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ABSTRACT

PURPOSE The COSMIC-021 study assessed the safety and efficacy of cabozantinib plus
atezolizumab in advanced solid tumors. Presented here are results from the
expansion cohorts with advanced urothelial carcinoma (UC).

METHODS This phase Ib study (ClinicalTrials.gov identifier: NCT03170960) enrolled pa-
tients with inoperable locally advanced/metastatic UC into four tumor cohorts:
first-line cisplatin-eligible (cis-eligible), first-line cisplatin-ineligible (cis-
ineligible), previous platinum-containing chemotherapy (previous chemo-
therapy-treated), and previous immune checkpoint inhibitor (ICI)–treated.
Patients received oral cabozantinib 40 mg once daily and intravenous atezo-
lizumab 1,200 mg once every 3 weeks. The primary end point was objective
response rate (ORR), as assessed by the investigator per RECIST v1.1 every
6 weeks for 12 months and every 12 weeks thereafter; the secondary end point
was safety.

RESULTS A total of 121 patients (previous ICI-treated cohort, n 5 31, and each of the other
cohorts, n 5 30) received study treatment from March 2018 to November 2021.
The ORR (95% CI) was 30% (15 to 49) for cis-eligible, 20% (8 to 39) for cis-
ineligible, 27% (12 to 46) for previous chemotherapy-treated, and 10% (2 to 26)
for previous ICI-treated cohorts. The median progression-free survival (95%
CI) was 5.5 (1.6 to 11.6), 5.6 (3.1 to 11.1), 5.4 (1.6 to 7.6), and 3.0 (1.8 to 5.5)
months, respectively. Grade 3 or 4 treatment-related adverse events (TRAEs)
were experienced by 43%, 67%, 57%, and 45% of patients, respectively. TRAEs
led to discontinuation of all treatment components in 17%, 13%, 3%, and 19%,
respectively. No grade 5 TRAEs were reported in any cohort.

CONCLUSION The novel combination of cabozantinib plus atezolizumab exhibited clinical
activity in advanced UC that is cis-eligible, cis-ineligible, or previously treated
with platinum-containing chemotherapy; clinical activity in previous ICI-
treated UC was modest. The toxicity profile was consistent with that previ-
ously reported for the combination.

INTRODUCTION

Standard-of-care first-line therapy for advanced urothelial
carcinoma (UC) is pembrolizumab plus enfortumab vedotin
regardless of cisplatin eligibility.1 Other options include
gemcitabine and cisplatin combined with nivolumab as first-
line therapy and avelumab switch maintenance therapy after
no progression on or during platinum-based chemotherapy.2-5

Second-line treatments include nivolumab monotherapy or

pembrolizumab alone or combined with enfortumab vedotin
for those who did not receive an immune checkpoint inhibitor
(ICI) in first line and had cancer progression.1,3,6 Subsequent
therapies also include chemotherapy, immunotherapies,
antibody-drug conjugates, and fibroblast growth factor
receptor (FGFR)-2 or FGFR-3 inhibitors depending on
previous treatments combined.6-9 Despite advances in
treatment, clinical outcomes for metastatic disease remain
poor, with a 5-year survival rate of 8%.10
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Single-agent atezolizumab, an anti–PD-L1 antibody, has
shown efficacy and is approved for the treatment of non–
small cell lung cancer; however, its benefits were limited in
advanced UC.11,12 Cabozantinib inhibits multiple receptor
tyrosine kinases involved in tumor growth, angiogenesis,
and immunosuppression, including MET, VEGFR, and the
TAM kinases (TYRO3, AXL, and MER).13 It promotes an
immune-permissive environment that may enhance the
response to ICIs14 and has demonstrated clinical activity in
combination with nivolumab or atezolizumab in various
solid tumors.15-18 Thus, we hypothesized that cabozantinib
plus atezolizumab may be efficacious in UC.

The phase Ib COSMIC-021 study evaluated cabozantinib plus
atezolizumab in patients with advanced solid tumors. Pre-
sented are outcomes for patientswith advanced UCwhowere
enrolled into four expansion cohorts: first-line cisplatin-
eligible (cis-eligible), first-line cisplatin-ineligible (cis-
ineligible), previous treatment with platinum-containing
chemotherapy (previous chemotherapy-treated), and pre-
vious treatment with ICI (previous ICI-treated).

METHODS

Study Design

COSMIC-021 is a multicenter, open-label, phase Ib study
with a dose-escalation stage followed by tumor-specific
expansion stages. Oral cabozantinib 40 mg once daily plus
atezolizumab 1,200 mg intravenous (IV) infusions once
every 3 weeks was administered to expansion cohorts
including UC cohorts on the basis of clinical activity and
a more favorable safety profile compared with oral

cabozantinib 60mg once daily plus atezolizumab 1,200mg
IV once every 3 weeks observed during dose escalation.18,19

Patients in UC expansion cohorts were enrolled across 16
centers in Europe, Australia, and the United States. Eligible
patients were 18 years and over, had inoperable locally
advanced/metastatic UC, Eastern Cooperative Oncology
Group performance status 0-1, and measurable disease per
RECIST v1.1.20

Patients in the cis-eligible and cis-ineligible cohorts had no
previous systemic therapy for locally advanced/metastatic
disease. Previous neoadjuvant or adjuvant platinum-based
chemotherapy was permitted if disease recurrence took
place >12 months from the end of last therapy. Cisplatin in-
eligibility was determined according to established criteria.21

Patients enrolled in the previous chemotherapy-treated co-
hort had radiographically progressed on/after platinum-based
chemotherapy, including those with recurrence <12 months
after last platinum-based adjuvant/neoadjuvant chemother-
apy. Patients in the previous ICI-treated cohort radiographi-
cally progressed on/after one previous anti–PD-(L)1 therapy
for advanced disease, with two or fewer lines of previous
systemic therapy for advanced disease. Previous combination
treatment with VEGFR tyrosine kinase inhibitor plus ICI was
not allowed.

COSMIC-021 adhered to the Guideline for Good Clinical
Practice and the Declaration of Helsinki. The study pro-
tocol was approved by institutional review boards at
participating sites. All patients provided written informed
consent. The study is registered with ClinicalTrials.gov
(identifier: NCT03170960).

CONTEXT

Key Objective
The COSMIC-021 phase Ib study evaluated cabozantinib plus atezolizumab in four cohorts of patients with advanced
urothelial carcinoma (UC): cisplatin-eligible, cisplatin-ineligible, previous chemotherapy-treated, and previous immune
checkpoint inhibitor (ICI)–treated.

Knowledge Generated
The combination showed clinical activity across the cohorts with objective response rates (primary end point) ranging from
10% to 30%. The median progression-free survival (PFS) ranged from 3.0 to 5.6 months. The adverse event profile was
consistent with that previously reported for this combination. Patients with low C-reactive protein or a high cancer-
associated fibroblast signature score had relatively greater PFS and overall survival.

Relevance (G.K. Schwartz)
The COSMIC-021 study supports the further development of ICI-tyrosine kinase inhibitor trials in patients with advanced UC,
especially among patients who are ICI-naive.*

*Relevance section written by JCO Associate Editor Gary K. Schwartz, MD, FASCO.
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Procedures and Assessments

Patients received oral cabozantinib 40 mg once daily and
atezolizumab 1,200 mg IV once every 3 weeks. Treatment
beyond radiographic progression was allowed if there was
clinical benefit per the investigator. Cabozantinib could be
dose-reduced or held to manage adverse events (AEs);
atezolizumab could be delayed.

Tumor assessments by computed tomography/magnetic
resonance imaging were conducted at screening, every
6 weeks for the first 12 months, and every 12 weeks there-
after. AEs were graded by investigators per the National
Cancer Institute’s CommonTerminology Criteria for Adverse
Events, v4.0.

End Points

The primary end point was investigator-assessed objective
response rate (ORR), defined as proportion of patients with a
confirmed complete response (CR) or partial response (PR)
per RECIST v1.1. The secondary end point was safety, in-
cluding AEs of special interest (AESI) defined as potential
immune-related AEs for atezolizumab provided by the
sponsor and summarized as grouped Medical Dictionary for
Regulatory Activities terms irrespective of causality. Ex-
ploratory end points included duration of response (DOR),
progression-free survival (PFS), disease control rate (DCR;
percentage of patientswith a CR, PR, or stable disease [SD] as
best response) per investigator and RECIST v1.1, and overall
survival (OS).

Biomarker Assessments

Immunohistochemistry (IHC) with formalin-fixed paraffin-
embedded (FFPE) tissues was performed at Labcorp
(Morrisville, NC, and Los Angeles, CA) for PD-L1 to determine
combined positive score (CPS) and tumor proportion score
(TPS) by clone SP263. H-score or density was determined for
biomarker analyses using specific antibodies for AXL (clone
C89E7), CD8 (clone SP57), C-MET (clone SP44), VEGFR-2
(clone 55B11), and CD31 (clone JC70).

Bloodwas collected before thefirst dose (day 1 of treatment),
and plasma was prepared. C-reactive protein (CRP) levels
from plasma were determined by enzyme-linked immu-
nosorbent assay (ELISA), developed by AssayGate and on the
basis of DuoSet ELISA kits of R&D systems, Minneapolis,
MN, and tested by AssayGate, Ijamsville, MD.

FFPE tumor tissue was analyzed by IHC, and patient-
matched blood samples were used for whole-exome se-
quencing and RNA sequencing. For details on sample
preparation and sequencing, see the Data Supplement
(online only). Immune subsets were determined per the
study by Wang et al,22 X-cell,23 the study by McDermott
et al,24 and MCP-counter.25 Molecular subtypes were

determined by k-means clustering26 and single sample
classifier consensus classes.27

Clinical Data Statistical Analysis

No prespecified target ORR and statistical comparisons
between cohorts were planned. Time-to-event end points
and associated 95% CIs were estimated using the Kaplan-
Meier method. Follow-up duration was calculated using
the following formula: (cutoff date – treatment initiation
date 1 1) 4 30.4375. Statistical analyses were performed
using SAS software (v9.4, SAS Institute Inc, Cary, NC).
Statistical analyses of biomarker data are described in the
Data Supplement.

RESULTS

Patients

From March 2018 to November 2021, 31 patients in the pre-
vious ICI-treated cohort and 30 patients each in the cis-
eligible, cis-ineligible, and previous chemotherapy cohorts
were enrolled (Fig 1). Most patients had metastatic disease
and a Bellmunt risk score of ≥1 (Table 1).28 The responses to
previous ICI in the previous ICI-treated cohort were low (best
overall response to previous ICI: one [3%] CR, two [6%]PR, 14
[45%] SD, and 11 [35%] progressive disease [PD], with three
[10%] unknown).

The median follow-up (range) was 22.2 months (10.5-45.1)
for cis-eligible, 31.0 months (18.3-46.9) for cis-ineligible,
42.6 months (38.1-46.7) for previous chemotherapy-treated,
and 36.0months (26.1-44.3) for previous ICI-treatedpatients.
Four patients in the cis-eligible cohort and one each in the
other three cohortswere on study treatment at last follow-up.
The most common reason for study discontinuation was
disease progression (40%-60%; Fig 1).

Clinical Activity

In the cis-eligible cohort, the ORR was 30% (95% CI, 15 to
49) and the DCR was 63% (Table 2). The median time to
response (TTR) was 2.9 months, and the median DOR was
23.5 months (95% CI, 7.2 to not estimable [NE]). One of four
patients continuing treatment had an ongoing CRwith a DOR
of 25 months (Data Supplement, Fig S1). Any reduction in
sum of target lesion diameters was observed in 57% (17 of
30) of evaluable patients (Fig 2). The median PFS was
5.5 months (95% CI, 1.6 to 11.6), and the median OS was
15.1 months (95% CI, 8.0 to 23.2; Fig 3).

In the cis-ineligible cohort, the ORR was 20% (95% CI, 8 to
39) and the DCR was 80% (Table 2). The median TTR was
1.4months, and themedianDORwas 7.1months (95%CI, 2.8
to NE). The one patient still receiving treatment had an
ongoing CR with a DOR of 22 months (Data Supplement,
Fig S1). Any reduction in sum of target lesion diameters

1652 | © 2025 by American Society of Clinical Oncology
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occurred in 74% (20 of 27) of evaluable patients (Fig 2). The
median PFS was 5.6 months (95% CI, 3.1 to 11.1), and the
median OS was 15.9 months (95% CI, 8.6 to 35.9; Fig 3).

In the previous chemotherapy-treated cohort, the ORR was
27% (95% CI, 12 to 46) and the DCR was 63% (Table 2). The
median TTR was 3.0 months, and the median DOR was
15.3months (95%CI, 2.9 toNE). The onepatient still receiving
treatment had an ongoing CR with a DOR of 32 months (Data
Supplement, Fig S1). Regression of target lesions occurred in
53% (16 of 30) of evaluable patients (Fig 2). The median PFS
was 5.4 months (95% CI, 1.6 to 7.6), and the median OS was
10.3 months (95% CI, 3.3 to 12.8; Fig 3).

In the previous ICI-treated cohort, the ORR was 10% (95%
CI, 2 to 26) and the DCR was 61% (Table 2). The median TTR
was 5.5 months, and the median DOR was 4.1 months
(95% CI, 2.6 to NE). The one patient still receiving treatment
had an ongoing PR with a DOR of 17 months (Data Sup-
plement, Fig S1). Regression of target lesions occurred in
55% (17 of 31) of evaluable patients (Fig 2). The median PFS
was 3.0 months (95% CI, 1.8 to 5.5), and the median OS was
8.2 months (95% CI, 5.5 to 9.8; Fig 3).

Treatment Exposure and Safety

The median duration of treatment (range) was 4.2 months
(0.5-45.1) for cis-eligible, 5.3 months (0.7-29.9) for cis-
ineligible, 4.3 months (0.6-38.7) for previous chemotherapy-
treated, and 2.8 months (0.3-33.3) for previous ICI-treated
patients. Cabozantinib dose reductions because of treatment-

emergent AEs (TEAEs) were required in 27%-43% of patients
(Data Supplement, Table S1); the median (range) average once
daily oral cabozantinib doses were 28.2 mg (6-40), 30.1 mg
(1-40), 22.3 mg (7-40), and 25.4 mg (11-40), respectively.
Atezolizumab dose delays because of TEAEs occurred in
40%-63% of patients (Data Supplement, Table S1).

Treatment-related AEs (TRAEs) of any grade occurred
in ≥90% of patients in all cohorts, with 43%-67% expe-
riencing grade 3/4 TRAEs (Table 3). The most common
any-grade TRAEs across cohorts were diarrhea (range,
30%-43%), decreased appetite (23%-39%), and fatigue
(13%-48%). TRAEs leading to discontinuation of both
drugs occurred in 3%-19% of patients (Data Supplement,
Table S1). There were no grade 5 TRAEs. Any-grade
immune-related AESIs, irrespective of causality, were
experienced by 52%-87%; grade 3/4 AESIs occurred in
20%-30% (Data Supplement, Table S2).

Correlative Biomarker Analysis

Biomarker analyses included all cohorts except for the pre-
vious ICI-treated cohort (unless noted) because of the distinct
biology of previous ICI-treated tumors, and data were ana-
lyzed together regardless of the cohort. TMB data were
available for 44 patients across the three cohorts (12 previous
chemotherapy-treated, 18 cis-ineligible, 14 cis-eligible) and
showed no association with TMB in responders versus
nonresponders (Fig 4A). In patients with TMB ≥median
versus <median, there was no statistically significant dif-
ference in PFS or OS (Figs 4B and 4C). Among patients with

Treatment ongoing 
Treatment discontinued
  Disease progression
  AE
  Withdrawal by the patient
  Lack of clinical benefit
  Other

(n = 4)
(n = 26)
(n = 12)
(n = 8)
(n = 4)
(n = 1)
(n = 1)

Treatment ongoing 
Treatment discontinued
  Disease progression
  AE
  Withdrawal by the patient
  Lack of clinical benefit

(n = 1)
(n = 29)
(n = 16)
(n = 11)
(n = 1)
(n = 1)

Treatment ongoing
Treatment discontinued
  Disease progression
  AE
  Lack of clinical benefit
  Withdrawal by the patient
  Other

(n = 1)
(n = 29)
(n = 18)
(n = 7)
(n = 2)
(n = 1)
(n = 1)

Treatment ongoing
Treatment discontinued
  Disease progression
  AE
  Other

(n = 1)
(n = 30)
(n = 17)
(n = 12)
(n = 1)

Enrolled
(n = 30)

Enrolled
(n = 30)

Enrolled
(n = 30)

Enrolled
(n = 31)

First-line cisplatin-eligible cohort
Screened
(n = 54)

First-line cisplatin-ineligible cohort
Screened
(n = 55)

Previous chemotherapy-treated cohort
Screened
(n = 40)

Previous ICI-treated cohort
Screened
(n = 44)

Patients with advanced urothelial carcinoma screened
(N = 193)

Screen
failures
(n = 24)

Screen
failures
(n = 25)

Screen
failures
(n = 10)

Screen
failures
(n = 13)

FIG 1. Flow diagram. AE, adverse event; ICI, immune checkpoint inhibitor.
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TABLE 1. Baseline Demographics and Clinical Characteristics

Characteristic Cis-Eligible (n 5 30) Cis-Ineligiblea,b (n 5 30)
Received Previous

Chemotherapy (n 5 30)
Received Previous

ICI (n 5 31)

Age, years, median (range) 66 (49-87) 74 (55-93) 66 (44-84) 68 (46-81)

Male, No. (%) 22 (73) 20 (67) 22 (73) 17 (55)

Race, No. (%)

White 16 (53) 25 (83) 24 (80) 23 (74)

Other 4 (13) 2 (7) 0 0

Not reported 10 (33) 3 (10) 6 (20) 8 (26)

ECOG PS, No. (%)

0 13 (43) 10 (33) 12 (40) 8 (26)

1 17 (57) 19 (63) 18 (60) 23 (74)

Smoking history, No. (%)

Current 2 (7) 6 (20) 3 (10) 3 (10)

Former 19 (63) 13 (43) 17 (57) 14 (45)

Never 9 (30) 10 (33) 10 (33) 14 (45)

Histology, No. (%)

Pure transitional cell type 20 (67) 20 (67) 12 (40) 23 (74)

Mixed cell type 6 (20) 6 (20) 13 (43) 4 (13)

Not reported 4 (13) 4 (13) 5 (17) 4 (13)

Disease stage, No. (%)

Locally advanced 4 (13) 1 (3) 0 2 (6)

Recurrent 0 0 0 0

Metastatic 26 (87) 29 (97) 30 (100) 29 (94)

No. of tumor sites, No. (%)

1 14 (47) 11 (37) 8 (27) 9 (29)

2 3 (10) 10 (33) 7 (23) 8 (26)

≥3 13 (43) 9 (30) 15 (50) 14 (45)

Sites of the primary tumor, No. (%)

Bladder 21 (70) 20 (67) 23 (77) 22 (71)

Renal pelvis 4 (13) 4 (13) 4 (13) 4 (13)

Ureter 4 (13) 6 (20) 3 (10) 5 (16)

Urethra 1 (3) 0 0 0

Metastatic tumor sites, No. (%)

Lung 12 (40) 10 (33) 13 (43) 18 (58)

Liver 6 (20) 5 (17) 8 (27) 7 (23)

Bone 9 (30) 8 (27) 6 (20) 10 (32)

Lymph node 14 (47) 17 (57) 23 (77) 19 (61)

(continued on following page)
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TABLE 1. Baseline Demographics and Clinical Characteristics (continued)

Characteristic Cis-Eligible (n 5 30) Cis-Ineligiblea,b (n 5 30)
Received Previous

Chemotherapy (n 5 30)
Received Previous

ICI (n 5 31)

Bellmunt risk score, No. (%)

0 12 (40) 9 (30) 8 (27) 5 (16)

1 9 (30) 16 (53) 11 (37) 17 (55)

2 9 (30) 4 (13) 8 (27) 7 (23)

3 0 0 3 (10) 2 (6)

Received previous systemic therapy in any setting, No. (%) 6 (20) 6 (20) 30 (100) 31 (100)

Previous lines of systemic therapy in any setting, %

0 0 0 0 0

1 0 0 43 32

2 0 0 20 65

≥3 0 0 3 3

Missing 20 20 33 0

Received previous chemotherapy for locally advanced or metastatic disease, No. (%) 0 0 20 (67) 20 (65)

Received previous PD-1/PD-L1 ICI for locally advanced or metastatic disease, No. (%) 0 0 0 31 (100)

Time from most recent systemic therapy to enrollment, weeks, median (range) 12 (8-15) 8 (4-31) 6 (1-37) 6 (2-421)

Previous radiation therapy, No. (%) 4 (13) 6 (20) 9 (30) 13 (42)

Previous cystectomy, No. (%) 8 (27) 6 (20) 9 (30) 10 (32)

Abbreviations: cis, cisplatin; dB, decibel; ECOG PS, Eastern Cooperative Oncology Group performance status; ICI, immune checkpoint inhibitor; NCI-CTCAE, National Cancer Institute’s Common
Terminology Criteria for Adverse Events.
aCis-ineligibility because of glomerular filtration rate <60 mL/min/1.73 m2, hearing loss ≥25 dB at two contiguous frequencies, and grade ≥2 peripheral neuropathy per NCI-CTCAE.
bIn the cis-ineligible cohort, n 5 1 missing data each for ECOG PS, smoking history, and Bellmunt risk score.
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TABLE 2. Tumor Response per Investigator per RECIST v1.1

Clinical Outcome
Cis-Eligiblea

(n 5 30)
Cis-Ineligible
(n 5 30)

Received Previous Chemotherapy
(n 5 30)

Received Previous ICI
(n 5 31)

ORR, % (95% CI) 30 (15 to 49) 20 (8 to 39) 27 (12 to 46) 10 (2 to 26)

Best overall response, No. (%)

CR 2 (7) 1 (3) 3 (10) 0

PR 7 (23) 5 (17) 5 (17) 3 (10)

SD 10 (33) 18 (60) 11 (37) 16 (52)

PD 7 (23) 3 (10) 7 (23) 8 (26)

Not evaluable 1 (3) 0 0 0

No postbaseline assessments 2 (7) 3 (10) 4 (13) 4 (13)

Disease control rate, % (95% CI) 63 (44 to 80) 80 (61 to 92) 63 (44 to 80) 61 (42 to 78)

TTR, months, median (range) 2.9 (1.3-13.7) 1.4 (1.2-9.5) 3.0 (1.2-5.9) 5.5 (2.7-11.3)

DOR, months, median (95% CI) 23.5 (7.2 to NE) 7.1 (2.8 to NE) 15.3 (2.9 to NE) 4.1 (2.6 to NE)

Patients with ongoing treatment at cutoff,
No. (%)

4 (13) 1 (3) 1 (3) 1 (3)

Abbreviations: cis, cisplatin; CR, complete response; DOR, duration of response; ICI, immune checkpoint inhibitor; NE, not estimable; ORR, objective
response rate; PD, progressive disease; PR, partial response; SD, stable disease; TTR, time to response.
aOne patient in the cis-eligible cohort is missing the best overall response because no assessments met the minimum SD criteria.
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17/30 (57%) patients had any reduction in target lesions
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17/31 (55%) patients had any reduction in target lesions

PD-L1 status Unknown�50%1–49%<1%

PD (n = 8)
SD (n = 16)
Confirmed PR (n = 3)

FIG 2. Best change from baseline in the sum of diameters of tumor lesions in patients with UC receiving cabozantinib plus atezolizumab who (A)
are cis-eligible, (B) are cis-ineligible, (C) received previous chemotherapy, and (D) received previous ICI. Only patients with at least one measurable
baseline and postbaseline assessment are shown; the percentages of patients with any reduction are based on the overall safety population.
Confirmed CR and PR are shown. cis, cisplatin; CR, complete response; ICI, immune checkpoint inhibitor; PD, progressive disease; PR, partial
response; SD, stable disease; UC, urothelial carcinoma.
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FIG 3. PFS and OS for patients with UC receiving cabozantinib plus atezolizumab who (A) are cis-eligible, (B) are cis-ineligible,
(C) received previous chemotherapy, and (D) received previous ICI. cis, cisplatin; ICI, immune checkpoint inhibitor; OS, overall survival;
PFS, progression-free survival; UC, urothelial carcinoma.
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evaluable tissue, six had a mutation in FGFR3 with no mu-
tations in FGFR2. Four patients with FGFR3 mutations had SD
as best response, and two had PD. PD-L1 TPS and CPS scores
were not different between responders versus nonresponders
(Figs 4D and 4E, respectively) and showed no clear rela-
tionshipwithTMB (Figs 4F and4G, respectively). Notably, the
one responder in the previous ICI-treated cohort had a PD-L1
score of 100% on the basis of TPS and CPS.

Available biomarker data for all cohorts except for ICI-
treated were pooled to evaluate the association of out-
comes with immune cell signatures. When corrected for
multiple testing, there was no significant association of
response or survival with any immune cell signature (Data
Supplement, Fig S2A). Patients with a cancer-associated
fibroblast (CAF) score (part of X-cell) >median (n 5 19)
had longer PFS (hazard ratio [HR], 0.60 [95% CI, 0.38 to
0.93]; P 5 .02) and OS (HR, 0.61 [95% CI, 0.39 to 0.97];
P 5 .04) compared with those with a score of ≤median
(n 5 20; Data Supplement, Figs S2B and S2D). The median
PFS (HR, 0.65 [95% CI, 0.42 to 1.00]; P 5 .05) and OS (HR,
0.65 [95% CI, 0.42 to 1.02]; P5 .06) were similar for patients
with a stroma score (part of X-cell) >median (n 5 19)
versus ≤median (n 5 20; Data Supplement, Figs S2C
and S2E).

In a pooled analysis across the ICI-näıve cohorts, mean
soluble blood CRP levels at baseline were lower in responders
versus nonresponders (CR/PR v SD; P 5 .0009 and CR/PR v
PD; P5 .0029; Data Supplement, Fig S2F); patients with CRP
levels >median (n5 44) had a shorter PFS (HR, 3.19 [95% CI,
1.91 to 5.33]; P5 9.023 10–6) and OS (HR, 4.92 [95% CI, 2.77
to 8.72]; P 5 5.2 3 10–8) versus those with levels ≤median

(n 5 45; Data Supplement, Figs S2G and S2H). Four mo-
lecular subtypes by k-means26 (Data Supplement, Figs S3A-
S3C) and four molecular subtypes by single sample classifier
consensus classes27 were identified (Data Supplement, Figs
S4A-S4C), but none of these molecular clusters were as-
sociated with response, PFS, or OS (Data Supplement, Figs
S3D-S3F and Figs S4D-S4F). Finally, levels of tumor staining
for AXL, CD8, C-MET, VEGFR-2, CD68, and tumor-
associated vasculature density were not associated with
PFS or OS (Data Supplement, Fig S5).

DISCUSSION

Cabozantinib plus atezolizumab demonstrated clinical ac-
tivity in patients with advanced UC who were cis-eligible,
cis-ineligible, or previously treated with chemotherapy;
modest clinical activity was observed in previous ICI-treated
patients. Safety with the combination was consistent with
previous reports with no new safety signals detected.16,17

The frontline standard of care for locally advanced/metastatic
untreated UC has been changed since the phase III EV-302/
KEYNOTE A-39 study showed a significant improvement
in OS with enfortumab vedotin and pembrolizumab versus
gemcitabine plus cisplatin or carboplatin.1 However, only
a minority receive subsequent therapy on progression,
underscoring the need for efficacious treatments with du-
rable responses. Although ICI combination therapies showed
clinical benefit versus chemotherapy in chemotherapy-eligible
patients with advanced/metastatic UC, ICI monotherapy failed
to show superiority over chemotherapy.29 Similarly, thera-
pies targeting angiogenesis primarily through the VEGF
pathway have been unsuccessful as monotherapy or when

TABLE 3. Treatment-Related AEs in ≥20% of Patients in Any Cohort

AE

Cis-Eligible
(n 5 30), No. (%)

Cis-Ineligible
(n 5 30), No. (%)

Received Previous
Chemotherapy

(n 5 30), No. (%)
Received Previous ICI

(n 5 31), No. (%)

Any Grade Grade 3/4 Any Grade Grade 3/4 Any Grade Grade 3/4 Any Grade Grade 3/4

Any AE 28 (93) 13 (43) 29 (97) 20 (67) 27 (90) 17 (57) 28 (90) 14 (45)

Diarrhea 10 (33) 1 (3) 13 (43) 0 9 (30) 0 11 (35) 0

Decreased appetite 8 (27) 2 (7) 10 (33) 0 7 (23) 1 (3) 12 (39) 1 (3)

Fatigue 8 (27) 1 (3) 8 (27) 1 (3) 4 (13) 1 (3) 15 (48) 2 (6)

AST increased 6 (20) 2 (7) 12 (40) 1 (3) 2 (7) 1 (3) 6 (19) 0

PPE 6 (20) 0 6 (20) 0 4 (13) 0 3 (10) 0

Stomatitis 6 (20) 0 4 (13) 0 4 (13) 0 5 (16) 1 (3)

ALT increased 5 (17) 3 (10) 10 (33) 1 (3) 2 (7) 0 5 (16) 1 (3)

Nausea 5 (17) 0 8 (27) 0 4 (13) 0 8 (26) 0

Asthenia 3 (10) 0 6 (20) 1 (3) 11 (37) 1 (3) 5 (16) 1 (3)

Amylase increased 2 (7) 0 6 (20) 2 (7) 1 (3) 0 2 (6) 2 (6)

Hypertension 2 (7) 2 (7) 4 (13) 2 (7) 6 (20) 1 (3) 4 (13) 3 (10)

Mucosal inflammation 1 (3) 0 2 (7) 1 (3) 6 (20) 0 4 (13) 0

Transaminases increased 0 0 2 (7) 0 7 (23) 1 (3) 0 0

Abbreviations: AE, adverse event; cis, cisplatin; ICI, immune checkpoint inhibitor; PPE, palmar-plantar erythrodysesthesia.
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FIG 4. Association of TMB and PD-L1 scores with clinical outcomes in previous chemotherapy-treated, cis-ineligible, and cis-eligible cohorts of
patients with UC receiving cabozantinib plus atezolizumab. Association ofmedian TMB score with (A) response, (B) PFS, and (C) OS. Association
of (D) median PD-L1 TPS and (E) median PD-L1 CPS with response. Correlation between TMB score and (F) PD-L1 TPS and (G) PD-L1 CPS. In
(A), (D), and (E), the line inside the box represents the median, and lower and upper boundaries of the boxes represent the first and third quartiles,
respectively; the whiskers extend from the first or third quartile to the most extreme values within 1.5 times the IQR of the quartiles. In (A), the
significance of the difference between the medians of the groups was assessed using a Welch t-test. In (B) and (C), the association between
survival and TMBgrouping on the basis of themedianwas assessed using Cox proportional hazards regression. In (D) and (E), the significance of
the difference between the medians of the groups was assessed using a Wilcoxon rank-sum test. (F) and (G) evaluate the relationship between
TMB and PD-L1 expression on the basis of TPS and CPS scores, respectively. cis, cisplatin; CPS, combined positive score; CR, complete
response; HR, hazard ratio; NA, not available; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response;
SD, stable disease; TMB, tumor mutational burden; TPS, tumor proportion score; UC, urothelial carcinoma.
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combined with chemotherapy for advanced UC because of
the lack of clinical activity or concerns about toxicity.30

Single-agent cabozantinib, which targets multiple recep-
tor tyrosine kinases, including VEGFR, has also shown
limited efficacy in advanced UC as maintenance therapy.31

Cabozantinib plus atezolizumab was evaluated in the COS-
MIC-021 study because cabozantinib has been shown to
promote an immune-permissive environment that may
enhance response to ICIs and has shown efficacy in other
tumors.14,17,18 In the cis-eligible cohort of the COSMIC-021,
although cabozantinib plus atezolizumab demonstrated
clinical activity (ORR, 30%), the response rates were rela-
tively low compared with those with enfortumab vedotin
plus pembrolizumab (68%) or chemotherapy (46%-
49%).1,32 The median OS with cabozantinib plus atezolizu-
mab was also low compared with that with enfortumab
vedotin plus pembrolizumab (15.1 v 31.5 months), indicating
that the combination is unfavorable compared with the
standard of care in the front-line setting. The response rate
with cabozantinib plus atezolizumab in the cis-eligible co-
hort (30%) was comparable with that with single-agent
atezolizumab in the phase III IMvigor130 study (23%),
suggesting that the combination has a limited additive
effect.12

Up to 50% of patients with UC are cis-ineligible.33 Non-
cisplatin chemotherapy-based regimens have been the
standard of care for these patients, but are associated with
low DCRs and intolerability.34,35 While efficacy outcomes
were encouraging with cabozantinib plus atezolizumab, the
ORR did not appear to be improved with the combination
relative to chemotherapy (20% v 41%).34

Patients who experience disease progression on platinum-
based chemotherapy generally receive pembrolizumab as
subsequent therapy.32 Single-agent atezolizumab did not
significantly improve OS or ORR versus chemotherapy after
platinum-based chemotherapy in the phase III IMvigor211
study.36 Although efficacy outcomes of cabozantinib plus
atezolizumab in the previous chemotherapy-treated cohort
of COSMIC-021 are comparable with those of the single-
agent atezolizumab and chemotherapy arms of IMvigor211,
DOR was longer with cabozantinib plus atezolizumab
(15.3 months) and with single-agent atezolizumab in
IMvigor211 (21.7 months) versus chemotherapy in IMvigor
211 (7.4 months).37

At the time COSMIC-021 was initiated, prospective studies
in previous ICI-treated patients were lacking. Generally,
these patients were treated with platinum-based che-
motherapy, but this was supported only by retrospective

data,38 highlighting the need for new treatments. In COS-
MIC-021, cabozantinib plus atezolizumab demonstrated
only modest clinical activity in previous ICI-treated pa-
tients. Similarly, cabozantinib plus atezolizumab did not
improve clinical outcomes in patients with advanced renal
cell carcinoma who have disease progression on a previous
ICI, suggesting that rechallenging with ICI-based therapies
in genitourinary tumors shows limited benefits.39

Biomarker analyses were performed in the previous
chemotherapy-treated, cis-ineligible, and cis-eligible co-
horts. Increased PFS and OS were observed with lower CRP
levels. Although CRP has been previously reported to be
associated with outcomes, its clinical applications are yet to
be elucidated.40 Of the cell signatures evaluated, patients
with a CAF score23 >median had improved PFS and OS; CAFs
are associated with immunosuppression in the tumor
microenvironment, and these results indicate that patients
with higher CAF scores may be more sensitive to the
immunomodulatory properties of cabozantinib.41,42 Inter-
esting trends, such as an association of TMB and some
immune signatures with certain efficacy outcomes, were
also observed. Notably, improved outcomes were not ob-
served with some established biomarkers of ICIs like PD-L1
expression.43 The authors suspect that this results from
small sample sizes and other challenges with PD-L1
staining, which have been widely described as opposed to
the mechanism of action of the combination. Another
limitation of the biomarker analysis was that patient co-
horts were pooled; thus, known prognostic biomarkers
such as treatment history might have had an impact on the
results. Further investigation of these biomarkers in larger
studies is warranted.

This study has several limitations, including a non-
randomized study design, small expansion cohorts, and
differences in baseline characteristics andmedian follow-up
times among cohorts. Another limitationwas the lack of data
on previous ICI treatment, such as type, if it was used in a
maintenance or refractory setting, and associated responses.

Our results for cabozantinib plus atezolizumab in ICI-
naı̈ve patients in COSMIC-021 support ongoing explora-
tions of cabozantinib plus anti–PD-1/PD-L1 ICIs for UC.
Cabozantinib plus durvalumab is being evaluated in pre-
vious platinum chemotherapy-treated advanced UC and
non-UC variants in the phase II ARCADIA study (Clin-
icalTrials.gov identifier: NCT03824691); interim results
showed preliminary activity.44 Thus, further evaluation
may inform the optimal use of cabozantinib-ICI combi-
nations in advanced UC.
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