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Abstract.
Background: Cabozantinib, a tyrosine kinase inhibitor (TKI), is a prevalent second-line (2 L) therapy and was approved for
use after progression on TKIs. However, the 1 L treatment setting has changed since the approval of cabozantinib monotherapy
in salvage therapy settings.
Objective: To assess the differential effectiveness of cabozantinib after prior progression on 1 L ipilimumab with nivolumab
(IPI + NIVO) compared to programmed death receptor-1 (PD-1) or PD-1 ligand (PD-L1) inhibitors (PD1/L1i) with TKIs.
Methods: Utilizing a nationwide electronic health record (EHR)-derived de-identified database, we included patients with
metastatic clear cell renal cell carcinoma (mccRCC) who received 1 L treatment with an immune checkpoint inhibitor (ICI)-
based combination and 2 L treatment with cabozantinib monotherapy. These patients were categorized based on the type of
1 L ICI-based combination received: IPI + NIVO vs. PD1/L1i with TKI. Real-world time to next therapy (rwTTNT) and real-
world overall survival (rwOS) were summarized using Kaplan-Meier curves and compared using Cox-proportional hazard
models adjusted for International mRCC Database Consortium (IMDC) risk groups.
Results: Among 12,285 patients with metastatic renal cell carcinoma, 237 were eligible and included. Median rwTTNT was 8
months for the IPI + NIVO subgroup and 7.5 months for the PD1/L1i + TKI subgroup (HR 1.05, 95% CI: 0.74–1.49, p = 0.8).
Median rwOS was 17 months for IPI + NIVO and 16 months for PD1/L1i + TKI subgroup (HR 0.79, 95% CI: 0.52–1.20,
p = 0.3).
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Conclusions: Cabozantinib remains effective as a 2 L therapy for mccRCC independent of the type of prior 1 L ICI-based
combination. Further research is needed to validate these findings and explore the ideal sequencing of therapies.
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INTRODUCTION

The therapeutic landscape of metastatic clear
cell renal cell carcinoma (mccRCC) has signif-
icantly changed in the last decade. Currently,
immune-checkpoint inhibitors (ICIs)-based com-
binations represent the first-line standard of care
for mccRCC, which is either ipilimumab with
nivolumab (IPI + NIVO) or programmed death
receptor-1 (PD-1) or PD-1 ligand (PD-L1) inhibitors
(PD1/L1i) with vascular endothelial growth factor
(VEGF) tyrosine kinase inhibitor (TKIs) (i.e.,
axitinib and avelumab, axitinib and pembrolizumab,
cabozantinib and nivolumab, and lenvatinib and
pembrolizumab) [1–6]. However, data is limited to
select the best second-line therapy after progression
on first-line ICI-based combinations. Cabozantinib
is among the available options and is one of the most
commonly used agents in a second-line treatment
setting [7]. Cabozantinib is an oral receptor TKI that
is active against several receptor tyrosine kinases,
including VEGFR2, MET, and AXL [8]. In the
METEOR trial, which investigated cabozantinib in
the second-line treatment setting, patients experi-
enced disease progression on first-line VEGF TKIs
and not ICI-based combinations [9]. However, it is
currently unknown whether cabozantinib activity
in the second line treatment setting differs by prior
treatment with IPI + NIVO vs VEGF-TKIs in the first
line treatment setting. There is limited preclinical
evidence [10] and only few clinical studies have
investigated the effectiveness of a VEGF-TKI in a
second-line treatment setting in patients who pro-
gressed on prior ICI-based combinations [11–19].
Herein, we sought to investigate the effectiveness of
second-line cabozantinib in patients who received
prior first-line IPI + NIVO versus PD1/L1i with
TKI in a large real-world database. We hypothesize
that cabozantinib will have similar effectiveness
independent of the prior ICI-based combination type.

METHODS

Cohorts and exposure

This cohort study was approved by the institutional
review board at the University of Utah and adheres

to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines and
used the nationwide Flatiron Health electronic health
record (EHR)-derived de-identified database. The
Flatiron Health database is a longitudinal database
comprising de-identified patient-level structured and
unstructured data curated via technology-enabled
abstraction from >280 cancer clinics (∼800 sites of
care) [20, 21]. The data are de-identified and sub-
ject to obligations to prevent re-identification and
protect patient confidentiality. The present cohort
study included adult patients (aged ≥ 18 years at
diagnosis) with mccRCC treated with IPI + NIVO or
PD1/L1i with TKI as a first-line therapy, followed
by second-line therapy with single-agent cabozan-
tinib. Patients received the first-line treatment from
3/10/2017 to 7/20/2022 and the second-line treatment
from 1/16/2018 to 9/26/2022. Lines of therapy were
defined by clinical oncology experts’ rules. Patients
treated with first-line cabozantinib, those enrolled in
clinical trials, and patients without documentation of
first-line treatment were excluded.

Baseline variables prior to initiation of the sec-
ond line, such as age, race, practice type, insurance,
IMDC risk, and prior nephrectomy, were collected.
Insurance status for each patient was derived using
the imputed coverage window method, assuming
calendar-year coverage. IMDC risk scores were cal-
culated based on six prognostic variables, namely
time to start of first-line treatment after initial
diagnosis, performance status, hemoglobin, calcium,
neutrophil, and platelet counts (22). IMDC risk was
categorized as follows: patients with three or more
negative prognostic variables were categorized as
poor risk, patients with 1 or 2 negative prognostic
variables, or patients with 2 negative prognostic vari-
ables and non-missing values in all remaining score
criteria or patients with 1 negative prognostic variable
and 0 or 1 missing values were categorized as inter-
mediate risk, patients with 1 or 2 negative prognostic
variables but failed to be categorized as intermediate
risk category due to missingness were categorized
as poor/intermediate risk, patients with 0 negative
prognostic variables and non-missing values in all
prognostic variables were categorized as favorable
risk, and patients with 0 negative prognostic variables
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and at least one missingness value were categorized
as unknown. For the analysis purpose, patients were
categorized into two groups – favorable risk and inter-
mediate/poor risk – by merging patients who were in
poor risk, intermediate risk, poor/intermediate risk
into intermediate/poor risk.

Outcomes and analyses

Endpoints were real-world time to next therapy
(rwTTNT) and real-world overall survival (rwOS).
rwTTNT was measured from the start of the sec-
ond line to the start of the third line, and rwOS was
measured from the start of the second line to death
from any cause or loss to follow-up. rwTTNT and
rwOS were summarized via Kaplan-Meier survival
estimates with a 95% confidence interval (CI) and
compared in the context of the multivariable Cox pro-
portional hazard model. In the multivariable analysis,
we adjusted for the IMDC risk group. All analyses
were done using R version 4.2.3.

RESULTS

Of the 12285 patients with metastatic renal cell
carcinoma (mRCC) in the database, 237 met eligibil-
ity criteria and were included in the analysis. In the
first-line treatment setting, 145 patients were treated
with IPI + NIVO and 92 patients with PD1/L1i with
TKI. Out of the 92 patients, 92.4% received pem-
brolizumab with axitinib (Fig. 1). The median age
of the overall cohort was 65 years (IQR 50–80),
64 (IQR 49–79) for the IPI + NIVO group, and 68
(IQR 54–82) for the PD1/L1i with TKI group. In the
IPI + NIVO cohort and the PD1/L1i cohort, 6.9% and
14.1% of patients had IMDC favorable risk, respec-
tively. The median duration of first-line treatment was
162 days (IQR 110–285) for the IPI + NIVO group
and 304 days (IQR 178–482) for the PD1/L1i with
TKI group. The majority of patients in this study orig-
inated from community oncology practices. Baseline
characteristics of the study population by treatment
are summarized in Table 1.

Fig. 1. Schematic representation of patient selection for the study. Abbreviations: ICI: immune checkpoint inhibitor. IPI + NIVO: ipilimumab
with nivolumab. PD1/L1i with TKI: PD1/L1 inhibitor with tyrosine kinase inhibitor. mRCC: metastatic renal cell carcinoma. mccRCC:
metastatic clear cell renal cell carcinoma. 1L: first-line. 2L: second-line. Created with Biorender®.
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Table 1
Baseline characteristics

Variable IPI + NIVO (145) PD1/L1i + TKI (92)

Age, n (%) <65 75 (51.7) 33 (35.9)
65–75 43 (29.7) 31 (33.7)
≥75 27 (18.6) 28 (30.4)

Gender, n (%) Male 106 (73.1) 62 (67.4)
Female 39 (26.9) 30 (32.6)

Race/Ethnicity, n (%) White Non-Hispanic 94 (71.2) 57 (67.1)
Black Non-Hispanic 11 (8.3) <=5 (5.9)

Hispanic/Latino 11 (8.3) <=5 (5.9)
Other 16 (12.1) 19 (22.4)

Practice Type, n (%) Community 121 (85.2) 80 (88.9)
Academic 21 (14.8) 10 (11.1)

Insurance Type, n (%) Commercial Health Plan 87 (64.9) 59 (65.6)
Medicare/Medicaid 19 (14.2) 13 (14.4)

Others 28 (20.9) 18 (20)
IMDC Risk Group, n (%) Favorable Risk 10 (6.9) 13 (14.1)

Poor/Intermediate Risk 128 (88.3) 74 (80.4)
Unknown 7 (4.8) 5 (5.4)

Prior Nephrectomy, n (%) No 55 (37.9) 35 (38)
Yes 90 (62.1) 57 (62)

Total number of lines of therapy received, n (%) 2 73 (50.3) 63 (68.5)
3 50 (34.5) 17 (18.5)
4 14 (9.7) 9 (9.8)
5 7 (4.8) 3 (3.3)
6 1 (0.7) 0 (0)

Abbreviations: IPI + NIVO: ipilimumab with nivolumab; PD1/L1i: PD1/L1 inhibitor; TKI: tyrosine kinase inhibitor.

The median rwTTNT was 8 months (95% CI
6.9–11) for patients treated with IPI + NIVO and 7.5
months (95% CI 6.3–16) for patients treated with
PD1/L1i with TKI (ref. group) (HR 1.21, 95% CI
0.87–1.70, p = 0.3). On the multivariable analysis,
rwTTNT remained similar between the two groups
(HR 1.05, 95% CI 0.74–1.49, p = 0.8) (Fig. 2).

The median rwOS from the start of second-line
therapy was 17 months (95% CI 14–23) and 16
months (95% CI 13 – Not reached) for patients treated
with IPI + NIVO and PD1/L1i with TKI (ref. group),
respectively (HR 0.89, 95% CI 0.59–1.33, p = 0.6).
Similarly, rwOS remained similar across both groups
on the multivariable analysis (HR 0.79, 95% CI
0.52–1.20, p = 0.3) (Fig. 3).

DISCUSSION

In this large real-world study of patients who
received cabozantinib in the second line treatment
setting, there was no statistical difference in rwT-
TNT and rwOS between the groups who received
IPI + NIVO or PD1/L1i with TKI in the first line
treatment setting. This suggests that cabozantinib’s
effectiveness is similar as a second line agent, inde-
pendent of the type of first-line therapy received by
the patients.

The BREAKPOINT study was the first phase 2
clinical trial evaluating the effectiveness and safety of
cabozantinib in patients with mRCC who previously
received adjuvant or first-line ICI-based immunother-
apy. The study enrolled 31 patients, 63% receiving
IPI + NIVO as first-line therapy, and 26% treated
with a PD1/L1i with TKI combination. At a median
follow-up of 11.9 months, the median PFS was 8.3
months. The median OS was 13.8 months and 37.9%
achieved an objective response rate. The study met
its primary endpoint of detecting an increment of the
median PFS from 3.8 to 7.4 months, confirming the
effectiveness of cabozantinib following progression
on first-line ICI therapy [19].

The question of whether the prior receipt of
IPI + NIVO versus PD1/L1i with TKI could impact
the effectiveness of subsequent cabozantinib has been
explored in some previous retrospective studies. A
study from the IMDC database indicated that the
activity of cabozantinib as a second-line treatment is
comparable, irrespective of the type of first-line ther-
apy administered. However, in this study, only 13%
(n = 46) of patients progressed on prior PD1/L1i with
TKI and 22% (n = 78) on IPI + NIVO. When compar-
ing those two groups, time to treatment failure and
OS were similar without statistically significant dif-
ferences [23]. Another real-world retrospective study



A. Narang et al. / Second-Line Cabozantinib after ICI-ICI vs ICI-TKI 139

Fig. 2. Kaplan-Meier curves demonstrating real-world time to next therapy (rwTTNT). Abbreviations: PD1/L1i with TKI: PD1/L1 inhibitor
with tyrosine kinase inhibitor. 2L: second-line.

that included 86 patients treated with cabozantinib
post-ICI progression showed that the 12-month OS
rates were 63% for the ICI cohort (which included
ICI monotherapy and ICI-ICI combination) and 40%
for the PD1/L1i with TKI group, with overlapping
confidence intervals, suggesting no statistical differ-
ence [17]. These findings align with our study and
indicate that the effectiveness of cabozantinib as a
second-line therapy remains consistent irrespective
of the specific first-line ICI combination utilized.
The ongoing prospective phase 2 CABOPOINT trial
[NCT03945773] will provide valuable data on the
effectiveness of cabozantinib as a second-line treat-
ment in this setting. In the interim analysis of 88
patients at 3-month follow-up, 68.2% of patients were
in the IPI + NIVO subgroup and 31.8% in the PD1/L1i
with TKI subgroup, the objective response rate was
31.7% and 25.0%, respectively, showing preliminary
effectiveness of cabozantinib, regardless of the inclu-
sion of a VEGF TKI in the first-line regimen [24].

In patients who progressed on prior ICI-based
combinations, several completed or ongoing clini-

cal trials have investigated the benefits of adding
various therapeutic agents to cabozantinib, com-
pared to cabozantinib monotherapy in the second-line
treatment setting. For example, the CONTACT-
03 trial investigating the addition of atezolizumab
to cabozantinib compared to cabozantinib alone,
resulted in no additional progression-free survival or
OS benefit [25]. Similarly, the phase 3 CANTATA
trial aimed to compare the effectiveness and safety
of combining a glutaminase inhibitor, telaglenastat,
with cabozantinib versus placebo with cabozantinib
in patients with mRCC who progressed on either
IPI + NIVO or PD1/L1i with TKI. The median PFS
was 9.2 months in the telaglenastat with cabozan-
tinib arm, compared to 9.3 months in the placebo with
cabozantinib arm, also showing that adding telaglena-
stat did not enhance the effectiveness of cabozantinib
[26].

Currently, the phase 3 LITESPARK 011
[NCT04586231] trial is evaluating the effectiveness
and safety of belzutifan, a hypoxia-inducible factor
2 alpha (HIF-2α) inhibitor with lenvatinib compared
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Fig. 3. Kaplan-Meier curves demonstrating the real-world overall survival (rwOS). Abbreviations: PD1/L1i with TKI: PD1/L1 inhibitor
with tyrosine kinase inhibitor. 2L: second-line.

to cabozantinib monotherapy in patients with mRCC
progressing after prior ICI therapy. One study inves-
tigated the efficacy of post-lenvatinib therapies in
patients with advanced RCC. Results showed modest
activity of TKI-based therapy post-lenvatinib, with
a need for improved treatment options for patients
progressing on lenvatinib-based therapies [27]. In a
more upfront approach, PDIGREE [NCT03793166]
is an ongoing response-adaptive phase 3 trial that is
investigating the benefit of adding cabozantinib to
nivolumab versus nivolumab alone in patients who
experience partial response or stable disease to first-
line IPI + NIVO. This trial will provide additional
data on the benefits of administering cabozantinib at
an earlier stage of the disease, specifically before the
onset of progressive disease on first-line ICI-based
combination [28].

Our study is the largest, multicenter, real-
world experience reporting the effectiveness of
cabozantinib based on the type of first-line contem-
porary ICI-based combination received. Second-line
cabozantinib appears to be associated with similar

survival outcomes in patients who received either
first-line IPI + NIVO or PD1/L1i with TKI. We
acknowledge that the study’s retrospective nature,
residual confounding including lack of information
regarding metastasis directed therapy and delayed
nephrectomy to extend TTNT, the patient and physi-
cian preferences, and access to healthcare could limit
our study findings.

CONCLUSION

In patients with mRCC who progressed on first-
line ICI-based combinations and were treated with
second-line cabozantinib monotherapy, there was
no evidence found for different survival outcomes
whether they progressed on first-line IPI + NIVO ver-
sus PD1/L1i with TKI. These results align with the
results of prior studies and might assist clinicians in
treatment selection, supporting the use of cabozan-
tinib independently of the type of prior ICI-based
combination received.
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