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ABSTRACT
◥

Purpose: This study investigated the efficacy and tolerability of
cabozantinib plus nivolumab (CaboNivo) in patients with meta-
static urothelial carcinoma (mUC) that progressed on checkpoint
inhibition (CPI).

Patients and Methods: A phase I expansion cohort of patients
with mUC who received prior CPI was treated with cabozantinib
40 mg/day and nivolumab 3 mg/kg every 2 weeks until disease
progression/unacceptable toxicity. The primary goal was objective
response rate (ORR) per RECIST v.1.1. Secondary objectives includ-
ed progression-free survival (PFS), duration of response (DoR),
overall survival (OS), safety, and tolerability.

Results: Twenty-nine out of 30 patients enrolled were evaluable
for efficacy. Median follow-up was 22.2 months. Most patients
(86.7%) received prior chemotherapy and all patients received prior
CPI (median seven cycles). ORR was 16.0%, with one complete

response and three partial responses (PR). Among 4 responders, 2
were primary refractory, 1 had a PR, and 1 had stable disease on
prior CPI. Median DoR was 33.5 months [95% confidence interval
(CI), 3.7–33.5], median PFS was 3.6 months (95% CI, 2.1–5.5), and
median OS was 10.4 months (95% CI, 5.8–19.5). CaboNivo
decreased immunosuppressive subsets such as regulatory T cells
(Tregs) and increased potential antitumor immune subsets such as
nonclassical monocytes and effector T cells. A lower percentage of
monocytic myeloid-derived suppressor cells (M-MDSC) and poly-
morphonuclear MDSCs, lower CTLA-4 and TIM-3 expression on
Tregs, and higher effector CD4þ T cells at baseline were associated
with better PFS and/or OS.

Conclusions: CaboNivo was clinically active, well tolerated, and
favorably modulated peripheral blood immune subsets in patients
with mUC refractory to CPI.

Introduction
Metastatic urothelial carcinoma (mUC), a highly aggressive disease,

has a high incidence in the United States (1). Recently, treatment
options formUChave expanded considerably, with the FDA’s approv-
al of checkpoint inhibitors (CPI) for patients who have progressed on
platinum-based chemotherapy (2), as first-line treatment for cisplatin-
ineligible patients with high PD-L1 expression or patients ineligible for
any platinum-based chemotherapy (2, 3), and as a maintenance
treatment after platinum-based chemotherapy (4). Recently, enfortu-
mab vedotin, sacituzumab govitecan, and erdafitinib have also been
approved on the basis of clinical activity in patients with mUC (5–7).

Some patients treated with CPIsmay achieve durable responses that
are rarely seen with other types of agents (8). This is encouraging for
both oncologists and patients; however, most patients will not respond
to CPIs or will develop resistance at some point during treatment.
Strategies to avoid primary resistance or rescue patients who have
progressed on CPIs have been extensively studied. One strategy is to
combine a CPI with another agent that can induce alterations in the
tumor microenvironment (TME) that ultimately act synergistically to
overcome mechanisms of immune evasion.

VEGFR-targeted therapies have been studied as potential syn-
ergistic agents with CPIs. Cabozantinib is a tyrosine kinase inhibitor
(TKI) targeting MET, VEGFR-2, RET, AXL, KIT, and TIE-2 (8).
Preclinical studies have demonstrated that anti-VEGFR agents can
induce changes in the TME by reducing immunosuppressive cells,
increasing T-cell infiltration, and activating effector T cells (9).
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Preclinical models have also demonstrated the immunomodulatory
effects of cabozantinib (10).

Combining cabozantinib with a CPI has had encouraging results in
clinical trials in patients withmUC (11). Our group conducted a phase
I trial with expansion cohorts evaluating the safety and clinical
activity of cabozantinib and nivolumab (CaboNivo) with or without
ipilimumab (CaboNivoIpi) in 54 CPI-na€�ve patients with metastatic
genitourinary tumors. CaboNivo and CaboNivoIpi had an acceptable
toxicity profile, and the recommended phase II doses were cabozanti-
nib 40 mg, nivolumab 3 mg/kg, and ipilimumab 1 mg/kg. The overall
objective response rate (ORR) was 30.6% for the entire population and
38.5% for the 15 patients with mUC (11). Here we report the results of
an expansion cohort of our phase I trial evaluating CaboNivo in
patients with mUC refractory to prior CPI therapy.

Patients and Methods
Patient selection

Eligible patients had a histologically confirmed diagnosis of mUC.
Patients must have progressed on ≥1 line of standard therapy and on a
previous CPI. We considered previous CPI to be treatment with any
anti-PD-1, anti-PD-L1, and anti-cytotoxic T-lymphocyte–associated
antigen 4 (CTLA4). Responses to previous standard therapy and
previous CPI were reviewed and determined by the investigator
according to RECIST v.1.1 (12). Other inclusion and exclusion criteria
were reported previously (11).

Study design and outcomes
This was a multicenter, open-label, phase I expansion cohort of

CaboNivo in patients withmUCwho progressed on prior CPI therapy.
Planned enrollment was 30 patients. The objective was to determine
the clinical activity and safety of CaboNivo in this population. The
primary endpoint was ORR, defined as the proportion of patients with
either complete response (CR) or partial response (PR), based on
investigator-assessed RECIST v.1.1 (12). Secondary endpoints includ-
ed progression-free survival (PFS), overall survival (OS), duration of
response (DoR), disease control rate [DCR; proportion of patients
with a confirmed best response of CR, PR, or stable disease (SD)], and
safety and toxicity as per the NCI’s Common Terminology Criteria
for Adverse Events v.5.0. Exploratory analyses included PFS and
OS according to peripheral blood immune subsets, inflammatory
cytokines, and circulating tumor cells (CTC).

Treatment
Patients received cabozantinib 40 mg orally every day and nivolu-

mab 3mg/kg intravenously every 2weeks in 28-day cycles, as described
previously (11). After cycle 21, patients received amaintenance dose of
nivolumab (480 mg every 4 weeks) and daily cabozantinib. Treatment
was continued until disease progression or unacceptable toxicity.

Patients had the option of discontinuing therapy after 2 years of
confirmed CR or PR. Restaging scans included computed tomography
(CT) of chest, abdomen, and pelvis or CT of chest and magnetic
resonance imaging of abdomen and pelvis at baseline and every two
cycles (every 8 weeks). Patients with bone metastasis had their tumor
response assessed by 18F-sodium fluoride PET/CT (13).

Dose reductions for cabozantinib (initially to 20 mg, then to 20 mg
every other day) and interruptions of study treatment were specified
for the management of adverse events. No dose modification was
allowed for nivolumab. Patients could discontinue treatment for
disease progression, unacceptable toxicity, withdrawal of consent, or
per investigator’s clinical judgment. Treatment beyond disease pro-
gression was permitted if patients tolerated treatment and the inves-
tigator considered that the patient would benefit clinically.

Immune subset analyses
Peripheral immune subsets were analyzed at baseline and before

cycle 2 day 1 (C2D1) and C3D1. Peripheral blood samples were
collected in Cell Preparation Tubes with sodium citrate (BD Vacu-
tainer CPT Tubes; BD Biosciences). Peripheral blood mononuclear
cells (PBMC) were obtained by centrifugation and viably frozen until
analysis. Multiparameter flow cytometric analysis was performed on
PBMCs as described previously (14). Cells were incubated with Fc
receptor blocking agent (Miltenyi Biotec) and stained for 20 to
30 minutes at 4�C in a dark room with mAbs.

The following immunophenotypic markers were used to define
immune subsets: classical monocytes: CD14þ CD16�; intermediate
monocytes: CD14þ CD16þ; nonclassical monocytes: CD14dim
CD16þ; PMN-MDSC: CD14� CD11bþ CD15þ; M-MDSC:
CD14þ CD11bþ HLA–DRlow/– CD15–; CD1cþ myeloid DC
(mDC): lineage (CD3, CD19, CD56)�HLA-DRþCD11cþCD1cþ;
CD141þ mDC: lineage�HLA–DRþCD11cþCD141þ; CD303þ
plasmacytoid DC (pDC): lineage�HLA–DRþCD11cþCD303þ;
Tregs: CD8�CD4þCD25highFoxp3þ; effector Tregs (eTregs):
CD8-CD4þCD45RA-Foxp3high; na€�ve Tregs (nTregs): CD8-
CD4þCD45RAþFoxp3þ; na€�ve T cells: CD45RAþCCR7þ CD28þ
CD27þ; effector T cells: CD45RAþCCR7� CD28� CD27�; EM1
T cells: CD45RA–CCR7� CD28þ CD27þ CD3þ (CD4þ or CD8þ);
EM2 T cells: CD45RA–CCR7– CD28– CD27þ CD3þ (CD4þ or
CD8þ); EM3 T cells: CD45RA-CCR7–CD28– CD27– CD3þ (CD4þ
or CD8þ); EM4 T cells: CD45RA–CCR7� CD28þ CD27� CD3þ
(CD4þ or CD8þ); and CM T cells: CD45RA–CCR7þ CD28þ
CD27þ CD3þ (CD4þ or CD8þ). The following mAbs were used:
CD14 cloneHCD14, CD16 clone 3G8,HLA-DR clone LN3,CD3 clone
OKT3, CD56 clone MEM-188, CD19 clone HIB19, CD11b clone
ICRF44, CD15 clone W6D3, CD33 clone WM53, CD11c clone Bu15,
CD1c clone L161, CD141 clone M80, CD303 clone 201A, CD83 clone
HB15e. CD8 clone SK1, CD4 clone RPAT4, CD25 clone BC96, Foxp3
clone 206D, PD-1 clone EH12.2H7, CTLA-4 clone L3D10, TIM-3
clone F38�2E2 ICOS clone C398.4A, CD45RA clone HI100, CCR7
clone G043H7, CD27 clone LG.3A10, and CD28 clone CD28.2
(BioLegend) and Ki67 clone B56 (BD Biosciences).

For analysis of Foxp3 and Ki67 expression, cells were fixed and
permeabilized using a Fix/Perm buffer (eBioscience) according to the
manufacturer’s instructions, then stainedwith anti-Foxp3 or anti-Ki67
antibody.

Live cells were discriminated by means of LIVE/DEAD Fixable
Aqua Dead Cell Stain (Life Technologies) and dead cells were exclud-
ed from all analyses. All flow cytometric analyses were performed
using aMACSQuant Analyzer (Miltenyi Biotec). Flow cytometric data
were quantified either as the median fluorescence intensity or as a

Translational Relevance

Checkpoint inhibition (CPI) is demonstrating efficacy in earlier
states of disease in urothelial carcinoma, including nonmuscle-
invasive and muscle-invasive bladder cancer. Developing effective
combination strategies with CPI that may overcome resistance
post-monotherapy will be crucial to offering patients options after
disease progression. This early study of CaboNivo post-CPI offers
an exciting signal to pursue in larger studies.
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percentage of cells, as indicated. Data were analyzed using FlowJo
software version 10.6.1. (FlowJo, LLC).

Circulating tumor cell measurement
CTC count per 10 mL of whole blood was assessed as described

previously (11, 15).

Cytokine and angiogenic factor analyses
Plasma samples were collected in EDTA plasma tubes at baseline and

before C2D1 andC3D1. The samples were processed within 4 hours and
stored at �80�C until analysis. The angiogenic cytokines and proin-
flammatory cytokines were tested using clinically validated ECL immu-
noassays from Meso-Scale Diagnostics, as described previously (16).

Statistical analysis
A total of 30 patients (15 each in 2 replicate cohorts) were to be

enrolled in an expansion cohort of UC patients who had prior CPI
therapy. The goal was to determine if the fraction of patients who
achieve a response is more likely to be consistent with 25% than with
5%. If 15 patients were to enroll in an expansion cohort, then if ≥ 2 of
the 15 experienced a response, the probability of this occurring is
17.1% if the probability of a response was 5%, and the probability of
this occurring would be 92.0% if the probability of response was 25%.
Thus, obtaining ≥2 patients with a response out of 15 would be
adequate to consider the treatment regimen to be successful in this
small cohort. At the end of the trial, the actual fraction of responses out
of the total evaluable patients enrolled in this cohort was determined
along with 80% and 95% two-sided confidence bounds to interpret the
results. On the basis of the original cohort of 15 patients and a replicate
cohort of 15, the results from the two cohorts were combined and
reported together.

Follow-up was calculated as the median of the potential follow-up
intervals for each patient from the on-study date until the cutoff date of
August 15, 2020. ORR was estimated using a 95% Clopper–Pearson
confidence interval (CI). PFS and OS were estimated using the
Kaplan�Meier method. PFS was calculated from the on-study date
until date of progression, death without progression, or last follow-up.
OS was calculated from on-study date until the date of death or last
follow-up. DoRwas calculated from the date a response was first noted
until the date of radiologic progression, clinical progression, or death.
The safety and clinical activity of CaboNivo were analyzed in all
patients who received at least one dose of the treatment drugs.

For immune subset analysis, we estimated PFS and OS using the
Kaplan–Meier method and reported two-tailed, unadjusted log-rank
P values. Analyses based on baseline values began at baseline, whereas
those based onC3D1 began at C3D1. A cutoff of fiveCTCs/sample was
used, as described previously (14). The statistical significance in
changes of cytokines was determined with a paired Wilcoxon t test.

Exploratory analyses were performed to establish an association
between immune subsets/functional markers and PFS or OS. The
prognostic values of cytokines on PFS and OS were determined with
Kaplan�Meier survival analysis forwhich theP values of log-rank tests
were shown. The median levels of each analyte were used as the cutoff
values for the high and low groups. Biomarker analyses were explor-
atory and performed in all patients when a baseline sample was
available. Biomarker changes from baseline to C2D1 pre and C3D1
pre were compared using the Wilcoxon signed-rank test.

Data availability statement
The data generated in this study are available upon request from the

corresponding author.

Results
Patient characteristics

Thirty patients were enrolled in this study, one of whom never
started treatment and therefore was not evaluable for response or
safety. At data cutoff, the median follow-up was 22.2 months. Baseline
characteristics of the 30 patients are summarized in Table 1.

The median number of prior lines of treatment was 2; 26 patients
(86.7%) had ≥2 previous lines of treatment. Most patients (86.7%) had
received chemotherapy for metastatic disease and all patients had
received prior CPI.One patient received chemotherapy as neoadjuvant
treatment andwent on off-label adjuvant pembrolizumab and enrolled
in our study after disease progression. Themedian number of cycles of
prior immunotherapy was 7 (range, 1–20). Best responses to initial
treatment with other CPIs were 0 CR, 1 (3.3%) PR, 13 (43.4%) SD, and
16 (53.3%) with progressive disease (PD). Twenty-two patients
(73.3%) had been previously treated with pembrolizumab and 8
(26.7%) had been treated with atezolizumab. Median time between

Table 1. Baseline characteristics.

Characteristics n ¼ 30

Median age (range), years 64.5 (47–80)
Gender, n (%)

Male 22 (73.3)
Female 8 (26.7)

Race, n (%)
White 28 (93.3)
Asian 2 (6.7)
Black/African American 0 (00)

KPS, n (%)
100% 2 (6.7)
90% 14 (46.7)
80% 13 (43.3)
70% 1 (3.3)

Primary tumor, n (%)
Bladder 22 (73.3)
Upper tract 8 (26.7)

Metastasis location
Lymph node only 4 (13.8)
Viscera 23 (76.7)
Liver 13 (44.8)

Median number of prior treatments (range) 2 (0–8)
Number of prior treatments, n (%)

0 1 (3.3)
1 3 (10.0)
2 18 (60.0)
3 6 (20.0)
>3 2 (6.7)

Prior chemotherapy for metastatic disease, n (%)
Yes 26 (86.7)
No 4 (13.3)

Number of cycles of prior immunotherapy, median (range) 7 (1–20)
Time between prior immunotherapy and start of CaboNivo
treatment, median (range), months

2.25 (1–18)

Best response to prior immunotherapy, n (%)
Complete response 0
Partial response 1 (3.3)
Stable disease 13 (43.4)
Progressive disease 16 (53.3)

Type of prior immunotherapy
Pembrolizumab 22 (73.3)
Atezolizumab 8 (26.7)

Cabozantinib and Nivolumab after Prior Checkpoint Inhibition
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the endof previousCPI therapy and start ofCaboNivowas 2.25months
(range, 1–18 months).

Efficacy
Twenty-nine patients received at least one dose of CaboNivo and

were evaluable for efficacy. Four patients (13.8%) were not evaluable
for response by RECIST. Two died before the first restaging at 8 weeks,
one was off study prior to the first restaging per physician discretion,
and another had bone-only disease that was not measurable by
RECIST. This last patient was evaluated by sodium fluoride
PET/CT (17) and had SD as best response. Among the patients who
were evaluable by RECIST v.1.1 (n¼ 25), the ORRwas 16.0% (95%CI,
4.5–36.1). However, conservatively including all 29 patients who
received at least one dose of CaboNivo, including those not evaluable
by RECIST v.1.1, 4 of the 29 (13.8%) experienced a response (95% CI,
3.9–31.7%).One patient (4.0%) achieved aCR, 3 patients (12.0%) had a
PR, 14 patients (56.0%) had SD as best response, and 7 patients (28.0%)
had PD (Table 2; Fig. 1A). The DCR was 72% (18/25 patients).

The median PFS was 3.6 months (95% CI, 2.1–5.5 months) and the
median OS was 10.4 months (95% CI, 5.8–19.5 months; Fig. 2A
and B). Among 15 patients with SD, 6 had PFS for ≥ 6 months, 1 had
ongoing PFS at 17.7months, and 5 had SD that ended at 9.2, 10.4, 12.2,
18.2, and 30.4 months, respectively (Fig. 1B). At data cutoff, the
median DoR for 4 patients with a CR or PR was 33.5 months (95% CI,
3.7–33.5months). Among these 4, one response ended at 3.7months, 2
responses were still ongoing at 8.1 and 20.4 months, and 1 patient died
from a procedure at 33.5 months, without progression (Fig. 1B).

The patient who achieved aCRwithCaboNivo previously had SD as
best response to CPI. Among the 3 patients who had a PR with
CaboNivo, one had a PR and 2 had PD as best response to prior CPI.
Responses to CaboNivo in these patients were seen in lung metastasis
in 2 patients, liver and bonemetastasis in another patient, and 1 patient
with lymph node–only metastasis (Supplementary Fig. S1).

Safety and tolerability
Treatment-related adverse events (TRAE) are summarized in

Table 3. Twenty-eight patients (97%) had a grade 1 TRAE, 23
(79%) had a grade 2, 15 (52%) had a grade 3, and 1 (3%) had a grade
4 TRAE. There were no grade 5 TRAEs. Five patients (17%) had grade
1 immune-related adverse events, 6 (21%) had a grade 2, and 1 (3%)
had a grade 3. Five patients required steroids. Three patients were
treated with systemic steroids for rash, hepatitis, and colitis. One was
treated with topical steroids (rash) and one received systemic steroids
as replacement due to immune-related adrenal insufficiency.

Twelve patients (41.4%) had their dose of cabozantinib reduced to
20 mg/day due to TRAEs. Among those, 3 (10.3%) required a further
reduction to 20 mg every other day. Four patients (13.8%) had their
cycles delayed because of TRAEs. The most common reason for
discontinuation of treatment was PD (23 patients, 79%). One patient
(3%) discontinued treatment due to physician discretion and one

patient (3%) discontinued treatment due to a grade 3 cardiomyopathy
and grade 3 thromboembolic event that required hospitalization. Four
patients (14%) were still receiving treatment at the cutoff date.

Immune cell subset analysis
UponCaboNivo treatment, classicalmonocytes (P¼ 0.029 atC2D1,

P ¼ 0.0042 at C3D1) and intermediate monocytes (P ¼ 0.0023 at
C3D1) decreased, whereas nonclassical monocytes (P ¼ 0.046 at
C2D1) increased. Therewas a trend toward a higher percent of baseline
nonclassical monocytes among total viable cells being associated with
better PFS (P ¼ 0.053; Supplementary Figs. S2A and S2B).

MDSCs, which represent an immature suppressive myeloid
population, are composed of two major subsets, M-MDSCs and
PMN-MDSCs (18, 19). M-MDSCs decreased after one cycle of
CaboNivo. Fewer baseline M-MDSCs and PMN-MDSCs were asso-
ciatedwith better PFS (P¼ 0.004 and 0.033); fewer baselineM-MDSCs
were associated with better OS (P ¼ 0.014; Fig. 3).

All three dendritic cell (DC) subsets [CD1cþmyeloidDCs (mDCs),
CD141þmDCs, and CD303þ plasmacytoid DCs (pDCs)] decreased,
but expression of the DC maturation marker CD83 increased on all
three DC subsets after one cycle of treatment (Supplementary
Fig. S3A). CD83 expression on CD141þ DCs was associated with
improved PFS (P ¼ 0.033) and OS (P ¼ 0.014; Supplementary
Fig. S3B).

Tregs decreased after two cycles of treatment (P ¼ 0.0025; Supple-
mentary Fig. S4). Lower baseline TIM-3 expression on Tregs was
associated with better PFS (P ¼ 0.021) and a trend to better OS (P ¼
0.057; Supplementary Fig. S5). High expression of Ki67–PD1þCD4þ
T cells and Ki67–PD1þCD8þ T cells at baseline was associated with
better PFS (P ¼ 0.015 and 0.03, respectively) and OS (P ¼ 0.015 and
0.026, respectively; Supplementary Fig. S6). CTLA-4 expression on
CD45RAþCD4þ T cells (P ¼ 0.014), CD45RA–CD4þ T cells (P <
0.0001), CD45RAþCD8þT cells (P< 0.0001), andCD45RA–CD8þT
cells (P < 0.0001) increased at C2D1 (Supplementary Fig. S7). Among
Ki67þ subsets, Ki67þICOSþ (P ¼ 0.019), Ki67þICOS– (P ¼ 0.008),
Ki67þHLA–DRþ (P ¼ 0.030), and Ki67þ HLA–DR– (P ¼ 0.014)
decreased among CD4þ T cells after 2 cycles of treatment (Supple-
mentary Fig. S8). Effector CD4þ T cells (P ¼ 0.041) and effector
memory 2 (EM2) subsets (20) of both CD4þ T cells (P ¼ 0.023) and
CD8þ T cells (P < 0.0001) increased, and na€�ve CD8þ T cells
decreased (P ¼ 0.046) after two cycles of treatment. A higher per-
centage of effector CD4þ T cells at baseline (P¼ 0.028) and after two
cycles of treatment (P ¼ 0.0009) was associated with better PFS
(Supplementary Figs. S9A and S9B).

Measurement of circulating tumor cells
There was a trend of <5 EpCAMþ CTCs per 10 cc of peripheral

blood at baseline being associated with better PFS (P¼ 0.071) and OS
(P ¼ 0.057; Supplementary Fig. S10).

Angiogenic and inflammatory cytokines
We evaluated whether CaboNivo induced changes in a panel of

angiogenic and proinflammatory cytokines at the end of the first and
second cycles (Supplementary Table S1). The results revealed that the
most significant and sustained change was the induction of PlGF1
(Supplementary Table S1; Supplementary Fig. S11). The induction of
VEGF, on the other hand, was more transient (Supplementary
Fig. S11). The correlative analyses of baseline angiogenic cytokines
and proinflammatory cytokines showed that a lower IL8 level was
associated with better PFS (P ¼ 0.017), with a potential trend toward
better OS (P ¼ 0.065; Supplementary Fig. S12).

Table 2. Objective tumor response per RECIST v.1.1.

Response n ¼ 25

Overall response rate, n (%) 4 (16)
Best overall response rate, n (%)

Complete response 1 (4.0)
Partial response 3 (12.0)
Stable disease 14 (56.0)
Progressive disease 7 (28.0)

Girardi et al.
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Discussion
This study showed that CaboNivo is clinically active in patients with

mUC who progressed on prior immunotherapy and chemotherapy,
with an ORR of 16.0% and DCR of 72%. Our results provide evidence
that CaboNivo induced durable responses in certain patients who had
already received and progressed on prior CPI therapy. Three of the 4

patients who achieved a CR or PR had ongoing responses, although
one died of a procedure at 33.5 months, and 6 patients experienced
prolonged SD of 9.2–28.7months.Most patients in this cohort (86.7%)
received CaboNivo as third-line therapy post–platinum combination
chemotherapy (86.7%) and CPI (100%), with a median survival of
10.4 months with CaboNivo similar to second-line pembrolizumab
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Figure 1.

Clinical activity of CaboNivo. A, Plot of confirmed
tumor regression from baseline as measured by
RECIST in all evaluable patients (n¼ 25). Upper dotted
line represents progression at 20%; lower dotted line
represents the RECIST boundary for complete
response or partial response at 30%. Red ¼ progres-
sive disease, yellow ¼ stable disease, green ¼ partial
response, and blue ¼ complete response. Asterisk
represents patients whose scans revealed new non-
target lesions that were considered progression.
B, Time to response, duration of treatment, and dura-
tion of response to CaboNivo in months for evaluable
patients with complete response (blue), partial
response (green), and stable disease (yellow; n ¼
19). Arrows¼ patientswith ongoing response at cutoff
date. Circle ¼ date best response was first noted.
Asterisk ¼ patient who had no evaluable lesions by
RECIST but was considered to have stable disease by
sodium fluoride PET/CT. C, Percent change in sum
of target lesion diameters from baseline over time
for all assessable patients (n ¼ 25), defined as
those patients with baseline tumor assessments and
at least one post-baseline assessment. Colors repre-
sent patients’ best response according to RECIST v.1.1.
Red¼ progressive disease as best response, yellow¼
stable disease, green ¼ partial response, and blue ¼
complete response.
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(10.3 months; ref. 21) and numerically better than second-line nivo-
lumab (8.7 months; ref. 22).

Our data suggest that cabozantinib may help to prime an effective
immune response to CPI even after prior CPI failure. Our preclin-
ical and clinical data suggest that a central component of this
immunomodulatory activity of cabozantinib is the consistent
decrease in Tregs. Although many mechanisms are possible and
may differ between the TME and peripheral immune sites, we have
preclinical evidence of two potential pathways. One is our obser-
vation, supported by the literature, that a subset of monocytes
isolated from peripheral blood can express the hepatocyte growth

factor (HGF) receptor MET (23). Furthermore, the level of HGF in
plasma in patients with cancer can be elevated, and HGF/MET
interaction promotes expression of IL10 (23). The well-documented
ability of IL10 to increase Treg levels could, to some extent, be
downstream of an autocrine HGF/MET interaction in immune
cells. Furthermore, we found that cabozantinib failed to induce
IL10 (Supplementary Table S1; Supplementary Fig. S13). A second
observation is that when testing the ability of cabozantinib to affect
gene expression of the master transcriptional regulators of CD4þ
T-cell polarization (Tbet, GATA-3, RORgT, and Foxp3), incubation
of cabozantinib with healthy donor PBMCs resulted in no effect or a

Figure 2.

Kaplan–Meier estimate of overall sur-
vival (A) and progression-free survival
(B) for overall study population (n ¼
29). Vertical lines show censored
events.
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Table 3. Treatment-related AEs.

n ¼ 29
AEs Grade 1 Grade 2 Grade 3 Grade 4

Laboratory
Hematology

Platelet count decreased 11 (38) 1 (3) 0 0
Anemia 9 (31) 3 (10) 0 0
White blood cell count decreased 7 (24) 5 (17) 0 0
Neutrophil count decreased 3 (10) 3 (10) 0 0
Lymphocyte count decreased 2 (7) 3 (10) 3 (10) 1 (3)

Electrolytes
Hypomagnesemia 6 (21) 2 (7) 0 0
Hypocalcemia 5 (17) 1 (3) 0 0
Hyponatremia 4 (14) 1 (3) 0 0
Hypophosphatemia 2 (7) 8 (28) 3 (10) 0
Hypokalemia 1 (3) 2 (7) 0 0

Renal
Acute kidney injury 9 (31) 1 (3) 1 (3) 0
Proteinuria 0 2 (7) 1 (3) 0

Hepatic
Aspartate aminotransferase increased 7 (24) 0 1 (3) 0
Alanine aminotransferase increased 4 (14) 3 (10) 0 0
Alkaline phosphatase increased 5 (17) 1 (3) 1 (3) 0
GGT increased 2 (7) 2 (7) 0 0
INR increased 1 (3) 0 0 0
Activated partial thromboplastin time prolonged 2 (7) 0 0 0

Pancreatic
Lipase increased 2 (7) 2 (7) 1 (3) 0
Amylase increased 2 (7) 0 2 (7) 0

Endocrine
Hypothyroidism 5 (17) 5 (17) 0 0
Hyperthyroidism 1 (3) 0 0 0

Clinical AEs
Diarrhea 7 (24) 3 (10) 2 (7) 0
Fatigue 7 (24) 6 (21) 3 (10) 0
Nausea 7 (24) 5 (17) 1 (3) 0
Weight loss 7 (24) 1 (3) 0 0
Anorexia 6 (21) 5 (17) 1 (3) 0
Dysgeusia 6 (21) 3 (10) 0 0
Rash 4 (14) 0 0 0
Dizziness 3 (10) 0 0 0
Headache 3 (10) 0 0 0
Hypertension 3 (10) 3 (10) 2 (7) 0
Palmar-plantar erythrodysesthesia syndrome 3 (10) 5 (17) 0 0
Vomiting 3 (10) 4 (14) 1 (3) 0
Mucositis oral 2 (7) 4 (14) 0 0
Paresthesia 2 (7) 0 0 0
Pruritus 2 (7) 0 0 0
Sore throat 2 (7) 0 0 0
Constipation 1 (3) 1 (3) 0 0
Dyspnea 1 (3) 0 1 (3) 0
Fever 1 (3) 0 0 0
Dehydration 0 1 (3) 0 0
Dyspepsia 0 1 (3) 0 0
Dysphagia 0 1 (3) 0 0
Thromboembolic event 0 0 3 (10) 0
Cardiomyopathy 0 0 1 (3) 0

Immune-related AEs
Total 5 (17) 6 (21) 1 (3) 0
Hepatitis 3 (10) 1 (3) 1 (3) 0
Maculopapular rash 2 (7) 2 (7) 0 0
Diarrhea 2 (7) 1 (3) 0 0
Adrenal insufficiency 0 1 (3) 0 0
Colitis 0 1 (3) 0 0
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very slight increase in Tbet, GATA-3, and RORgT gene expression
and a dramatic decrease in Foxp3 expression (16). These and other
mechanistic studies await further examination.

In this trial, we found the immunomodulatory effects of CaboNivo
very similar to those previously seen in our cabozantinibmonotherapy
trial (14), that is, (i) decreased protumorigenic classical monocytes, (ii)
increased antitumor nonclassical monocytes, and (iii) decreased
immunosuppressive M-MDSCs and Tregs. In addition, we observed
that enhanced survival was associated with a higher percent of
nonclassical monocytes, a lower percent of M-MDSCs and PMN-
MDSCs, higher expression of the DC maturation marker CD83 on
CD141þ mDCs, lower TIM-3 expression on Tregs, and a higher
percent of effector cells among CD4þ T cells. Several reports are
consistent with our observation that a lower-than-median baseline
level of M-MDSCs appears to be related to the response to anti-PD-1
blockade (24, 25). Previously, we reported that increased CD83 on
CD141þ mDCs was associated with better PFS in patients with
prostate cancer in response to durvalumab in combination with
olaparib (26).

Previous studies revealed an increase in Ki67þPD-1þ T cells after
anti-PD-1 therapy, suggesting that these cells may represent reinvi-
gorated T cells (27–29). We found that, among both responders and
nonresponders, Ki67þ subsets decreased among CD4þ T cells after
one cycle of treatment. The previous studies were in CPI-na€�ve
patients, whereas all patients in this trial were refractory to CPI
therapy. Taken together, the data from these patients treated with
prior CPI suggest that cabozantinib may play an important role in
modulating both innate and adaptive immune cells in the direction of
enhanced antitumoral immunity in CPI-refractory patients.

Lower baseline CTC counts showed a trend to better survival (PFS
and OS), which is consistent with our previous CTC data reported for
cabozantinib monotherapy (14) and CaboNivo therapy (11). Our

results confirm that cabozantinib-mediated inhibition of VEGFR1
and VEGFR2 leads to increased PlGF and VEGF in blood. Previous
studies revealed that VEGF inhibits the differentiation of monocytes
into DCs and their maturation and promotes the accumulation and
proliferation of immunosuppressive cells such as MDSCs and
Tregs (30). Cabozantinib may impede these immunosuppressive
activities by blocking VEGFR1 and VEGFR2 signaling.

The immunosuppressive cytokine IL8, produced by tumor cells,
some myeloid cells, and cancer-associated fibroblasts, also promotes
inflammation and angiogenesis. Thus, lower levels of IL8 would
contribute to a less immunosuppressive environment. Recent stud-
ies have shown that increased baseline IL8 was associated with
worse OS in various cancers, including patients with mUC on
checkpoint therapies (31–33). An IL8 inhibitor has been evaluated
in clinical trials (34). Our study adds to the existing body of
knowledge by demonstrating an association between lower IL8 and
better PFS.

Our trial was limited by the small sample size and lack of
randomization that would be needed to prove that the clinical
effect is due to combination therapy and not to cabozantinib or
nivolumab alone. In fact, our previous work showed that cabozan-
tinib alone achieved an ORR of 19.1% (95% CI, 8.6–34.1; ref. 14),
which is similar to the response rate obtained in this cohort.
However, the durable responses demonstrated in this study and
the data obtained in the correlative studies show that CaboNivo may
be a potential option for patients with mUC who progressed on
prior CPI. Larger trials with this combination in mUC are needed to
confirm the clinical benefit of CaboNivo.

Immunotherapy with CPI is now part of the standard of care for
patients with mUC and many other types of cancer. Strategies to
overcome immune evasion and/or to rescue patients who have pro-
gressed on prior CPI have been extensively studied, and other clinical
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Figure 3.

Analysis ofmonocyticmyeloid-derived suppressor cells (M-MDSC) andpolymorphonuclearMDSCs (PMN-MDSC).A,Percent decrease ofM-MDSCs and PMN-MDSCs
with treatment. B, Kaplan–Meier curves of PFS and OS according to the percentage of viable M-MDSCs and PMN-MDSCs at baseline.

Girardi et al.

Clin Cancer Res; 28(7) April 1, 2022 CLINICAL CANCER RESEARCH1360



trials are exploring the combination of CPI and other therapies in
genitourinary tumors and mUC. Enfortumab vedotin is an antibody–
drug conjugate that demonstrated significantly prolonged OS com-
pared with chemotherapy in patients with mUC who were previously
treated with chemotherapy and CPI (6). Enfortumab vedotin is also
being evaluated in combination with pembrolizumab as first-line
treatment in patients with mUC, with promising results showing an
ORR of 73.3% (35). Other combinations of CPI and targeted therapies
are being studied. The ICONIC trial (NCT03866382) is a phase II trial
evaluating the combination of cabozantinib, nivolumab, and ipilimu-
mab in rare genitourinary tumors, including rare bladder histologies
such as plasmacytoid, micropapillary, and sarcomatoid. Sitravatinib, a
TKI that targets VEFR2, c-MET, c-KIT, and the TAM receptors, has
shown clinical activity in combination with nivolumab for patients
with mUC that progressed after platinum-based chemotherapy but
who were CPI na€�ve, with an ORR of 31% (36). Moreover, the Alliance
group is developing a clinical trial of cabozantinib associated with
avelumab as a maintenance therapy after first-line platinum-based
chemotherapy.

Ethics approval and consent to participate
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