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Abstract

Purpose: Anti-angiogenic VEGF-receptor (VEGFR) inhibitors are approved for metastatic clear
cell renal cell carcinoma (mccRCC) and their efficacy is higher in high angiogenic tumors.

As cabozantinib inhibits multiple tyrosine kinase receptors, including VEGFRs, we tested
whether markers of angiogenesis, including microvascular density (MVD) and mast cell density
(MCD), could predict benefit from cabozantinib versus everolimus, using RCC samples from the
METEOR (NCT01865747) trial.

Experimental design: MVD and MCD were studied in 430 patients (cabozantinib = 216,
everolimus = 214) by double immunohistochemistry for CD31 (vascular marker) and tryptase
(mast cell marker) coupled with automated image analysis. Results from evaluable cases (MVD =
360, MCD =325) were correlated with progression-free survival (PFS), overall survival (OS), and
objective response rate (ORR).

Results: MVD was positively correlated with MCD. In the whole cohort, high MVD and
high MCD were associated with longer PFS; improved PFS was most evident in patients with
high levels of both MCD and MVD. Cabozantinib was associated with improved PFS, OS, and
ORR compared to everolimus, irrespective of MVD levels. Cabozantinib was also associated
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with improved ORR compared to everolimus, irrespective of MCD levels. For PFS and OS, the
treatment effect for cabozantinib versus everolimus tended to be greater in tumors with low MCD.

Conclusions: High MVD and high MCD are associated with improved outcome in mccRCC but
don’t predict efficacy to cabozantinib versus everolimus. The high efficacy of cabozantinib in low
angiogenic tumors allows us to speculate that its anti-tumor activity is not exclusively mediated by
VEGFR inhibition.
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Introduction

Vascular endothelial growth factor receptors (VEGFR)-tyrosine kinase inhibitors (TKIs) are
approved treatments for patients with metastatic clear cell renal cell carcinoma (mccRCC),
either as monotherapy or in combination with anti-PD-1 agents. There is both preclinical
and clinical evidence that in ccRCC, the anti-tumor activity of VEGFR-TKISs is largely
mediated by their anti-angiogenic effect=3, Of note, recent data indicate that ccRCC tumors
with high levels of tumor vascularization respond better to these anti-angiogenic agents.
Indeed, in mccRCC patients treated with the VEGFR-TKI sunitinib as part of the IMmotion
150 and IMmotion 151 trials, high expression of a 6-gene angiogenesis signature, including
PECAM 1 (coding for CD31) was associated with improved ORR and PFS#5. As expected,
the angiogenesis gene signature levels were strongly associated with levels of microvascular
density (MVD), assessed by CD31 immunohistochemistry, which is a well-established
biomarker of angiogenesis®. More recently, results from IMmotion 150/151 trials were
independently confirmed by analysis of the JAVELIN Renal 101 trial®.

Cabozantinib is a multitarget TKI active against VEGFR, Met, and Axl, among others.
The METEOR (NCT01865747) trial demonstrated cabozantinib to be an effective drug

in treating mccRCC patients who progressed after previous VEGFR-TKI treatment’. In
addition, cabozantinib has been shown to be more effective than sunitinib in the first-

line setting®. More recently, the combination of cabozantinib plus the anti-PD-1 antibody
nivolumab was also shown to be superior to sunitinib for the frontline treatment of patients
with mccRCC?.

Currently, it remains unclear whether cabozantinib superiority over earlier VEGFR-TKIs
(i.e., sunitinib) is due to the inhibition of additional tyrosine kinase receptors (RTKSs) (e.g.,
Met and Axl) or to more potent inhibition of VEGFR21911, Understanding whether, similar
to sunitinib, cabozantinib is more effective in patients with high-angiogenic tumors would
not only provide insights into the role of VEGFR-inhibition in mediating the anti-tumor
activity of cabozantinib in mccRCC, but could also lead to the identification of biomarkers
of response to this agent, alone or in combination with other drugs. For these reasons,

we tested the prognostic and predictive value of makers of angiogenesis in pretreatment
tumor tissues from patients who received either cabozantinib or everolimus within the
METEOR trial. We decided to focus on protein markers analyzed by immunohistochemistry
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(IHC) because, in contrast to RNA-based biomarkers, they are very cost-effective and can
be widely implemented in diagnostic laboratories throughout the world. Specifically, we
measured MVD by assessing CD31 expression on endothelial cells in whole tissue sections.
Moreover, we quantified intratumoral mast cell infiltration (using IHC for tryptase) as these
immune cells are known to promote angiogenesis in various cancer types, both through
VEGF-dependent and -independent pathways2-20, Of note, in RCC, mast cells have been
shown to stimulate angiogenesis both /in vitroand /n vivo, and mast cell infiltration has been
associated with angiogenesis in patient samples'2:21,

Materials and Methods

Study Design and Clinical Endpoints

Microvascular density (MVD) and Mast Cell density (MCD) were assessed on pretreatment
tumor tissue samples (archival nephrectomy specimens n= 399 or metastases biopsy n=

31) of patients from the METEOR randomized phase Il clinical trial. In the METEOR
trial, cabozantinib was compared to everolimus in patients with mRCC who had progressed
after previous VEGF TKI treatment?2. Baseline demographics, clinical characteristics, and
treatment outcomes, including objective response rate (ORR, including complete response
and partial response), progression-free survival (PFS), and overall survival (OS), were
collected from the trial database. PFS and ORR (per RECIST 1.1) were determined by

an independent radiology review committee assessment. PFS was defined as the time from
randomization to radiographic progression or death from any cause and censored at the date
of last disease assessment; OS was calculated from randomization to date of death from any
cause and censored at the date of last follow up.

This study was approved by the Institutional Review Board or ethics committee of the
participating centers and was conducted in accordance with the Declaration of Helsinki and
the Good Clinical Practice guidelines. All patients provided written informed consent.

Immunohistochemistry Staining

IHC staining was performed on formalin-fixed paraffin-embedded (FFPE) tissue sections
collected by the study sponsors at enrollment. An in-house double IHC staining assay
was developed using an anti-CD31 antibody (1:100, JC70A mouse monoclonal antibody,
Agilent Cat# GA610, RRID:AB_2892053) and an anti-tryptase antibody (1:5000, AA1
mouse monoclonal antibody, Agilent Cat# M7052, RRID:AB_2206478). Performance of
antibodies against CD31 and tryptase was validated on non-neoplastic kidney tissue to
obtain a staining pattern in accordance with available published data.

Tumor sections were stained with a Bond |11 Autostainer (Leica Biosystems) using a Bond
Polymer Refine Detection Kit (DS9800; Leica Biosystems) for the anti-CD31 stain and a
Bond Polymer Refine Red Detection Kit (DS9390, Leica Biosystems) for the anti-tryptase
stain. Antigen retrieval was performed with Bond Epitope Retrieval Solution 2 (EDTA, pH =
9.0) for 20 minutes before the anti-CD31 stain. Following the anti-CD31 staining, antibody
stripping was performed with Bond Epitope Retrieval Solution 1 (Citrate, pH = 6.0) for 10
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minutes prior to the anti-tryptase stain. All slides were counterstained with hematoxylin,
dehydrated in graded ethanol and xylene, mounted, and coverslipped.

Met and PD-L1 protein expression data were available from previous studies’23,

Image Analysis for assessment of MVD and MCD

Immunostained slides were scanned at 20x magnification using an Aperio Versa (Leica
Biosystems) and analyzed using Indica Lab HALO platform algorithms. For each slide,
tumor areas were manually annotated by research assistants (EW, MSI) and reviewed

by pathologists (TD, AC). Areas of necrosis and intervening stroma were excluded from
the analysis. Background staining, as well as macrophages positive for CD31 expression,
were excluded using the HALO platform tissue classification module. The number of
microvessels and mast cells was determined using the HALO platform colocalization v1.3
algorithm. Seventy patient samples were excluded on the MVD analysis due to absence of
tumor or technical reasons; of the 360 samples analyzed for MVD, 35 were excluded of the
MCD analysis due to technical reasons (Supplementary Figure 1). For each immunostained
slide, two pathologists (TD, AC) confirmed that i) the algorithms correctly identified the
microvessels and the mast cells, and ii) the classifier correctly excluded the macrophages
stained by the anti-CD31 antibody. MVD and MCD were then calculated for each slide. For
patients with multiple tissue samples, the highest MVD and associated MCD were used for
subsequent analyses. All pathologists were blinded to the patient clinical outcomes.

Statistical analysis

To explore the association of MVD and MCD with clinical outcomes, initially patients were
grouped into low, medium and high levels based on using the tertile cut-points for each
measure. Since low and medium tertile levels featured similar association with outcomes,
therefore two groups were merged, and each measure was dichotomized at the upper 33
percentile value for the *high” group.

To evaluate the association of MVVD and MCD by IMDC risk group, tumor grade, MET

and PD-L1 status Wilcoxon rank sum test was applied. To check association between
MVD/MCD and MET and PD-L1 status generalized linear models were considered adjusted
for tumor grades.

Distributions of PFS and OS were estimated using Kaplan Meier methodology along with
a 95% confidence interval (95%CIl). Both univariate and multivariable Cox proportional
hazards models were conducted to estimate association with PFS and OS; Wald chi square
test was provided. The multivariable models were adjusted for treatment, IMDC risk group,
presence of bone metastases and number of previous VEGFR TKI treatment (1 or >2).
Cochran-Armitage trend test was used to compare ORR among the ordered levels. Fisher’s
exact test was conducted to compare ORR for dichotomized markers.

To explore the predictive value of the MCD and MVD, we fit Cox regression models

with the interaction term of treatment group and each biomarker and assessed hazard ratio
for treatment comparison on PFS and OS by MCD and MVD levels (high and low),

both unadjusted and adjusted interaction models were calculated. Test for interaction (p-
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interaction) was provided to assess whether treatment effects differed by biomarker groups.
Unadjusted logistic regression model was conducted to assess treatment effects differed by
biomarker groups for ORR.

Similar analyses were conducted for the combination of MCD and MVD and the
combination of two biomarkers with Met status.

SAS version v9.4 (Cary, NC, USA) was used to carry out the above analysis. All statistical
tests were two-sided.

Data availability statement

The data generated in this study are available upon request from the corresponding author.

Results

Patients characteristics and treatment

From August 2013 to November 2014, 658 patients were enrolled in the METEOR trial
and randomly assigned (1:1) to receive either cabozantinib (n=330) or everolimus (n=328)
as previously described 7. Data cut-off was May 22, 2015 for PFS and response evaluation,
while for OS the data cutoff was December 31, 2015.

MVD and MCD density were studied in 430 patients (cabozantinib = 216, everolimus =
214) with tissue available tissue specimens. Evaluable data were obtained in 360 patients
(cabozantinib = 175, everolimus = 185) for MVVD. Among these 360 patients, 325 patients
(cabozantinib = 159, everolimus = 166) had evaluable data for MCD (Supplementary
Figure 2). Patient demographic and clinical characteristics were similar in the subset of
patients with available tissue specimens as compared with the overall trial population
(Supplementary Table 1).

Association of microvascular density and mast cell density with clinicopathological
features

Median MVD and MCD were 147 MV/mm2 (range 8.8-750.4) and 7 MC/mm?2 (range
0-72.8 MC/mm2), respectively. In line with previous studies, we observed that MVD was
positively correlated to MCD, with a Spearman correlation coefficient of 0.42 (p<0.0001)
(Supplementary Figure 3).

Both MVD and MCD were found to be negatively associated with tumor grade (p< 0.0001
for MVD and p=0.04 for MCD). Moreover, MCD levels were associated with IMDC risk
groups at baseline, with higher levels observed in patients with favorable risk (p=0.006).
Finally, MVD levels were higher in tumors negative for PD-L1 expression and in tumors
negative for Met expression (Supplementary Table 2).

Association of microvascular density with clinical outcomes

As previous studies have shown that MVD is associated with favorable prognasis in
localized ccRCC?4, we investigated its association with clinical outcome in patients with
mccRCC treated with targeted therapies. In the initial analysis, the low and medium
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tertile groups featured similar associations with outcomes (Supplementary Figure 4a—b)
and, therefore, the upper tertile cut-point was selected to categorize patients in MVD-high
and MVD-low dichotomous groups. In the whole cohort, patients with high MVD had
significantly longer median PFS compared with patients with low MVD (7.3 months vs.

5.4 months, HR 0.66, 95% CI 0.50-0.88), on univariate analysis (Table 1, Figure 1a). In
multivariable model, adjusted for treatment, IMDC risk group, presence of bone metastases,
and number of previous VEGFR TKI treatment (1 or =2), the significant differences in PFS
remained (adjusted HR 0.69, 95% CI 0.52-0.93) (Table 1). MVD was not associated with
ORR (Supplementary Table 3) or OS (Table 1, Figure 1b).

Since the mechanism of action of cabozantinib involves inhibition of angiogenesis by
targeting tyrosine kinase receptors, including VEGFRs, we hypothesized that patients with
high MVD would receive greater benefit from cabozantinib compared to patients with

low MVD. In contrast to our expectation, treatment with cabozantinib was associated with
improved PFS, OS, and ORR compared to everolimus, irrespective of MVD levels in both
univariate and multivariable models (Table 2, Figure 2a—b, Supplementary Figure 5a-b,
Supplementary Table 4). Moreover, analysis of clinical outcome by MVD status in each
treatment arm revealed that while everolimus-treated patients with high MVD had longer
median PFS compared to patients with low MVD (7.3 months vs 3.8 months; adjusted HR
0.63; 95% CI 0.42-0.95), the association between PFS and MVD status was less evident in
the cabozantinib arm (9.0 vs 7.3 months, adjusted HR 0.77; 95% CI 0.50-1.18, Table 2).
MVD was not associated with ORR (Supplementary Table 4) or OS (Table 2) in either the
cabozantinib or the everolimus arm.

of mast cell density with clinical outcomes

Intratumoral MC infiltration has been associated with angiogenesis in the context of ccRCC,
but its prognostic and predictive value remains unknown. Therefore, we first tested for an
association between MCD and clinical outcome in our patient cohort. The low and medium
tertile groups displayed similar associations with outcomes (Supplementary Figure 4c—d);
therefore, the upper tertile cut-point was selected to categorize patients in MCD-high and
MCD-low dichotomous groups. On univariate analysis, both median PFS and OS were
significantly longer in patients with high MCD compared with patients with low MCD (PFS:
7.5 vs 5.5 months, HR 0.64; 95% CI 0.47-0.87; OS: NR vs 18.4 months, HR 0.66; 95%

Cl 0.44-0.92) (Table 1, Figure 1c—d). Similar results were observed in multivariabe models
for both PFS (adjusted HR 0.66; 95% CI 0.48-0.91) and OS (adjusted HR 0.69; 95% ClI
0.48-0.99) (Table 1). There was no association between MCD and ORR (Supplementary
Table 3).

We then assessed the predictive value of MCD by comparing outcomes on cabozantinib
versus everolimus in patients with high and low MCD. Treatment with cabozantinib was
associated with improved ORR compared to everolimus, irrespective of MCD levels in both
univariate and multivariable models (Supplementary Table 4). For PFS and OS, however,
the magnitude of treatment effect for cabozantinib versus everolimus was numerically larger
in MCD-low group compared to MCD-high group, though the interaction test did not meet
the conventional level of significance (p-interaction=0.11 for PFS and p-interaction=0.24 for
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0OS) (Table 2, Figure 2c—d, Supplementary Figure 5¢c—d). When we tested for an association
between MCD and clinical outcome within each treatment arm, we found that in the
everolimus arm, patients with high MCD had significantly longer median PFS and OS

than patients with low MCD (PFS: 7.5 months vs 3.8 months; adjusted HR 0.51; 95%

Cl 0.32-0.79 and OS: NR vs 15.4 months; adjusted HR 0.56; 95% CI1 0.34-0.94). In
contrast, no association between MCD and PFS or OS was detected in the cabozantinib arm
(adjusted HR 0.85, 95%CI: 0.54-1.34 for PFS and 0.88, 95% CI: 0.51-1.52 for OS, Table
2). MCD was not associated with ORR in either the cabozantinib or the everolimus arm
(Supplementary Table 4).

of combined microvascular density and mast cell density with clinical

We further investigated the prognostic and predictive role of the two markers by stratifying
patients in three groups according to dichotomous MVD levels combined with dichotomous
MCD levels. Patients with high levels of either MCD or MVD (high/low or low/high) had
significantly longer PFS compared to patients with low levels of both markers (MVD-low/
MCD-low) (6.5 months vs 4.7 months; adjusted HR 0.69, 95% CI 0.49-0.97). Improved
PFS was most evident in patients with high levels in both MCD and MVD (MVD-high/
MCD-high) versus MVD-low/MCD-low patients (9.1 months vs 4.7 months; adjusted HR
0.57, 95% ClI 0.38-0.85) (Figure 1e, Supplementary Table 5). No difference in ORR or OS
was observed among the three patient groups identified by combined MVD/MCD levels
(Figure 1f, Supplementary Tables 5 and 6).

When the predictive value of the combined markers was assessed, treatment with
cabozantinib was found to be associated with improved OS and ORR compared to
everolimus, irrespective of the combined MVD/MCD levels. For PFS, the magnitude

of treatment effect for cabozantinib versus everolimus was numerically larger in MVD-
low/MCD-low group, though the interaction test was not significant (p-interaction=0.26)
(Supplementary Tables 7 and 8). Analysis of clinical outcome by combined MVD/MCD
status in each treatment arm showed that in the everolimus arm, both PFS and OS were
significantly longer in MVD-high/MCD-high patients compared to MVD-low/MCD-low
patients (PFS: 9.1 months vs 3.7 months; adjusted HR 0.45, 95% CI 0.26-0.76 and OS: 20.4
months vs 15.9 months; adjusted HR 0.61, 95% CI 0.34-1.13); only PFS was significantly
longer in patients with high levels of either MCD or MVD (high/low or low/high) compared
to MVD-low/MCD-low patients (PFS: 5.5 months vs 3.7 months; adjusted HR 0.58, 95% ClI
0.35-0.96). Conversely, no association between combined MVD/MCD levels and PFS or OS
was observed in the cabozantinib arm. No difference in ORR was observed among the three
patient groups identified by combined MVD/MCD levels in either the cabozantinib or the
everolimus arm (Supplementary Tables 7 and 8).

Association of Met expression combined with microvascular density or mast cell density
with clinical outcomes.

As Met is one of the targets of cabozantinib, we explored the impact of its expression
(previously assessed by IHC)23 combined with MVD or MCD on clinical outcomes.
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To analyze the combined expression of Met and MVD, we considered two main groups

(due to the small number of patients in some subgroups): 1) patients without expression

of Met and low MVD (MVD-low/Met-negative), 2) patients with either Met expression,

or high MVD, or both (MVD-high and/or Met-positive). Improved PFS on cabozantinib
relative to everolimus was observed in both MV D-low/Met-negative and MVD-high and/or
Met-positive patients. Similar results were observed for ORR (Supplementary Tables 9

and 10). For OS, the magnitude of treatment effect for cabozantinib versus everolimus

was numerically greater for MVD-high and/or Met-positive patients compared to MVD-low/
Met-negative patients, though the interaction test was not significant (p-interaction=0.20)
(Supplementary Table 9).

Similar to MVVD/Met analysis, evaluation of combined MCD/Met data was conducted

by grouping patients with low MCD and negative Met expression, and comparing them
to patients with either high MCD, or positive Met expression, or both. Treatment with
cabozantinib was found to be associated with improved PFS, OS, and ORR compared to
everolimus both in MCDIlow/ Met-negative patients and in MCDhigh and/or Met-positive
patients (Supplementary Tables 9 and 10).

Discussion

Our analyses of tumor tissue samples from the METEOR trial showed that high levels
of tumor angiogenesis markers (i.e., MVD and MCD) are not predictive of efficacy

to cabozantinib relative to everolimus but are associated with longer PFS in the entire
patient cohort. However, when the treatment arms were analyzed separately, this association
remained among patients treated with everolimus but was less evident among patients
treated with cabozantinib. Moreover, the PFS improvement with cabozantinib versus
everolimus was numerically greater in patients with low levels of tumor angiogenesis
markers. These results are somewhat at odds with recent results from several clinical
trial cohorts consistently showing that in sunitinib-treated patients, high levels of tumor
angiogenesis (measured by an angiogenesis signature) are associated with better clinical
outcome*5.

Sunitinib is a potent inhibitor of VEGFR, platelet-derived growth factor receptor (PDGFR),
and c-Kit, and preclinical data demonstrated that it exerts both anti-angiogenesis and
anti-tumor effects?3. In xenograft models of ccRCC, sunitinib was shown to dramatically
reduce tumor vascularization and induce tumor cell necrosis26:27. In patients with mccRCC
treated VEGFR TKiIs (including sunitinib), an on-treatment decrease in arterial spin-labeled
(ASL) MRI perfusion was associated with tumor response2. Overall, these data suggest

that in mccRCC, sunitinib acts primarily through an anti-angiogenic mechanism. The recent
findings that sunitinib is more effective in mccRCC patients with a high angiogenic gene
signature is in line with this hypothesis.

On the other hand, the mechanism of action of cabozantinib in kidney cancer has been
unclear. Compared to sunitinib, cabozantinib is a more potent VEGFR2 inhibitor10.11,
raising the possibility that its higher efficacy in ccRCC is largely due to a stronger
inhibition of tumor vascularity. However, cabozantinib inhibits additional RTKSs, including
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Met and Axl, which are known to play an important role in ccRCC biology and have

been implicated in cell growth invasion, invasion metastasis, angiogenesis, and resistance
to sunitinib therapy1%:28-30_ Qur findings show that, contrary to sunitinib, cabozantinib

is highly effective in mccRCC patients with low levels of tumor angiogenesis. On

the basis of these results, we speculate that cabozantinib mechanism of action might

not exclusively rely on its potent VEGFR?2 inhibition but could involve tumor intrinsic
inhibition of Met, Axl, and potentially other RTKs. Our finding that OS improvement with
cabozantinib versus everolimus tends to be greater for patients with high MVD and/or
Met-positive tumors compared to patients with both low MVD and Met-negative tumors
seems to support this possibility. Given that cabozantinib displays a high spectrum of
activity against multiple signaling pathways, the identification of predictors of response
likely requires the development of a combined multi-marker model; such model might
need to integrate genomic-, transcriptomic-, and protein-based biomarkers. As preclinical
studies have also suggested a possible immunomodulatory function of cabozantinib in
RCC3L, future investigations should also include an in-depth characterization of the tumor
microenvironment.

In this work, we confirmed the presence of a strong correlation between MVD and MCD
in ccRCC, as previously reported!221, Moreover, we demonstrated that both MVD and
MCD are negatively associated with tumor grade. These findings are consistent with
previously published results from the ECOG-ACRIN 2805 trial demonstrating that in
localized high-risk RCC, high levels of angiogenesis (measured by MVD) are associated
with favorable histopathologic features and improved OS24, Similar to MVD, high MCD
was also previously reported as favorable prognostic factor in non-metastatic ccRCC32,
Along these lines, we found that in patients treated with everolimus, both high MVD and
high MCD were associated with longer PFS, and high MCD was also associated with
longer OS. It is uncertain, however, whether these results simply reflect the indolent clinical
behavior of high-angiogenic tumors or might be also linked to a possible anti-angiogenic
effect of MTOR inhibition.

Although MVD and high MCD were found to be highly correlated, the combination of the
two biomarkers further stratified patient outcomes in the whole patient cohort and in the
everolimus arm. Indeed, improved PFS was most evident in patients with high levels of both
MCD and MVD. These data indicate that the role of MVD and MCD as biomarkers is not
completely overlapping and suggest that tumor-infiltrating mast cells may play a role in the
tumor microenvironment that goes beyond the induction of angiogenesis33.

This study presents several limitations. First, our analyses were performed in archival
tissues that were mostly collected before the patients received any systemic therapy.
Therefore, these samples are not representative of the changes in tumor biology that might
have been induced by treatments received prior to cabozantinib. Second, the tissue slides
used for immunohistochemistry were obtained from institutions worldwide, which likely
have different tissue handling, fixation, and processing protocols that differently affect

the immunoreactivity of the samples. This is a general issue related to the analysis of
clinical trial specimens that in our study was at least in part overcome by the fact that
assessment of MVD and MCD did not require quantification of staining intensity, and
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thus less immunoreactive slides could be reliably analyzed as long as specific staining was
present. Finally, our studies were conducted on a single tumor section per patient. While this
approach does not fully address possible intratumoral heterogeneity, in order to mitigate this
issue, we developed image analysis protocols that allowed us to obtain data from the whole
tissue section rather than focusing on small selected regions of interest, as frequently done in
tissue-based biomarker investigations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of translational relevance

Cabozantinib inhibits multiple tyrosine kinase receptors (RTKs), including VEGFRs,
Met, and AxI, and is superior to VEGFR-inhibitors (i.e., sunitinib) in the treatment

of metastatic clear cell renal cell carcinoma (mccRCC). However, it has been unclear
whether its efficacy in kidney cancer is mainly due to anti-angiogenic effects mediated by
its potent inhibition of VEGFRs or also involves tumor intrinsic targeting of additional
RTKs. Using archival tumor samples from the METEOR trial, we demonstrated that,
compared to everolimus, cabozantinib displays high efficacy in mccRCC regardless of
the levels of tumor angiogenesis. Our findings suggest that cabozantinib might not simply
work as an anti-angiogenic drug and that its mechanism of action involves the inhibition
of multiple signaling pathways. This knowledge is critical for the future development of
biomarkers of response to cabozantinib in mccRCC.
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Figure 1.

Kaplan-Meier curves of PFS and OS according to MVVD, MCD, or combined MVD/MCD
levels. a) PFS by MVD levels; b) OS by MVD levels; ¢) PFS by MCD levels d) OS by MCD
levels; e) PFS by combined MVD/MCD levels; f) OS by combined MVD/MCD levels.
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Figure 2.

Kaplan Meier curves of PFS according to treatment in a) MVD Low group, b) MVD High
group, ¢) MCD Low group, d) MCD high group.
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Table 1

Association of MVD and MCD dichotomous groups with PFS and OS.

Page 16

Univariate Analysis Multivariable Analysis
N. of eventg N. of Patients | Months, Median Unadj usted® HR Adj usted” HR Adj usted” p-value
(95% ClI) (95% ClI) (95% ClI)
Microvascular density
(O]
Low (£208.2 mm?) 121/240 18.4 (15.9-20.0) Ref. Ref. 0.1407
High (>208.2 mm2) 48/120 NR (18.0-NR) 0.72 (0.51-1.00) | 0.78 (0.55-1.09)
PFS
Low (<208.2 mm?) 154/240 5.4 (3.9-5.6) Ref. Ref. 0.0144
High (>208.2 mm?) 66/120 7.3(6.3-9.2) 0.66 (0.50-0.88) 0.69 (0.52-0.93)
Mast cell density
(O]
Low (<11.3 mm?) 110/216 18.4 (15.9-19.6) Ref. Ref.
High (>11.3 mm?) 39/109 NR (20.4-NR) 0.66 (0.44-0.92) | 0.69 (0.48-0.99) 0.0451
PFS
Low (<11.3 mm?) 142/216 5.5 (4.0-5.6) Ref. Ref.
High (>11.3 mm?) 54/109 7.5(7.2-9.2) 0.64 (0.47-0.87) 0.66 (0.48-0.91) 0.0112

*
Adjusted for IMDC risk group, presence of bone metastases and number of previous VEGFR TKI treatment (1 or 22)
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Table 2.

Page 17

Treatment comparison on PFS and OS by MVD and MCD levels (dichotomized at the upper 33% value) by

treatment arm.

CABOZANTINIB EVEROLIMUS (N=185) CABOZANTINIB vsEVEROLIMUS
(N=175)
Months, N of Months, Hazard - Hazard ratio- -
events/N Median events/N Median ratio- interaction Unadjusted” interaction
C (95% ClI) of (95% ClI) Adjusted* (CVsE)
patients patients (CvsE) (95%Cl)
(95%Cl)
Microvascular density

PFS

Low 7.3 (5.5~ 89/128 3.75(3.6 - 0.45 (0.32— 0.4961 0.47 (0.34-0.65) 0.3639
(2208.2 7.5) 4.5) 0.64)
mm2)

High 8.97 (6.28- 34/57 7.3(4.1- 0.56 (0.34— 0.62 (0.38-0.99)
(>208.2 NR) 9.1) 0.91)
mm2)
Adj HR 0.77 (.50- 0.63 (0.42—
(High vs 1.18) 0.95)
Low) *
os

Low 20.8 (17.1- 72/128 16.4 (13.2— 0.61 (0.42— 0.7628 0.69 (0.48-0.99) 0.7745
(<208.2 NR) 18.9) 0.89)
mm2)

High NR (18.2- 27/57 20.4 (13.9- 0.55 (0.31- 0.62 (0.35-1.10)
(>208.2 NR) NR) 0.97)
mm2)
Adj HR 0.75 (.45- 0.84 (0.54—
(High vs 1.26) 1.31)
Low) *

Mast cell Density

PFS

Low 7.2 (5.6 82/114 3.8 (3.6- 0.43 (0.30- 01127 0.44 (0.32-0.62) 01121
(=11.3 mm?) 8.5) 4.7) 0.60)

High 7.5 (7.2- 27/52 7.5 (5.6- 0.71 (0.41- 0.74 (0.44—
(>11.3 NR) 9.2) 1.22) 1.26)
mm2)
Adj. HR 0.85 (0.54— 0.51 (0.32—
(High vs 1.34) 0.79)
Low) *
oS

Low 20.1(17.4- 67/114 15.4 (11.6— 0.52 (0.35- 0.2406 0.59 (0.40- 0.3691
(£11.3 mm?) NR) 18.8) 0.77) 0.87)

High NR (17.2- 20/52 NR (16.2- 0.82 (0.43- 0.83 (0.44-
(>11.3 NR) NR) 1.54) 1.55)
mm2)
Adj. HR 0.88 (0.51- 0.56 (0.34—
(High vs 1.52) 0.94)
Low) *

*
Adjusted for IMDC risk group, presence of bone metastases and number of previous VEGFR TKI treatment (1 or >2)

Clin Cancer Res. Author manuscript; available in PMC 2022 August 15.



	Abstract
	Introduction
	Materials and Methods
	Study Design and Clinical Endpoints
	Immunohistochemistry Staining
	Image Analysis for assessment of MVD and MCD
	Statistical analysis
	Data availability statement

	Results
	Patients characteristics and treatment
	Association of microvascular density and mast cell density with
clinicopathological features
	Association of microvascular density with clinical outcomes
	Association of mast cell density with clinical outcomes
	Association of combined microvascular density and mast cell density with
clinical outcomes
	Association of Met expression combined with microvascular density or mast
cell density with clinical outcomes.

	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

