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SHOULD WE TREAT 
« ALL » THE METASTATIC 

PATIENTS ??? 



LIMITED DISEASE BURDEN AND 
ASYMPTOMATIC

• Close active surveillance !!!
• Initiation of systemic therapy at onset of new 

lesions, accelerated growth of existing lesions, or 
symptomatic disease
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Abstract

Background: The combination of immuno-oncology (IO) agents ipilimumab and nivolu-
mab (IPI-NIVO) and vascular endothelial growth factor targeted therapies (VEGF-TT)
combined with IO (IO-VEGF) are current standard of care first-line treatments for meta-
static renal cell carcinoma (mRCC).
Objective: To establish real-world clinical benchmarks for IO combination therapies
based on the International mRCC Database Consortium (IMDC) criteria.
Design, setting, and participants: Patients with mRCC who received first-line IPI-NIVO,
IO-VEGF, or VEGF-TT from 2002 to 2021 were identified using the IMDC database and
stratified according to IMDC risk groups.
Outcome measurements and statistical analysis: Overall survival (OS), time to next treat-
ment (TTNT), and treatment duration (TD) were calculated using the Kaplan-Meier
method and compared between IMDC risk groups within each treatment cohort by
the log-rank test. The overall response rate (ORR) was calculated by physician assess-
ment of the best overall response. The primary outcome was OS at 18 mo.
Results and limitations: In total, 728 patients received IPI-NIVO, 282 IO-VEGF, and 7163
VEGF-TT. The median follow-up times for patients remaining alive were 14.3 mo for IPI-
NIVO, 14.9 mo IO-VEGF, and 34.4 mo for VEGF-TT. OS at 18 mo for favorable, interme-
diate, and poor risk was, respectively, 90%, 78%, and 50% for those receiving IPI-NIVO;
93%, 83%, and 74% for IO-VEGF; and 84%, 64%, and 28% for VEGF-TT. ORRs in

https://doi.org/10.1016/j.eururo.2023.01.001
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Within the IO-VEGF cohort, 59 (21.0%) received avelu-
mab plus axitinib, 27 (9.6%) received nivolumab plus
cabozantinib, 127 (61.4%) received pembrolizumab plus
axitinib, and 23 (8.2%) received pembrolizumab plus lenva-
tinib. Within the VEGF-TT cohort, 1696 (23.7%) received
pazopanib and 5467 (76.3%) received sunitinib.

3.2. Clinical outcomes

The IMDC prognostic model stratified patients into three
statistically distinct prognostic groups based on OS, TD,
and TTNT within each treatment cohort (Figs. 1–3). The pri-
mary endpoints of OS at 18 mo for favorable, intermediate,
and poor risk were, respectively, 90%, 78%, and 50% for those
receiving IPI-NIVO (log-rank p < 0.0001); 93%, 83%, and 74%
for IO-VEGF (log-rank p = 0.0012); and 84%, 64%, and 28% for

VEGF-TT (log-rank p < 0.0001). The OS, TD, TTNT, and ORR
for IPI-NIVO and IO-VEGF are numerically higher than those
for VEGF-TT, which is to be expected and in keeping with
clinical trials (Tables 2 and 3). As the intermediate-risk
group was quite large and heterogeneous, we conducted
an exploratory subgroup analysis of intermediate-risk
patients and demonstrated a significant difference in OS
for those with one versus two IMDC factors for the IPI-
NIVO (log-rank p < 0.0001), IO-VEGF (log-rank p = 0.01),
and VEGF-TT (log-rank p < 0.0001) cohorts. In an explora-
tory analysis, we did not find any interaction between the
treatment cohort and IMDC prognostic categories.

ORRs in favorable-, intermediate-, and poor-risk groups
were 41.3%, 40.6%, and 33.0% for those receiving IPI-NIVO;
60.3%, 56.8%, and 40.9% for IO-VEGF; and 39.3%, 33.5%,
and 20.9% for VEGF-TT, respectively. ORR was significantly

Fig. 2 – Kaplan-Meier curves for treatment duration by IMDC favorable (blue), intermediate (red), and poor (black) risk for (A) IPI-NIVO (log-rank p = 0.0135),
(B) IO-VEGF (log-rank p = 0.0058), and (C) VEGF-TT (log-rank p < 0.0001). IPI-NIVO is not indicated in favorable risk and must be interpreted with caution.
IMDC = International Metastatic Renal Cell Carcinoma Database Consortium; IO-VEGF = immuno-oncology agent plus vascular endothelial growth factor
targeted therapy; IPI-NIVO = ipilimumab plus nivolumab; 1L = first line; VEGF-TT = vascular endothelial growth factor targeted therapy.

Fig. 1 – Kaplan-Meier curves for overall survival by IMDC favorable (blue), intermediate (red), and poor (black) risk for (A) IPI-NIVO (log-rank p < 0.0001), (B)
IO-VEGF (log-rank p = 0.0012), and (C) VEGF-TT (log-rank p < 0.0001). IPI-NIVO is not indicated in favorable risk and must be interpreted with caution.
IMDC = International Metastatic Renal Cell Carcinoma Database Consortium; IO-VEGF = immuno-oncology agent plus vascular endothelial growth factor
targeted therapy; IPI-NIVO = ipilimumab plus nivolumab; VEGF-TT = vascular endothelial growth factor targeted therapy.
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IMDC scores continue to predict clinical outcomes
in the era of ICI-based combinations

p<0.0001 p= 0.0012
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CheckMate 214: Study design

IMDC, International Metastatic RCC Database Consortium; KPS, Karnofsky performance status; Q2W, every 2 weeks; Q3W, every 3 weeks

Treatment until 
progression or 
unacceptable 

toxicity

• Treatment-naïve 
advanced or 
metastatic clear-cell 
RCC

• Measurable disease
• KPS ≥70%
• Tumor tissue 

available for PD-L1 
testing

TreatmentPatients

Randomize 1:1
Arm A

3 mg/kg nivolumab IV + 
1 mg/kg ipilimumab IV Q3W 

for four doses, then 
3 mg/kg nivolumab IV Q2W

Arm B
50 mg sunitinib orally once 

daily for 4 weeks 
(6-week cycles)

Stratified by 
• IMDC prognostic score 
(0 vs 1–2 vs 3–6)
•Region (US vs 
Canada/Europe vs 
Rest of World)

1096pts
• Coprimary end points =  OS, ORR, 

and PFS among patients with 
intermediate or poor prognostic risk

FAVO/INTERM./POOR = 23% / 61% / 17%

CHECKMATE 214 TRIAL mFU = 99 mths



OVERALL SURVIVAL (OS)

FAVORABLE INTERMEDIATE/POOR

HR = 0.82 (NS)

HR = 0.69



KEYNOTE-426 Study Design (NCT02853331)

861 pts mFU = 67 mths

FAVO/INTERM./POOR = 32% / 55% / 13%

KEYNOTE-426 TRIAL



FAVORABLE INTERMEDIATE/POOR

HR = 1.10 (NS)

HR = 0.76



651 pts

Ipsen External. This slide-deck is for reactive use only by medical representatives. These data may be reactively presented during scientific exchange meetings to respond to queries from HCPs/TLs.

Study Design

This update (Database lock, 27 May 2022) has a mFU (range) for OS in ITT pts of 44.0 (36.5–56.5) mo

Cabo 40 mg PO QD 
+ Nivo 240 mg IV Q2W 

SUN 50 mg PO QD, 
cycle of 4 weeks on/

2 weeks off

Treat until RECIST v1.1-defined 
progression or unacceptable 

toxicity†

R 
1:1

Stratification factors:
• IMDC risk score
• Tumor PD-L1 expression* 
• Geographic region

Primary endpoint:
• PFS per BICR 

(RECIST v1.1)

Secondary endpoints:
• OS
• ORR per BICR 

(RECIST v1.1) 
• Safety 

Patients (N=651)

• Previously untreated advanced or 
metastatic RCC 

• Clear cell component

• Any IMDC risk group

*Defined as the percent of positive tumor cell membrane staining in a minimum of 100 evaluable tumor cells per validated Dako PD-L1 IHC 28-8 pharmDx immunohistochemistry assay.
†Nivo dosing may not exceed a total of 2 years (from cycle 1); Cabo and SUN treatment may continue beyond 2 years in the absence of progression or unacceptable toxicity. 
Patients may be treated beyond progression.
BICR, blinded independent central review; Cabo, cabozantinib; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; IHC, immunohistochemistry; ITT, intention-to-treat; IV, intravenously; 
mo, months; mFU, median follow-up; Nivo, nivolumab; ORR, overall response rate; OS, overall survival; PD-L1, programmed death ligand 1; PFS, progression-free survival; PO, orally; Q2W, every 2 weeks; 
QD, once daily; R, randomization; RCC, renal cell carcinoma; RECIST, Response Evaluation Criteria in Solid Tumors; SUN, sunitinib
Choueiri TK, et al. N Engl J Med 2021;384:829–841.

FAVO/INTERM./POOR = 23% / 58 % / 19%

CHECKMATE-9ER TRIAL mFU= 55 mths



FAVORABLE

HR = 0.73

HR = 1.10 (NS)

INTERMEDIATE/POOR
OVERALL SURVIVAL (OS)



712 pts mFU= 49.8 mths

FAVO/INTERM./POOR = 32% / 59 % / 9%

CLEAR TRIAL



FAVORABLE
INTERMEDIATE/POOR

OVERALL SURVIVAL (OS)

HR = 0.94 (NS)

HR = 0.74



WHAT IS THE  
« BEST FIRST SHOT » ???



NO HEAD TO HEAD (PROSPECTIVE) DATA EXIST

Which combination is the best ?
IO + IO or IO + TKI

If an IO + TKI combination is the choice, 
which TKI is the best?

1

2



NOTHING

HEAD-TO-HEAD COMPARISONS

PROSPECTIVE DATA

RETROSPECTIVE DATA

Zarrabi et al., ASCO 2021, Abstract 4535

Chun Loo Gan et al., ASCO GU 2021, Abstract 276

NO STATISTICALLY 
DIFFERENCE

Wick-Gennigens et al., BSMO 2024 Abstract



Daniel Heng, Ipsen satellite 
symposium, ESMO 2023

Not all patients (35-58%) will receive
2L therapy, highlighting the importance
of choosing the best treatment first

2L THERAPY

35-58%



WHAT IS THE  
BEST CANDIDATE FOR IO+IO ???



1 Particularly relevant with sarcomatoïd 
component…
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sarcomatoid dedifferentiation found that markers of the hypoxia 
inducible factor pathway continue to be expressed after dedifferentia-
tion [36]. Finally, an early next-generation sequencing study of 21 
ccRCC tumors with sarcomatoid dedifferentiation demonstrated that the 
most frequently mutated genes were shared between the epithelial and 
sarcomatoid components and that TP53 alterations were more frequent 
in the sarcomatoid component [37]. These studies provide multiple lines 
of evidence that both the epithelial and sarcomatoid components arise 
from the same progenitor cell. Clear cell RCC with sarcomatoid dedif-
ferentiation EMT may be driven by transcription factors that alter 
expression of cell membrane proteins and cellular phenotype or by 
epigenetic regulatory alterations [10]. The clonal populations present in 
sarcomatoid dedifferentiation may present a challenge for development 
of novel therapies, and targeting EMT has proved difficult to date [38]. 

More recently, studies have employed multi-omic approaches to 
describe the molecular landscape of sarcomatoid dedifferentiation and 
the functional significance of some of these alterations. In a descriptive 
study of 26 patients with sarcomatoid dedifferentiation, alterations in 
TP53 (42.3%), CDKN2A (26.9%), and NF2 (19.2%) were more common 
than in ccRCC without dedifferentiation, and TP53 and NF2 alterations 
were mutually exclusive [39]. In a multi-omic analysis of 72 patients 
with sarcomatoid dedifferentiation from MDACC and The Cancer 
Genome Atlas (TCGA), sarcomatoid dedifferentiation clustered with its 
parent epithelial subtype and had a higher rate of mutations at PTEN, 
TP53, and RELN [40]. A study of 27 RCCs with sarcomatoid dediffer-
entiation described a similar landscape of alterations, but they noted 
recurrent mutations in the Hippo pathway, specifically NF2 and FAT1, 
an increase in downstream, nuclear transcription factors, YAP/TAZ, and 
the importance of YAP1 for cancer cell growth and invasion in an NF-2 
mutant pre-clinical model [41]. Finally, a multi-omic analysis of 135 
mRCC with sarcomatoid dedifferentiation found a lower incidence of 
angiogenesis pathway expression and PBRM1 alterations than ccRCC 

and increased cell cycle and inflammatory gene expression signatures 
[42]. 

Rhabdoid dedifferentiation is also thought to follow a clonal evolu-
tion from RCC epithelial cells, yet there is less research into the biologic 
basis for this evolution than what is available for sarcomatoid dedif-
ferentiation [3]. In 2 of 3 patients, the clear cell and rhabdoid compo-
nents shared the same VHL alterations, raising the possibility of clonal 
evolution [14]. In a separate study of 14 cases of RCC with rhabdoid 
dedifferentiation, p53 expression was positive in 10/14 of the rhabdoid 
components, but p53 was positive in only 5/14 of the clear cell regions, 
which suggest that TP53 may play a role in the rhabdoid dedifferenti-
ation process [13]. IHC studies have found that the dedifferentiated 
rhabdoid component is associated with loss of at least one or more 
subunits of the SWI/SNF chromatin remodeling complex in 65% of 
cases, whereas intact or reduced expression was noted in the epithelial 
component [43]. The SMARCA2 subunit is the most frequently lost 
(~31% of cases) either in isolation or concurrent to loss of other 
SWI/SNF subunits in the rhabdoid component. Loss of the SMARCB1 
subunit of SWI/SNF is a defining molecular characteristic of malignant 
rhabdoid tumors, a pediatric malignancy that morphologically is similar 
to the dedifferentiated rhabdoid components in RCC [44]. However, 
SMARCB1 loss is noted in the dedifferentiated rhabdoid component of 
RCCs in only ~12% of cases [43]. 

The first multi-omic analysis of rhabdoid RCC macrodissected the 
rhabdoid and clear cell epithelial components before performing so-
matic DNA next-generation sequencing (n = 12) and RNA-Seq (n = 8) 
[45]. The authors demonstrated that there is mutational heterogeneity 
between components after the truncal VHL alteration, yet the gene 
expression program remains stable across components and is distinct 
from ccRCC. A subsequent multi-omic analysis included rhabdoid 
dedifferentiation, yet this analysis grouped 208 patients with either 
sarcomatoid, rhabdoid, or both together for some analyses [46]. For the 

Fig. 1. Hematoxylin and eosin stain of clear cell renal cell carcinoma with sarcomatoid or rhabdoid dedifferentiation. A: Epithelial component of clear cell renal cell 
carcinoma. It is arranged as cohesive tumor cells with round to polygonal cytoplasmic outlines. B: Sarcomatoid component of clear cell renal cell carcinoma. It shows 
dyscohesive tumor cells with a spindled cytoplasmic configuration. C: Rhabdoid component of clear cell renal cell carcinoma. It shows dyscohesive tumor cells with 
eccentric, vesicular nuclei and globular eosinophilic inclusions. Scale bars: 60 μM. 

A.W. Hahn et al.                                                                                                                                                                                                                                



PBRM1 mutations were detected, indicating that probably other
gene alterations might be involved in the pathogenesis of ccrcc4
tumors.

Hypoxia pathways are not activated in ccrcc3 tumors and less
activated in ccrcc2 tumors than in resistant ccrcc1/ccrcc4 tumors
(Fig. 4B). Hypoxia is associated with tumor aggressiveness
through higher HIF levels and expression of genes involved in
tumor proliferation, vasculature, invasion, and metastatic spread
leading to a poor prognosis. Through the reduction and normal-
ization of blood vessels, anti-VEGF TT leads to better oxygen
delivery in the tumor. Thus, lowering hypoxia might be an
important part of the mechanism of action of anti-VEGF TT.
However, tumor hypoxia was recently assessed before the start
and after one month of sunitinib by a PET-CT scan with 18F-
fluoromisonidazole, which accumulates in hypoxic cells. Patients
with initially hypoxic targets had shorter PFS than patients with
nonhypoxic targets (36). Thus, the balance of neoangiogenesis
versus hypoxia could be a major trigger of response to anti-VEGF
TT (37).

In a first step, as we worked on a limited number of patients,
our findings should be validated in an independent patient
cohort. Once validated, this molecular subtyping of tumors
could probably help treatment personalization. Because
patients with ccrcc4 tumors have a short PFS under sunitinib
treatment, hypomethylating agents targeting epigenetic defects
(38) or immunomodulatory antibodies (39) should be pref-
erentially tested in this subgroup of patients (40). Moreover, as
even in the poor-prognosis ccrcc4 subgroup, 20% of the
patients experienced a PR, and as a placebo-treated subgroup

of patients is not available for comparison, our classification
does not permit us to preclude any subgroup of patients from
treatment with sunitinib. Further validation of these findings is
warranted in future clinical trials integrating molecular sub-
typing in their design.
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Table 2. Summary of the molecular subtype characteristics

Subgroup (frequency) ccrcc1 (33%) ccrcc2 (41%) ccrcc3 (11%) ccrcc4 (15%)
Outcome under sunitinib
Early PD 22.22% 2.78% 0.00% 26.67%
PR 40.74% 52.78% 70.00% 20.00%
Median OS (month) 24 35 50 14
Median PFS (month) 13 19 24 8
Clinical characteristics
IMDC
Good prognosis 6% 21% 18% 7%
Intermediate prognosis 69% 60% 64% 60%
Poor prognosis 25% 18% 18% 33%

MSKCC
Good prognosis 10% 24% 27% 0%
Intermediate prognosis 58% 50% 63% 93%
Poor prognosis 32% 26% 9% 7%

Molecular characteristics
Pathology characteristics
Mean inflammation intensity (scale 0–3) 1.3 1.2 0.8 2.2
Mean sarcomatoid differentiation (%) 7.5 3.7 1.7 24.6

Mutations
VHL 46.67% 62.50% 20.00% 20.00%
PBRM1 46.67% 37.50% 20.00% 0.00%

Upregulated pathways MYC targets Glycolysis Immunity
Glycolysis Hypoxia Apoptosis
Hypoxia Chemotaxis

MYC targets
Glycolysis
Hypoxia

MYC expression level þþ þ – þþ
Methylation status Hypermethylated þ Hypermethylated þþ
Polycomb stem-cell phenotype þþ – þþþ
Copy number amplification 2p12/2p22.3/8q21.13

Proposal for names MYC.UP Classical Normal like Immun.UP/MYC.UP

Transcriptomic Predictor of Sunitinib Response in RCC
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others have foundno associationbetween the presence or absence
of VHL alterations and prognosis or adverse clinical and patho-
logic features.

The ccrcc1/ccrcc4 subtypes, which were more closely linked
with nonresponders to sunitinib, shared common molecular
characteristics such as upregulation of MYC targets or a hyper-
methylated status strongly correlated with a polycomb stem-cell
phenotype.

However, ccrcc4 tumors showed specific pathologic features
such as a more inflammatory and sarcomatoid phenotype, an
upregulation of cellular immune pathways, and an omnipresent
8q21.13 amplification. These findings are consistent with several
publications showing the negative impact on outcome of an
elevated baseline C-reactive protein level, a marker of inflamma-
tion, and of the presence of sarcomatoid differentiation in m-
ccRCC treated with anti-VEGFR TT (28–31).

Inflammation is a double-edged sword in cancer immunology.
It can both fuel tumor cells growth and reinforce antitumor
immunity. Consistently with our observations, extensive infiltra-
tion of CD8þ T cells in pulmonary metastases in patients with m-
ccRCC was associated with a shorter OS (22). Nonetheless,
infiltrating CD8þ T cells are likely suppressed in this context, due

to regulatory cytokines (IL10, TGFB1) and T-cell immunosup-
pressive molecules [PD-L1 (CD274)] highly expressed in ccrcc4.
ccRCCs are extensively infiltrated with myeloid-derived suppres-
sor cells (32), which are likely to arise in a hypoxic environment
and participate to T-cell suppression. These cells, as well as
regulatory T cells, whose markers (FOXP3, IL10, and TGFb) are
also highly expressed in ccrcc4, have also been reported to allow
escape from sunitinib treatment (33, 34).

Integrative analyses of the different omic experiments sug-
gested a possible gradient of tumor progression in the following
order: normal samples/ccrcc3/ccrcc2/ccrcc1/ccrcc4. We observed
a metabolism switch with increasing deregulation along the
ordered subtypes; similar results are obtained for the polycomb
stem-cell phenotypes, the hypermethylated profile or the MYC
target activation (Supplementary Fig. S9). These features fit the
transcriptional and epigenetic sequential changes responsible for
cellular reprogramming leading to acquired pluripotency by
fibroblasts (35): apoptosis blockade, cell cycle activation, meta-
bolic switch, polycomb stem-cell phenotype with the involve-
ment of MYC in this cell reprogramming. Inversely, activation of
the immune pathway in ccrcc4 tumors seemed more linked to a
switch on/off than to a gradient. Similarly, in ccrcc4, few VHL/

Figure 4.
Clinical and molecular characteristics of the four clear cell RCC subgroups. A, barplot of the pathologic features and the incidence of VHL and PBRM1 mutations
associated with the four unsupervised subgroups (ccrcc1 to ccrcc4). Pathologic features were analyzed through microscopy on hematoxylin and eosin–stained
slides. Tumors were screened for VHL and PBRM1mutations using direct sequencing. Significant ANOVA or Fisher P values: " , P < 0.05; "" , P < 0.01. B, representation
of the mean expression level of differentially regulated pathways between the four subgroups. Pathways are sorted by the difference between the ccrcc4 subgroup
and the normal samples (NL). For a given pathway, samples are sorted by mean expression value. C, representation of the rate of upregulated genes within
hypomethylated genes (black) and of the rate of downregulated genes within hypermethylated genes (gray), for each pathway. Pathways are sorted by
the difference between the rates of up- and downregulated genes in the subgroup. D, barplot of the chromosomal aberrations identified by the GISTIC algorithm
and associated with the ccrcc4 subtype. Significant Fisher P values are denoted as """ , P < 0.001.

Beuselinck et al.

Clin Cancer Res; 21(6) March 15, 2015 Clinical Cancer Research1336

on December 19, 2021. © 2015 American Association for Cancer Research.clincancerres.aacrjournals.org Downloaded from 
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with disease control rate of 50% [71]. 
The gratifying responses achieved by ICT for patients with sarco-

matoid dedifferentiation were not unexpected given preceding trans-
lational studies on PD-L1 expression and immune cell infiltrates. In a 
study evaluating PD-1 and PD-L1 expression by a commercially avail-
able platform, PD-L1 expression was higher in ccRCC with sarcomatoid 
dedifferentiation (54%) than without (17%), and PD-1 positive tumor- 
infiltrating lymphocytes were more prevalent in ccRCC with sarcoma-
toid dedifferentiation (96% vs. 62%) [72]. In a separate study of 118 
patients with sarcomatoid dedifferentiation, the PD-L1 H-score was 
higher in sarcomatoid dedifferentiation than grade 4 ccRCC (mean 3.7 
vs 0.4), and intratumoral CD8-positive cell density was higher in sar-
comatoid dedifferentiation [73]. An H-score is defined as the percent of 
positive cells showing a membranous staining pattern (0–100) multi-
plied by the intensity of the staining (0–3). Furthermore, the authors 
defined an adaptive immune resistance phenotype (PD-L1 positive and 
TIL positive) and found it to be higher in the sarcomatoid (41%) and 
epithelial components (8%) than ccRCC (1%). Finally, a study of mul-
tiple public datasets showed that 9p24.1 amplifications, the chromo-
somal location for PD-L1 and PD-L2, were enriched in patients with 
sarcomatoid dedifferentiation, and these amplifications were associated 
with PD-L1 constitutive expression by H-score [74]. 

The role of ICT regimens is less clear for sarcomatoid and rhabdoid 
RCCs with non-clear cell epithelial components [28]. Emerging evidence 
suggests that ICT combinations such as nivolumab plus ipilimumab can 
produce gratifying durable responses in patients with papillary RCC and 
sarcomatoid or rhabdoid dedifferentiation [75]. Conversely, chromo-
phobe RCC with sarcomatoid dedifferentiation remains an unmet need 
therapeutically because it is highly aggressive and typically responds 
poorly to the currently available ICT regimens [28]. 

5. Adjuvant therapies 

In 2022, one of the major questions that medical oncologists face in 
the management of ccRCC is whether to give adjuvant pembrolizumab 
after nephrectomy with curative intent on the basis of KEYNOTE-564 
[76]. Decisions about adjuvant pembrolizumab should be 
patient-specific given the uncertainty about the OS benefit and ramifi-
cations on systemic treatment options for metastatic recurrence [77]. 
Shared patient-specific decision making should account for an in-
dividual’s risk for recurrence and death as well as each patient’s goals 
and values [78]. In KEYNOTE-564, a patient with sarcomatoid dedif-
ferentiation or WHO/ISUP grade 4 disease (includes rhabdoid dedif-
ferentiation) were eligible if they had pathologic T2 or higher disease. 
Approximately 11% of patients enrolled in KEYNOTE-564 had sarco-
matoid dedifferentiation, but the distribution by TNM staging is not 
reported to date. Given similar TNM staging, the presence of sarcoma-
toid or rhabdoid dedifferentiation increases an individual’s risk of 
recurrence and death, which also increases the absolute risk reduction 

adjuvant therapy may offer at each milestone timepoint, such as 1- or 
2-years post-initiation of adjuvant therapy [77–79]. 

6. Future directions 

Moving forward, there are multiple questions that must be addressed 
to further our understanding and treatment of RCC with dedifferentia-
tion. Researchers are challenged by the relative infrequency of RCC with 
dedifferentiation as well as the difficulty of histopathologic diagnosis 
from biopsy specimens. As seen throughout this review, substantially 
more clinical and translational research has occurred for patients with 
sarcomatoid dedifferentiation than rhabdoid. We need more definitive 
data to understand whether rhabdoid dedifferentiation has similar 
prognostic implications to grade 4 nuclear pleomorphism or to sarco-
matoid dedifferentiation. The recent translational work from Bakouny 
and colleagues did not find a significant difference in the molecular and 
immune landscape between rhabdoid and sarcomatoid dedifferentia-
tion, yet it is unclear whether this was due to power or true biological 
homogeneity [46]. It would be surprising to see identical biology pro-
duce these pathologically distinct entities. Similarly, prospective data 
are needed to determine whether mRCC with rhabdoid dedifferentiation 
experiences the same remarkable responses to ICT as sarcomatoid 
dedifferentiation. Experience demonstrates that clinical trials for pa-
tients with sarcomatoid dedifferentiation are feasible, and there is a 
growing understanding of biological targets for this unique malignancy. 
In the future, it would be ideal to see clinical trials designed specifically 
for RCC with sarcomatoid dedifferentiation, instead of post-hoc sub-
group analyses at risk of being inconclusive given their underpowered 
design [80]. 

7. Conclusion 

Sarcomatoid and/or rhabdoid dedifferentiation may occur in the 
setting of any RCC histology and is associated with an aggressive clinical 
course and poor outcomes. Sarcomatoid dedifferentiation has shown 
remarkable responses to ICT combinations, whereas less is known about 
systemic treatment outcomes for rhabdoid dedifferentiation. Dediffer-
entiation in RCC is associated with increased PD-L1 expression and an 
inflamed tumor microenvironment, and sarcomatoid dedifferentiation is 
enriched for Hippo pathway alterations, which may be a future drug 
candidate. More investigation is warranted for patients with RCC and 
rhabdoid dedifferentiation alone. 
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Table 2 
Summary of efficacy outcomes for patients with sarcomatoid dedifferentiation treated with first-line immune checkpoint therapy combinations.   

CM 21447 KN-42665 JAVELIN Renal 10166 CM 9ER67 CLEAR68 

Therapies Nivo/Ipi Sun Pembro/Axi Sun Avelumab/Axi Sun Nivo/Cabo Sun Len/Pem Sun 
Median OS (m) NR 14.2 – – – – NR 19.7 NR NR 
OS HR 

(95% CI) 
0.45 
(0.30–0.70) 

0.58 
(0.21–1.59) 

0.78 
(0.36–1.72) 

0.36 
(0.16–0.82) 

0.91 
(0.32–2.58) 

Median PFS (m) 26.5 5.1 NR 8.4 7.0 4.0 10.9 4.2 11.1 5.5 
PFS HR 

(95% CI) 
0.54 
(0.33–0.86) 

0.54 
(0.29–1.00) 

0.57 
(0.32–1.00) 

0.39 
(0.22–0.70) 

0.39 
(0.18–0.84) 

ORR (%) 
CR 
PR 
PD 

61 
19 
42 
20 

23 
3 
20 
23 

59 
12 
- 
- 

32 
0 
- 
- 

47 
4 
43 
15 

21 
0 
21 
36 

56 
9 
47 
12 

22 
2 
20 
34 

61 
- 
- 
- 

24 
- 
- 
- 

CM 214 = CheckMate 214, KN-426 = KEYNOTE-426, CM 9ER = CheckMate 9ER, nivo = nivolumab, ipi = ipilimumab, sun = sunitinib, axi = axitinib, cabo =
cabozantinib, len = lenvatinib, pem = pembrolizumab, OS = overall survival, m = months, NR = not reached, HR = hazard ratio, CI = confidence interval, ORR =
objective response rate, CR = complete response, PR = partial response, PD = progressive disease. 

A.W. Hahn et al.                                                                                                                                                                                                                                
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44% / 22%

30% / 11%

56% / 29%
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3
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IPI + NIVO mFU = 25 / 99 months HR = 0.68 / 0.72

mFU = 12 / 42 months HR = 0.53 / 0.84
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PEMBRO mFU = 27 / 49 months HR = 0.72 / 0.79

mFU = 18 / 55 months HR = 0.60 / 0.70
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Table 2. Front-line immuno-oncology (IO)-based combination therapies in metastatic clear cell RCC with extended follow up-data.

Intention-to-Treat Population
IMDC Risk Group

Favorable Intermediate/Poor

mOS
[HR (95%

CI)]

mPFS
[HR (95%

CI)]

ORR
(%)

Median
DOR

(Months)

CR
(%)

Median TTR
(Months)

mOS
[HR (95%

CI)]

mPFS
[HR (95%

CI)]

ORR
(%)

mOS [HR
(95% CI)]

mPFS
[HR (95%

CI)]

ORR
(%)

Checkmate
214 #

Ipi/Nivo
vs.

Sunitinib

56.0 vs. 38.0
[0.72

(0.62–0.85)]

12.0 vs. 12.0
[0.86

(0.73–1.01)]

39.12
vs.

32.3

NR
vs.

25.0

10.7
vs.

2.6 *
2.8 vs. 4.0 *

74.0
vs.

68.0
[0.94

(0.65–1.37)]

12.4 vs. 28.9
[1.60

(1.1–2.3)]

30.1
vs.

52.6

47.0 vs.
27.0
[0.68

(0.58–0.81)]

12.0
vs.

8.0 [0.73
(0.61–0.87)]

42.1
vs.

27.2

KEYNOTE
426 ##

Pembro/Axi
vs.

Sunitinib

45.7 vs. 40.1
[0.73

(0.60–0.88)]

15.7 vs. 11.1
[0.68

(0.58–0.80)]
60.4 vs. 39.6 23.6 vs. 15.3 10.0 vs. 3.5 2.8 vs. 3.0 NR [1.17

(0.76–1.80)]

20.7 vs. 17.8
[0.76

(0.56–1.03)]

68.8
vs.

50.4

Not reported
[0.64

(0.52–0.80)]

13.8 vs. 8.2
[0.67

(0.55–0.81)]
56.5 vs. 34.9

CheckMate
9ER

Nivo/Cabo
vs.

Sunitinib

NR vs. 29.5
[0.66

(0.50–0.87)]

17.0 vs. 8.3
[0.52

(0.43–0.64)]
54.8 vs. 28.4 20.2 vs. 11.5 9.3 vs. 4.3 2.8 vs. 4.5

NR vs. NR
[0.94

(0.46–1.92)]

24.7 vs. 12.8
[0.58

(0.36–0.93)]

66.2
vs.

44.4

Int
NR vs. NR

[0.74
(0.50–1.08)]

Int
17.5 vs. 8.5

[0.58
(0.45–0.76)]

Int
55.9 vs. 28.7

Poor
NR vs. 11.2

[0.45
(0.27–0.76)]

Poor
9.9 vs. 4.2

[0.36
(0.23–0.56)]

Poor
37.7 vs. 10.3

CLEAR
Pembro/

Lenvatinib
vs.

Sunitinib

NR vs. NR
[0.66

(0.49–0.88)]

23.9 vs. 9.2
[0.39

(0.32–0.49)]

71.0
vs. 36.1 25.8 vs. 14.6 16.1 vs. 4.2 1.94 vs. 1.94

NR vs. NR
[1.15

(0.55–2.40)]

28.1 vs. 12.9
[0.41

(0.28–0.62)]
68.2 vs. 50.8

NR vs. NR
[0.58

(0.42–0.80)]

22.1 vs. 5.9
[0.36

(0.28–0.47)]
72.4 vs. 28.8

DOR, duration of response; TTR, Time to response; Ipi, Ipilimumab; Nivo, Nivolumab; Pembro, Pembrolizumab; Axi, Axitinib; Cabo, Cabozantinib; ORR, objective response rate; mPFS,
median progression-free survival; HR, hazard ratio; NR, not reached; mOS, median overall survival. # Extended 5-year follow-up data, * Extended 4-year follow-up date, ## Extended
3.5-year follow-up date.

Zarrabi et al., Cancers 2022
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Figure 3. Overall survival in patients with a target kidney lesion(s) and ITT, 
intermediate/poor-risk, and favorable-risk populations
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CheckMate 214

Median OS, months (95% CI)

NIVO+IPI (N = 53) SUN (N = 55)

26.1 (13.9–35.4) 14.3 (9.7–22.6)

HR (95% CI), 0.63 (0.40–1.00)

Median OS, months (95% CI)

NIVO+IPI (N = 550) SUN (N = 546)

NR (46.7–NE) 38.4 (32.0–45.0)

HR (95% CI), 0.69 (0.59–0.81)

Median OS, months (95% CI)

NIVO+IPI (N = 425) SUN (N = 422)

48.1 (35.6–NE) 26.6 (22.1–33.5)

HR (95% CI), 0.65 (0.54–0.78)

Median OS, months (95% CI)

NIVO+IPI (N = 125) SUN (N = 124)

NR (NE–NE) NR (56.0–NE)

HR (95% CI), 0.93 (0.62–1.40)

53 42 37 33 27 24 19 18 18 9 1 0
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425 372 332 306 270 241 220 208 193 86 3 0
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that empowers and represents the kidney cancer community 
through advocacy, awareness, information, and research.13 
Through the IKCC network, a 20- member interdisciplinary 
mRCC BM working group (E.H., D.N.Y., M.D.T., T.A.S., 
T.H.B., B.R., C.I.E., F.F.L., M.H., S.D., M.S., S.D., D.Y.C.H., 
A.B., S.H., J.S.W., L.H., M.I.C., and E.J.) was formed to de-
velop recommendations based on the available literature and 
experience. An interdisciplinary, international panel of clinical 
experts from various fields, including medical oncology, neuro- 
oncology, radiation oncology, neurosurgery, neuroradiology, 
and urology, with extensive expertise in the management of 
mRCC BM was invited to summarize the existing literature 
and outline the dilemmas related to each field. On the basis 
of the suggested list of questions and challenges of each field, 
a 60- question survey was formed and distributed to the panel 
of 36 experts by email. Answers were collected through an on-
line platform (Google Forms) from February to May 2021. 
The recommendations were compiled (E.H., D.N.Y., M.H., 
F.F.L., J.S.W., and E.J.) and then presented to the expert panel 
and working group, with the opportunity to comment or clar-
ify. The finalized recommendations were summarized after a 
review of the related literature for each topic.

Epidemiology and Risk Factors
BM at Diagnosis of mRCC
Because the majority of clinical trials limit the inclusion of (or 
strictly exclude) patients with BM,14 most studies that report 

on the rate of BM in patients with mRCC have retrospec-
tive, observational designs. However, such reports provide 
generally consistent data on the incidence of BM in patients 
with mRCC, ranging from 2% to 15% (Table 1).2,10,15- 23

Histologic subtype appears to be important in regard to 
the incidence of BM. For cohorts of patients exclusively with 
clear cell RCC, values range between 8% and 15%.2,10,17 The 
only study to specifically report on the rate of BM in less 
common histologic variants, specifically papillary and chro-
mophobe RCC, reported rates of 3% and 2% in these sub-
types, respectively.2 Other groups have similarly observed a 
lower risk of BM in these nonclear cell subtypes, although 
specific rates were not reported.18,22

Of note, differences in study design are important to take 
into account when considering the available data. These are 
summarized in Table 1. Several groups either did not report 
on histologic subtypes or included patients with a variety of 
subtypes, which may impact results. In addition, the time at 
which patients were evaluated for BM varied considerably be-
tween study designs. The only 3 studies to specifically report on 
BM at the time of diagnosis of metastatic disease analyzed the 
Surveillance, Epidemiology, and End Results (SEER) database 
and demonstrated rates of 9.8%, 10.8% and 12.0%.18,19,22 Other 
studies measured the rate of BM at other time points along the 
disease course, eg, when starting first- line systemic therapy,2 
starting second- line systemic therapy,10,20 and postmortem.17 
Still others did not specify a timepoint of evaluation.15,16,21

TABLE 1. Incidence of Brain Metastasis in Metastatic Renal Cell Carcinoma

STUDY SOURCE

NO. OF 
PATIENTS AT 
RISK YEARS HISTOLOGY TIME OF EVALUATION

INCIDENCE 
OF BM, %

Schouten 200215 MCR 114 1986- 1995 NR NR 9.80

Bianchi 201216 NIS 11,157 1998- 2007 NR NR 8.10

Wyler 201417 Institutional 246 1967- 1995 ccRCC Autopsy 15.0

Chandrasekar 
201718

SEER 6610 2010- 2013 Mixed (42% ccRCC, 48% unknown) Diagnosis of meta-
static disease

9.80

Cagney 201719 SEER 7463 2010- 2013 NR Diagnosis of meta-
static disease

10.80

De Giorgi 201920 EAP 389 2015- 2016 Mixed (92% ccRCC) Start of 2L therapy 8.20

Flippot 201910 Phase 2 trial 729 2016- 2017 ccRCC Start of 2L therapy 10.40

Suarez- Sarmiento 
201921

Institutional 473 2011- 2014 Mixed (81% ccRCC) NR 13.50

Sun 201922 SEER NR 2010- 2013 Mixed (78% ccRCC) Diagnosis of meta-
static disease

12.00

Bowman 201923 Institutional 268 2006- 2015 Mixed (94% ccRCC) Prior to or during 1L 
therapy

28.4

Dudani 20212 IMDC 9252 2002- 2019 ccRCC Start of 1L therapy 8.0

IMDC 667 2002- 2019 pRCC Start of 1L therapy 3.0

IMDC 186 2002- 2019 chrRCC Start of 1L therapy 2.0

Abbreviations: 1L, first- line; 2L, second- line; BM, brain metastasis; ccRCC, clear- cell RCC; chrRCC, chromophobe RCC; EAP, Expanded Access Program; IMDC, 
International Metastatic Renal Cell Carcinoma Database Consortium; MCR, Maastricht Cancer Registry; NCDB, National Cancer Database; NIS, Nationwide Inpatient 
Sample; NR, not reported; pRCC, papillary RCC; SEER, Surveillance, Epidemiology, and End Results.
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metastatic sites and are also essential in the migration of 
monocytes from the bloodstream to the metastatic niche 
to facilitate colonization.82- 84 More specifically, in RCC, 
the chemokine CXCL12 and its receptor CXCR4 are reg-
ulated by the von Hippel- Lindau/hypoxia- inducible factor 
axis and have been identified as important prognostic fac-
tors.85,86 A series of immunohistochemistry- based studies 
evaluating chemokines and chemokine receptors in mRCC 
BM showed that CXCL12 and its 2 receptors, CXCR4 and 
CXCR7, are expressed in tumor cells and endothelial cells 
of RCC BMs.87 Similarly, in another study, the chemokine 
CCL7 and its receptor, CCR2, were increased in mRCC 
BMs compared with matched primary kidney tumors.17 
Interestingly, whereas expression of CD68, a macrophage 
marker, was observed at similar densities in primary RCCs 
and BMs, CCR2- expressing inflammatory macrophage lev-
els were higher in mRCC BMs compared with the levels 
in primary kidney tumors.17 Regarding other immune cell 
components of mRCC BMs, Fukumura et al demonstrated 
decreased immune cell infiltration by deconvolution of RNA 
sequencing data to immune cell typing in a pan- cancer co-
hort.65 However, there was a small number of patients with 
mRCC in that study; and, in the subgroup analyses, the im-
mune cell infiltration was not significantly different between 
the kidney primary tumors and BMs.65 Similarly, Steindl 

et al did not observe a significant difference in tumor- 
infiltrating lymphocyte (CD3- positive, CD8- positive, 
CD45RO- positive, FOXP3- positive) composition between 
primary kidney tumors and BMs.88 Finally, PD- 1 expression 
was described as low in BMs compared with the expression 
in primary tumors.89 However, the density of PD- L1– 
positive tumor cells was not significantly different between 
primary tumors and BMs.77,88,89

In summary, small cohort studies suggest that CDKN2A 
and PI3K/AKT/mTOR pathway genes are preferentially 
altered in mRCC BM. Concordantly, transcriptomic and 
proteomic studies show activation of the PI3K/AKT/
mTOR, OXPHOS, and c- Met pathways in mRCC BM, 
accompanied by an immunosuppressive brain microenvi-
ronment. Large cohort studies with matched primary and 
extracranial metastasis tissues are warranted to validate the 
above- described findings of genomic drivers of BM as well 
as the transcriptomic and proteomic changes in mRCC BM. 
More specifically, it is important to understand the tumor- 
immune- brain microenvironmental crosstalk in single- cell 
and spatial contexts to delineate mechanisms of adaptation 
to the brain microenvironment and resistance to targeted 
therapy or immunotherapy. Deciphering drivers of brain tro-
pism and the immunosuppressive environment will be vital 
to developing effective therapies for mRCC BM.

FIGURE 2. Biologic Insights Into Renal Cell Carcinoma Brain Metastasis. Small cohort studies suggest that CDKN2A and phosphoinositide- 3 kinase (PI3K)/
AKT/mammalian target of rapamycin (mTOR) pathway genes are preferentially altered in metastatic renal cell carcinoma brain metastases. Concordantly, 
transcriptomic and proteomic studies show activation of the PI3K/AKT/mTOR, oxidative phosphorylation (OXPHOS), and c- Met pathways in metastatic renal 
cell carcinoma brain metastases accompanied by an immunosuppressive brain microenvironment. Inh indicates inhibition.
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Phase II Trial of Cabozantinib Plus
Nivolumab in Patients With Non–Clear-Cell Renal
Cell Carcinoma and Genomic Correlates
Chung-Han Lee, MD, PhD1,2; Martin H. Voss, MD1,2; Maria Isabel Carlo, MD1,2; Ying-Bei Chen, MD3; Mark Zucker, PhD4;
Andrea Knezevic, MS4; Robert A. Lefkowitz, MD5; Natalie Shapnik, BS1; Chloe Dadoun, MD1; Ed Reznik, PhD4; Neil J. Shah, MD1,2;
Colette Ngozi Owens, MD1; Deaglan Joseph McHugh, MD1,2; David Henry Aggen, MD, PhD1,2; Andrew Leonard Laccetti, MD1,2;
Ritesh Kotecha, MD1,2; Darren R. Feldman, MD1,2; and Robert J. Motzer, MD1,2

abstract

PURPOSE To assess the efficacy and safety of cabozantinib plus nivolumab in a phase II trial in patients with non–
clear-cell renal cell carcinoma (RCC).

PATIENTS AND METHODS Patients had advanced non–clear-cell renal carcinoma who underwent 0-1 prior
systemic therapies excluding prior immune checkpoint inhibitors. Patients received cabozantinib 40 mg once
daily plus nivolumab 240 mg once every 2 weeks or 480 mg once every 4 weeks. Cohort 1 enrolled patients with
papillary, unclassified, or translocation-associated RCC; cohort 2 enrolled patients with chromophobe RCC. The
primary end point was objective response rate (ORR) by RECIST 1.1; secondary end points included
progression-free survival, overall survival, and safety. Next-generation sequencing results were correlated with
response.

RESULTS A total of 47 patients were treated with a median follow-up of 13.1 months. Objective response rate for
cohort 1 (n5 40) was 47.5% (95%CI, 31.5 to 63.9), withmedian progression-free survival of 12.5months (95%
CI, 6.3 to 16.4) and median overall survival of 28 months (95% CI, 16.3 to not evaluable). In cohort 2 (n5 7), no
responses were observed; one patient had stable disease. 1 year. Grade 3/4 treatment-related adverse events
were observed in 32% treated patients. Cabozantinib and nivolumab were discontinued because of toxicity in
13% and 17% of patients, respectively. Common mutations included NF2 and FH in cohort 1 and TP53 and
PTEN in cohort 2. Objective responses were seen in 10/12 patients with either NF2 or FH mutations.

CONCLUSION Cabozantinib plus nivolumab showed promising efficacy inmost non–clear-cell RCC variants tested in
this trial, particularly thosewith prominent papillary features, whereas treatment effects were limited in chromophobe
RCC. Genomic findings in non–clear-cell RCC variants warrant further study as predictors of response.
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INTRODUCTION

Renal cell carcinoma (RCC) comprises 90% of kidney
cancer cases with approximately 70% patients having
the clear cell renal cell carcinoma (ccRCC) subtype.1

The remaining histologic variants are collectively
classified as non–clear-cell renal cell carcinoma
(nccRCC) and include genetically and histologically
diverse tumors. Prominent examples include papillary,
collecting duct, translocation-associated, chromo-
phobe, and unclassified RCC.

Although therapeutic approaches have evolved greatly
over the past decade for metastatic ccRCC, treatment
standards for nccRCC remain poorly defined. Clinical
trials have explored vascular endothelial growth factor
(VEGF)–, mammalian target of rapamycin (mTOR)–,
and MET-directed therapies in patients with nccRCC
histologies; however, objective response rates (ORRs)
were lower than those reported for ccRCC.2-7 Cabo-
zantinib, a small molecule receptor tyrosine kinase

inhibitor that targets MET, AXL, and VEGFR2, has
demonstrated superiority over sunitinib in patients with
papillary RCC, which is often associated with MET
activation.7

Recent studies have also shown the efficacy and safety
of immune checkpoint inhibitors such as programmed
death-1 (PD-1) inhibitors in advanced ccRCC and
nccRCC. Monotherapy with nivolumab in advanced
nccRCC has demonstrated an ORR of 14% in both
HCRN GU16-260 Cohort B and CheckMate 374, and
monotherapy with pembrolizumab showed an ORR of
27% in cohort B of KEYNOTE-427.8-10 In cohort 2 of
CheckMate 920, the combination of ipilimumab and
nivolumab demonstrated an ORR of 19.6%.11 There is
also evidence that pairing anti-VEGF/VEGFR agents
with immune checkpoint inhibitors improves efficacy
in the treatment of advanced ccRCC. Cabozantinib
and nivolumab, a human PD-1–blocking antibody,
were studied in a phase III clinical trial to treat met-
astatic ccRCC (CheckMate 9ER).12 Cabozantinib plus

ASSOCIATED
CONTENT

Data Supplement

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on January
11, 2022 and
published at
ascopubs.org/journal/
jco on March 17,
2022: DOI https://doi.
org/10.1200/JCO.21.
01944

Volume 40, Issue 21 2333
Downloaded from ascopubs.org by Universite de Liege - on May 29, 2023 from 139.165.031.039

Copyright © 2023 American Society of Clinical Oncology. All rights reserved. 

originalreports

Phase II Trial of Cabozantinib Plus
Nivolumab in Patients With Non–Clear-Cell Renal
Cell Carcinoma and Genomic Correlates
Chung-Han Lee, MD, PhD1,2; Martin H. Voss, MD1,2; Maria Isabel Carlo, MD1,2; Ying-Bei Chen, MD3; Mark Zucker, PhD4;
Andrea Knezevic, MS4; Robert A. Lefkowitz, MD5; Natalie Shapnik, BS1; Chloe Dadoun, MD1; Ed Reznik, PhD4; Neil J. Shah, MD1,2;
Colette Ngozi Owens, MD1; Deaglan Joseph McHugh, MD1,2; David Henry Aggen, MD, PhD1,2; Andrew Leonard Laccetti, MD1,2;
Ritesh Kotecha, MD1,2; Darren R. Feldman, MD1,2; and Robert J. Motzer, MD1,2

abstract

PURPOSE To assess the efficacy and safety of cabozantinib plus nivolumab in a phase II trial in patients with non–
clear-cell renal cell carcinoma (RCC).

PATIENTS AND METHODS Patients had advanced non–clear-cell renal carcinoma who underwent 0-1 prior
systemic therapies excluding prior immune checkpoint inhibitors. Patients received cabozantinib 40 mg once
daily plus nivolumab 240 mg once every 2 weeks or 480 mg once every 4 weeks. Cohort 1 enrolled patients with
papillary, unclassified, or translocation-associated RCC; cohort 2 enrolled patients with chromophobe RCC. The
primary end point was objective response rate (ORR) by RECIST 1.1; secondary end points included
progression-free survival, overall survival, and safety. Next-generation sequencing results were correlated with
response.

RESULTS A total of 47 patients were treated with a median follow-up of 13.1 months. Objective response rate for
cohort 1 (n5 40) was 47.5% (95%CI, 31.5 to 63.9), withmedian progression-free survival of 12.5months (95%
CI, 6.3 to 16.4) and median overall survival of 28 months (95% CI, 16.3 to not evaluable). In cohort 2 (n5 7), no
responses were observed; one patient had stable disease. 1 year. Grade 3/4 treatment-related adverse events
were observed in 32% treated patients. Cabozantinib and nivolumab were discontinued because of toxicity in
13% and 17% of patients, respectively. Common mutations included NF2 and FH in cohort 1 and TP53 and
PTEN in cohort 2. Objective responses were seen in 10/12 patients with either NF2 or FH mutations.

CONCLUSION Cabozantinib plus nivolumab showed promising efficacy inmost non–clear-cell RCC variants tested in
this trial, particularly thosewith prominent papillary features, whereas treatment effects were limited in chromophobe
RCC. Genomic findings in non–clear-cell RCC variants warrant further study as predictors of response.
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• Cohort 1 = ORR 47.5%; mOS = 
28 mths

• Cohort 2 = ORR 0%; 1pt with 
SD >1 year

47 pts

disease control lasting at least 24 weeks. Statistical analysis
was performed using SAS v9.4 (SAS Institute, Cary, NC).

RESULTS

Baseline Characteristics

A total of 47 patients were enrolled onto the trial between
August 28, 2018, and October 20, 2020. Median follow-up
time was 13.1 months (range, 2.2-28.6 months) from

enrollment until data collection cutoff (January 20, 2021).
Patient characteristics are summarized in Table 1. Cohort
1 comprised 40 patients with papillary (32), unclassified
without papillary features (six), and translocation-
associated (two) RCC. Subclassification within papillary
RCC included unclassified with papillary features (16),
high-grade papillary (11), and FH-deficient (five) RCC.
Cohort 2 comprised seven patients with chromophobe
RCC. The median ages for cohorts 1 and 2 were 57 and
54, respectively, with men comprising 70% of cohort 1
and 43% of cohort 2. In cohort 1, patients were classified
as favorable (20%), intermediate (67%), or poor risk
(13%) using the International Metastatic RCC Database
Consortium (IMDC) risk criteria.18 Fourteen patients
(35%) in cohort 1 had received prior systemic therapy
before study enrollment. Ten (25%) received VEGF-
targeted therapy, 8 (20%) received mTOR-targeted
therapy (seven patients received both), two patients re-
ceived prior chemotherapy, one patient received prior
crizotinib, and 26 patients were previously untreated
(Data Supplement).

Efficacy

Efficacy outcomes for cohorts 1 and 2 are summarized in
Table 2. ORR for cohort 1 was 48% (95% CI, 31.5 to 63.9),
with 19 (48%) patients showing partial response, 20 (50%)
with SD, and one (3%) with progressive disease as best
response (Table 2). The disease control rate was 98%
(95% CI, 86.8 to 99.9), and the clinical benefit rate was
75% (95% CI, 58.8 to 87.3). Similar outcomes were also
seen when patients were stratified by prior therapy status
(Data Supplement).

When stratified by histologies within cohort 1, objective
responses were observed in 15 of 32 (47%, 95% CI, 29 to
65) patients with papillary histology. In unclassified RCC

TABLE 2. Objective Response in Cohorts 1 and 2
Response Cohort 1 (n 5 40) Cohort 2 (n 5 7)

ORR, % (95% CI) 48 (31.5 to 63.9) 0 (0 to 41.0)

Best response, No. (%)

PR 19 (48) 0 (0)

SD 20 (50) 5 (71)

PD 1 (3) 1 (14)

NE 0 (0) 1 (14)

Disease control rate, %
(95% CI)

98 (86.8 to 99.9) 71 (29.0 to 96.3)

Clinical benefit rate, %
(95% CI)

58 (40.9 to 73.0) 29 (3.7 to 71.0)

Median PFS, months, %
(95% CI)

12.5 (6.3 to 15.9) a

Median duration of
response, months, %
(95% CI)

13.6 (9.7 to 19.8) b

NOTE. ORR includes patients with a CR or PR. Disease control includes patients
with objective response or SD on study. Clinical benefit includes patients with
objective response or SD for at least 24 weeks.
Abbreviations: NE, not evaluable; ORR, objective response rate; PD, progressive

disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
aNot calculated for cohort 2.
bNo responders in cohort 2.
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FIG 1. Maximum change from baseline in target lesions in combined cohort. aTwo patients with rapid clinical
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Pembrolizumab plus lenvatinib as first-line therapy for 
advanced non-clear-cell renal cell carcinoma (KEYNOTE-B61): 
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Summary
Background Immunotherapy-based combinations including pembrolizumab plus lenvatinib are the standard of care 
for patients with first-line clear-cell renal cell carcinoma, but these combinations are not well characterised in non-
clear-cell renal cell carcinoma. We aimed to assess the activity and safety of pembrolizumab plus lenvatinib as a first-
line treatment for patients with advanced non-clear-cell renal cell carcinoma.

Methods KEYNOTE-B61 is a single-arm, phase 2 trial being conducted at 48 sites (hospitals and cancer centres) in 
14 countries (Australia, Canada, France, Hungary, Ireland, Italy, Poland, South Korea, Russia, Spain, Türkiye, Ukraine, 
the UK, and the USA). Adult patients (aged ≥18 years) with previously untreated stage IV non-clear-cell renal cell 
carcinoma and a Karnofsky performance status of 70% or higher were eligible for enrolment. All enrolled patients 
received pembrolizumab 400 mg intravenously every 6 weeks for up to 18 cycles (2 years) plus lenvatinib 20 mg orally 
once daily or until disease progression, unacceptable toxicity, or withdrawal; lenvatinib could be continued beyond 
2 years. The primary endpoint was the proportion of patients with a confirmed objective response as per adjusted 
Response Evaluation Criteria in Solid Tumours (version 1.1) assessed by independent central review. Activity and 
safety were analysed in all patients who received at least one dose of study treatment (the as-treated population). This 
trial is registered with ClinicalTrials.gov (NCT04704219) and is no longer recruiting participants but is ongoing.

Findings Between Feb 23, 2021, and Jan 21, 2022, 215 patients were screened; 158 were enrolled and received treatment. 
Median age at baseline was 60 years (IQR 52–69), 112 (71%) of 158 patients were male, 46 (29%) were female, 
128 (81%) were White, 12 (8%) were Asian, three (2%) were Black or African American, and 15 (9%) were missing 
data on race. As of data cutoff (Nov 7, 2022), median study follow-up was 14·9 months (IQR 11·1–17·4). 78 of 
158 patients had a confirmed objective response (49%; 95% CI 41–57), including nine (6%) patients with a confirmed 
complete response and 69 (44%) with a confirmed partial response. Grade 3–4 treatment-related adverse events 
occurred in 81 (51%) of 158 patients, the most common of which were hypertension (37 [23%] of 158), 
proteinuria (seven [4%]), and stomatitis (six [4%]). Serious treatment-related adverse events occurred in 31 (20%) of 
158 patients. Eight (5%) patients died due to adverse events, none of which was considered related to the treatment by 
the investigators (one each of cardiac failure, peritonitis, pneumonia, sepsis, cerebrovascular accident, suicide, 
pneumothorax, and pulmonary embolism).

Interpretation Pembrolizumab plus lenvatinib has durable antitumour activity in patients with previously untreated 
advanced non-clear-cell renal cell carcinoma, with a safety profile consistent with that of previous studies. Results from 
KEYNOTE-B61 support the use of pembrolizumab plus lenvatinib as a first-line treatment option for these patients.

Funding Merck Sharp & Dohme (a subsidiary of Merck & Co, NJ, USA), and Eisai. 
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Introduction
Non-clear-cell renal cell carcinoma accounts for 
approximately 25% of all renal cell carcinoma cases and is 
a term that encompasses various heterogenous histological 
subtypes, including papillary, chromophobe, and trans-
location renal cell carcinoma.1 Phase 3 clinical trials 
investigating treatments for advanced renal cell carcinoma 
have primarily been conducted in patients with clear cell 
histology due to its higher prevalence, and have not 
included patients with non-clear-cell histologies. 

Therapeutics evaluated in patients with non-clear-cell renal 
cell carcinoma, such as mTOR inhibitors, tyrosine-kinase 
inhibitors, and immune checkpoint inhibitors, have either 
not notably improved outcomes or have not yet been 
established as standards of care.2,3 Consequently, the 
treatment framework for advanced non-clear-cell renal cell 
carcinoma has not been optimised, and enrolment of such 
patients in clinical trials is strongly recommended.4

Pembrolizumab, a PD-1 inhibitor, has shown anti-
tumour activity as a monotherapy in both clear-cell and 
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Introduction
Non-clear-cell renal cell carcinoma accounts for 
approximately 25% of all renal cell carcinoma cases and is 
a term that encompasses various heterogenous histological 
subtypes, including papillary, chromophobe, and trans-
location renal cell carcinoma.1 Phase 3 clinical trials 
investigating treatments for advanced renal cell carcinoma 
have primarily been conducted in patients with clear cell 
histology due to its higher prevalence, and have not 
included patients with non-clear-cell histologies. 

Therapeutics evaluated in patients with non-clear-cell renal 
cell carcinoma, such as mTOR inhibitors, tyrosine-kinase 
inhibitors, and immune checkpoint inhibitors, have either 
not notably improved outcomes or have not yet been 
established as standards of care.2,3 Consequently, the 
treatment framework for advanced non-clear-cell renal cell 
carcinoma has not been optimised, and enrolment of such 
patients in clinical trials is strongly recommended.4

Pembrolizumab, a PD-1 inhibitor, has shown anti-
tumour activity as a monotherapy in both clear-cell and 
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presence or absence of sarcomatoid features. These 
results further support the use of pembrolizumab plus 
lenvatinib for the first-line treatment of advanced renal 
cell carcinoma, which was approved on the basis of the 

results of the phase 3 CLEAR/KEYNOTE-581/
E7080-G000-307 trial.8

The results of KEYNOTE-B61 compare favourably with 
those observed with targeted agents in the first-line 

Figure 2: Antitumour response
Best percentage change from baseline in target lesion size (A), Kaplan-Meier estimates of duration of response in patients with a confirmed response (B), time to response in patients with a confirmed 
objective response (C), and subgroup analysis of objective response rate (D), all per adjusted RECIST (version 1.1) by independent central review. In panel A, a 20% increase from baseline represents 
progressive disease and a 30% decrease from baseline represents partial response. Error bars in panel D indicate 95% CIs. IMDC=International Metastatic Renal Cell Carcinoma Database Consortium. 
ORR=objective response rate. NR=not reached. RECIST=Response Evaluation Criteria in Solid Tumours. *Post-hoc analysis; intermediate and poor risk categories are commonly combined in clinical 
trials; for patients with an intermediate IMDC risk category (n=75), the objective response rate was 45% (95% CI 34–57); for patients with a poor IMDC risk category (n=13), it was 62% (95% CI 32–86).
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ABSTRACT
Background: Glandular metastases (GM) have been associated with improved survival in metastatic
clear cell renal cell carcinoma (m-ccRCC). We aimed to molecularly characterize m-ccRCC with GM.
Material and methods: We performed a retrospective cohort study on all m-ccRCC patients with
available tissue at our institution, diagnosed with metastatic disease from 2000 to 2019. We deter-
mined previously described angiogenesis- and immune-related gene expression signatures (GES) and
ccrcc molecular subtypes through whole transcriptome RNA sequencing of primary tumors and meta-
stases. We tested differences in GES and molecular subtypes across groups and studied overall (OS)
and progression-free survival (PFS) using Kaplan–Meier survival analysis and Cox regression models.
Results: Primary tumors of patients who developed GM (n¼ 55) had higher IMmotion Angio
(p< 0.001) and JAVELIN Angio (p¼ 0.003) GES as well as a higher proportion of angiogenic ccrcc2
molecular subtypes (p¼ 0.008) than primary tumors of patients with non-GM (n¼ 128). Metastatic
lesions in glandular organs (n¼ 32) also had higher IMmotion Angio (p¼ 0.008) and JAVELIN Angio
(p¼ 0.02) GES and were more frequently of the ccrcc2 molecular subtype (p¼ 0.03), compared to
metastatic lesions in non-glandular organs in patients who did not develop any GM (n¼ 231), but not
compared to metastatic lesions in non-glandular organs in patients who also developed GM (n¼ 18).
Patients with GM had better OS (HR 0.49, p< 0.001) and PFS on first-line vascular endothelial growth
factor receptor tyrosine kinase inhibitors (VEGFR-TKIs) (HR 0.64, p¼ 0.045) than patients with non-GM.
PFS on first- or any-line immuno-oncology (IO) was not different. IMmotion Angio, JAVELIN Angio GES,
and ccrcc2 molecular subtype were associated with better OS and PFS on first-line VEGFR-TKIs, but
not PFS on first or any-line IO.
Conclusions: Patients with m-ccRCC who develop GM are molecularly characterized by heightened
angiogenesis, translating into better prognosis and better outcomes on VEGFR-TKIs, but not IO. Based
on these findings, VEGFR-TKIs should be included in the first-line treatment of m-ccRCC patients
with GM.
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Introduction

The therapeutic landscape of metastatic clear cell renal cell
carcinoma (m-ccRCC) is evolving at an unprecedented pace,
and multiple first-line therapy options have recently become
available. Currently, guidelines recommend the use of the
immuno-oncology (IO) combination ipilimumab and nivolu-
mab in international metastatic RCC database consortium
(IMDC) intermediate and poor-risk patients or the use of a
vascular endothelial growth factor receptor tyrosine kinase
inhibitor (VEGFR-TKI) and IO combination therapy across all
IMDC risk groups for treatment-naive m-ccRCC [1]. As the
treatment armamentarium is rapidly expanding, the need for
personalized treatment strategies becomes more and more

apparent. However, while the field of molecular characteriza-
tion of RCC has gained a lot of interest in recent years,
molecular biomarkers are yet to be implemented in routine
clinical practice.

Earlier, the presence of glandular metastases (GM) has
been associated with improved survival in m-ccRCC, but
underlying molecular mechanisms remain to be elucidated
[2]. We hypothesized that the presence of GM could be a
clinical representation of distinctive underlying disease biol-
ogy, which could guide patient selection for first-line sys-
temic treatment in m-ccRCC. Therefore, we aimed to study
the molecular characteristics of primary tumors of patients
who developed at least one GM compared to primary
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analyses on first-line IO therapy were solely exploratory, since
the number of patients receiving first-line IO was small
(n¼ 18). Objective response rates on first-line VEGFR-TKI and
on any-line IO were 56.8% vs. 39.1% (p¼ 0.08) and 22.2% vs.
37.8% (p¼ 0.36), respectively, for patients with GM, com-
pared to those with non-GM.

In a Cox proportional hazards regression model, the
IMmotion Angio and JAVELIN Angio GES itself, as well as the

angiogenic ccrcc2 molecular subtype, were both associated
with better OS and PFS on first-line VEGFR-TKIs, but not PFS
on first-line IO or any-line IO (Supplemental Table 4). This
was also the case, when included in a multivariable analysis
on OS and PFS on first-line VEGFR-TKIs, including the IMDC
risk stratification, with the exception of the JAVELIN Angio
GES, which was not statistically significant for PFS on first-
line VEGFR-TKIs (Table 2).

Figure 2. Dotplot depicting gene set enrichment results for primary tumors with glandular metastases vs. primary tumors with non-glandular metastases (A) and
metastatic lesions in glandular organs vs. metastatic lesions in non-glandular organs in patients who did not develop GM (B).

Figure 3. Kaplan–Meier curves depicting overall survival (A), progression-free survival on first-line vascular endothelial growth factor receptor tyrosine kinase inhib-
itors (B), progression-free survival on first-line immuno-oncology treatment (C) and progression-free survival on any-line immuno-oncology treatment (D), stratified
for presence of glandular metastases.
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Summary
Background Metastatic renal cell carcinoma (mRCC) is a heterogenous disease with poor 5-year overall survival (OS)
at 14%. Patients with mRCC to endocrine organs historically have prolonged OS. Pancreatic metastases are
uncommon overall, with mRCC being the most common etiology of pancreatic metastases. In this study, we
report the long-term outcomes of patients with mRCC to the pancreas in two separate cohorts.

MethodsWe performed a multicenter, international retrospective cohort study of patients with mRCC to the pancreas
at 15 academic centers. Cohort 1 included 91 patients with oligometastatic disease to the pancreas. Cohort 2 included
229 patients with multiples organ sites of metastases including the pancreas. The primary endpoint for Cohorts 1 and
2 was median OS from time of metastatic disease in the pancreas until death or last follow up.

Findings In Cohort 1, the median OS (mOS) was 121 months with a median follow up time of 42 months. Patients
who underwent surgical resection of oligometastatic disease had mOS of 100 months with a median follow-up time of
52.5 months. The mOS for patients treated with systemic therapy was not reached. In Cohort 2, the mOS was 90.77
months. Patients treated with first-line (1L) VEGFR therapy had mOS of 90.77 months; patients treated with IL
immunotherapy (IO) had mOS of 92 months; patients on 1L combination VEGFR/IO had mOS of 74.9 months.

Interpretations This is the largest retrospective cohort of mRCC involving the pancreas. We confirmed the previously
reported long-term outcomes in patients with oligometastatic pancreas disease and demonstrated prolonged survival
in patients with multiple RCC metastases that included the pancreas. In this retrospective study with heterogeneous
population treated over 2 decades, mOS was similar when stratified by first-line therapy. Future research will be
needed to determine whether mRCC patients with pancreatic metastases require a different initial treatment strategy.

Funding Statistical analyses for this study were supported in part by the University of Colorado Cancer Center Support
Grant from the NIH/NCI, P30CA046934-30.
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204 patients were included in the TOT analysis; four
patients were excluded due to missing data. The median
TOT was 10 months (IQR 3.69–22.1) for the total pop-
ulation. Table 4 demonstrates the TOT by treatment
subgroup and Table 5 shows the TOT by IO subtype.
Patients in the combination VEGFR and IO subgroup
had a median TOT at 15 months (IQR 5.7, 21.3) while
patients in the IO group had aTOT at 6.5 months (IQR
3, 10). Best radiographic response and TOT was exam-
ined by IMDC risk category and treatment subtype. Of
126 patients receiving 1L VEGFR therapy, 44 favorable
risk patients had a median TOT of 13.5 months
(6.6–29.2) and ORR of 48.8%. Of the 36 patients
receiving 1L IO, the six poor risk patients had a median
TOT of 10.3 months (4.5–22.5) with 83.3% ORR
(Supplemental Tables S1 and S2).

181 patients were included in the best radiographic
response analysis; 27 patients were excluded due to
missing data. Across all 1L treatments, seven patients
demonstrated a complete response (3.9%), 74 patients
had partial response (40.9%), 83 patients had stable
disease (45.9%), and 17 patients had progressive disease
(9.4%) as their best response to 1L therapy. Tables 4 and
5 show the breakdown of best radiographic response
and time on treatment by treatment type. The ORR were
46.6% (60 patients), 36.1% (13 patients), and 50% (8
patients) for the VEGFR, IO, and VEGFR/IO groups,
respectively. The clinical benefit rate was 90.7% for the
total population, 93.1% for VEGFR subgroup, 77.8% for
IO subgroup, and 100% for the combination VEGFR/IO
subgroup.

Discussion
To our knowledge, this is the largest retrospective cohort
of mRCC involving the pancreas to date. In this retro-
spective, multi-institutional study, we confirmed the
previously reported favorable long-term outcomes in
patients with oligometastatic pancreas disease and
established similar prolonged survival in patients with
multiple organ RCC metastases that include the
pancreas. The median OS in patients with oligometa-
static pancreatic only disease was 100.0 months after
partial or total pancreatectomy and not reached for pa-
tients on systemic therapy. In patients with multiple
metastases including the pancreas, the OS from the
time of metastatic diagnosis was 90.8 months. Pro-
longed OS of mRCC to the pancreas is well documented
with previous reports of OS of 42–106 months.5,8,18,19

This is in contrast with shorter OS for mRCC patients

Demographic factors Subgroup A
VEGFR
N = 151

Subgroup B
IO N = 39

Subgroup C
VEGFR & IO
N = 18

Total N = 208 p value

(Continued from previous page)

Local treatment for pancreatic metastases

No 129 (85.4) 32 (82.1) 16 (88.9) 177 (85.1) 0.778

Yes 22 (14.6) 7 (17.9) 2 (11.1) 31 (14.9)

Type of local treatment if applicable

Pancreatectomy 16 (72.7) 5 (71.4) 2 (100.0) 23 (74.2) 0.787

SBRT 5 (22.7) 1 (14.3) 0 (0.0) 6 (19.4)

Radiation therapy 1 (4.5) 1 (14.3) 0 (0.0) 2 (6.5)

Median number of total lines of systemic therapy

Median (IQR) 2.0 (2.0–4.0) 2.0 (1.0–4.0) 1.0 (1.0–2.0) 2.0 (1.0–4.0) 0.004

Total lines of systemic therapy

1 31 (20.5) 12 (30.8) 11 (61.1) 54 (26.0) 0.024

2 45 (29.8) 13 (33.3) 4 (22.2) 62 (29.8)

3 29 (19.2) 3 (7.7) 1 (5.6) 33 (15.9)

4 26 (17.2) 5 (12.8) 1 (5.6) 32 (15.4)

5 or more 20 (13.2) 6 (15.4) 1 (5.6) 27 (13.0)

Table 2: Cohort 2 baseline characteristics of study population.

Population Median OS
(months)
95% CI

Median follow up
time (months)

Total Cohort 1 population 121 (93, NR) 42

Surgery 100 (93, NR)

Systemic therapy NR (56, NR)

Total Cohort 2 population 90.77 (74.9, 114) 52.5

Cohort A—VEGFR 90.77 (66, 114) 53.6

Cohort B—IO 92 (78, NR) 60.2

HD-IL2 Therapy 89 (78, NR) 81.6

ICI Therapy NR (NR, NR) 39

Cohort C—VEGFR/IO 74.9 (33, NR) 28.5

NR Indicates not reached.

Table 3: Median overall survival of Cohorts 1 and 2.
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in general, with the longest median OS currently re-
ported at 57.7 months.2,3,20

In Cohort 1, we OS was numerically similar
regardless of treatment with surgery versus systemic
therapy for patients with oligometastatic pancreas re-
currences, though direct statistical comparision was not
made. In accordance with NCCN guidelines, patients
with oligometastatic disease are eligible for a variety of
treatment options including metastasectomy, SBRT,
ablation, or systemic therapy including combination
VEGFR/IO therapy.21–24 NCCN guidelines state that sites
amenable to metastasectomy include brain, lung, and
bone metastases; pancreatic lesions are not specifically

mentioned.9 Presently, there are diverse practice pat-
terns with regards to management of pancreatic le-
sions.25 Pancreatectomy is associated with high
morbidity and many providers and patients opt against
surgery. Our findings suggest that systemic therapy
could bea reasonable approach for patients with oligo-
metastatic disease of the pancreas, though prospective
work will need to be done to establish direct statistical
significant between treatment modalities.

In Cohort 2, we evaluated the impact of systemic
therapy regimen (VEGFR, IO, or VEGFR/IO) in the 1L
setting on OS, ORR, best response, and median TOT.
The median OS was 90.8 months in patients treated

Fig. 2: Kaplan meier curves of overall survival for Cohort 2 total population and by subgroup.

Outcome VEGFR subgroup Immunotherapy
subgroup

Combination VEGFR/IO
subgroup

Total population

Best radiographic response
Frequency (N (%))

CR 2 (1.6) 5 (13.9) 0 (0.0) 7 (3.9)

PR 58 (45.0) 8 (22.2) 8 (50.0) 74 (40.9)

SD 60 (46.5) 15 (41.7) 8 (50.0) 83 (45.9)

PD 9 (7.0) 8 (22.2) 0 (0.0) 17 (9.4)

Median time on treatment (months,
IQR)

11.6 (4.0, 28.1) 6.5 (3.0, 10.0) 15.0 (5.7, 21.3) 10.0 (3.7, 22.1)

Table 4: Cohort 2 best radiographic response and time on treatment by subgroup.
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Table 1. BM incidence and outcomes in metastatic renal cell carcinoma first-line studies

Trial % of patients with BM HR (95%CI) vs. sunitinib (PFS) HR (95%CI) vs. sunitinib (OS)

Checkmate-214[9] 20.0% NR 0.71 (0.47-1.08)

Javelin Renal 101[10] NR NR NR

KEYNOTE-426[11] 23.8% NR NR

CHECKMATE-9ER[12] 24.1% 0.34 (0.22-0.55) 0.54 (0.32-0.92)

CLEAR[13] 23.9% NR NR

BM: Bone metastases; HR: hazard ratio; NR: not reported; OS: overall survival; PFS: progression-free survival.

cancer cells expressing C-X-C Motif Chemokine Receptor 4 and 7 (CXCR4 and CXCR7), due to the stromal 
cell-derived factor 1, also known as C-X-C Motif Chemokine 12 (CXCL12), chemotactic effect[23]. After 
seeding, interaction with bone microenvironment is crucial for colonization, and, as cancer cells adapt and 
grow, they ultimately become able to exploit and manipulate the stroma, in the so-called “vicious cycle of 
bone metastases” by Mundy and Guise[24].

The balance between bone resorption and formation is well preserved in healthy bone, whereas it is 
disrupted and shifted towards bone resorption in BM. In physiological conditions, the triad of receptor 
activator of nuclear factor kB ligand (RANKL), RANK, and osteoprotegerin (OPG) assures homeostasis[25]. 
RANK is a transmembrane receptor that is present on the surface of osteoclast precursor cells and can be 
activated by its ligand RANKL, produced by osteoblasts, osteocytes, and bone marrow stromal cells. RANK 
activation by its ligand regulates osteoclast activity, survival, and differentiation[26]. The RANKL soluble 
decoy OPG, secreted by mature osteoblasts and stromal cells, can block RANK activation and prevent bone 
resorption. In pathological conditions, such as those of osteolytic metastases, tumor-derived 
osteoclastogenic factors - such as interleukin 1 (IL-1), IL-6, parathyroid hormone-related protein (PTHrP), 
prostaglandin E2, colony-stimulating factor 1, and tumor necrosis factor-α - elicit increased bone 
resorption[27]. RANKL expression is upregulated by increased PTHrP and IL-11, leading to OPG 
downregulation and activated osteclastogenesis. Therefore, mitogenic factors are further released from bone 
matrix, further feeding the “vicious cycle” of tumor growth and bone resorption.

In mRCC with BM, the hepatocyte growth factor/c-Met pathway has an important role in disease 
pathophysiology, as recently reviewed[28]. c-Met is abnormally expressed in different tumors, including 
RCC[29-31]. In a retrospective analysis of nephrectomy specimens from 17 mRCC patients, high c-Met 
expression at primary sites was identified in 47% of nephrectomy and 86% of bone specimens[32]. Pre-clinical 
data suggest that c-Met contributes to cancer stem cell (CSC) maintenance and CSCs-induced BM in 
mRCC, but its mechanism is still unknown.

DIAGNOSIS
As previously stated, BM early diagnosis and preemptive treatment are key for preventing SREs and 
reducing morbidity and QoL deterioration.

Conventional radiography performed in two projections is usually the first exam when patients have BM-
suggestive symptoms, as it can be useful to retrieve information on size and location, as well as fracture risk, 
when performed by an experienced orthopedic surgeon. Additionally, this exam [Figure 1] enables 
classifying whether the tumor is osteolytic (bone-destroying), osteoblastic (bone-building), or mixed. 
Although quick and easy to obtain, as well as inexpensive, it needs to be further complemented with other 
methods, as it is not suitable for use as a screening test, due to its low sensitivity.

Mansinho et al., 2021
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ABSTRACT

Cabozantinib, a c-MET and vascular endothelial growth factor receptor 2 inhibitor, 
demonstrated to prolong progression free survival and improve skeletal disease-
related endpoints in castration-resistant prostate cancer and in metastatic renal 
carcinoma. Our purpose is to investigate the direct effect of cabozantinib on bone 
microenvironment using a total human model of primary osteoclasts and osteoblasts.

Osteoclasts were differentiated from monocytes isolated from healthy donors; 
osteoblasts were derived from human mesenchymal stem cells obtained from bone 
fragments of orthopedic surgery patients. Osteoclast activity was evaluated by tartrate 
resistant acid phosphatase (TRAP) staining and bone resorption assays and osteoblast 
differentiation was detected by alkaline phosphatase and alizarin red staining.

Our results show that non-cytotoxic doses of cabozantinib significantly inhibit 
osteoclast differentiation (p=0.0145) and bone resorption activity (p=0.0252). 
Moreover, cabozantinib down-modulates the expression of osteoclast marker genes, 
TRAP (p=0.006), CATHEPSIN K (p=0.004) and Receptor Activator of Nuclear Factor 
k B (RANK) (p=0.001). Cabozantinib treatment has no effect on osteoblast viability 
or differentiation, but increases osteoprotegerin mRNA (p=0.015) and protein levels 
(p=0.004) and down-modulates Receptor Activator of Nuclear Factor k B Ligand 
(RANKL) at both mRNA (p<0.001) and protein levels (p=0.043). Direct cell-to-cell 
contact between cabozantinib pre-treated osteoblasts and untreated osteoclasts 
confirmed the indirect anti-resorptive effect of cabozantinib.

We demonstrate that cabozantinib inhibits osteoclast functions “directly” and 
“indirectly” reducing the RANKL/osteoprotegerin ratio in osteoblasts.

INTRODUCTION

Cabozantinib is an orally bioavailable receptor 
tyrosine kinase inhibitor with a strong activity against 
c-MET and vascular endothelial growth factor receptor 
2 (VEGFR2) that promote tumour progression and 
angiogenesis. Osteoclasts and osteoblasts also express 
c-MET and VEGFR2 [1–4] and secrete the only known 
ligand for c-MET, the hepatocyte growth factor (HGF), 

supporting the importance of the HGF/MET signaling axis 
in the regulation of bone remodelling. [5–8].

Pre-clinical studies in animal models of 
prostate cancer bone metastases showed that 
cabozantinib inhibits tumour proliferation and bone 
resorption, indicating that both the tumour and bone 
microenvironment may represent cabozantinib targets 
[9–11]. Moreover, in phase II studies of castration 
resistant prostate cancer (CRPC) patients, cabozantinib 
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Figure 1: Effect of cabozantinib treatment on primary osteoclasts. A. Representative images of Trap Assay in untreated or 
treated osteoclasts (DMSO). B. Representative images of Osteoassay in untreated or treated osteoclast (DMSO) which show bone matrix 
(dark color) and resorption pits (light color) C. Count of TRAP+ osteoclasts (≥ 3 nuclei) and D. quantification of bone resorption area 
in untreated or treated osteoclasts. E. Modulation of TRAP, CAT K, MMP-9 and RANK expression levels (Real Time PCR) following 
cabozantinib treatment *(p < 0.05)

Figure 2: Effect of cabozantinib treatment on osteoblast viability. Representative images of Live/Dead staining in untreated 
osteoblasts A. and osteoblasts treated with cabozantinib B. Live cells (green), Dead cells (red)

• Inhibits osteoclast differentiation and bone resorption activity
• Down-modulates expression of osteoclast marker genes, 
TRAP-CATHEPSIN-RANK
• Increases osteoprotegerin
• Inhibits osteoclast functions « directly » and « indirectly » 
reducing RANKL/osteoprotegerin ratio in osteoblasts
• Increased osteoblast

CABOZANTINIB
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Incidence of medication-related osteonecrosis of the jaw
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Abstract
Background Several case reports and small case series have
suggested a higher incidence of medication-related
osteonecrosis of the jaw (MRONJ) in patients treated concom-
itantly with bone resorption inhibitors (BRIs) and vascular
endothelial growth factor receptor tyrosine kinase inhibitors
(VEGFR-TKIs), as compared to patients treated with BRIs
alone. We aimed to assess ONJ-incidence in patients exposed
concomitantly to BRIs and VEGFR-TKIs.
Patients and methods We reviewed the records of all patients
who received VEGFR-TKIs concomitantly with BRIs.
Patients, who were treated with BRIs without VEGFR-TKI,
served as a control group. Endpoints of the study were total

MRONJ-incidence, MRONJ-incidence during the first and
second year of exposure, and time-to-ONJ-incidence.
Results Ninety patients were treated concomitantly with BRIs
andVEGFR-TKIswith amedianBRI-exposure of 5.0months.
Total MRONJ-incidence was 11.1%. During the first year of
BRI-exposure (with a median concomitant exposure of
4.0 months), 6 out of 90 patients (6.7%) developed a
MRONJ, compared to 1.1% in the control group (odds ratio
5.9; 95%CI 2.0–18.0; p = 0.0035). In Kaplan-Meier estimates,
time-to-ONJ-incidence was significantly shorter in patients
treated with BRIs and VEGFR-TKIs compared to BRIs alone
(hazard ratio 9.5; 95%CI 3.1–29.6; p < 0.0001). MRONJs
occurred earlier in patients treated concomitantly compared

T. van Cann and T. Loyson equally contributed.

In this retrospective study, we assessed the incidence of osteonecrosis of
the jaw in patients treated with bone resorption inhibitors with or without
concomitant use of VEGFR-TKIs. These data may have implications for
treatment decisions in patients undergoing treatment with antiangiogenic
agents who have bone metastases, as the combined use of both classes of
agents is associated with a higher risk and earlier onset of osteonecrosis of
the jaw.
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OSTEONECROSIS OF THE JAW (ONJ)

causes of RCC, which is the underlying disease in the majority
of patients in the study group.

In the group of patients treated concomitantly with VEGFR-
TKIs andBRIs, who developed aMRONJ, there were no active
smokers. Therefore, we pooled the patients into two subgroups:
Bactive and former smokers^ and Bnever smokers.^

On univariate analysis with Kaplan-Meier estimates, time-
to-MRONJ was significantly shorter in active or former
smokers compared to patients who had never smoked (median

56 months versus 144 months, p = 0.02, HR 0.55, 95%CI
0.32–0.92) (Fig. 4).

On multivariate analysis, including smoking status and
concomitant administration of VEGFR-TKIs, the concomitant
administration remained as an independent factor associated
with MRONJ (p = 0.011, HR 2.49, 95%CI 1.24–5.01).
Smoking status was not significant anymore (p = 0.06; HR
1.64, 95%CI 0.98–2.74), probably due a reduced number of
patients in our series.

Table 2 MRONJ-incidence in patients treated concomitantly with bone resorption inhibitors and VEGFR-TKIs

Control arm Study group p value/OR
(95%CI)BRI without

concomitant
VEGFR-TKIs
(n = 533)

Concomitant
BRIs and
VEGFR-TKIs
(N = 90)

Total series MRONJ-incidence 10.9% (58/533) 11.1% (10/90) 1.0

Median BRI-exposure 19.0 months 5.0 months –

Median concomitant exposure – 4.0 months –

First year of exposure MRONJ-incidence 1.1% (6/533) 6.7% (6/90) 0.0035
5.9 (2.0–18.0)

Median BRI-exposure 12.0 months 5.0 months –

Median concomitant exposure – 4.0 months –

Second year of exposure MRONJ-incidence 6.5% (22/337) 10% (2/20) 0.63
1.5 (0.4–6.1)

Median BRI-exposure 24.0 months 24.0 months –

Median concomitant exposure – 24.0 months –

Third year of exposure MRONJ-incidence 7.1% (15/212) 9.1% (1/11) 0.57
1.3 (0.2–8.9)

Median BRI-exposure 36.0 months 30.0 months –

Median concomitant exposure – 28.0 months –

Fourth year of exposure MRONJ-incidence 4.9% (5/103) 25.0% (1/4) 0.21
5.2 (0.8–34.5)

Median BRI-exposure 48.0 months 38.0 months –

Median concomitant exposure – 39.0 months –
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Bone resorption inhibitors + VEGFR-TKIs (n=90)

Bone resorption inhibitors (n=533)

p<0.0001

HR 9.5

(95%CI 3.1-29.6)

Time-to-MRONJ (%)

Months 0 6 12 18 24 30 36 42
BRIs 533 421 345 282 223 160 111 79
BRIs+TKIs 90 33 22 16 12 5 5 2

Fig. 1 Time-to-MRONJ in
patients concomitantly treated
with BRIs and VEGFR-TKIs
compared to patients treated with
BRIs only
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• Incidence = 11.1%
• During the 1st year of BRI-

exposure, 1.1 % vs 6.7% 
       (p=0.0035; OR= 5.9)
• Time to-ONJ incidence shorter in 

pts with AA+BRI (4.5 vs 25mths) 

• ONJ = 17%
• All pts with ONJ received 

DENO + AA

Original Study

Denosumab Toxicity When Combined With
Anti-angiogenic Therapies on Patients With

Metastatic Renal Cell Carcinoma:
A GETUG Study
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Abstract
The aim of this multicenter retrospective study is to analyze the toxicity profile (mainly osteonecrosis of the
jaw) of patients with metastatic renal cell carcinoma treated with denosumab and anti-angiogenic combina-
tion. Of 41 patients enrolled in this study, 7 patients developed osteonecrosis of the jaw. This toxicity signal
should warn physicians about this combination in the population with metastatic renal cell carcinoma.
Background: About one-third of patients with renal cell carcinoma (RCC) have detectable metastases at diagnosis.
Among them, bone is the second most frequent metastatic site. Treatment of metastatic RCC mostly relies on anti-
angiogenic (AA) therapies and, more recently, immunotherapy. Skeletal-related events (SREs) can be prevented with
bone-targeted therapies such as denosumab (Dmab), which has demonstrated superiority when compared with
zoledronic acid in solid tumors. However, there is limited available data on Dmab toxicity in combination with AA
therapies in patients with kidney cancer. The objective of this study was to retrospectively analyze the toxicity profile
(mainly osteonecrosis of the jaw [ONJ] and hypocalcemia) in patients with metastatic renal cell carcinoma (mRCC)
treated with Dmab and AA therapy combination. Patients and Methods: We conducted a multicenter retrospective
study among centers from the French Groupe d’Etudes des Tumeurs Uro Genitales (GETUG). Patients with bone
metastases who received concurrently or sequentially AA therapy and Dmab were included in this study. Results: A
total of 41 patients with mRCC were enrolled. Although no patient presented with severe hypocalcemia, ONJ occurred
in 7 (17%) of 41 patients. Interestingly, all patients with ONJ received the Dmab and AA combination in the first line of
treatment; among these patients, 3 patients had no risk factor other than the Dmab and AA combination. Conclusion:
The incidence of ONJ was high in this real-life population of patients with mRCC treated with AA therapies combined
with Dmab. This toxicity signal should warn physicians about this combination in the mRCC population.

Clinical Genitourinary Cancer, Vol. 17, No. 1, e38-43 ª 2018 Elsevier Inc. All rights reserved.
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SUMMARY

Integratedmulti-omics evaluation of 823 tumors from advanced renal cell carcinoma (RCC) patients identifies
molecular subsets associated with differential clinical outcomes to angiogenesis blockade alone or with a
checkpoint inhibitor. Unsupervised transcriptomic analysis reveals seven molecular subsets with distinct
angiogenesis, immune, cell-cycle, metabolism, and stromal programs. While sunitinib and atezolizumab +
bevacizumab are effective in subsets with high angiogenesis, atezolizumab + bevacizumab improves clinical
benefit in tumors with high T-effector and/or cell-cycle transcription. Somatic mutations in PBRM1 and
KDM5C associate with high angiogenesis and AMPK/fatty acid oxidation gene expression, while CDKN2A/
B and TP53 alterations associate with increased cell-cycle and anabolic metabolism. Sarcomatoid tumors
exhibit lower prevalence of PBRM1 mutations and angiogenesis markers, frequent CDKN2A/B alterations,
and increased PD-L1 expression. These findings can be applied to molecularly stratify patients, explain
improved outcomes of sarcomatoid tumors to checkpoint blockade versus antiangiogenics alone, and
develop personalized therapies in RCC and other indications.

INTRODUCTION

Renal cell carcinoma (RCC) was diagnosed inmore than 400,000
people and associated with approximately 175,000 deaths
worldwide in 2018 (Bray et al., 2018; Siegel et al., 2018). Approx-
imately 25% of patients present with metastatic disease at initial
diagnosis (Dabestani et al., 2016). Clear cell carcinoma (ccRCC)
is the most common histologic subtype (75%) in RCC (Choueiri
and Motzer, 2017). About 20% of tumors from patients with
advanced RCC contain sarcomatoid elements. RCC tumors
that include a sarcomatoid component are highly aggressive
and lead to rapidmetastasis and poor clinical prognosis (Lebacle
et al., 2019; Mouallem et al., 2018).

Inactivation of the VHL gene function by deletion of chromo-
some 3p, mutation, and/or promoter methylation is a predomi-
nant feature of ccRCC (Cancer Genome Atlas Research, 2013;
Gnarra et al., 1994; Linehan et al., 1995) and leads to abnormal
accumulation of hypoxia-inducible factors (HIF) and activation
of the angiogenesis program (Kaelin, 2007; Majmundar et al.,
2010; Semenza, 2013). However, VHL loss in itself is insufficient
for tumorigenesis, and additional genomic aberrations, such as
mutations in 3p-associated genes PBRM1, SETD2, and BAP1;
loss of CDKN2A and CDKN2B genes via focal or arm-level dele-
tion of the 9p21 locus; and alterations in KDM5C, TP53, MTOR,
or PTEN have been implicated in disease progression and
degree of aggressiveness (Cancer Genome Atlas Research,
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clusters (Figures 2C and 2D). Atezolizumab + bevacizumab
demonstrated improved OR rate ([ORR]; 52.0% versus
19.4%, p < 0.001) and PFS (HR = 0.52; 95% CI: 0.33–0.82)
versus sunitinib (Figures 2C and 2D) in the T-effector/Prolifera-
tive cluster (no. 4), confirming the contribution of pre-existing
intratumoral adaptive immune presence in determining
benefit to immunotherapy containing regimens. In addition,
atezolizumab + bevacizumab showed improved ORR (26.2%
versus 3.1%, p < 0.001; Figure 2C) and PFS (HR = 0.47; 95%
CI: 0.27–0.82; Figure 2D) in the Proliferative cluster (no. 5),
including in tumors that harbored TFE fusions (Figure S2G),
implicating the relevance of PD-L1 blockade in this low angio-
genesis, but high proliferative subgroup. Atezolizumab + bevaci-
zumab also showed improved PFS (HR= 0.1; 95%CI: 0.01–0.77)
in the snoRNA cluster (no. 7); however, the biological basis
of this effect in this small cluster of patients remains to be
elucidated.
We subsequently compared the HRs obtained above using a

univariate Cox proportional hazard model that only tests treat-
ment arm in each NMF subgroup against a model that included
treatment arm, PD-L1 IHC, andMSKCC clinical risk score. These
multivariate analyses confirmed that the differential clinical

benefit observed in these NMF clusters is independent of PD-
L1 expression and MSKCC prognostic risk (Table S4).
Finally, we also evaluated differentially expressed genes be-

tween responders (complete or partial OR) and non-responders
(progressive disease) within and across treatment arms. In suni-
tinib-treated patients, linear modeling complemented with
MSigDb hallmark gene set enrichment analysis revealed higher
expression of genes associated with the VEGF pathway in tu-
mors from responders and higher expression of cell-cycle-asso-
ciated pathways in tumors from non-responders (Figures S4A
and S4B). Comparison of gene expression in responders with
non-responders treated with atezolizumab + bevacizumab did
not identify any significantly differentially expressed genes (false
discovery rate [FDR] < 0.05).Within responders across treatment
arms, genes associated with proliferation and immune pathways
were enriched in patients responding to atezolizumab + bevaci-
zumab, while genes associated with VEGF signaling (hypoxia)
were enriched in patients responding to sunitinib (Figures S4C
and S4D). No differentially expressed genes (FDR < 0.05) were
observed in non-responders treated with atezolizumab + bevaci-
zumab versus sunitinib. These data confirm and support the
findings from our unbiased NMF classification.

MSKCC clinical risk
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Figure 2. Association between Transcriptomic Clusters and Clinical Outcomes to Atezolizumab + Bevacizumab or Sunitinib in
Advanced RCC
(A) Bar charts representing NMF cluster distribution by Memorial Sloan Kettering Cancer Center (MSKCC, left panel) or International Metastatic Renal Cell

Carcinoma Database Consortium (IMDC, right panel) clinical risk categories. p values were obtained from Pearson’s chi-square test.

(B) Kaplan-Meier curves of PFS in NMF clusters of patients treated with atezolizumab + bevacizumab or sunitinib.

(C) Bar chart representing OR rate by treatment arm in each NMF cluster. p value was obtained using Pearson’s chi-square test. NE, not evaluable; PD, pro-

gressive disease; SD, stable disease; PR, partial response; CR, complete response; n.s., not statistically significant (p > 0.05); A/B, atezolizumab + bevacizumab;

Sun, sunitinib.

(D) Forest plots for PFS hazard ratios in patients treated with atezolizumab + bevacizumab (A/B) versus sunitinib, by NMF cluster. mPFS, median PFS.
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Highlights
d Genomics of 823 RCC tumors, including 134 sarcomatoid

tumors, reveals 7 subtypes
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and cell-cycle profiles
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d Differential outcomes to VEGF blockade alone or in

combination with anti-PD-L1
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Abstract Background: The phase III CheckMate 9ER trial originally included a nivolumab
plus ipilimumab plus cabozantinib triplet arm, which was discontinued early due to the
evolving treatment landscape for first-line advanced renal cell carcinoma (aRCC). We report
an exploratory analysis of patients randomised to the triplet regimen before enrolment discon-
tinuation.
Methods: Patients with clear-cell aRCC received nivolumab (3 mg/kg) plus ipilimumab (1 mg/
kg) Q3W for four cycles with once-daily cabozantinib (40 mg), then nivolumab (240 mg) Q2W
plus once-daily cabozantinib (40 mg). CheckMate 9ER primary (progression-free survival

* Corresponding author: Genitourinary Malignancies Branch, National Cancer Institute, 10 Center Dr, Room 13N240, Bethesda, MD 20892,
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CHECKMATE 9ER- TRIPLET ARM

• Exploratory analysis of pts randomised to the triplet
arm (IPI+NIVO+CABO) before enrolment discontinuation

50 pts

mFU = 39.1 mths

AEs occurred in 42 patients (84.0%), the most common
being alanine aminotransferase increased (n Z 10;
20.0%), aspartate aminotransferase increased (n Z 8;
16.0%) and hepatotoxicity (n Z 8; 16.0%) (Table 3). No
patients experienced a grade 5 treatment-related AE.
Treatment-related serious AEs occurred in 15 patients

(30.0%), with all experiencing a grade 3e4 event; the most
common any-grade and grade 3e4 treatment-related
serious AEs were hepatic events, occurring in six
patients (12.0%).

Treatment-related AEs led to discontinuation of
either nivolumab, ipilimumab or cabozantinib in a total
of 23 patients (46.0%); nine patients (18.0%) dis-
continued nivolumab plus ipilimumab only, five (10.0%)
discontinued cabozantinib only, eight (16.0%) dis-
continued all three treatments simultaneously and one
(2.0%) discontinued all three treatments sequentially
(Table S3). Overall, the most common treatment-related
AEs leading to discontinuation were hepatic in nature
(e.g. increased alanine or aspartate aminotransferase
and hepatitis).

Immune-mediated AEs are summarised in Table 4.
The most common events were hepatic immune-mediated
AEs, occurring in 22 patients (44.0%) at any grade and 20
patients (40.0%) at grade 3e4. Median (range) time to

Fig. 1. KaplaneMeier plots of (A) PFS per BICR, (B) PFS per

study investigators, and (C) OS. BICR, blinded independent

central review; CI, confidence interval; NE, not estimable; OS,

overall survival; PFS, progression-free survival. 24-month survival

probabilities are presented with 95% CIs.

Table 2
Objective response outcomes (all randomised patients).

Variable as assessed by BICR Nivolumab + ipilimumab +
cabozantinib (N Z 50)

Confirmed ORR (95% CI), %a 44.0 (30.0e58.7)
BOR, n (%)
Complete response 4 (8.0)
Partial response 18 (36.0)
Stable disease 19 (38.0)
Progressive disease 4 (8.0)
Unable to determineb 5 (10.0)

Median time to response
(IQR), monthsc

2.8 (2.6e4.2)

Median duration of
response (95% CI),
monthsc

21.4 (13.8e30.6)

Variable as assessed by
study investigators

Nivolumab + ipilimumab +
cabozantinib
(N Z 50)

Confirmed ORR
(95% CI), %a

48.0 (33.7e62.6)

BOR, n (%)
Complete response 0
Partial response 24 (48.0)
Stable disease 20 (40.0)
Progressive disease 2 (4.0)
Unable to determined 4 (8.0)

BICR, blinded independent central review; BOR, best overall
response; CI, confidence interval; IQR, interquartile range; ORR,
objective response rate; RECIST, Response Evaluation Criteria in
Solid Tumors.
a Confirmed complete or partial response per RECIST v.1.1.
b Reasons for classification as ‘unable to determine’ by BICR

included death prior to tumour assessment (n Z 3), lost to follow-up
prior to tumour assessment (n Z 1), and receipt of subsequent anti-
cancer therapy (n Z 1).
c Median time to response and median duration of response were

calculated only for the 22 patients who had a complete or partial
response per BICR.
d Reasons for classification as ‘unable to determine’ by study in-

vestigators included death prior to tumour assessment (n Z 3) and lost
to follow-up prior to tumour assessment (n Z 1).

A.B. Apolo et al. / European Journal of Cancer 177 (2022) 63e71 67

• ORR = 44%; CR = 8%
• mPFS = 13.9 mths
• mOS = 37 mths
• Grade 3-4 TRAEs = 84% !!!
• ASAT, ALAT, hepatotoxicity
• 46% of treatment discontinuation 
of at least one study drug due to AEs
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BACKGROUND
The efficacy and safety of treatment with cabozantinib in combination with 
nivolumab and ipilimumab in patients with previously untreated advanced renal-
cell carcinoma are unknown.

METHODS
In this phase 3, double-blind trial, we enrolled patients with advanced clear-cell 
renal-cell carcinoma who had not previously received treatment and had interme-
diate or poor prognostic risk according to the International Metastatic Renal-Cell 
Carcinoma Database Consortium categories. Patients were randomly assigned to 
receive 40 mg of cabozantinib daily in addition to nivolumab and ipilimumab 
(experimental group) or matched placebo in addition to nivolumab and ipilimu-
mab (control group). Nivolumab (3 mg per kilogram of body weight) and ipilimu-
mab (1 mg per kilogram) were administered once every 3 weeks for four cycles. 
Patients then received nivolumab maintenance therapy (480 mg once every 4 weeks) 
for up to 2 years. The primary end point was progression-free survival, as deter-
mined by blinded independent review according to Response Evaluation Criteria in 
Solid Tumors, version 1.1, and was assessed in the first 550 patients who had 
undergone randomization. The secondary end point was overall survival, assessed 
in all patients who had undergone randomization.

RESULTS
Overall, 855 patients underwent randomization: 428 were assigned to the experi-
mental group and 427 to the control group. Among the first 550 patients who had 
undergone randomization (276 in the experimental group and 274 in the control 
group), the probability of progression-free survival at 12 months was 0.57 in the 
experimental group and 0.49 in the control group (hazard ratio for disease pro-
gression or death, 0.73; 95% confidence interval, 0.57 to 0.94; P = 0.01); 43% of the 
patients in the experimental group and 36% in the control group had a response. 
Grade 3 or 4 adverse events occurred in 79% of the patients in the experimental 
group and in 56% in the control group. Follow-up for overall survival is ongoing.

CONCLUSIONS
Among patients with previously untreated, advanced renal-cell carcinoma who had 
intermediate or poor prognostic risk, treatment with cabozantinib plus nivolumab 
and ipilimumab resulted in significantly longer progression-free survival than 
treatment with nivolumab and ipilimumab alone. Grade 3 or 4 adverse events were 
more common in the experimental group than in the control group. (Funded by 
Exelixis; COSMIC-313 ClinicalTrials.gov number, NCT03937219.)
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Cabozantinib plus Nivolumab  
and Ipilimumab in Renal-Cell Carcinoma
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COSMIC-313 TRIAL mFU = 20 mths

1st endpoint = PFS



ADVERSE EVENTS (SAFETY POPULATION)

Use of High-dose corticosteroids 
= 58% / 35%

Grade 3-4 = 73% vs 41%

TRAEs leading to 
discontinuation (any treatment)
= 45% vs 24%
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Deaths that were related to the trial regimen 
and occurred within 100 days before the last 
dose of the trial regimen were observed in 5 pa-
tients (1%) in the experimental group (one event 
each of acute hepatic failure, gastrointestinal 
hemorrhage, hepatic failure, immune-mediated 
hepatitis, and respiratory failure) and in 4 pa-
tients (1%) in the control group (one event each 

of myocarditis, perforated ulcer, renal failure, 
and sudden death). Additional details are pro-
vided in Table S9.

Discussion

In this randomized, double-blind, phase 3 trial 
involving patients with previously untreated ad-

Characteristic Progression-free Survival Population Intention-to-Treat Population

Experimental 
(N = 276)

Control 
(N = 274)

Experimental 
(N = 428)

Control 
(N = 427)

Liver 47 (17) 39 (14) 74 (17) 66 (15)

Bone 33 (12) 57 (21) 54 (13) 83 (19)

Adrenal 33 (12) 40 (15) 57 (13) 55 (13)

*  Patients were assigned to receive cabozantinib in addition to nivolumab and ipilimumab (experimental group) or placebo in addition to 
nivolumab and ipilimumab (control group). The progression-free survival population included the first 550 patients who had undergone 
randomization, and the intention-to-treat population included all the patients who had undergone randomization. Percentages may not 
total 100 because of rounding.

†  Race or ethnic group was reported by the patients.
‡  The International Metastatic Renal-Cell Carcinoma Database Consortium (IMDC) risk category was determined with the use of the IxRS 

interactive voice- and Web-based response system.
§  Karnofsky performance-status scores range from 0 to 100, with lower scores reflecting greater disability.
¶  The programmed death ligand 1 (PD-L1) tumor proportion score is the percentage of viable tumor cells that show PD-L1 membrane stain-

ing of any intensity.
∥  The data were determined by an independent radiology committee whose members were unaware of trial-group assignments.
**  Target and nontarget lesions could include the primary tumor.

Table 1. (Continued.)

Figure 1. Final Analysis of Progression-free Survival (Progression-free Survival Population).

Patients were assigned to receive cabozantinib in addition to nivolumab and ipilimumab (experimental group) or placebo in addition to 
nivolumab and ipilimumab (control group). The progression-free survival population included the first 550 patients who had undergone 
randomization. A total of 249 events (disease progression or death) occurred after a median follow-up of 14.9 months. The date of the 
249th event was August 23, 2021. Events were adjudicated by an independent radiology committee whose members were unaware of 
 trial-group assignments. NE denotes could not be estimated, and NR not reached.
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vanced renal-cell carcinoma who had intermedi-
ate or poor IMDC risk, progression-free survival 
was significantly longer with cabozantinib in 
combination with nivolumab and ipilimumab 
than with nivolumab and ipilimumab alone. The 
results of subgroup analyses in previous studies 
that evaluated tyrosine kinase inhibitors in com-
bination with anti–PD-1 agents for the first-line 
treatment of advanced renal-cell carcinoma have 
suggested that the benefit of immune check-
point inhibitor combinations as compared with 
sunitinib is greater for patients with poor risk 
than for patients with intermediate risk.6,8,9,16 In 
this trial, the addition of a tyrosine kinase in-
hibitor to the immune checkpoint inhibitor 
doublet of nivolumab and ipilimumab did not 
appear to provide a benefit over nivolumab and 
ipilimumab alone in the subgroup of patients 
with poor risk, although interpretability is lim-
ited by the small subgroup size, and differences 
in populations confound comparisons across 
trials. Exploratory analyses according to indi-
vidual IMDC risk factors may provide further 
insight into patient characteristics associated 
with outcomes.

A total of 43% of the patients in the experi-
mental group and 36% in the control group had 

a response. Progressive disease as the best re-
sponse occurred in 8% and 20%, respectively. 
The percentage of patients with a complete re-
sponse was similar in the two groups and was 
relatively low as compared with that for nivolu-
mab plus ipilimumab in the CheckMate 214 
trial6,17,18 and that in pivotal studies of tyrosine 
kinase inhibitor and immune checkpoint inhibi-
tor combinations.8,9,16 In this trial, the propor-
tion of patients who had not undergone nephrec-
tomy was higher than that reported in other 
phase 3 trials in advanced renal-cell carcino-
ma,8,9,16 and kidney tumor was a frequent persis-
tent lesion, which may have reduced the percent-
age of patients with a complete response.19 
Whether the percentage of patients with a com-
plete response will increase after longer follow-
up remains to be seen.

Adverse events were more frequent and were 
of higher grade in the experimental group than 
in the control group. Adverse events associated 
with both cabozantinib and immune checkpoint 
inhibitors (e.g., hepatic-enzyme elevation, diar-
rhea, and skin effects) and discontinuations ow-
ing to adverse events were more common in the 
experimental group than in the control group. 
Elevated liver aminotransferase levels were the 

Table 2. Tumor Response (Progression-free Survival Population).*

Variable
Experimental 

(N = 276)
Control 

(N = 274)

Objective response (95% CI) — % 43 (37–49) 36 (30–42)

Best overall response — no. (%)

Complete response  7 (3)  9 (3)

Partial response 112 (41)  89 (32)

Stable disease 119 (43) 100 (36)

Progressive disease 23 (8)  55 (20)

Could not be evaluated or data were missing 15 (5) 21 (8)

Disease control — no. (%)† 238 (86) 198 (72)

Median time to response (range) — mo 2.4 (1.5–17.1)  2.3 (1.9–16.8)

Median duration of response (95% CI) — mo NR (20.2–NR) NR (NE–NE)

*  Patients were assigned to receive cabozantinib in addition to nivolumab and ipilimumab (experimental group) or pla-
cebo in addition to nivolumab and ipilimumab (control group). Responses were assessed by an independent radiology 
committee according to the Response Evaluation Criteria in Solid Tumors, version 1.1; members of the committee 
were unaware of trial-group assignments. Complete and partial responses were confirmed. The data-cutoff date was 
January 31, 2022. Percentages may not total 100 because of rounding. NE denotes could not be estimated, and NR not 
reached.

†  Disease control was defined as a complete response, partial response, or stable disease as the best overall response.
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Excess toxicity seen in the triplet arm 
è no adequate treatment exposure è 
limiting the benefit ?

• Highest rates of IMDC 
poor risk patients (25%)

• More patients without 
nephrectomy

• No IMDC favorable risk 
patients (0%) 
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ONGOING 
BELZUTIFAN = Manageable safety profile



STILL PLACE FOR TKI 
MONOTHERAPY ???



INTERNATIONAL GUIDELINES (EAU)



Fig. 1 

• significant comorbidities = immunosuppressed
    transplant recipients; severe autoimmune diseases 
• unable to tolerate the added toxicity associated with 
    combinaison (elderly and unfit)

• Clearly defined angiogenic profile (but need of 
biomarkers)

• Very favorable risk group ? (but also need of biomarkers)

PATIENTS FOR MONOTHERAPY ?



WHAT ABOUT TAILORED 
APPROACH ??



originalreports

Optimized Management of Nivolumab and
Ipilimumab in Advanced Renal Cell Carcinoma: A
Response-Based Phase II Study (OMNIVORE)
Rana R. McKay, MD1; Bradley A. McGregor, MD2; Wanling Xie, MS2; David A. Braun, MD, PhD2; Xiao Wei, MD2;
Christos E. Kyriakopoulos, MD3; Yousef Zakharia, MD4; Benjamin L. Maughan, MD, PharmD5; Tracy L. Rose, MD6; Walter M. Stadler, MD7;
David F. McDermott, MD8; Lauren C. Harshman, MD2; and Toni K. Choueiri, MD2

abstract

PURPOSE In this phase II response-adaptive trial, we investigated the rational application of immune checkpoint
blockade in renal cell carcinoma (RCC; ClinicalTrials.gov identifier: NCT03203473).

METHODS We enrolled patients with metastatic RCC with no prior checkpoint inhibitor exposure. All patients
received nivolumab alone with subsequent arm allocation based on response. Patients with a confirmed partial
response (PR) or complete response (CR) within 6 months discontinued nivolumab and were observed (arm A).
Patients with stable disease or progressive disease (PD) after no more than 6 months of nivolumab received two
doses of ipilimumab (arm B). The primary endpoints were the proportion of patients with PR/CR at 1 year after
nivolumab discontinuation (arm A) and proportion of nivolumab nonresponders who converted to PR/CR after
ipilimumab (arm B).

RESULTS Overall, 83 patients initiated treatment, of whom 96% had clear-cell histology, 51% were treatment
naı̈ve, and 67% had intermediate/poor-risk disease. Median follow-up was 19.5 months. Within 6 months,
induction nivolumab resulted in a confirmed PR in 12% of patients (n 5 10). Fourteen patients were not
allocated to a study arm (seven because of toxicity, seven because of PD). Twelve patients (14%) were allocated
to arm A and discontinued nivolumab, of whom five (42%; 90% CI, 18% to 68%) remained off nivolumab at
$ 1 year. Of 57 patients (69%) allocated to arm B, two patients converted to a confirmed PR (4%; 90% CI, 1% to
11%), and no CRs were observed.

CONCLUSION In this study, nivolumab followed by two doses of ipilimumab resulted in no CRs and a low PR/CR
conversion. The number of patients evaluated for nivolumab discontinuation was too small to assess the value of
this approach. Currently, our data do not support a response-adaptive strategy for checkpoint blockade in
advanced RCC.

J Clin Oncol 38:4240-4248. © 2020 by American Society of Clinical Oncology

INTRODUCTION

The efficacy of immune checkpoint inhibitors has
dramatically revolutionized the treatment paradigm for
patients with advanced renal cell carcinoma (RCC). The
phase III CheckMate-025 trial (ClinicalTrials.gov iden-
tifier: NCT01668784) demonstrated the efficacy of
nivolumab, a programmed cell death-protein 1 (PD-1)
inhibitor, in patients with advanced RCC having re-
ceived prior vascular endothelial growth factor (VEGF)
targeted therapy.1 In the frontline setting, the phase III
CheckMate-214 study (ClinicalTrials.gov identifier:
NCT02231749) evaluated the role of combination
nivolumab and ipilimumab, a cytotoxic T-lymphocyte
antigen 4 (CTLA-4) inhibitor, compared with sunitinib.2

The immunotherapy combination resulted in improved
objective responses (39%), including 11% of patients
experiencing a complete response (CR) and prolonged
overall survival.3 Currently, frontline treatment options
for patients with advanced RCC include immunotherapy

combinations of either nivolumab plus ipilimumab,2

pembrolizumab plus axitinib,4 or avelumab plus axiti-
nib,4 and in some scenarios, single-agent VEGF inhibition.

Despite the marked efficacy observed with immune
checkpoint blockade, immune-related adverse events
(irAEs) are common and can be life-threatening.5

Unlike adverse events with conventional VEGF tar-
geted therapy, which have a predictable dose-
dependent pattern and tend to be reversible, irAEs
tend to be variable in onset, presentation, and severity,
often require steroids and other immunosuppressive
agents for management, and may not be easily re-
versible.2 With nivolumab monotherapy, grade 3-4
treatment-related adverse events (TRAEs) were ob-
served in 21% of patients, with 8% discontinuing
treatment because of toxicity.6 With combination
nivolumab and ipilimumab, 47% of patients experi-
enced grade 3-4 TRAEs, with one in five patients
requiring treatment discontinuation.3
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APPENDIX Study Design
Response was investigator assessed by RECIST version 1.1. In patients
who experienced a response, subsequent imaging assessments were
used for response confirmation, which was mandated by the study
protocol. Confirmation of progressive disease was required unless
deemed clinically detrimental by the investigator. Baseline measure-
ments to assess response were reset at the initiation of ipilimumab for
arm B. After treatment discontinuation, an optional tumor biopsy was
performed. Toxicity was assessed by Common Terminology Criteria for
Adverse Events version 4.0.

Hypothesis Selection
The null and alternative hypothesis rates were selected based on
historical data at the time the trial was launched. In patients with renal
cell carcinoma who were previously treated, the published response
rates to nivolumab monotherapy range from 25% to approximately
29% (McDermott D, et al: J Clin Oncol Jun 20;33(18):2013-20., 2015;
Motzer R, et al: N Engl J Med Nov 5;373(19):1803-13., 2015). Given
that our study included both treatment-naı̈ve and previously treated
patients, we assumed 29% (23 of 80) of patients would have a con-
firmed partial response or complete response transitioning to arm A,
the remaining 57 patients with progressive disease or confirmed stable
disease transitioning to arm B. The overall enrollment was 83, ac-
counting for 4% early dropout during the induction phase.

For arm A, there were no prior data for this novel treatment approach.
The study design was to distinguish a true durable partial response/
complete response rate of 35% from 10%, which was considered
clinically meaningful from investigators’ perspectives. For arm B,
a small phase I (CheckMate 016) reported an objective response rate
of 45% in patients treated with different dosing regimens of nivolumab
and ipilimumab. Because our study included patients who did not

respond to initial nivolumab and patients received salvage therapy with
two doses of ipilimumab, a partial response/complete response rate of
20% would be considered promising in this population.

Futility Monitoring
To ensure that discontinuation of nivolumab was not detrimental for
patients with initial confirmed partial response/complete response,
a futility assessment was planned after nine of 23 arm A patients (39%)
had undergone at least one imaging assessment since discontinuing
nivolumab. Because we targeted the 1-year remission rate of at least
35% in arm A, an early progressive disease rate of 60% or higher at first
scan post-treatment discontinuation would indicate the failure of this
treatment approach. Therefore, if we observed five or more of the first
nine patients experiencing progressive disease, enrollment of arm A
would be suspended. If the true early progressive disease rate is
60% or higher, the probability of observing five or more patients with
progressive disease out of nine patients is at least 73% (early stopping
probability).

Arm B used a Simon’s two-stage design. If one or fewer partial re-
sponses/complete responses are observed in the first 20 patients, arm
B will be suspended. If two or more partial responses/complete re-
sponses are observed, an additional 37 patients will be enrolled for
a total of 57 evaluable patients. The regimen will be declared worthy of
additional study if six or more partial responses/complete responses
are observed. These decision rules result in a 73% probability of
stopping early (at the end of the first stage) if the regimen is inactive.
The design yields a 92% probability (statistical power) of declaring the
regimen active given a true partial response/complete response rate of
20% or 5% probability of declaring the regimen active given a true
partial response/complete response rate of 5% or less.

Key inclusion criteria:

Metastatic RCC

Any RCC histology

Untreated or previously 
treated 

No prior CPI

Measurable disease by 
RECIST version 1.1

ECOG PS 0-2

Nivolumab induction
240 mg every 2 weeks or
480 mg every 4 weeks 

Stop treatment*

Confirmed SD

Add ipilimumab 1 mg/kg
once every 3 weeks x 2  

PD

Tumor assessments
Week 8, 16, 24 
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FIG A1. OMNIVORE study schema. (*) If a patient developed progressive disease (PD) after treatment discontinuation, nivolumab was reinitiated; if PD
persisted or recurred, ipilimumab 1mg/kg once every 2 weeks3 2 was added. Futility assessment was performed after the first nine patients enrolled. CPI,
checkpoint inhibitor; CR, complete response; ECOG PS, Eastern Cooperative Oncology Group performance status; PR, partial response; SD, stable
disease; RCC, renal cell carcinoma.
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JCO 2020 mFU = 19.5 mths

ORR =12%

12pts = 42% remained off NIVO at > 1 year

57 pts = 4% of PR; no CR

83 / 42 pts (L1)

1st endpoint = ORR



HCRN GU16-260 TRIAL PHASE II 123 pts L1

mFU = 26.9 mths

ORR =32%

PR =13%
CR = 0%



TITAN TRIAL PHASE II 207 / 108 pts (L1) mFU = 36.2 wks

ORR = 29%

PR =12%
CR = 2.7%



PEDIGREE TRIAL PHASE III 1044 pts

ONGOING 1st endpoint = OS



CONCLUSIONS
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During the past 5 years, the field has now 
entered its third and most remarkable epoch, 
characterized by a series of discoveries made 
about the interactions that occur between 
tumors and immune cells4. This epoch of 
mccRCC treatment has been marked by the 
combination of targeted inhibition of the 
VEGF receptor or related receptors together 
with immunotherapy.

Recent advances in the use of 
immune-checkpoint inhibitor (ICI) drugs, 
which typically target the PD-1 pathway, 
for the immunotherapeutic treatment 
of solid tumors have improved clinical 
outcomes, including those for mccRCC. 
Patients with previously untreated mccRCC 

who received the ICIs ipilimumab and 
nivolumab had better overall survival 
in pre-specified intermediate and poor 
prognostic risk groups, relative to that of 
people with mccRCC who were treated 
with sunitinib, with a PFS rate of 31% at 4 
years5. Such long-term durable responses in 
a historically less-responsive subgroup were 
unprecedented for mccRCC.

Since the 2018 regulatory approval of 
ipilimumab and nivolumab, several newly 
tested combinations of anti-angiogenic 
agents with ICI drugs have demonstrated 
statistically significant clinical improvements 
in efficacy outcomes in patients with 
previously untreated mccRCC. Independent 

phase 3 trials, with sunitinib used for 
comparison, have led to regulatory approvals 
of the following combinations as treatments 
for advanced RCC: the TKI axitinib with the 
ICI pembrolizumab6; axitinib with the ICI 
avelumab7; and the TKI cabozantinib with 
nivolumab8.

The phase 3 CLEAR trial work reported 
by Motzer et al. evaluated the combination 
of lenvatinib (which targets the VEGF 
receptor) and pembrolizumab (which 
inhibits PD-1 signaling)1. A total of 1,069 
patients with mccRCC were randomly 
assigned to one of three treatment 
groups: 200 mg of pembrolizumab given 
intravenously every 3 weeks, with 20 mg 
of lenvatinib taken orally each day; 18 mg 
of lenvatinib, with 5 mg of the metabolic 
checkpoint kinase mTOR inhibitor 
everolimus taken orally each day; or 50 mg 
of sunitinib taken orally on a daily basis 
with the standard schedule of 4 weeks on 
and 2 weeks off treatment. The combination 
treatment resulted in a greater median PFS 
of 23.9, versus 9.2 months for sunitinib 
(hazard ratio, 0.39 (95% confidence interval, 
0.32–0.49); P < 0.001 (stratified log-rank 
test)), and an early survival benefit, although 
median values have not been reached 
(hazard ratio, 0.66 (95% confidence interval, 
0.49–0.88); P = 0.005 (stratified log-rank 
test)). On the basis of these results, we 
anticipate that the combination of lenvatinib 
and pembrolizumab will be the next 
approved treatment option for people with 
advanced RCC.

The combination of lenvatinib and 
pembrolizumab provided an independently 
confirmed objective response rate (defined 
as target tumor shrinkage of 30% or more) of 
71%, with complete responses for 16%, and a 
median duration of response of 25.8 months. 
Tolerability might be an issue for some 
patients, given that 13% of the participants 
discontinued both treatments for adverse 
events, 29% discontinued pembrolizumab, 
and 67% required at least one dose reduction 
of lenvatinib. The most common toxicities 
at grade 3 or higher in patients treated with 
the combination were hypertension (27%), 
diarrhea (10%), weight loss (8%) and excess 
protein in the urine (proteinuria; 8%).

The publication of the results of the 
CLEAR trial marks the completion of a 
total of five phase 3 trials combining ICI 
and TKI treatments. All five compared 
immunotherapy-based combinations against 
sunitinib, and the results of the CLEAR trial 
and other trials firmly establish ICI and TKI 
combinations as new standard treatments 
for patients with mccRCC.

However, this new era is only just 
beginning. Maximizing overall survival for 
patients is still a primary goal, but given the 
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Fig. 1 | Treatments for kidney cancer. First-line treatment options for mccRCC have evolved over time 
(epochs at bottom). The first epoch of therapy (left) relied on treatment with cytokines. The second 
epoch (middle) used TKIs. The current, third epoch (right) relies on immunotherapy with ICIs and 
combination approaches. Motzer et al. report phase 3 clinical trial data of combination treatment  
with the TKI lenvatinib and immunotherapy with the ICI pembrolizumab1. Data are from sources  
that include refs. 1,5–8.

15-16 mths

48-50 mths

SPECTACULAR IMPROVEMENTS IN OS !!! 



WHAT IS THE  
BEST CANDIDATE FOR IO+IO ???

Particularly relevant with sarcomatoïd 
component…

Cardiac contra-indication

- Without rapid progression
- When the primary goal is CURE
- Only chance to use IPILIMUMAB

3

2

1



1 Particularly relevant in anatomical sites where 
tumor growth may lead to adverse consequences 
(spinal canal; mediastinum;…)

- Particularly relevant in patients with
- aggressive disease
- high tumor burden and symptomatic patients
- with need rapid tumor shrinkage

2

WHAT IS THE  
BEST CANDIDATE FOR IO+TKI ???



4

3

5

Contra-indication to corticosteroids 
(allergy; not-well controlled diabetes)

Brain metastases 
(especially with CABOZANTINIB)

Papillary histology

Patients with glandular (pancreas, adrenal, 
thyroid,…) metastases6



WHAT IS THE BEST CANDIDATE FOR BONE 
METASTASES ???

INCIDENCE 20-24%

OUTCOMES CABO + NIVO ?

ONJ : DENO + TKI 11-17%



BENEFITS OF INTENSIFICATION 
WITH « TRIPLET » ???

CHECKMATE 9ER TRIAL

COSMIC TRIAL
Grade 3-4 = 73-84% !!!

• 1st endpoint met : PFS = HR 0.73
• Intermediate : PFS = HR 0.63
• Poor : PFS = NS è ???
• ORR = 42% vs 36% è not so impressive (excess of toxicity? 
No adequate exposure ?)
• OS = not yet mature NOT a SoC !!!



WHAT IS THE BEST CANDIDATE FOR 
FAVORABLE IMDC RISK GROUP ???

OS /  4 PHASE III RCTs HR = NS

BELGIUM REIMBURSMENT PEMB + AXI
NIVO + CABO

clusters (Figures 2C and 2D). Atezolizumab + bevacizumab
demonstrated improved OR rate ([ORR]; 52.0% versus
19.4%, p < 0.001) and PFS (HR = 0.52; 95% CI: 0.33–0.82)
versus sunitinib (Figures 2C and 2D) in the T-effector/Prolifera-
tive cluster (no. 4), confirming the contribution of pre-existing
intratumoral adaptive immune presence in determining
benefit to immunotherapy containing regimens. In addition,
atezolizumab + bevacizumab showed improved ORR (26.2%
versus 3.1%, p < 0.001; Figure 2C) and PFS (HR = 0.47; 95%
CI: 0.27–0.82; Figure 2D) in the Proliferative cluster (no. 5),
including in tumors that harbored TFE fusions (Figure S2G),
implicating the relevance of PD-L1 blockade in this low angio-
genesis, but high proliferative subgroup. Atezolizumab + bevaci-
zumab also showed improved PFS (HR= 0.1; 95%CI: 0.01–0.77)
in the snoRNA cluster (no. 7); however, the biological basis
of this effect in this small cluster of patients remains to be
elucidated.
We subsequently compared the HRs obtained above using a

univariate Cox proportional hazard model that only tests treat-
ment arm in each NMF subgroup against a model that included
treatment arm, PD-L1 IHC, andMSKCC clinical risk score. These
multivariate analyses confirmed that the differential clinical

benefit observed in these NMF clusters is independent of PD-
L1 expression and MSKCC prognostic risk (Table S4).
Finally, we also evaluated differentially expressed genes be-

tween responders (complete or partial OR) and non-responders
(progressive disease) within and across treatment arms. In suni-
tinib-treated patients, linear modeling complemented with
MSigDb hallmark gene set enrichment analysis revealed higher
expression of genes associated with the VEGF pathway in tu-
mors from responders and higher expression of cell-cycle-asso-
ciated pathways in tumors from non-responders (Figures S4A
and S4B). Comparison of gene expression in responders with
non-responders treated with atezolizumab + bevacizumab did
not identify any significantly differentially expressed genes (false
discovery rate [FDR] < 0.05).Within responders across treatment
arms, genes associated with proliferation and immune pathways
were enriched in patients responding to atezolizumab + bevaci-
zumab, while genes associated with VEGF signaling (hypoxia)
were enriched in patients responding to sunitinib (Figures S4C
and S4D). No differentially expressed genes (FDR < 0.05) were
observed in non-responders treated with atezolizumab + bevaci-
zumab versus sunitinib. These data confirm and support the
findings from our unbiased NMF classification.
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Figure 2. Association between Transcriptomic Clusters and Clinical Outcomes to Atezolizumab + Bevacizumab or Sunitinib in
Advanced RCC
(A) Bar charts representing NMF cluster distribution by Memorial Sloan Kettering Cancer Center (MSKCC, left panel) or International Metastatic Renal Cell

Carcinoma Database Consortium (IMDC, right panel) clinical risk categories. p values were obtained from Pearson’s chi-square test.

(B) Kaplan-Meier curves of PFS in NMF clusters of patients treated with atezolizumab + bevacizumab or sunitinib.

(C) Bar chart representing OR rate by treatment arm in each NMF cluster. p value was obtained using Pearson’s chi-square test. NE, not evaluable; PD, pro-

gressive disease; SD, stable disease; PR, partial response; CR, complete response; n.s., not statistically significant (p > 0.05); A/B, atezolizumab + bevacizumab;

Sun, sunitinib.

(D) Forest plots for PFS hazard ratios in patients treated with atezolizumab + bevacizumab (A/B) versus sunitinib, by NMF cluster. mPFS, median PFS.
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BIOMARKERS !!!



STILL PLACE FOR TKI MONOTHERAPY ???

• significant comorbidities = immunosuppressed
    transplant recipients; severe autoimmune diseases 
• unable to tolerate the added toxicity associated with 
    combinaison (elderly and unfit)

• Clearly defined angiogenic profile 
• Very favorable risk group ? BIOMARKERS !!!



WHAT ABOUT TAILORED APPROACH ??

OMNIVORE TRIAL

TITAN TRIAL

HCRN GU16-260 TRIAL
Very low PR (4-12%)
Very rare CR (0-2.7%)
After « boost » by IPILUMIMAB

NOT a SoC !!!

PEDIGREE TRIAL Ongoing !!!



IMDC score
Tumor/symptom burden
Metastases`speed of response needed

Treatment access
Receipt of prior therapy
Efficacy/ safety/ HRQoL data

Age and lifestyle
Performance status
Comorbidities
Concomitant medications
Treatment preferences

DISEASE FACTORS

TREATMENT FACTORS

PATIENT FACTORS

BIOMARKERS

TREATMENT SELECTION = complex and involves
factors beyond IMDC score 

There are currently
No biomarkers



BIONIKK TRIAL 202 ptsPHASE II mFU= 18 mths

others have foundno associationbetween the presence or absence
of VHL alterations and prognosis or adverse clinical and patho-
logic features.

The ccrcc1/ccrcc4 subtypes, which were more closely linked
with nonresponders to sunitinib, shared common molecular
characteristics such as upregulation of MYC targets or a hyper-
methylated status strongly correlated with a polycomb stem-cell
phenotype.

However, ccrcc4 tumors showed specific pathologic features
such as a more inflammatory and sarcomatoid phenotype, an
upregulation of cellular immune pathways, and an omnipresent
8q21.13 amplification. These findings are consistent with several
publications showing the negative impact on outcome of an
elevated baseline C-reactive protein level, a marker of inflamma-
tion, and of the presence of sarcomatoid differentiation in m-
ccRCC treated with anti-VEGFR TT (28–31).

Inflammation is a double-edged sword in cancer immunology.
It can both fuel tumor cells growth and reinforce antitumor
immunity. Consistently with our observations, extensive infiltra-
tion of CD8þ T cells in pulmonary metastases in patients with m-
ccRCC was associated with a shorter OS (22). Nonetheless,
infiltrating CD8þ T cells are likely suppressed in this context, due

to regulatory cytokines (IL10, TGFB1) and T-cell immunosup-
pressive molecules [PD-L1 (CD274)] highly expressed in ccrcc4.
ccRCCs are extensively infiltrated with myeloid-derived suppres-
sor cells (32), which are likely to arise in a hypoxic environment
and participate to T-cell suppression. These cells, as well as
regulatory T cells, whose markers (FOXP3, IL10, and TGFb) are
also highly expressed in ccrcc4, have also been reported to allow
escape from sunitinib treatment (33, 34).

Integrative analyses of the different omic experiments sug-
gested a possible gradient of tumor progression in the following
order: normal samples/ccrcc3/ccrcc2/ccrcc1/ccrcc4. We observed
a metabolism switch with increasing deregulation along the
ordered subtypes; similar results are obtained for the polycomb
stem-cell phenotypes, the hypermethylated profile or the MYC
target activation (Supplementary Fig. S9). These features fit the
transcriptional and epigenetic sequential changes responsible for
cellular reprogramming leading to acquired pluripotency by
fibroblasts (35): apoptosis blockade, cell cycle activation, meta-
bolic switch, polycomb stem-cell phenotype with the involve-
ment of MYC in this cell reprogramming. Inversely, activation of
the immune pathway in ccrcc4 tumors seemed more linked to a
switch on/off than to a gradient. Similarly, in ccrcc4, few VHL/

Figure 4.
Clinical and molecular characteristics of the four clear cell RCC subgroups. A, barplot of the pathologic features and the incidence of VHL and PBRM1 mutations
associated with the four unsupervised subgroups (ccrcc1 to ccrcc4). Pathologic features were analyzed through microscopy on hematoxylin and eosin–stained
slides. Tumors were screened for VHL and PBRM1mutations using direct sequencing. Significant ANOVA or Fisher P values: " , P < 0.05; "" , P < 0.01. B, representation
of the mean expression level of differentially regulated pathways between the four subgroups. Pathways are sorted by the difference between the ccrcc4 subgroup
and the normal samples (NL). For a given pathway, samples are sorted by mean expression value. C, representation of the rate of upregulated genes within
hypomethylated genes (black) and of the rate of downregulated genes within hypermethylated genes (gray), for each pathway. Pathways are sorted by
the difference between the rates of up- and downregulated genes in the subgroup. D, barplot of the chromosomal aberrations identified by the GISTIC algorithm
and associated with the ccrcc4 subtype. Significant Fisher P values are denoted as """ , P < 0.001.

Beuselinck et al.

Clin Cancer Res; 21(6) March 15, 2015 Clinical Cancer Research1336

on December 19, 2021. © 2015 American Association for Cancer Research.clincancerres.aacrjournals.org Downloaded from 
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CCRCC1 = 42% (immune-low)
CCRCC2 = 37%(angio-high)
CCRCC3 = 5% (normal-like)
CCRCC4 = 17% (immunoe-high)

First step in tailoring 
treatment on the basis 
of tumour molecular
phenotype !!!



CCRCC1 CCRCC2

CCRCC4

ORR = 39/29%

ORR = 50/44%

ORR = 51/50%
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From the analyst’s couch

The renal cell carcinoma drug market

Joan Tur & Rachel M. Webster

Renal cell carcinoma (RCC) is the most 
common form of kidney cancer and 
is typically classified into clear-cell 
(ccRCC) and non-clear-cell (nccRCC) 

histologies. Most patients are diagnosed with 
early-stage disease, which is often curable by 
surgical excision. However, almost 20% of  
patients with complete surgical removal  
of the primary tumour will develop metastatic 
disease, which has a poor 5-year survival rate 
of approximately 17%.

Current treatments
Over the past two decades, immune check-
point inhibitors (ICIs), anti-angiogenic tyros-
ine kinase inhibitors (TKIs), and combinations 
of these drug classes have revolutionized the 
treatment of RCC.

In 2018, the PD1 inhibitor nivolumab (Opdivo; 
Bristol Myers Squibb) in combination with the 
CTLA4 inhibitor ipilimumab (Yervoy; Bristol 
Myers Squibb) became the first ICI-containing 
regimen approved for previously untreated 
metastatic RCC (mRCC), based on the Check-
Mate-214 trial. It is a gold standard of care 
for intermediate- or poor-risk disease owing 
to the impressive survival benefit over the 

previous mainstay sunitinib (Sutent; Pfizer). 
Nivolumab plus ipilimumab is also being evalu-
ated in combination with the TKI cabozantinib 
(Cabometyx; Exelixis) in a phase III trial (COS-
MIC-313); topline data demonstrated improved 
progression-free survival (PFS) compared with 
the nivolumab plus ipilimumab doublet, but 
overall survival (OS) data are not yet mature.

Doublet combinations incorporating a PD1 
inhibitor and a TKI are also approved for the 
first-line treatment of mRCC. Pembrolizumab 
(Keytruda; Merck & Co.) plus axitinib (Inlyta; 
Pfizer) was the first ICI-TKI combination 
approved for RCC (in 2019), followed by pem-
brolizumab plus lenvatinib (Lenvima/Kisplyx;  
Eisai) and nivolumab plus cabozantinib. All 
three doublets have become standards of 
care for previously untreated patients after 
demonstrating impressive response rates, PFS 
and OS benefits with a manageable toxicity 
profile versus sunitinib. Unlike the PD1-CTLA4 
combination, ICI-TKI doublets are indicated 
for patients irrespective of their risk category.

Avelumab (Bavencio; Merck KGaA), com-
bined with axitinib, is the first and only PDL1 
inhibitor available to treat RCC; it was approved 
in 2019 based on the JAVELIN Renal 101 trial. 

However, its efficacy has been eclipsed by the 
other ICI-TKI doublets, severely limiting its use.

The treatment choice in the second and sub-
sequent lines depends on the regimens received 
in prior lines, usually avoiding rechallenging 
a patient with the same agents. Owing to the 
widespread use of ICIs in previously untreated 
patients with advanced-stage or metastatic dis-
ease, the second-line setting is dominated by 
single-agent TKIs, particularly cabozantinib 
and pazopanib (Votrient; Novartis), and len-
vatinib combined with the mammalian target  
of rapamycin (mTOR) inhibitor everolimus 
(Afinitor; Novartis). Other treatments include 
the TKIs sunitinib and sorafenib (Nexavar; 
Bayer), and the mTOR inhibitor temsirolimus  
(Torisel; Pfizer). Single-agent nivolumab  
is approved for second-line treatment, but is 
used mainly for patients who did not receive 
an ICI in the first line. The angiogenesis inhibi-
tor tivozanib (Fotivda; LG Chem/Recordati) is 
approved for patients with disease progression 
after at least two prior systemic therapies; it is 
also being investigated in combination with 
nivolumab in a phase III trial (TiNivo-2).

Adjuvant pembrolizumab is the standard of 
care for RCC at intermediate-high or high risk 

 Check for updates

Table 1 | Selected therapies in the pipeline for RCC

Drug Company Mechanism of action Highest phase

MK-1308A Merck & Co. PD1 and CTLA4 inhibitor Phase III

Toripalimab (Tuoyi) Shanghai Junshi Biosciences PD1 inhibitor Phase III

Durvalumab (Imfinzi) AstraZeneca PDL1 inhibitor Phase III

Tremelimumab (Imjudo) AstraZeneca CTLA4 inhibitor Phase III

Savolitinib (Orpathys) AstraZeneca MET inhibitor Phase III

Zanzalintinib Exelixis Multitarget TKI Phase III

Abexinostat Xynomic Pharmaceuticals HDAC inhibitor Phase III

Batiraxcept Aravive GAS6-AXL pathway inhibitor Phase II

NKT2152 NiKang Therapeutics HIF2α inhibitor Phase II

DFF332 Novartis HIF2α inhibitor Phase I

AB521 Arcus Biosciences HIF2α inhibitor Phase I

ALLO-316 Allogene Therapeutics Anti-CD70 allogeneic CAR-T cell therapy Phase I

CTX-131 CRISPR Therapeutics Anti-CD70 allogeneic CAR-T cell therapy Phase I

Ciforadenant Corvus Pharmaceuticals Adenosine A2A receptor antagonist Phase II

XmAb819 Xencor ENPP3 × CD3 bispecific antibody Phase I
CAR, chimeric antigen receptor; CD, cluster of differentiation; CTLA4, cytotoxic T-lymphocyte associated protein 4; ENPP3, ectonucleotide pyrophosphatase/phosphodiesterase family 
member 3; GAS6, growth arrest-specific protein 6; HDAC, histone deacetylase; HIF2α, hypoxia-inducible factor 2α; MET, mesenchymal-epithelial transition factor; PD1, programmed cell death 
protein 1; PDL1, programmed death ligand 1; TKI, tyrosine kinase inhibitor.
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of recurrence following nephrectomy alone, 
or following nephrectomy and resection of 
metastatic lesions. It received FDA approval 
in 2021 after demonstrating significant 
disease-free survival (DFS) benefits versus 
placebo in KEYNOTE-564. Previously, sunitinib 
was the only approved adjuvant treatment, 
but its uptake was hampered by an inability to 
demonstrate significant DFS outcomes.

A hypoxia-inducible factor 2α (HIF2α) 
inhibitor, belzutifan (Welireg; Merck & Co.), 
is approved for treating patients with RCC 
with von Hippel–Lindau (VHL) disease (3–6% 
of RCCs) who do not require immediate sur-
gery. Multiple phase III trials are ongoing to 
expand its label in RCC, including in late-line 
advanced or metastatic settings and in combi-
nation with other approved targeted therapies 
in the adjuvant and first-line settings.

Emerging therapies
The RCC pipeline is dominated by combinato-
rial approaches comprising established drug 
classes, especially ICIs, as well as agents with 
novel mechanisms of action (Table 1).

MK-1308A (Merck & Co.), a fixed-dose com-
bination of the CTLA4 inhibitor quavonlimab 
and pembrolizumab, is being tested in combi-
nation with lenvatinib in one of three arms of a 
phase III trial (LITESPARK-012); this is another 
CTLA4/PD1/TKI triplet (like the one under 
investigation in COSMIC-313) that is being 
evaluated as a first-line treatment of mRCC. 
The other experimental arm of LITESPARK-012 
evaluates a triplet combination of belzutifan 
plus pembrolizumab and lenvatinib. Toripali-
mab (Tuoyi; Shanghai Junshi Biosciences), a 
PD1 inhibitor, is being evaluated in a phase III  
trial (RENOTORCH) in China as a first-line 
treatment for mRCC in combination with axi-
tinib. The PDL1 inhibitor durvalumab (Imfinzi; 
AstraZeneca), is being assessed alone or in 
combination with the CTLA4 inhibitor treme-
limumab (Imjudo; AstraZeneca) in a phase III 
trial (RAMPART), as an adjuvant treatment for 
patients with resected primary RCC. Notably, 
the trial is recruiting patients at intermedi-
ate or high risk of relapse and has broad his-
tology inclusion criteria, including nccRCC. 
Another PDL1 inhibitor, atezolizumab (Tecen-
triq; Roche) was assessed in combination with 
cabozantinib in a phase III trial (CONTACT-03); 
however, in March 2023, the combination 
failed to improve PFS and OS while increas-
ing toxicity. Development for atezolizumab 
in RCC has since been discontinued.

Two TKIs are in phase III trials for nccRCC. In 
the SAMETA trial, the MET inhibitor savolitinib 
(Orpathys; AstraZeneca) is being combined 
with durvalumab in previously untreated 
patients with MET-driven metastatic papillary 
RCC, a form of nccRCC; approximately 80% of 
papillary RCC tumours harbour MET altera-
tions (8–12% of the overall RCC population). 
If regulatory approval is secured, it would be 
the first therapy targeted to a subset of RCC 
patients defined by a molecular marker. By con-
trast, zanzalintinib (Exelixis) is a multi-targeted 
TKI that is being evaluated in the STELLAR-304 
trial in combination with nivolumab as 
a first-line therapy for metastatic nccRCC; it 
has a shorter half-life than cabozantinib, which 
could offer a superior safety profile.

Also in phase III development is abexinostat 
(Xynomic Pharmaceuticals), a first-in-class 
histone deacetylase (HDAC) inhibitor that is 
being combined with pazopanib in previously 
untreated mRCC or patients who progressed on 
nivolumab plus ipilimumab in the RENAVIV trial.

Batiraxcept (Aravive) is a recombinant fusion 
protein containing the extracellular region of 
the AXL receptor bound to an IgG1 Fc, which 
acts as a decoy for growth arrest-specific pro-
tein 6 (GAS6), preventing GAS6-AXL signalling; 

it is being combined with cabozantinib in 
a phase Ib/II trial. HIF2α inhibitors feature 
heavily in the early-phase pipeline, includ-
ing NKT2152 (NiKang Therapeutics), DFF332 
(Novartis) and AB521 (Arcus Biosciences). Allo-
geneic chimeric antigen receptor (CAR)-T cell 
therapies targeting CD70, including ALLO-316 
(Allogene Therapeutics) and CTX-131 (CRISPR 
Therapeutics), are also now being trialled. 
Other novel therapies in early clinical devel-
opment include an adenosine A2A receptor 
antagonist, ciforadenant (Corvus Pharmaceu-
ticals), and an ENPP3 × CD3 T cell-engaging 
bispecific antibody, XmAb819 (Xencor).

Market indicators
According to Clarivate Disease Landscape & 
Forecast, major-market sales of RCC drugs in 
2023 are estimated to total US$8.1 billion, with 
the majority share held by pembrolizumab 
($2.2 billion), cabozantinib ($1.8 billion) and 
nivolumab ($1.3 billion). The RCC market is 
projected to grow 5.1% annually, reaching 
$12.7 billion in 2032, driven by the continu-
ous uptake of ICI-containing regimens and the 
approval of novel therapies (Fig. 1).

PD1 inhibitors are expected to be the 
sales-leading drug class in 2032, holding 50% 
of the market share ($5.9 billion). Pembroli-
zumab is forecast to retain its top position 
($4.4 billion) owing to the expected label 
expansions as a component of triplet com-
binations in the first-line metastatic setting 
and as an adjuvant in early-stage RCC. Sales 
of CTLA4 and PDL1 inhibitors will grow at a 
more modest pace. The HIF2α inhibitor class 
is projected to experience the fastest growth 
in major-market sales, from $160 million in 
2023 to $2.1 billion in 2032 (16% market share), 
driven by the expected label expansions of 
belzutifan across multiple RCC settings.

Major-market sales of angiogenesis inhibi-
tors are anticipated to grow slowly from 2023 
to 2032, only increasing from $4.0 billion to 
$4.1 billion. The expected approvals of savoli-
tinib and zanzalintinib for nccRCC will drive sales 
of this drug class ($540 million and $1.7 billion, 
respectively), but competition from less costly 
generic TKIs (such as cabozantinib, lenvatinib 
and axitinib) will partially offset this growth. 
Sales for mTOR inhibitors will remain low.
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Fig. 1 | Estimated major-market sales of key the-
rapies for renal cell carcinoma, by drug class. The 
2023 sales and 2032 forecast for the seven major 
markets: the United States, France, Germany, Italy, 
Spain, United Kingdom and Japan.
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