cancer (AJCC) VIII edition and staging was
defined at the diagnosis.

Patients’ clinical data was gathered from electronic medical records, including baseline
demographic, clinical, and disease characteristics such as: age at diagnosis, gender, history of
nephrectomy prior to systemic therapy, presence of sarcomatoid and/or rhabdoid features in
histopathology, and IMDC risk score. Patients were divided into two groups based on the type of
received first line treatment: immune-based combination vs single agent TKI.

This study was approved by local IRB (Comitato Etico Indipendente, IRCCS Azienda Ospedaliero-
Universitaria di Bologna, protocol code: PRIORI, 321/2019/Sper/AOUBO0) and was conducted in
accordance with the principles of the Declaration of Helsinki.

2.2 Next-generation sequencing analysis

DNA from FFPE (formalin-fixed and paraffin-embedded) specimens was extracted starting from 2
to 3 unstained sections 10 pm-thick. Consequently, a Next Generation Sequencing (NGS) analysis
was performed using a multigene panel (Oncomine Tumor-Specific Panel: Oncomine Kidney Panel,
Thermo Fisher Scientific, Waltham, MA, USA) that allows amplifying a total of 841 amplicons
(54.93 kb, human reference sequence hgl9/GRCh37) in the coding sequences (CDS) of the
following genes: ATM, BAP1, KDM5C, MET, MTOR, NF2, PBRM1, PIK3CA, PTEN, SETD2,
SMARCB1, TP53, TSC1, TSC2, VHL. Sequencing was performed using the Gene Studio S5 Prime
machine (Thermo Fisher Scientific), and data analysis was developed using the lonReporter tool
(version 5.20, Thermo Fisher Scientific) and the Golden Helix Genome Browser

(https://www.goldenhelix.com/products/GenomeBrowse/index.html).

On the basis on previously reported publications [32], only variants present in at least 5% of the

total number of reads were considered for the mutational call. The Varsome tool
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(https://varsome.com/, last access July 2024) [33] was used to evaluate the pathogenicity of each

variant.

2.3 Statistical analysis

OS was the first co-primary endpoint of this analysis and was defined as the time from first line of
therapy start to death by any cause. The other co-primary endpoint is PFS, defined as the time from
the first dose of systemic treatment to progression or death by any cause, whichever came first.
Response assessment was evaluated according to Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 criteria based on radiographic reports. Median follow-up was calculated with the
reverse Kaplan-Meier method [34]. OS and PFS were estimated using the Kaplan-Meier method
and were reported in months (95% confidence interval - Cl). Comparisons between results were
assessed using the log-rank method. We conducted various separate OS analyses: in the overall
population, in patients with VHL gene mutation vs VHL wild-type, in patients with PBRM1 gene
mutation vs PBRM1 wild-type, and in patients with SETD2 gene mutation or SETD2 wild-type. The
same analyses were conducted for PFS data. We decided to focus on mutations in the VHL, PBRM1,
and SETD2 genes, as these are the most prevalent mutations in our patient population, as illustrated
below.

Categorical variables were reported as absolute numbers and percentages. Age dichotomized using
the median value as cut-off. Comparisons between proportions were assessed using chi-squared or
Fisher’s exact test, if needed. Distribution differences in the case of continuous variables were
evaluated with Wilcoxon-Mann-Whitney test. Box-plot were used to graphically represent
distributions of continuous variables.

Prognostic factors for OS and PFS were analyzed using univariate and multivariate analysis with
Cox proportional hazard models, Hazard Ratio (HR) and their 95% confidence intervals (95% CI).
Multivariate analysis was carried out using logistic regression with backward method and including
statistically significant or prognostically relevant variables at univariate analysis. Significance
levels were set at a value of p<0.05 and all p-values were 2-sided. The statistical analysis was
performed using IBM-SPSS Statistics version 22.

3. Results

3.1 Patients characteristics

We identified 60 patients with mRCC candidate to receive a first line systemic treatment based on

an ICV/ICI or ICI/TKI combination or a TKI monotherapy in our Center from November 2014 to



March 2024. A total of 38 out of the selected 60 patients had conclusive genomic profiling analyses
on the available tumor tissue samples (Fig. 1).

Main characteristics of patients involved in our retrospective study are reported in Table 1.

Focusing on the overall population, 26 patients were male (68%) and 12 female (32%). A similar
gender distribution is observed in subpopulations of patients with both VHL and PBRM1 mutations,
though not statistically significant. Conversely, SETD2 gene mutations show a significantly higher
incidence in males (100% of male patients; p = 0.012). As for histological features, most patients in
the overall population received a diagnosis of ccCRCC (95%, n=36), with only 2 patients affected by
a non-clear cell histology (5%). In more detail, the 2 nccRCC patients were a pRCC and a chRCC,
and both received a TKI monotherapy. Furthermore, 100% of patients carrying an alteration of
VHL, PBRM1, SETD2 and BAP1 were affected by ccRCC. Although not statistically significant, the
absence of sarcomatoid dedifferentiation and rhabdoid features was observed in the majority of
patients, both in the overall population and among those selected for individual 3p mutations.

In the overall population, more than twice as many patients were non-metastatic at the diagnosis
(63% vs 37%), a trend also reflected in patients with VHL and PBRM1 mutations (p = 0.859 in both
cases). Among SETD2-mutated patients, 50% were metastatic ab initio, while the other 50% were
non-metastatic at the diagnosis (p = 0.315). Moreover, both patients with BAP1 mutations were
non-metastatic at the time of diagnosis (p = 0.057).

Table 1 also shows the different frequencies of lung, bone, liver, lymph node, cerebral and
pancreatic metastases in both the overall population and among patients selected for 3p mutations.
The most common sites of metastases were lymph nodes (63%) and lung (47%) followed by bone
(26%) and liver (26%). No substantial differences in the subpopulations selected for 3p mutations.
Of note, presence or absence of liver metastases were equally distributed in patients selected for
SETD2 mutations (50% vs 50%, p = 0.048).

Regarding the IMDC risk stratification, many of the included patients were reported as
intermediate-risk at the diagnosis (n=22, 58%), while 13 patients were favorable-risk (34%) and 3
were poor-risk (8%). Among VHL-mutated patients, the majority were categorized as favorable-risk
at the diagnosis (n=8, 47%), whereas 6 patients were intermediate-risk (35%) and 3 patients were
poor-risk (18%) (p = 0.019). Most of the patients selected for PBRML1 (p = 0.440) and SETD2 (p =
0.837) alterations are classified as intermediate-risk, with fewer in the favorable- and poor-risk
groups. In contrast, both patients with BAP1 mutations are categorized as IMDC intermediate-risk
(p = 0.464). The Eastern Cooperative Oncology Group Performance Status (ECOG PS) at the
moment of the first line treatment start was O (fully active) in about 70% of patients in the overall
population, but also in the VHL-mutated (p = 0.663) and PBRM1-mutated (p = 0.214) patients. 90%



of SETD2-mutated patients were defined as ECOG PS 0 at the start of systemic therapies (p =
0.296). Furthermore, all the patients with BAP1 gene alterations were characterized by an ECOG PS
1 (p = 0.006).

As for the type of first line therapies, the majority of patients in the overall population underwent an
ICI-based treatment: while 28 patients were treated with an immune-based combination (74%), the
remaining 10 patients were treated with a TKI monotherapy (26%). Similar results were highlighted
for patients carrying a VHL, PBRM1 and SETD2 mutation. The two BAP1-mutated patients
underwent an ICI/TKI combination. Table 2 shows what type of ICI-based combination or TKI
monotherapy has been used in our patient sample. Table Al (Supplementary Materials) shows
subsequent therapies.

Over 70% of patients, both in the general population and in subpopulations with VHL, PBRM1, and
SETD2 mutations, achieved a good disease control (DCR), with partial response (PR) being the
most common best response to systemic treatment. Primary refractories were most frequently
characterized by a SETD2 gene alterations (30%), followed by PBRM1 (17%) and VHL (12%)
mutations. On the other hand, one out of the 2 BAP1-mutated patients achieved a stable disease
(SD) as the best response to therapy, while the remaining one was a primary refractory.

Nonetheless, due to the limited sample size of patients treated with TKI monotherapy, robust
statistical comparisons between responses to immunotherapy combinations and TKIs, either in the
overall cohort or in those patients selected for 3p mutations, are not feasible. Consequently, it
remains unclear whether mutations in VHL, PBRM1, SETD2, or BAP1 could serve as predictive

biomarkers for treatment response or resistance to immunotherapy or targeted therapy.

3.2 Mutational status

We assessed FFPE tumor samples from 38 patients treated at our Centre, with tissue samples
deemed suitable for genomic profiling. Mutations in the following genes were found in tumor
tissues from the patients included in our final analysis: ATM, BAP1, KDM5C, MET, MTOR, NF2,
PBRM1, PTEN, SETD2, SMARCB1, TP53, TSC2, and VHL (Fig.Al, Supplementary Materials).
Among these 38 cases, the most common gene alteration involved VHL (45% of samples; n=17),
PBRML1 (42%; n=16) and SETD2 (26%; n=10). In more detail, the reported VHL gene mutations
were characterized by a known pathogenic effect (PAT) in all the 17 cases. As for PBRM1
mutations, whereas 15 out of 16 tumors carried a PAT mutation, the remaining sample was
characterized by a variant of uncertain significance (VUS) mutation. Lastly, 9 out of 10 (90%) cases
carried a PAT alteration of SETD2 gene, and the remaining sample carried a VUS alteration of the
same gene. Less frequent gene alterations involved ATM (23.7%, n=9), MTOR (16%, n=6), PTEN



(10.5%, n=4). BAP1 mutations were detected in only 2 samples from our cohort (5%; 1 PAT
mutation and 1 VUS mutation). In summary, 30 out of 38 specimens (78.9%) had a PAT gene
mutation, while 5 out of 38 (13.2%) were carriers of a VUS alteration. The remaining 3 samples
were wild-type (7.9%).

22 out of 38 patients (58%) carried concomitant mutations of genes investigated in our multigene
panel (Table A2, Supplementary Materials). Among these, 9 patients (23.7%) were characterized by
a co-mutation of VHL and PBRM1 genes, thus confirmed as the most frequent concomitant
mutations in our samples. Furthermore, 2 out of these latter 9 VHL+PBRM1 co-mutated specimens
also carried a collateral SETD2 alteration: 1 sample had a SETD2 VUS variant, while 1 harbored a
PAT mutation. Of note, 1 specimen had a concomitant mutation of PBRM1 and BAP1 genes, which
are usually considered mutually exclusive.

Genomic profiling was performed on both primary tumor tissue and metastatic biopsy tissue in 10
patients (8 treated with ICI-based combinations and 2 with TKIs), as both sample types were
available and suitable for analyses. In patients where both primary and metastatic tumor tissue
samples were analyzed, the molecular profiles were found to be fully comparable.

3.3 Survival analysis in the overall population

Median follow-up was 33.0 months (28.0-37.0 months). In the overall population (n = 38), the
median OS (mOS) was not reached (NR; 95% CI: NR-NR). Table A3 (Supplementary Materials)
highlights the impact of various clinical and pathological features on OS in the analyzed patients’
sample, though many differences were not statistically significant.

Firstly, the presence or absence of sarcomatoid and rhabdoid features did not significantly affect
survival (p = 0.193 and p = 0.722, respectively), with both groups not achieving any mOS. A
significant survival difference was found based on tumor grade (p = 0.025), with patients having G4
tumors showing a shorter mOS (5.1 months) compared to G3 (NR) and G2 patients (6.4 months).
Patients who were metastatic ab initio had a mOS of 44.2 months, but the difference compared to
non-metastatic patients (mOS NR) was not statistically significant (p = 0.902). No significant OS
differences were observed between patients who had undergone cytoreductive nephrectomy and
those who had not (p = 0.368), as well as in patients with pulmonary metastases (p = 0.786), bone
metastases (p = 0.742), liver metastases (p = 0.349), or pancreatic metastases (p = 0.340).
Nonetheless, the presence of brain metastases was associated with significantly worse OS (5.1
months vs NR; p = 0.001) (Fig.2). Although not statistically significant (p = 0.100), patients with

only one metastatic site tend toward a longer mOS when compared with patients with more than



three sites (44 vs 18 months). Notably, a significant survival difference was highlighted based on
ECOG status (p = 0.001) (Fig. 2).

VHL and SETD2 mutations did not significantly affect OS in our analysis (Fig. A2, Supplementary
Materials). On the other hand, PBRM1-mutated patients had a slightly better mOS (19.2 vs 14.1
months), even though not significant (p = 0.845) (Fig. A2, Supplementary Materials). In contrast,
BAP1 mutations appeared to be significantly related to a worse OS (4.9 months vs NR in wild-type
patients; p = 0.025).

Regarding the PFS data, the median PFS (mPFS) in the overall population was 14.10 months (95%
Cl: 7.61-20.58). Among the many features investigated (Table A4, Supplementary Materials), tumor
grading showed significant differences in mPFS (p = 0.038), with Gx and G3 patients having a
longer PFS (23.5 and 19.2 months, respectively) than G4 patients (2.9 months). Notably, G2
patients were also characterized by a lower mPFS (4.0 months). No statistically significant
differences in terms of PFS benefit were found in the overall population based on rhabdoid features
(p = 0.751), metastatic stage at the diagnosis (p = 0.476), and in whom received a cytoreductive
nephrectomy (p = 0.150).

Whereas the presence of lung and bone metastases did not significantly affect PFS (p = 0.664 and p
= 0.932, respectively), liver metastases were related to worse PFS with a borderline significancy
(4.5 vs 18.9 months; p = 0.077). Brain involvement at the diagnosis also tended toward shorter PFS,
although the result was not significant (2.9 vs 19.2 months; p = 0.144).

The ECOG PS was confirmed as a meaningful prognostic factor, being strongly associated with
PFS (22.3 months in ECOG PS 0 patients vs 1.0 month in ECOG PS 1 patients; p = 0.008) (Fig. 3).
Even though a trend of poorer mPFS may be shown with increasing risk category (favorable-risk:
22.3 months vs intermediate-risk: 14.1 months vs poor-risk: 7.6 months), IMDC risk score did not
significantly impact on PFS (p = 0.932). First line therapy (ICl-based combinations vs TKIs) did not
show a significant difference in PFS (p = 0.243), with a mPFS of 14.1 months in both groups.

As for chromosome 3p gene alterations, the mutational status for VHL, PBRM1, and SETD2 genes
did not appear to be related to significant differences in mPFS (p = 0.587, p = 0.681, and p = 0.662,
respectively), with a slight trend toward better PFS in mutated patients (Fig. A2, Supplementary
Materials). Conversely, BAP1-mutated patients tended to have worse mPFS (1.0 vs 18.9 months, p

= 0.156), even though the above-mentioned limitations of this subgroup remain valid.

3.4 Survival analysis in patients selected for chromosome 3p genes mutations

3.4.1 VHL-mutated vs wild-type patients



VHL gene mutations were shown to not significantly affect OS across the analyzed subgroups. As a
matter of fact, no significant differences in terms of mOS were reported between VHL-mutated and
wild-type patients considering many variables, such as sarcomatoid and rhabdoid dedifferentiation
(p = 0.899 and 0.786 respectively), tumor grading (p not available), metastatic stage at the diagnosis
(p = 0.583), cytoreductive nephrectomy (p = 0.565). Median OS tended to be shorter in VHL-
mutated patients with liver and brain metastases (0.5 months in both cases) than in wild-type
patients with the same metastatic sites (18.7 and 5.1 months, respectively), although data is not
statistically significant (p = 0.995 and 0.952 respectively). As for the number of metastatic sites,
mOS for VHL-mutated patients was NR across categories, while wild-type patients showed a
variation with 44.0 months for 1 site and 18.0 months for >3 sites (p = 0.671).

Regarding first line systemic therapy, mOS was NR for both mutated and wild-type groups, except
for wild-type patients treated with ICI-based combinations (18.7 months) (p = 0.657) (Fig. 4).
Similarly, VHL-mutated mRCC patients showed no statistically significant differences in PFS
across most subgroups when compared to wild-type patients in our sample (Table A4,
Supplementary Materials). However, a trend toward higher mPFS values may be seen in the VHL-
mutated group, particularly in patients without lung metastases (67.2 months in mutated vs 4.5
months in wild-type patients, p = 0.518). This trend was also observed when considering the
number of metastatic sites at the diagnosis (p = 0.280), the ECOG PS (p = 0.297) and the IMDC
risk category (p-value not available). Nevertheless, all the above-mentioned results were not
statistically significant. Although not statistically significant (p = 0.500), there was a positive trend
in mPFS for VHL-mutated patients compared to wild-type patients receiving a first line immune-
based combination therapy (22.3 vs 14.1 months), while mPFS remained similar between mutated
and wild-type patients treated with TKI monotherapy (14.1 vs 14.1 months) (Fig. A3,
Supplementary Materials).

Lastly, the concomitant presence of a VHL gene mutation and a PBRM1 or a SETD2 gene mutation
appeared to relate to a higher mPFS (22.3 vs 14.1 months for VHL+PBRM1-mutated patients; NR
vs 14.1 months for VHL+SETD2-mutated patients). Conversely, a shorter mPFS may be highlighted
in those patients (both VHL-mutated or wild-type) when a concomitant BAP1 gene mutation is
reported. Notably, all these latter results were not statistically significant (p-values of 0.554, 0.443,

and not available, respectively).

3.4.2 PBRM1-mutated vs wild-type patients



Similarly to VHL gene, the presence of PBRM1 gene mutations did not appear to significantly
impact on OS and PFS in our patients’ sample across the many subgroups (Table A3 and Table A4,
Supplementary Materials).

As for OS, no differences in outcomes were detected between PBRM1-mutated and wild-type
patients considering many variables, among which sarcomatoid (p = 0.679) and rhabdoid (p =
0.795) dedifferentations, tumor grading (p = 0.527), metastatic stage at the diagnosis (p = 0.797),
along with different metastatic sites and number of sites (Table A3, Supplementary Materials).
PBRM1-mutated patients categorized as ECOG PS 1 were characterized by a quantitatively longer
mPFS when compared to ECOG PS 1 wild-type patients (20.8 vs 4.3 months). However, this
difference was not statistically significant (p = 0.600). A tendency toward higher mPFS values in
patients with PBRM1 mutations compared to wild-type is apparent when considering the IMDC risk
score, even when accounting for differences across the various risk categories. A statistical
significance may not be highlighted (p = 0.653). Moreover, no significant difference in survival
outcomes was discovered based on the type of first line therapy (p = 0.768) or concomitant gene
mutations (Fig. 4).

No different results regarding PFS data in PBRMI1-mutated subpopulation (Table A4,
Supplementary Materials). Even though there was no statistically significant difference, a
quantitatively higher mPFS may be observed in PBRM1-mutated vs wild-type patients who have
not pulmonary (85.0 vs 18.9 months) or liver metastases (23.5 vs 14.1 months) (p = 0.461 and p =
0.961, respectively). Furthermore, there was a positive trend for mPFS in PBRM1-mutated vs wild-
type patients based on the number of metastatic sites, ECOG PS, and IMDC risk classes, although
differences were not significant (Table A4, Supplementary Materials).

Despite the absence of statistical significance (p = 0.492) and the small sample size of patients
treated with TKI monotherapy in this subgroup (n=3), a positive trend favoring higher PFS in
PBRM1-mutated patients compared to wild-type (36.2 vs 14.1 months) was noticeable (Fig. A3,
Supplementary Materials). This difference was not observed in patients receiving ICI-combination
therapies (14.1 vs 14.1 months).

Higher mPFS values may be highlighted among patients with concomitant PBRM1 gene mutations
with VHL or SETD2 (22.3 and 19.2 months respectively), while a particularly unfavorable mPFS
value was evident in the individual patient with PBRM1+BAP1 mutations (1.0 month, Table A4).
There was no statistical significance of these latter results (p-values of 0.831, 0.586, and 0.733
respectively), and it must be noticed that the interpretation of the data is limited by the small

number of samples.



3.4.3 SETD2-mutated vs wild-type patients

As previously reported with the other 3p genes, SETD2 gene mutations were not shown to
significantly impact on OS and PFS in our population across the many subgroups (Table A3 and
Table A4, Supplementary Materials).

Nonetheless, the mOS values appeared to be lower in SETD2-mutated patients than in wild-type
patients, especially considering the number of metastatic sites, the ECOG PS and the IMDC risk
classes (Table A3, Supplementary Materials). In particular, a meaningful negative impact on OS
was shown in SETD2-mutated patients if compared to wild-type patients categorized as ECOG PS 1
(0.5 vs 14.1 months) or IMDC poor-risk (0.5 vs 7.6 months), although there were no statistically
significant differences between subgroups (p = 0.897 and p = 0.630, respectively). Furthermore, a
mOS of 19.2 months was highlighted in SETD2-mutated patients vs 14.1 months in wild-type
patients treated with first line ICI-based therapy (Fig. 4), while no difference in terms of mOS was
detected between mutated and wild-type patients treated with single-agent TKI (14.1 vs 14.1
months) (p = 0.616).

As shown in Table A4 (Supplementary Materials), the results for PFS confirm what was reported
above for SETD2-mutated patients regarding OS data. However, the analysis did not reveal
statistically significant differences in terms of PFS between SETD2-mutated and wild-type patients

across various clinical and pathological factors (Fig. A3, Supplementary Materials).

3.5 Univariate and Multivariate Analysis

In the overall population, risk factors significantly associated with worse OS and PFS at univariate
and multivariate analyses were characterized by a HR > 1 (Table 3 and Table 4). Risk factors related
to worse OS in our study were represented by the presence of brain metastases (HR for the absence
of brain metastasis was 0.17, 95% CI: 0.05-0.53; p = 0.002), more than 3 metastatic sites at the
diagnosis (HR 2.56, 95% CI: 0.63-10.3; p = 0.003), and ECOG PS 1 at the diagnosis (HR for
ECOG PS 0 at the diagnosis was 0.20, 95% CI: 0.06-0.58; p = 0.003). On the other hand, no
statistical difference was found according to the presence of sarcomatoid or rhabdoid features, the
presence of lung, bone, liver, pancreatic and lymph node metastases, the IMDC risk class, the
presence of VHL mutations, PBRM1 mutationsand SETD2 mutations (Table 3). Notably, the
presence of BAP1 mutations appeared to negatively impact on OS with a statistically significant
difference (p = 0.043), even though the number of BAP1-mutated patients in our sample is very
limited (n=2).

With regard to PFS, the univariate analysis showed that the only risk factor significantly related to a
shorter PFS was ECOG PS 1 (HR for ECOG PS 0 at the diagnosis was 0.31, 95% CI: 0.12-0.78; p =



0.013). Conversely, the presence of sarcomatoid dedifferentiation appeared to be significantly
related to a better PFS (HR 0.36, 95% CI: 0.13-0.98; p = 0.047) (Table 4).

Multivariate analysis for OS showed that ECOG PS 1 at diagnosis (HR for ECOG PS 0 at the
diagnosis was 0.13, 95% CI: 0.04-0.44; p = 0.001), and the presence of brain metastases (HR for the
absence of brain metastases was 0.11, 95% CI: 0.03-0.39; p = 0.001) were independently associated
with a higher risk of death in the overall population (Table 3).

Furthermore, multivariate analysis for PFS showed that only the ECOG PS 1 reached the statistical
significance as a potential independent prognostic marker in our sample (HR for ECOG PS 0 at the
diagnosis was0.11, 95% CI: 0.03-0.45; p = 0.002). The presence of liver impairment at the
diagnosis appeared to negatively impact on PFS in mRCC patients, even not achieving statistical
significance (HR 1.05, 95% CI: 0.32-3.41; p = 0.934). Univariate and multivariate for variable
associated with OS and PFS are reported in Table3 and Table 4 respectively.

As for systemic treatment response rates, no statistically significant difference may be detected in
the overall population according to VHL, PBRM1 and SETD2 mutational status regardless of the
administer first line therapy (Fig. A4, Supplementary Materials). However, a trend toward a better
therapeutic response may be highlighted in VHL- and PBRM1-mutated patients (Fig. A4,
Supplementary Materials).

Moreover, there were no remarkable differences in the subgroup of patients receiving a firstline
immune-based combination therapy (Fig. 5). Although statistical significance was not achieved, a
trend toward a better response to immunotherapy-based regimens was seen in patients with VHL
and PBRM1 mutations (Fig. 5).

4. Discussion

Metastatic RCC remains a major global health concern, with increasing incidence and high
mortality rates. While the introduction of immune-based combinations has transformed the
treatment landscape of this disease, patient responses to these therapies remain highly variable.
Accordingly, identifying features responsible for RCC aggressiveness is essential to enhance our
understanding of its onset, persistence, and progression along with the development of prognostic
and predictive biomarkers to validate for the everyday clinical practice. Mutations in individual
genes, particularly those pivotal to the development of kidney cancer, have long been a focal point
in biomarker research.

In this retrospective study, we performed an NGS analysis using a multigene panel in order to
investigate the mutational status of the genes ATM, BAP1, KDM5C, MET, MTOR, NF2, PBRM1,



PIK3CA, PTEN, SETD2, SMARCB1, TP53, TSC1, TSC2, VHL in a real-world population of 38
patients with mRCC treated with a first line immune-based combination therapy or a single-agent
TKI, in our Center. The aim of this genomic analysis was to highlight the potential impact of
chromosome 3p genes’ mutations (focusing on VHL, PBRM1 and SETD2, which are the most
common gatekeeper genes in ccRCC oncogenesis) on survival outcomes to identify prognostic and
predictive biomarkers for mRCC in the current immunotherapy era.

First of all, the prevalence of key genomic alterations identified in our study, such as mutations in
VHL, PBRML1, and SETD2, is closely aligned with the frequencies reported in larger mMRCC patient
cohorts [25, 27, 35]. In contrast, BAP1 gene mutations were identified in just 2 of the 38 patients in
our study, whereas the prevalence of these mutations has been reported to be higher in other
datasets [35].

Our study suggested that tumor grade, brain metastases, ECOG PS, and BAP1 mutations have a
more pronounced impact on OS, with ECOG PS 1 and brain involvement at the diagnosis as
independent risk factors for a significantly worse mOS, while other clinical and pathological factors
(such as sarcomatoid and rhabdoid dedifferentiation, IMDC risk class, etc.) and 3p gene mutations
(VHL, PBRM1 and SETD2) do not appear to significantly influence OS in our real-world cohort.
Similar findings were observed for PFS data, with ECOG PS 1 emerging as the only independent
prognostic factor in the overall population. These results confirm the pivotal role of ECOG PS as a
prognostic marker in RCC as well as in other several malignancies [36]. In the same way, our data
proves that the development of brain metastases is a poor prognosis’ indicator in kidney cancer [37].
The prognostic value of sarcomatoid dedifferentiation in our patient cohort is intriguing. In more
detail, patients with sarcomatoid dedifferentiation appeared to have a significantly better PFS at
univariate analysis, but this latter finding contrasts with the traditionally poor prognosis associated
with mRCC patients exhibiting a sarcomatoid component [2, 14]. Notably, most of the patients in
our study were treated with immune-based combinations, and it is well-established that sarcomatoid
features are associated with an improved response to immunotherapy in kidney cancer [14].
Consequently, our findings may reflect the strong efficacy of ICIls in mRCC patients with
sarcomatoid dedifferentiation.

Focusing on chromosome 3p genes’ alterations, our results did not reveal statistically significant
differences in survival outcomes related to the various single-gene mutations analyzed. However,
some insights from our findings warrant further attention. Patients harboring mutations in VHL or
PBRM1 genes tended to exhibit longer mOS and mPFS values if compared to their wild-type
counterparts, regardless of other variables in the overall population. These findings support the

positive prognostic value of these 3p mutations in mRCC, particularly in the current immune-based



combinations’ era. Many studies have so far highlighted the potential positive impact of PBRM1
mutations on survival outcomes in patients treated with TKI monotherapy or ICls in a post-TKI
setting [20, 22, 26], whereas data regarding the prognostic role of PBRM1 alterations in patients
who underwent an ICl-based combinations were limited [14]. On the other hand, the prognostic role
of VHL mutations is somewhat conflicting. Historically, VHL mutations were not considered strong
prognostic markers in RCC, even if more recent studies have begun to suggest a more favorable
prognostic role for these mutations in the immunotherapy era [14]. In more details, VHL mutations
were shown to be likely related to longer OS and PFS compared to wild-type patients, suggesting a
more favorable disease course when treated with ICI-based therapies [38]. Of note, a tendency
towards slightly higher mPFS values may be shown in VHL-mutated patients treated with ICl-based
regimens compared to wild-type patients, a difference not observed in those receiving TKI
monotherapy. Conversely, PBRM1-mutated patients treated with TKI tended to show a slight PFS
advantage over wild-type patients, which was not seen in patients treated with ICIs. However, none
of these findings reached statistical significance. Nonetheless, this latter data appeared to be in line
with results from the COMPARZ trial’s biomarker analysis, in which patients with enriched PBRM1
mutations resulted to be associated with a high angiogenic cluster, being also characterized by a
stronger clinical benefit obtained with single-agent TKIls [39].

Furthermore, SETD2 gene alterations are usually related to high-grade transformation of ccRCC
[16], thus outlining a more aggressive disease and relating to a poorer prognosis [29]. In our
analysis, the presence of SETD2 mutations appeared to have a trend toward shorter OS and PFS
values, confirming the well-known previous findings [14, 29], even though no statistically
significant differences may be highlighted. Moreover, OS appeared to be slightly improved in
SETD2-mutated patients treated with first line 1CI-based combinations when compared to wild-type
patients (difference not evident among patients treated with TKIs), thus posing the question that this
gene mutation may act as a potential predictive biomarker of response to immunotherapy as
suggested by the pan-cancer analysis of Lu et al. [30]. The findings on the prognostic role of VHL,
PBRM1, and SETD2 mutations in our cohort align with those of a previous hypothesis-generating
analysis conducted on metastatic ccCRCC patients treated with first-line immune-based combinations
at our Center [31], highlighting the need for further validation of these biomarkers in this setting to
confirm their prognostic value and potential clinical utility.

It is important to note that the small sample size, and particularly the limited number of patients
treated with TKIs in our cohort, prevents a robust statistical analysis to accurately determine the

role of these chromosome 3p mutations as predictors of response to immunotherapy or targeted



therapy. Accordingly, a broader and prospective analysis is needed to confirm the previous reported
data.

Despite the limited number of mutated patients in the analyzed cohort, our study reinforces the role
of BAP1 gene mutations as a biomarker of poorer prognosis in mRCC, showing statistically
significant differences in both OS and PFS data. As a matter of fact, BAP1-mutated RCCs appeared
to be characterized by a more aggressive behavior, often being associated with high-grade tumors
and poor differentiation, with BAP1-mutated patients more commonly presenting with an advanced-
stage disease at the diagnosis compared to wild-type patients [40]. Several studies have so far
identified BAP1 mutations as an independent predictor of poorer survival outcomes, in contrast to
other gene mutations like PBRM1, which tends to be associated with more favorable outcomes in
RCC patients [41].

Our findings also suggest that the prognostic value of IMDC criteria should be revised in the current
era of ICl-based regimens, consistent with previously reported data in the literature [42].

The current study presents many limitations, among which the most important lying in its
retrospective nature. Another important limit is the small number of patients treated with a first line
TKI monotherapy, also due to the impossibility to perform an adequate genomic analysis on
biological material which was often found to be deteriorated. As previously reported, the small
number of patients treated with TKIs compared to those receiving an ICI-based combination (10 vs
28, respectively) did not allow an appropriate comparison of the clinical benefits achieved with first
line systemic treatments between the two groups and among subpopulations selected for 3p genes’
mutations. Another limitation of our study, as previously reported, is the small number of BAP1-
mutated patients (n=2) in our cohort, necessitating cautious interpretation of the prognostic data
associated with this gene mutation.

As already mentioned, our study did not reveal statistically significant differences concerning the
prognostic role of 3p gene mutations, likely due to the limited number of all the patients analyzed.
The insights discussed above are intended to guide further research, which we aim to pursue by
continuing patient enrollment in order to expand our dataset, also by including other Centers in the
patient selection process. In addition, achieving a better balance between the groups of patients
treated with immune-based combinations and those receiving TKIs will enable us to assess potential
predictors of treatment response or resistance among the genes analyzed in our multigene panel.
This will help to either validate or challenge the findings reported in the current literature [14, 22-
24].



5. Conclusion

In conclusion, in this study we investigated the prognostic role of VHL, PBRM1, and SETD2 gene
mutations in treatment-naive patients with mRCC who underwent immune-based combination
regimens or TKI monotherapies. While the ECOG PS and the presence of brain metastases at the
diagnosis were confirmed as independent markers of poorer prognosis in the overall population, no
significant difference in terms of impact on survival outcomes was reported for chromosome 3p
genes mutations. Nonetheless, some insights for future research on the prognostic significance of
the investigated gene mutations can be drawn from our results. VHL and PBRM1 gene mutations
appeared to be confirmed as positive prognostic factors for mRCC, while alterations in SETD2 gene
seemed to have a negative impact on the prognosis of patients from our cohort. Furthermore, BAP1
mutations are reaffirmed as a poor prognosis biomarker and are associated with a more biologically
aggressive disease, despite the small number of mutated patients in our analysis. The lack of
significant differences in survival outcomes between mutated and wild-type patients treated with
either first line ICI-based combinations or TKI monotherapy aligns with previous reports, where the
efficacy of ICI-containing regimens appeared unaffected by genomic alterations in mRCC patients.

However, further prospective, large-scale, and long-term studies are needed to confirm the above-

mentioned findings.
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Tables Caption:

Table 1. Patients’ characteristics and their frequencies in the current sample. Statistically significant
p-values are highlighted in bold in the table. Abbreviations: N/A, not available; 10, immunotherapy;
TKI, tyrosine-kinase inhibitors; IMDC, International Metastatic RCC Database Consortium;

ECOG PS, Eastern Cooperative Oncology Group Performance Status.

Table 2. Different types of first line systemic therapies which have been used by the patients
included in our study, both in the overall population and in those patients selected for chromosome
3p genes mutations. Abbreviations: Pembro/Axi, pembrolizumab plus axitinib; Nivo/Cabo,
nivolumab plus cabozantinib; Pembro/Lenva, pembrolizumab plus lenvatinib; Nivo/Ipi, nivolumab

plus ipilimumab.

Table 3. Univariate and multivariate Cox proportional hazard models for the risk of death of the
overall population. Significant p-values are highlighted in bold. Abbreviations: HR, hazard ratio;

95%Cl, 95% confidence interval; NSS: not statistically significant; ref: reference.

Table 4. Univariate and multivariate Cox proportional hazard models for the risk of progression or
death of the overall population. Significant p-values are highlighted in bold. Abbreviations: HR,

hazard ratio; 95%CI, 95% confidence interval; NSS: not statistically significant; ref: reference.

Figures Caption:

Fig. 1. Diagram of patients’ selection for inclusion in our study. Abbreviations: RCC, renal cell
carcinoma; ccRCC, clear cell renal cell carcinoma; nccRCC, non-clear cell renal cell carcinoma;
FFPE, formalin-fixed paraffin-embedded; 10-combos, immune-based combinations; TKI, tyrosine-

kianse inhibitors; NGS, next generation sequencing.

Fig.2. Kaplan-Meier estimates of overall survival according to brain metastases (a) and ECOG PS

0-1 (b) in the overall population.

Fig.3. Kaplan-Meier estimates of progression-free survival according to ECOG PS 0-1 (a) and

presence or absence of sarcomatoid dedifferentiation (b) in the overall population.



Fig.4. Kaplan-Meier estimates of overall survival among patients treated with first line immune-
based combinations or single-agent TKI according to VHL (a), PBRM1 (b) and SETD2 (c)
mutational status. Abbreviations: wt, wild-type; mut, mutated; 10 combo, immune-based

combinations; TKI, tyrosine-kinase inhibitor.

Fig.5. Box-plot comparing the different responses to first line immune-based combinations in our
patient sample, according to VHL (blue), PBRM1 (violet), SETD2 (green) and chromosome 3p

genes (yellow) mutational status. Abbreviations: mut, mutated; wt, wild-type.



Supplementary Materials:

Supplementary Tables
Table Al. Subsequent therapies in our patient sample. Abbrevations: Lenva/Eve, lenvatinib plus

everolimus.

Table A2. Concomitant mutations reported in our patients, focusing on the genes assessed in our
NGS Kidney Custom Panel. Boxes in red indicate a pathogenic mutation, whereas boxes in yellow
indicate a VUS mutation. Abbreviations: (L): copy number variation loss. The number “2” in
patient 9 and in patient 27 boxes indicates that two pathogenic mutations of the VHL and ATM

genes respectively have been reported on these patients’ tumor tissue samples.

Table A3. Median OS in the overall population and in patients selected for chromosome 3p gene
alterations. Statistically significant p-values are highlighted in bold. Abbreviations: mo, months;
NR, not reached; wt, wild-type; /, not available; 10-combo, immune-based combinations; TKI,

tyrosine-kinase inhibitor

Table A4. Median PFS in the overall population and in patients selected for chromosome 3p gene
alterations. Statistically significant p-values are highlighted in bold. Abbreviations: mo, months;
NR, not reached; wt, wild-type; /, not available; 10-combo, immune-based combinations; TKI,

tyrosine-kinase inhibitor.



Supplementary Figures
Fig. Al. Different mutational frequencies for each gene studied in our exploratory analysis.
Abbreviations: PAT, pathogenic mutation; LP, likely pathogenic mutation; VUS, variant of uncertain

significance.

Fig. A2. Kaplan-Meier estimates of overall survival according to VHL (a), PBRM1 (b) and SETD2
(c) mutational status, and progression-free survival according to VHL (d), PBRM1 (e) and SETD2

(F) status in the overall population. Abbreviations: wt, wild-type; mut, mutated

Fig. A3. Kaplan-Meier estimates of progression-free survival among patients treated with first line
immune-based combinations or single-agent TKI according to VHL (a), PBRM1 (b) and SETD2 (c)
mutational status. Abbreviations: wt, wild-type; mut, mutated; 10 combo, immune-based

combinations; TKI, tyrosine-kinase inhibitor.

Fig. A4. Box-plot comparing the different responses to systemic therapies in the overall population,
according to VHL (blue), PBRM1 (violet), SETD2 (green) and chromosome 3p genes (yellow)

mutational status. Abbreviations: mut, mutated; wt, wild-type.



