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ABSTRACT

PURPOSE Cabozantinib and nivolumab (CaboNivo) alone or with ipilimumab (CaboNivoIpi)
have shown promising efficacy and safety in patients with metastatic urothelial
carcinoma (mUC), metastatic renal cell carcinoma (mRCC), and rare genitourinary
(GU) tumors in a dose-escalation phase I study.We report the final data analysis of
the safety, overall response rate (ORR), progression-free survival (PFS), and overall
survival (OS) of the phase I patients and seven expansion cohorts.

METHODS This is an investigator-initiated, multicenter, phase I trial. CaboNivo doublet
expansion cohorts included (1) mUC, (2) mRCC, and (3) adenocarcinoma of the
bladder/urachal; CaboNivoIpi triplet expansion cohorts included (1) mUC, (2)
mRCC, (3) penile cancer, and (4) squamous cell carcinoma of the bladder and
other rare GU tumors (ClinicalTrials.gov identifier: NCT02496208).

RESULTS The study enrolled 120 patients treated with CaboNivo (n 5 64) or CaboNivoIpi
(n 5 56), with a median follow-up of 49.2 months. In 108 evaluable patients
(CaboNivo n 5 59; CaboNivoIpi n 5 49), the ORR was 38% (complete response
rate 11%) and the median duration of response was 20 months. The ORR was
42.4% for mUC, 62.5% for mRCC (n 5 16), 85.7% for squamous cell carcinoma
of the bladder (n 5 7), 44.4% for penile cancer (n 5 9), and 50.0% for renal
medullary carcinoma (n 5 2). Grade ≥ 3 treatment-related adverse events
occurred in 84% of CaboNivo patients and 80% of CaboNivoIpi patients.

CONCLUSION CaboNivo and CaboNivoIpi demonstrated clinical activity and safety in patients
with multiple GU malignancies, especially clear cell RCC, urothelial carcinoma,
and rare GU tumors such as squamous cell carcinoma of the bladder, small cell
carcinoma of the bladder, adenocarcinoma of the bladder, renal medullary
carcinoma, and penile cancer.

INTRODUCTION

Approximately 465,000 new cases of genitourinary (GU)
tumors were diagnosed in 2023 in the United States.1 Im-
munotherapy is now part of the standard of care for patients
with metastatic urothelial carcinoma (mUC)2-5 and renal cell
carcinoma (RCC),3 and is being clinically tested in several
other GU tumors.4 However, most patients will eventually
relapse or not respond to these treatments. In addition, some
rare GU tumors lack standard treatment options.5 For these
reasons, ongoing research is needed to develop effective
treatments for these rare tumors.

Combining checkpoint inhibitors (CPIs) with other agents that
could potentially alter the tumor microenvironment (TME) or
act synergistically to enhance response to immunotherapy is
now a common strategy againstmany types of cancer.6 Single-
agent cabozantinib has clinical activity in platinum-refractory
mUC,7 andwe reported safety andearly efficacyof cabozantinib
and nivolumab (CaboNivo) and cabozantinib, nivolumab, and
ipilimumab (CaboNivoIpi) in the dose-escalation portion of
this phase I study.8We also reported the efficacy of CaboNivo in
a small cohort of patients with urothelial carcinoma (UC)
previously treated and refractory to CPI.9 On the basis of the
early efficacy signal of this study, several larger studies have
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been initiated in RCC,10 UC,11 and rare GU tumors12 using these
or similar combinations. The CheckMate-9ER phase III
study10,13,14 of first-line CaboNivo versus sunitinib in clear cell
RCC (ccRCC) was developed on the basis of the safety and
efficacy outcomes from this study, and the combination is
nowa standardof care for this disease. TheAlliancePEDIGREE
phase III study11 uses an innovatively adapted design to treat
patients with ccRCC in the first-line setting. The COSMIC-313
study15 tests the triple combination of CaboNivoIpi versus
NivoIpi in the first-line treatment of ccRCC. Another trial
developed on the basis of the preliminary efficacy seen in this
phase I study is the phase II Alliance ICONIC study of Cabo-
NivoIpi, which includes 12 cohorts of rare GU tumors.14

Here, we present the results of seven expansion cohorts of pa-
tients with several GU tumors pooled with the dose-escalation
outcomes for the phase I study of CaboNivo and CaboNivoIpi.We
also report preplannedcorrelative analysesof peripheral immune
subsets, providing novel insights into the immunologic response
to single versus dual immune CPI paired with cabozantinib.

METHODS

Methods regarding patient selection/eligibility, study de-
sign, treatments, outcomes, statistical analysis, and cor-
relative studies (peripheral immune subsets and cytokine/
angiogenesis markers) are presented in Appendix 1 (online
only) and Appendix Figure A1A.

RESULTS

Patient Characteristics

Patients (N 5 120) were enrolled between July 2015 and July
2020. Fifty-four patients were enrolled in the phase I portion

of the trial and 66 in the dose-expansion cohorts. At data
cutoff (June 15, 2021), median follow-up was 49.2 months.
The study design, baseline characteristics of all patients, and
distribution of patients in the expansion cohorts are de-
scribed in Appendix Figures A1A, A1B, and Table 1. Baseline
characteristics for all enrolled mUC participants are de-
scribed in Appendix Table A1.

Of the 120 patients, 108were evaluable for response. Of the 12
patients who were not evaluable for response, seven had
early disease progression, one withdrew from the study, two
interrupted treatment because of toxicity before completing
the first cycle, one refused treatment, and one had not
reached the first restaging scan at the time of data cutoff.

Efficacy

The overall response rate (ORR) for the 108 evaluable patients
was 38.0% (95%CI, 28.8 to 47.8); 12 patients (11.1%) achieved
a complete response (CR). The disease control rate (DCR; CR1

partial response [PR]1 stable disease [SD])was81.5%(88/108
patients; 95%CI, 72.9 to 88.3; Table 2, Figs 1A, 1E, 1F). At data
cutoff, 110 patients had completed the treatment and 10 were
still being treated. The median duration of treatment for the
110 patients who completed the treatment was 4.73 months
(range: 0.97-38.63 months). Among the 41 patients who
achieved a CR or PR, the median time to response was
2.14 months (range: 1.18-31.11 months). Median overall sur-
vival (OS) for the entire study population was 15.5 months
(95% CI, 11.6 to 23.9; Table 2, Fig 2). Among the 41 responder
patients (patients who achieved a CR or PR as best response),
the median OS from date of response was 51.8 months (95%
CI, 27.1 months to not estimable; Appendix Fig A2A). The
median duration of response (DoR) for responderpatientswas
20.2 months (95% CI, 14.4 to not estimable; Appendix Fig

CONTEXT

Key Objective
We aimed to evaluate the safety and clinical activity of cabozantinib in combination with nivolumab (CaboNivo) and
CaboNivo plus ipilimumab (CaboNivoIpi) in a larger number of patients with metastatic urothelial carcinoma and several
expansion cohorts of rare genitourinary (GU) tumors.

Knowledge Generated
We report an overall response rate of 38%, with notable efficacy in rare tumor types, such as penile carcinoma, bladder
adenocarcinoma, and squamous cell bladder cancer, that lack treatment options. Our immune cell subset correlates show
differential immunomodulation between CaboNivo and CaboNivoIpi. This trial has prompted several larger trials in multiple
GU tumors, including a larger phase II study (ICONIC) in rare GU tumors.

Relevance (M.A. Carducci)
This clinical summary updates and confirms the clinical activity of this novel combination approach for rare GU cancers. The
prior JCO report laid the foundation for these regimens and with cohort expansion provides options for late stage clinical
testing and potential use in rare GU cancers such as penile cancer, urachal, and squamous cell cancer of the urinary bladder.*

*Relevance section written by JCO Associate Editor Michael A. Carducci, MD, FASCO, FACP.
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A2B). The median progression-free survival (PFS) for the
intention-to-treat (ITT) population (N5 120)was 5.5months
(95% CI, 4.5 to 9.8 months), and the 12-month PFS proba-
bility was 37.5% (95% CI, 28.9 to 46.1; Fig 2A, Table 2).

There was no statistically significant difference in ORR,median
OS, or median PFS between patients treated with daily cabo-
zantinib 40mg plus Nivo (1 or 3 mg/kg every 2 weeks) alone or
NivoIpi (Nivo 1 or 3 mg/kg every 3 weeks plus Ipi 1 or 3 mg/kg
every 3 weeks x 4 doses; includes patients receiving varying
doses of nivo and ipi in the dose escalation and expansion
cohorts) versusdaily cabozantinib60mgplusNivo (1or3mg/kg
every 2weeks) alone orNivoIpi (Nivo 1 or 3mg/kg every 3weeks
plus Ipi 1 or 3 mg/kg every 3 weeks x 4 doses; includes patients
in the dose escalation cohorts only; see Appendix Fig A1B)
(n5 91 andn5 17, respectively; Table 2 andAppendix Fig A2C).

Amongpatientswho received CaboNivo (n5 59), the ORRwas
44.1% (95% CI, 31.2 to 57.0). Among patients who received
CaboNivoIpi (n 5 49), the ORR was 30.6% (95% CI, 18.3 to
45.4). Additional survival (mPFS and mOS) and DoR data are
summarized in Table 2 and Appendix Figures A2E, A2F.

Efficacy and survival data for each tumor histology in each
treatment arm (CaboNivo or CaboNivoIpi) are summarized in
Table 2, Figures 2B-2D, andAppendix FigA2D. For patientswith
UC (n 5 33), the ORR was 42.4% (95% CI, 25.5 to 60.8), with
seven CRs (21.2%). The median DoR was 28.0 months (95%
CI, 11.5 to not estimable), median OS was 24.9 months (95% CI,
11.8 to 41.6 months; Appendix Fig A2D), and median PFS
was 10.1 months (95% CI, 2.2 to 21.2). For patients with ccRCC
(n 5 16), the ORR was 62.5% (95% CI, 35.4 to 84.8), with two
CRs (12.5%). The median DoR was 16.7 months (95% CI, 3.6 to
not estimable),medianOSwas 43.6months (95%CI, 19.4 to not
estimable), andmedianPFSwas 16.3months (95%CI,6.4 to21.8
months). Patients with squamous cell carcinoma of the bladder
(n5 6) had an ORR of 85.7% (95%CI, 42.1 to 99.6), a CR rate of
28.6%, median DoR of 25.8 months (95% CI, 1.6 to not esti-
mable), median OS of 22.6 months (95% CI, 1.4 months to not
estimable), andmedian PFS of 16.5months (95%CI, 1.4months
to not estimable). Patients with penile carcinoma (n5 9) had an
ORRof 44.4% (95%CI, 13.7 to 78.8) and aDCRof 100%(95%CI,
66.4 to 100); for this histology, median PFS was 4.8 months

TABLE 1. Patient Characteristics

Characteristic All (N 5 120)

Median age, years (range) 59 (20-82)

Sex, No. (%)

Male 97 (80.8)

Female 23 (19.2)

Race, No. (%)

White 103 (85.8)

Black or African American 11 (9.2)

Asian 5 (4.2)

Other 1 (0.8)

Karnofsky performance status, %, No. (%)

100 15 (12.5)

90 63 (52.5)

80 32 (26.7)

70 10 (8.3)

Smoking history, No. (%)

Current 10 (8.3)

Previous 61 (50.9)

Never 49 (40.8)

Cohorts, No. (%)

Phase I 54 (45)

Urothelial carcinoma 24 (20)

RCC 12 (10)

Adenocarcinoma of bladder 10 (8.3)

Rare GU tumors treated 12 (10)

Penile carcinoma treated 8 (6.7)

Type of tumor, No. (%)

Urothelial carcinoma 39 (32.5)

Clear cell RCCa 16 (13.3)

Adenocarcinoma bladder/urachal 15 (12.5)

Penile carcinoma 11 (9.2)

Prostate adenocarcinoma 10 (8.3)

Squamous cell carcinoma bladder 8 (6.7)

Germ cell tumor 6 (5.0)

Small cell carcinoma of bladder/renal pelvis 4 (3.3)

Renal medullary carcinoma 3 (2.5)

Testicular primitive neuroectodermal tumor 2 (1.7)

Trophoblastic tumor 1 (0.83)

Sertoli cell tumor 1 (0.83)

Collecting duct carcinoma 1 (0.83)

Chromophobe RCC 1 (0.83)

Papillary RCC 1 (0.83)

Sarcomatoid bladder 1 (0.83)

Metastasis location, No. (%)

Lymph node only 15 (12.5)

Bone 19 (15.8)

Visceral disease 80 (66.7)

Liver 37 (30.8)

Lung 54 (45.0)

Median number of previous treatments (range) 1 (0-8)

(continued in next column)

TABLE 1. Patient Characteristics (continued)

Characteristic All (N 5 120)

No. of previous treatments, No. (%)

0 21 (17.5)

1 54 (45.0)

2 22 (18.3)

≥3 23 (19.2)

Abbreviations: CaboNivo, cabozantinib 1 nivolumab; CaboNivoIpi,
cabozantinib 1 nivolumab 1 ipilimumab; GU, genitourinary; RCC, renal
cell carcinoma.
aThree patients with clear cell RCC had >50% sarcomatoid features.
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TABLE 2. Clinical Activity by Treatment and Tumor Type

Treatment/Tumor Type No.a
CR, No. (%)
(95% CI)

PR, No. (%)
(95% CI)

SD, No. (%)
(95% CI)

PD, No. (%)
(95% CI)

ORR
CR1 PR, No.

(%)
(95% CI)

CR 1 PR 1 SD
Disease Control, No.

(%)
(95% CI) No.

Median OS
(months)
(95% CI)

Median PFS
(months)
(95% CI)

12-Month OS (%)
(95% CI)

Median DoR
(months)
(95% CI)

All 108 12 (11.1)
(5.9 to 18.6)

29 (26.9)
(18.8 to 36.2)

47 (43.5)
(34.0 to 53.4)

20 (18.5)
(11.7 to 27.1)

41 (38.0)
(28.8 to 47.8)

88 (81.5)
(72.9 to 88.3)

120 15.5 (11.6 to 23.9) 5.5 (4.5 to 9.8) 56.7 (47.3 to 65.0) 20.2 (14.4 to NE)

CaboNivo 59 9 (15.3)
(7.2 to 27.0)

17 (28.8)
(17.8 to 42.1)

24 (40.7)
(28.1 to 54.3)

9 (15.3)
(7.2 to 27.0)

26 (44.1)
(31.2 to 57.0)

50 (84.7)
(73.0 to 92.8)

64 24.4 (14.0 to 36.8) 11.0 (5.5 to 18.4) 68.8 (55.9 to 78.6) 25.8 (14.7 to NE)

CaboNivoIpi 49 3 (6.1)
(1.3 to 16.9)

12 (24.5)
(13.3 to 38.9)

23 (46.9)
(32.5 to 61.7)

11 (22.5)
(11.8 to 36.6)

15 (30.6)
(18.3 to 45.4)

38 (77.6)
(63.4 to 88.2)

56 9.3 (5.8 to 15.9) 4.5 (3.1 to 5.8) 42.9 (29.8 to 55.3) 14.5 (3.6 to 21.6)

Cabozantinib
40 mg daily/Nivo 6 Ipib

91 10 (11.0)
(5.4 to 19.3)

25 (27.5)
(18.6 to 37.8)

38 (41.8)
(31.5 to 52.6)

18 (19.8)
(12.2 to 29.5)

35 (38.5)
(28.5 to 49.3)

73 (80.2)
(70.6 to 87.8)

102 15.8 (9.9 to 23.9) 5.5 (3.9 to 10.1) 57.8 (47.7 to 66.7) 20.2 (14.5 to NE)

Cabozantinib
60 mg daily/Nivo 6 Ipic

17 2 (11.8)
(1.5 to 36.4)

4 (23.5)
(6.8 to 49.9)

9 (52.9)
(27.8 to 77.0)

2 (11.8)
(1.5 to 36.4)

6 (35.3)
(14.2 to 61.7)

15 (88.2)
(63.6 to 98.5)

18 12.9 (10.0 to 26.0) 6.7 (4.7 to 12.8) 50.0 (25.9 to 70.1) 14.8 (2.4 to NE)

Tumor type

Urothelial carcinoma 33 7 (21.2)
(9.0 to 38.9)

7 (21.2)
(9.0 to 38.9)

12 (36.4)
(20.4 to 54.9)

7 (21.2)
(9.0 to 38.9)

14 (42.4)
(25.5 to 60.8)

26 (78.8)
(61.1 to 91.0)

39 24.9 (11.8 to 41.6) 10.1 (2.2 to 21.2) 66.7 (49.6 to 79.1) 28.0 (11.5 to NE)

Clear cell RCC 16 2 (12.5)
(1.6 to 38.4)

8 (50.0)
(24.7 to 75.4)

6 (37.5)
(15.2 to 64.6)

0 10 (62.5)
(35.4 to 84.8)

16 (100)
(79.4 to 100)

16 43.6 (19.4 to NE) 16.3 (6.4 to 21.8) 81.3 (52.5 to 93.5) 16.7 (3.6 to NE)

Penile carcinoma 9 0 4 (44.4)
(13.7 to 78.8)

5 (55.6)
(21.2 to 86.3)

0 4 (44.4)
(13.7 to 78.8)

9 (100)
(66.4 to 100)

11 6.7 (5.2 to 23.9) 4.8 (3.1 to 6.4) 36.4 (11.2 to 62.7) 9.2 (2.4 to NE)

Prostate
adenocarcinoma

9 0 1 (11.1)
(0.3 to 48.3)

7 (77.8)
(40.0 to 97.2)

1 (11.1)
(0.3 to 48.3)

1 (11.1)
(0.3 to 48.3)

8 (88.9)
(51.8 to 99.7)

10 11.1 (6.6 to 17.0) 4.5 (1.6 to 5.1) 40.0 (12.3 to 67.0) 3.7

Adenocarcinoma
bladder

15 1 (6.7)
(0.2 to 32.0)

2 (13.3)
(1.7 to 40.5)

9 (60.0)
(32.3 to 83.7)

3 (20.0)
(4.3 to 48.1)

3 (20.0)
(4.3 to 48.1)

12 (80)
(51.9 to 95.7)

15 18.0 (5.8 to 28.2) 10.1 (1.8 to 16.5) 80.0 (50.0 to 93.1) 14.7 (11.0 to NE)

Squamous cell
carcinoma bladder

7 2 (28.6)
(3.7 to 71.0)

4 (57.1)
(18.4 to 90.1)

1 (14.3)
(0.4 to 57.9)

0 6 (85.7)
(42.1 to 99.6)

7 (100)
(59.0 to 100)

8 22.6 (1.4 to NE) 16.5 (1.4 to NE) 62.5 (22.9 to 86.1) 25.8 (1.6 to NE)

Germ cell tumor 6 0 0 1 (16.7)
(0.4 to 64.1)

5 (83.3)
(35.9 to 99.6)

0 1 (16.7)
(0.4 to 64.1)

Small cell carcinoma of bladder/
renal pelvis

3 0 1 (33.3)
(0.8 to 90.6)

0 2 (66.7)
(9.4 to 99.2)

1 (33.3)
(0.8 to 90.6)

1 (33.3)
(0.8 to 90.6)

Renal medullary
carcinoma

2 0 1 (50.0) 0 1 (50.0) 1 (50.0) 1 (50.0)

Testicular primitive
neuroectodermal tumor

2 0 0 1 (50.0) 1 (50.0) 0 1 (50.0)

Trophoblastic tumor 1 0 0 1 (100) 0 0 1 (100)

Sertoli cell tumor 1 0 0 1 (100) 0 0 1 (100)

Collecting duct carcinoma 1 0 0 1 (100) 0 0 1 (100)

Chromophobe RCC 1 0 1 (100) 0 0 1 (100) 1 (100)

Papillary RCC 1 0 0 1 (100) 0 0 1 (100)

Sarcomatoid bladder 1 0 0 1 (100) 0 0 1 (100)

Abbreviations: CR, complete response; DoR, duration of response; NE, not estimable; ORR, objective response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR,
partial response; RCC, renal cell carcinoma; SD, stable disease.
aNumber evaluable for response.
bIncludes patients receiving varying doses of nivo 1/2 ipi in the dose escalation and expansion cohorts, see Appendix Fig A1B.
cIncludes patients receiving varying doses of nivo 1/2 ipi in the dose escalation cohorts, see Appendix Fig A1B.
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FIG 1. Antitumor activity and response bymeasurable disease. (A)Waterfall plot of change in target lesions frombaseline. Horizontal upper and
lower dashed lines represent RECIST boundaries of 20% increase and 30% decrease in size of target lesions, respectively. (B) Waterfall plots for
renal cell carcinoma, urothelial carcinoma, and prostate cohorts. Tumor type for each cohort is listed for each group. (C) Waterfall plots for
adenocarcinoma, squamous cell carcinoma of the bladder/urinary tract, small cell carcinoma of the bladder/urinary tract, penile carcinoma, and
germcell tumor cohorts. Tumor type for each cohort is listed for each group. (D)Waterfall plot for rare genitourinary tumor cohort. Tumor type for
each individual is listed above each bar. (E) Swimmer’s plot showing duration of response, treatment arm, and response. (F) Spider plot depicting
response and change in target lesion size (tumor burden) from baseline for individual participants. Red bars/lines represent PD, yellow bars
represent SD, green bars represent PR, and blue bars represent CR as best response. CaboNivo, cabozantinib 1 nivolumab; CaboNivoIpi,
cabozantinib 1 nivolumab 1 ipilimumab; CR, complete response; PR, partial response; SD, stable disease. (continued on following page)
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(95%CI,3.1 to6.4months)andmedianOSwas6.7months (95%
CI, 5.2 to 23.9 months). Patients with adenocarcinoma of the
bladder (n 5 15) had an ORR of 20% (95% CI, 4.3 to 48.1) and a
DCR of 80% (95% CI, 51.9 to 95.7); for this histology, median
PFSwas 10.1months (95%CI, 1.8 to 16.5months) andmedianOS
was 18.0 months (95% CI, 5.8 to 28.2 months).

Safety and Tolerability

Treatment-related adverse events (TRAEs) of any grade oc-
curred in patients treated with at least one dose of CaboNivo
(n 5 64; 91%) and CaboNivoIpi (n 5 56; 93%; Table 3).
Nonimmune-related TRAEs of any grade occurred in 91% of
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FIG 2. Kaplan-Meier estimates for PFS and OS for phase I and expansion cohorts ITT population (n5 120).
(A) Median PFS of 5.5 months (95% CI, 4.5 to 9.8 months). (B) Median OS of 15.5 months (95% CI, 11.6 to
23.9). ITT, intention-to-treat; OS, overall survival; PFS, progression-free survival.
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TABLE 3. Adverse Events

Preferred Term AE

CaboNivo (n 5 64) CaboNivoIpi (n 5 56)

G1/G2, No. (%) G3/G4, No. (%) G1/G2, No. (%) G3/G4, No. (%)

Fatigue 41 (64) 8 (13) 30 (54) 9 (16)

Diarrhea 36 (56) 2 (3) 27 (48) 4 (7)

Anorexia 26 (41) 0 24 (43) 1 (2)

Skin toxicity 35 (55) 1 (2) 27 (48) 0

Dysphonia 19 (30) 0 11 (20) 0

Nausea 34 (53) 2 (3) 22 (40) 2 (3)

Myalgia 17 (27) 0 8 (14) 0

Mucositis 38 (59) 0 19 (34) 1 (2)

Dysgeusia 25 (39) 0 13 (23) 0

Weight loss 19 (3) 1 (2) 21 (38) 0

Vomiting 16 (25) 2 (3) 10 (18) 0

PPE 32 (50) 0 12 (21) 0

Abdominal pain 18 (28) 1 (2) 9 (16) 1 (2)

Hypertension 15 (23) 8 (13) 6 (11) 6 (11)

Headache 13 (20) 0 3 (5) 1 (2)

Cough 9 (14) 0 12 (21) 0

Muscle weakness 1 (2) 1 (2) 6 (11) 0

Dehydration 6 (9) 4 (6) 9 (16) 3 (5)

Infection 7 (11) 1 (2) 5 (9) 0

Thromboembolic event 5 (8) 4 (6) 1 (2) 3 (5)

Fever 3 (5) 0 5 (9) 1 (2)

Dyspnea 9 (14) 1 (2) 7 (13) 0

Vaginal or rectal fistula 1 (2) 2 (3) 0 0

Chronic kidney disease 0 1 (2) 3 (5) 1 (2)

Dry mouth 12 (19) 0 11 (20) 0

Dizziness 7 (11) 0 6 (11) 0

Rhinitis 5 (8) 0 6 (11) 0

Arthralgia 6 (9) 0 7 (13) 0

Hematology

White blood cell count decrease 20 (31) 3 (5) 11 (20) 0

Neutrophil count decrease 13 (20) 7 (11) 3 (5) 1 (2)

Lymphocyte count decrease 22 (34) 2 (3) 7 (13) 5 (9)

Anemia 16 (25) 4 (6) 20 (36) 3 (5)

Platelet count decrease 20 (31) 2 (3) 12 (21) 1 (2)

Electrolytes

Hypocalcemia 17 (27) 0 10 (18) 2 (4)

Hyponatremia 17 (27) 3 (5) 10 (18) 4 (7)

Hypophosphatemia 26 (41) 7 (11) 17 (30) 8 (14)

Hypomagnesemia 16 (25) 1 (1.5) 10 (18) 0

Hypokalemia 12 (19) 0 9 (16) 0

Renal

Proteinuria 12 (19) 2 (3) 10 (18) 0

Hepatic

ALT elevation 31 (48) 3 (5) 17 (30) 3 (5)

AST elevation 28 (44) 4 (6) 17 (30) 2 (4)

Alkaline phosphatase elevation 8 (13) 2 (3) 9 (16) 1 (2)

Hypoalbuminemia 16 (25) 0 10 (18) 0

PTT prolongation 2 (3) 1 (2) 3 (5) 0

(continued on following page)
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patients receiving CaboNivo and 93% receiving CaboNivoIpi.
Immune-related adverse events (irAEs) occurred in 13 pa-
tients (20%) receiving CaboNivo and 13 patients (23%) re-
ceiving CaboNivoIpi; 16% of patients receiving CaboNivo and
20% receiving CaboNivoIpi required systemic corticosteroids
for irAEs (Appendix Table A2). There were no grade 5 TRAEs.

Peripheral Immune Subset Analysis

Cabozantinib’s immunomodulatory properties7 provided the
rationale for combination with CPIs and for preplanned
exploratory analyses on peripheral blood immune subsets.

Dynamics of monocytic-myeloid-derived suppressor cells
(M-MDSCs) and classical monocytes (including HLA-DR
expression) are summarized in Appendix Fig A3. Lower
M-MDSCs at baseline was associated with better OS in the
CaboNivoIpi-treated group; however, there was no statis-
tically significant association between baseline M-MDSCs
and OS in the CaboNivo-treated group (Appendix Fig A3B).
Higher HLA-DR expression on classical monocytes at C3D1
and a higher fold change of HLA-DR expression on inter-
mediate monocytes at C2D1 or C3D1 were associated with
improved PFS and OS in the CaboNivoIpi arm but not in the
CaboNivo arm (Appendix Figs A3E, A3G, A3H).

Differential post-treatment changes and correlation with
PFS and OS with CaboNivo and CaboNivoIpi for activated
proliferative T-cell subsets (CD41 and CD81 T cells),
dendritic cell (DC) subsets, and effector Tregs (eTregs) are
shown in Appendix Figs A4-A6.

The ratio of CD81 to CD41 T cells increased with both
CaboNivoIpi treatment and CaboNivo treatment (Appendix
Fig A7A). Among CD81 T cells, näıve cells decreased (Ap-
pendix Fig A7B). Effectormemory (EM) 1 (Appendix Fig A7D)
and EM2 cells increased (Appendix Fig A7F) with CaboNi-
voIpi treatment but not with CaboNivo treatment. A higher
percentage of central memory (CM) cells among CD81
T cells at C3D1 in the CaboNivo arm was associated with
better OS (Appendix Fig A7C). A higher percentage of EM2
cells at C2D1 in the CaboNivoIpi arm was associated with
improved PFS and OS (Appendix Figs A7G, A7H).

Among CD41 T cells, the percentage of EM1 cells increased
with both CaboNivoIpi treatment and CaboNivo treatment
(Appendix Fig A7E), as did expression of CTLA-4 and TIM-3
on CD41 and CD81 T cells (Appendix Figs A8A-A8D). Higher
expression of CTLA-4 onCD41T cells at C2D1was associated
with better OS with CaboNivo, and higher expression of
CTLA-4 on CD41 T cells at C3D1 was associated with better
PFS and OS with CaboNivoIpi (Appendix Figs A8E-A8H). We
have summarized the results of the immune subset analyses
in Figure 3.

Cytokine Analysis

There were 100 patients with all the time points available (37
responders [CR and PR] and 63 nonresponders [progressive
disease and SD]). Plasma markers of immune activation
increased at C2D1 and C3D1 (Appendix Table A3, Fig A9).
Higher baseline levels of placenta growth factor (PlGF), IL-
10, and TNFa were seen in nonresponders (combined
CaboNivo and CaboNivoIpi treatment arms), and high
baseline PIGF and TNFa were associated with lower PFS and
OS. High IL-8 levels at baseline were associated with lower
PFS and OS (Appendix Fig A10). IFNg, IL-6, and vascular
endothelial growth factor levels at baseline did not correlate
with response or survival (Appendix Figs A9-A11).

DISCUSSION

The combinations of CaboNivo and CaboNivoIpi have sig-
nificant clinical activity in patients with multiple GU ma-
lignancies, especially ccRCC (ORR, 62.5%), UC (ORR, 42.4%),
and rare GU tumors such as squamous cell carcinoma of the
bladder (ORR, 85.7%), small cell carcinoma of the bladder
(ORR, 33.3%), adenocarcinoma of the bladder (ORR, 20.0%),
renal medullary carcinoma (ORR, 50.0%), and penile cancer
(ORR, 44.4%). The expansion cohorts reported here were
triggered on the basis of the early, exciting ORRs found in our
phase I study8 where we saw high activity in many GU tu-
mors. Although these expansion cohorts are small and
hypothesis-generating, they confirmed the efficacy seen in
the phase I study in multiple GU tumors. Given that many of
the tumors in the expansion cohorts are rare and lack
prospective trials assessing effective therapies, this study

TABLE 3. Adverse Events (continued)

Preferred Term AE

CaboNivo (n 5 64) CaboNivoIpi (n 5 56)

G1/G2, No. (%) G3/G4, No. (%) G1/G2, No. (%) G3/G4, No. (%)

Pancreatic

Amylase elevation 12 (19) 4 (6) 12 (21) 2 (4)

Lipase elevation 15 (23) 9 (14) 11 (20) 11 (20)

Endocrine

Hyperthyroidism 4 (6) 1 (2) 9 (16) 0

Hypothyroidism 21 (33) 2 (3) 13 (23) 0

Abbreviations: AE, adverse event; PPE, palmar-plantar erythrodyselthesia; PTT, partial thromboplastin time.
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provides clinical trial evidence of the efficacy of a tyrosine
kinase inhibitor plus CPI or double CPI in rare GU tumors and
warrants further study.

In this study, the activity of CaboNivo and CaboNivoIpi in
platinum-refractory UC was remarkable, showing an ORR of
42% and a CR rate of 21% in the second-line setting.We have
also previously reported an ORR of 16%with CaboNivo in UC
refractory to CPI.9 The treatment landscape for mUC is
rapidly changing with the recent US Food and Drug Ad-
ministration approval of the combination of enfortumab
vedotin (EV) plus pembrolizumab on the basis of the EV-
302/Keynote A39 trial.16 This trial follows the earlier ap-
proval of EV in the second-line setting post-CPI and the
third-line setting post-CPI and postplatinum, alongwith the
accelerated approval of the combination of EV plus pem-
brolizumab for first-line treatment of cisplatin-ineligible
patients with locally advanced or mUC.17 On the basis of

the activity of CaboNivo in patients with UC in this study, the
best setting for including the combination is in patients with
platinum-refractory UC who plan to receive CPI as a mon-
otherapy. The combination of cabozantinib plus avelumab as
maintenance therapy in patients with mUC postplatinum is
under investigation in the Alliance MAIN-CAV study. The
rapidly evolving treatment landscape of UC has made it
challenging to find the best setting to apply this concept
and expand on the high activity seen with CaboNivo in UC.
Trials in mUC now need to be developed post-EV plus
pembrolizumab.

Although no new safety signals were observed in this study,
these combinations have significant toxicity that require
careful follow-up and management.18 Optimizing toxicity
management can maintain tolerability, leading to longer
treatment and possibly greater efficacy in patients receiving
CaboNivo and CaboNivoIpi.

Cabozantinib + Nivolumab Cabozantinib + Nivolumab + Ipilimumab
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FIG 3. Summary schema of immune correlative results. This figure summarizes peripheral blood immune subset and functional marker
changes by CaboNivo and CaboNivoIpi treatments and association with PFS and OS. CaboNivo and CaboNivoIpi treatments had common
and differential impacts on immune subsets. In brief, myeloid cells, including M-MDSC, classical monocytes, and dendritic cells, decreased
by both treatments, but association with OS was observed only in CaboNivoIpi treatment group. The activated (Ki671HLA-DR1,
Ki671ICOS1, or Ki671GITR1) T cells were robustly increased by CaboNivoIpi treatment; however, association with PFS and OS was
observedmostly in the CaboNivo treatment group. The associations with PFS and OS are denoted with (a, b) in the CaboNivo group and with
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Limitations of this study include lack of randomization
between the CaboNivo and CaboNivoIpi treatment arms;
also, the small sample size limits comparison between
treatments. When we evaluated the patients with UC and the
patients with RCC treated with CaboNivo versus CaboNivoIpi
(Appendix Figs A2E, A2F), we did not see a benefit from the
addition of Ipi in terms of ORR, PFS, or OS. However, results
from the COSMIC-31315 study showed significantly improved
PFS with CaboNivoIpi versus NivoIpi/placebo (not reached v
11.3 months, respectively; HR, 0.73, P 5 .0131). OS results are
pending. Given the increased adverse events (AEs) with
CaboNivoIpi versus NivoIpi/placebo, wide adoption of the
triplet regimen will depend on demonstrated OS improve-
ment. However, the efficacy of CaboNivo versus CaboNivoIpi
or even CaboNivo versus NivoIpi is still a question. Pro-
spective randomized trials are needed to understand the
contributions of each combination, to optimize the dosing
and sequence, and to assess the CPI-refractory activity,
including post-EV plus pembrolizumab.19-21 The CheckMate
9ER study initially included a triple arm (ie, CaboNivoIpi)22

that closed early after it accrued 55 participants of a planned
338. The ORR was 44% (95% CI, 30 to 58.7), with 4/55 (8%)
attaining a CR. The experience of the CheckMate 9ER triplet
arm exemplifies the challenges of conducting clinical trials
in a rapidly changing treatment landscape.23 Remarkably, the
triplet CaboNivoIpi in the CheckMate 9ER study did not
perform better than the doublet CaboNivo. Although the
arms were randomized, it is difficult to directly compare
these arms as the arm triplet closed early in the trial.

The clinical results of this study are paired with exploratory
peripheral blood immune subset data to elucidate the con-
tribution of ipilimumab (Fig 3). These immune-subset
analyses are important, given our previous published work
showing cabozantinib’s immunomodulatory properties,
which provided the rationale for these combinations. We
hoped to harness these immunomodulatory properties to
enhance the antitumor response when given in combination
with nivolumab alone or with nivolumab and ipilimumab.
The markers were chosen to reflect highly specific subsets
that could explain immunologic response or tolerance, and
might help to elucidate differences in antitumor responses to
CaboNivo versus CaboNivoIpi.

The M-MDSCs and classical monocytes decreased in our
previous cabozantinib monotherapy7 and CPI-refractory
UC patient studies.7,9 A reduction in the frequency of
M-MDSCs in the periphery by CPI has been reported in
other studies.24 In the CaboNivoIpi-treated patients, a
higher percentage of CD1411 myeloid dendritic cells
(mDCs) or a higher fold change of CD1c1 mDCs was as-
sociated with improved survival. There is a lack of evidence
on the role of CPI on blood DCs, but there are several studies
that show a better prognosis when DCs are abundantly
infiltrated into tumor.25,26

Several studies have shown that CPI induces activated
proliferative T cells in peripheral blood.27-29 Interestingly,

while CaboNivo treatment moderately increased prolifera-
tive activated T-cell subsets at C2D1 but not C3D1, this in-
crease was highly associated with better PFS and OS, while
CaboNivoIpi treatment strongly increased these subsets at
both C2D1 and C3D1 without association with better survival
or response.

Although myeloid populations appear to be closely associ-
ated with survival in response to CaboNivoIpi, a robust in-
crease in activated proliferating T cells did not appear to
benefit patients. Overstimulation of T cells by adding ipili-
mumab may have masked survival outcome, compared with
the moderate increase of T cells in response to CaboNivo.
Previous studies investigating CPI have identified the po-
tential role of T-cell exhaustion, particularly in the setting of
dual anti–PD-(L)1/anti–CTLA-4 CPI, with suboptimal an-
titumor response. Overstimulation of T cells, driven in part
by IFNg signaling, can lead to loss of tumor-specific T cells
and reduced memory T cells in the setting of lower tumor
burden.30 A similar association was demonstrated for posi-
tive responses with the combination of optimal reinvigo-
ration of T-cell responses and low tumor burden with
single-agent CPI.27

Previous studies have demonstrated dose-related increases
in toxicity with ipilimumab,31-34 leading investigators to
examine whether regimens with a lower dosage and/or
frequency of ipilimumab could reduce toxicity while main-
taining clinical efficacy.23

A limitation of our correlative studies is the lack of tumor-
tissue profiling of T cells and MDSCs in the TME, which
would help determine if the observed peripheral blood im-
mune effects relate to immune-cell trafficking to the TME or
direct effects on peripheral blood immune cell phenotypes.
Another limitation in the immune analysis is attributed to
the different GUmalignancies in the patients, indicating that
a more streamlined approach is warranted. The cytokine
correlative data demonstrated a general induction of cyto-
kines and angiogenic factors after the treatment, with the
changes in PlGF and IFNg being the most prominent. Ele-
vated baseline PlGF and TNFa are strongly associated with
poor PFS and OS.

In conclusion, CaboNivo and CaboNivoIpi are active com-
binations in UC, RCC, and a range of rare GU tumors. Larger
trials stemming from this study have confirmed both these
combinations to be highly effective in ccRCC. Although
treatment landscapes will continue to evolve, and there have
been significant changes andmore treatment options in both
RCC and UC, there is still no standard of care for penile
cancer, adenocarcinoma of the bladder/urachal, small cell
bladder cancer, and squamous cell carcinoma of the bladder,
all rare GU tumors included in the expansion cohorts and
showing clinical activity with CaboNivo and CaboNivoIpi.
The ongoing Alliance ICONIC study of CaboNivoIpi in rare
GU tumors will test the triplet combination in a larger cohort
of 12 rare GU tumors, which aims to further extend the
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clinical data generated in this study. Our immune correlative
data suggest that the combination of two CPIs with
cabozantinib likely weakens the beneficial outcome in
patients with CPI-näıve GU tumor. A more nuanced

approach to immunomodulation is needed to maximize
therapy benefit. Ongoing research is warranted to further
refine the strategy for optimal immune activation to achieve
safe, effective, and durable antitumor responses.
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APPENDIX 1. METHODS

Patient Selection

Eligibility criteria for the phase I portion of this study have been previously published.8

Four expansion cohorts for CaboNivo, including urothelial carcinoma (UC), clear cell
renal cell carcinoma (ccRCC), adenocarcinoma or urachal carcinoma of the bladder, and
rare genitourinary (GU) histologies, and three expansion cohorts for CaboNivoIpi, in-
cluding UC, ccRCC, and squamous cell carcinoma of the penis. Patients must have
failed at least one line of standard therapy for advanced disease, except for histologies
lacking an approved standard of care with survival benefit. Patients with UC who were
treatment-näıve for metastatic disease were accepted only if they were ineligible for
cisplatin. There was no limit to the number of previous lines of therapy for metastatic
disease, and previous treatment with CPIs was not permitted. Patients were required to
have at least one measurable site of disease according to RECIST v1.1.35

This multicenter study was conducted at six institutions in the United States, and the
protocol was approved by institutional review boards at all participating institutions
(ClinicalTrials.gov identifier: NCT02496208). Patients were enrolled according to
international standards of good clinical practice and institutional safety monitoring,
and all patients provided written informed consent before study entry.

Study Design

The phase I portion of this study, with dose escalation, has been published, and the
recommended phase II dose (RP2D) has been defined.8 After determining the RP2D
for the combinations of CaboNivo and CaboNivoIpi, seven expansion cohorts were
designed to further evaluate the efficacy of these combinations on the basis of the
responses seen in the phase I dose-escalation study (Appendix Fig A1B). Patients
were not randomly assigned between the CaboNivo versus CaboNivoIpi treatment
arms. For the dose escalation and the UC and RCC expansions, the CaboNivo cohorts
were filled first, followed by enrollment in the CaboNivoIpi cohorts.

Treatment

For patients receiving CaboNivo, treatment consisted of continuous daily oral cabo-
zantinib at a dose of 40 or 60 mg and intravenous (IV) nivolumab 3 mg/kg or 1 mg/kg
every 2 weeks for a 28-day cycle. After cycle 21, nivolumab was given at a maintenance
dose of 480 mg every 4 weeks with daily cabozantinib 40 or 60 mg, see Appendix
Fig A1B. Restaging scans were performed every two cycles (every 8 weeks).

For patients receiving CaboNivoIpi, treatment consisted of continuous daily oral
cabozantinib at a dose of 40 or 60 mg, IV nivolumab 3 mg/kg or 1 mg/kg, and IV
ipilimumab 1 mg/kg or 3 mg/kg every 3 weeks for the first four cycles. After the first
four cycles, ipilimumab was stopped and patients continued receiving oral cabo-
zantinib 40 or 60 mg daily and IV nivolumab 3 mg/kg or 1 mg/kg every 14 days. After
21 cycles, nivolumab was given at a maintenance dose of 480 mg every 4 weeks
along with daily cabozantinib 40 or 60 mg, see Appendix Fig A1B. Restaging was
performed every two cycles (every 6 weeks during the first four cycles while on
ipilimumab, then every 8 weeks thereafter).

Patients could discontinue treatment because of disease progression, unacceptable
toxicity, withdrawal of consent, or investigator’s clinical judgment. Patients had the
option to discontinue the study therapy after 2 years of confirmed complete response
(CR) or partial response (PR).

Dose reductions for daily cabozantinib (40 mg, 20 mg, then 20 mg every other day)
and interruptions of study treatment were specified for management of adverse
events. No dose modification was allowed for nivolumab and ipilimumab. Treatment
beyond disease progression was permitted if patients tolerated treatment and the
investigator considered the patient would benefit clinically.

Outcomes

For the phase I portion, the primary end point was to determine dose-limiting toxicity
and the RP2D of CaboNivo and CaboNivoIpi in patients with metastatic GU tumors,
primarily metastatic urothelial carcinoma. For the expansion cohorts, the primary
objective was to evaluate the efficacy of these combinations in patients with me-
tastatic GU histology measured as overall response rate (ORR), which was defined as
the proportion of patients with a confirmed CR or PR as best response on the basis of
investigator-assessed response per RECIST v.1.1. Secondary end points included
progression-free survival (PFS), overall survival (OS), and duration of response (DoR).
Safety and toxicity profiles were also secondary end points and were assessed with
National Cancer Institute Common Terminology for Adverse Events v.5.0. Additional
preplanned exploratory end points included peripheral blood immune subset and
cytokine analysis.

Statistical Analysis

Follow-up was calculated as the median of the follow-up intervals for each patient from
the on-study date until the date that data were locked (June 15, 2021). Patients were
considered evaluable for response assessment if they had received at least one cycle of
the study regimens. The ORR was calculated as the number of patients who achieved a
CR or PR per RECIST divided by the total number of evaluable patients. The ORR was
estimated along with a 95% CI, which was determined using the exact Clopper-Pearson
method. The DoR was defined as the date the response was first noted until the date of
radiologic progression, clinical progression, or death. Survival analyses (PFS and OS)
were estimated using Kaplan-Meier methodology, with the significance of the difference
between curves determined by a two-tailed log-tank test. The PFS was calculated
starting at the on-study date until progression, death without previous progression, or
last follow-up. The OS was calculated starting at the on-study date until death or last
follow-up, as appropriate. Survival analyses were performed using SAS v.9.4 software.
Safety and clinical activity of CaboNivo and CaboNivoIpi were analyzed in all patients.

Immune Subset Analysis

Peripheral immune subsetswere analyzed at baseline and before C2D1 and C3D1. Peripheral
blood samples were collected in Cell Preparation Tubes with sodium citrate (BD Vacutainer
CPT Tubes, BD Biosciences, San Jose, CA). Peripheral blood mononuclear cells (PBMCs)
were obtained by centrifugation and viably frozen until analysis. Multiparameter flow
cytometric analysis was performed on PBMCs. Cells were incubated with Fc receptor
blocking agent (Miltenyi Biotec, Germany) and stained for 20-30 min at 4°C with monoclonal
antibodies. For analysis of Foxp3 and Ki-67 expression, cells were fixed and permeabilized
using a Fix/Perm buffer (eBioscience, San Diego, CA) according to the manufacturer’s
instructions, then stained with anti-Foxp3 antibody. Live cells were discriminated by means
of LIVE/DEAD Fixable Aqua Dead Cell Stain (Life Technologies, San Diego, CA) and dead cells
were excluded from all analyses. All flow cytometric analyses were performed using a
MACSQuant Analyzer (Miltenyi Biotec, San Jose, CA). Flow cytometric data were quantified
either as the median fluorescence intensity or as a percentage of cells, as indicated. Data
were analyzed using FlowJo software version 10.6.1. (FlowJo, Ashland, OR).

The following immunophenotypic markers were used to define immune subsets:

M-MDSC: CD141 CD11b1 HLA–DRlow/– CD15–
Classical monocytes: CD141 CD16–
Intermediate monocytes: CD141CD16–
non-classical monocytes: CD14dim CD161
CD1c1myeloid DC (mDC): lineage (CD3, CD19, CD56)–HLADR1CD11c1CD1c1
CD1411 mDC: lineage–HLA–DR1 CD11c1 CD1411
CD3031 plasmacytoid DC (pDC): lineage-HLA–DR1 CD11c1 CD3031
eTreg: CD8– CD41CD45RA-Foxp3high
Näıve T cells: CD45RA1CCR71 CD281 CD271 CD31 (CD41 or CD81)
Effector T cells: CD45RA1CCR7– CD28– CD27– CD31 (CD41 or CD81)
EM1 T cells: CD45RA–CCR7– CD281 CD271CD31 (CD41 or CD81)
EM2 T cells: CD45RA–CCR7– CD28– CD271 CD31 (CD41 or CD81)
CM T cells: CD45RA–CCR71 CD281 CD271 CD31 (CD41 or CD81)

The following monoclonal antibodies were used:

CD14 clone HCD14, 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, San Diego, CA) and Ki-67 clone B56 (BD Biosciences).

Statistical Analysis

The data are represented as median with 95% confidence interval for each time point.
A two-tailed Wilcoxon matched-pairs signed rank test was used for change analysis.
A two-tailed unpaired Mann-Whitney test was used to compare the distributions
between groups in the disease response analysis. Probabilities of PFS and OS were
determined by the Kaplan-Meier method and a log-rank was used to compare curves.
All statistical analysis was done using GraphPad Prism version 6.01 and the dif-
ferences were considered significant when P < .05.

Cytokines

Plasma levels of inflammatory cytokines and angiogenesis markers were analyzed at
baseline, C2D1, and C3D1. After collection in EDTA tubes, samples were stored at
–80°C until analysis. Analysis was conducted with MSD V-PLEX technology.

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 42, Issue 25

Final Results PhI/Expansion CaboNivo/CaboNivoIpi in Adv GU Tumors

https://www.clinicaltrials.gov/ct2/show/NCT02496208
http://ascopubs.org/journal/jco


A
Immunotherapy-
naïve GU patients
screened (N = 154)

Enrolled              (N = 120)
  Part 1 CaboNivo     (n = 64)
  Part 2 CaboNivoIpi (n = 56)

Expansion cohorts (n = 40)

Urothelial carcinoma                             (n = 12)

Squamous cell carcinoma of the penis (n = 8)

Part 1 (CaboNivo)
(n = 59)

Evaluable for
response (N = 108)

Excluded                        (n = 34)
  Screen failure                  (n = 2)
  Not enrolled on study (n = 32)

Excluded from response assessment                  (n = 12)
  Early disease progression                                     (n = 7)
  Withdrawal from study                                         (n = 1)
  Treatment toxicity                                                 (n = 2)
  Refusal of treatment                                              (n = 1)
  First restaging not reached at data cutoff date   (n = 1)

Phase 1 cohort        (n = 30)

Rare GU tumors                         (n = 12a)

Clear cell renal cell carcinoma                (n = 6)

Phase 1 cohort        (n = 24)

Urothelial carcinoma                   (n = 12)

Clear cell renal cell carcinoma      (n = 6)

Adenocarcinoma of the bladder (n = 10)

Expansion cohorts (n = 26)

Part 2 (CaboNivoIpi)
(n = 49)

FIG A1. Study design and dose-escalation schematic for CaboNivo and CaboNivoIpi and respective expansion cohorts. (A)
CONSORT diagram of patient flow. (B) Dose levels and corresponding doses for cabozantinib plus nivolumab (Part 1—
CaboNivo) and cabozantinib, nivolumab, and ipilimumab (Part 2—CaboNivoIpi). Lower panels list the tumor histologies
accrued within the expansion cohorts for CaboNivo and CaboNivoIpi. aHistologies enrolled into rare genitourinary tumors
cohort included squamous cell carcinoma of the bladder (n 5 5), collecting duct carcinoma of the kidney (n 5 1), sar-
comatoid RCC (n5 1), chromophobe RCC (n5 1), small cell carcinoma of the bladder (n5 1), papillary RCC (n5 1), bladder
adenocarcinoma (n5 1), and sarcomatoid bladder (n5 1). GU, genitourinary; po, orally; q 2 wks, once every 2 weeks; q 3 wks,
once every 3 weeks; qd, once daily. (continued on following page)
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B
Part 1: 28-Day Cycle

Cabozantinib + Nivolumab

Cabozantinib Nivolumab No.

1 40 mg po daily 1 mg/kg q 2 wks 6

2 40 mg po daily 3 mg/kg q 2 wks 6

3 60 mg po daily 1 mg/kg q 2 wks 6

4 60 mg po daily 3 mg/kg q 2 wks 6

Expansion Cohort Cabozantinib Nivolumab No.

Urothelial carcinoma 40 mg po daily 3 mg/kg q 2 wks 12

Renal cell carcinoma 40 mg po daily 3 mg/kg q 2 wks 6

Adenocarcinoma of the
bladder/urachal

40 mg po daily 3 mg/kg q 2 wks 10

Squamous cell carcinoma
of the bladder/other rare

tumors
40 mg po daily 3 mg/kg q 2 wks 12

Part 2: 21-Day Cycle

Cabozantinib + Nivolumab + Ipilimumab

Cabozantinib Nivolumab No.

5 40 mg po daily 1 mg/kg q 3 wks 1 mg/kg q 3 wks 6

6 40 mg po daily 3 mg/kg q 3 wks 1 mg/kg q 3 wks 6

7 60 mg po qd 3 mg/kg q 3 wks 1 mg/kg q 3 wks 6

8 40 mg po qd 1 mg/kg q 3 wks 3 mg/kg q 3 wks 12

Cabozantinib Nivolumab No.

40 mg po
daily

3 mg/kg q 2 wks 1 mg/kg q 3 wks 12

40 mg po
daily

3 mg/kg q 2 wks 1 mg/kg q 3 wks 6

40 mg po
daily

3 mg/kg q 2 wks 1 mg/kg q 3 wks 8

Recommended phase 2 dose
Cabozantinib 40 mg daily +
nivolumab 3 mg/kg

Recommended phase 2 dose
Cabozantinib 40 mg daily +
nivolumab 3 mg/kg +
ipilimumab 1 mg/kg

Dose
Level

Dose
Level

Ipilimumab
× 4 doses

Ipilimumab
× 4 doses

Expansion
Cohort

Urothelial
carcinoma

Renal cell
carcinoma

Penile
cancer

FIG A1. (Continued).
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FIG A2. Exploratory Kaplan-Meier estimate of PFS, OS, andDoR for subgroups. (A) OS for responders (CR1PR) (n5 41) (medianOS: 51.8months
[95% CI, 27.1 months to not estimable]; 6 month OS: 92.7% [95% CI, 79.0% to 97.6%]; 12 month OS: 90.2% [95% CI, 76.1% to 96.2%]; 24 month OS:
72.8% [95% CI, 56.3% to 86.6%]). (B) Median DoR for responders (median duration of PR, CR: 20.2 months [95% CI, 14.4 months to not estimable];
6month DOR: 80.5% [95%CI, 64.8% to 89.7%]; 12month DOR: 70.7% [95% CI, 54.3% to 82.2%]; 24month DOR: 43.9% (continued on following page)
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FIG A2. (Continued). [95% CI, 28.6% to 58.2%]). (C) OS (N5 120) by cabozantinib dose 40 mg (median OS: 15.8 months [95% CI, 9.9 months to
23.9 months]; 6 month OS: 68.6% [95% CI, 58.7% to 76.7%]; 12month OS: 57.8% [95% CI, 47.7% to 66.7%]; 24 month OS: 40.2% [95% CI, 30.7% to
49.5%]) and 60 mg (N 5 120) (median OS 12.9 months [95% CI, 10.0 months to 26.0 months]; 88.9% [95% CI, 62.4% to 97.1%]; 50.0% [95% CI,
25.9% to 70.1%]; 33.3% [95% CI, 13.7% to 54.5%]). (D) OS for patients with UC (n 5 39) (median OS: 24.9 months [95% CI, 11.8 months to 41.6
months]; 6 month OS: 69.2% [95% CI, 52.2% to 81.2%]; 12 month OS: 66.7% [95% CI, 49.6% to 79.1%]; 24 month OS: 51.3% [95% CI, 34.8% to
65.5%]). (E) PFS in patients treated with CaboNivo and CaboNivoIpi (median PFS: CaboNivo: 11.0 months [95% CI, 5.5 months to 18.4 months]
CaboNivoIpi: 4.5 months [95% CI, 3.1 months to 5.8 months] P5 0.0069). (F) OS in patients treated with CaboNivo and CaboNivoIpi (median OS
CaboNivo: 24.4 months [95% CI, 14.0 months to 36.8 months]; median OS CaboNivoIpi: 9.3 months [95% CI, 5.8 months to 15.9 months]
P 5 0.0072). CR, complete response; DoR, duration of response; OS, overall survival; PFS, progression-free survival; PR, partial response; UC,
urothelial carcinoma.
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FIG A3. Effect on M-MDSCs and classical monocytes. (A) M-MDSCs decreased by CaboNivoIpi and
CaboNivo treatment. (B) Lower M-MDSCs at baseline was (continued on following page)
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FIG A3. (Continued). associated with better OS with CaboNivoIpi but not with CaboNivo. (C)
Classical monocytes significantly decreased by both CaboNivoIpi and CaboNivo. (D) HLA-DR ex-
pression on classical monocytes increased after 1 cycle of CaboNivo. (E) Higher HLA-DR expression
on classical monocytes at C3D1 was associated with better OS with CaboNivoIpi. (F) HLA-DR ex-
pression on intermediate monocytes increased after one cycle of CaboNivo. (G, H) Higher fold
change of HLA-DR expression on intermediate monocytes at (G) C2D1 or (H) C3D1 of CaboNivoIpi
was associated with better OS and PFS. FC, fold change; IM, intermediate monocytes; MFI, median
fluoroscense intensity; OS, overall survival; PFS, progression-free survival.
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FIG A4. (A) Effect on Ki-671, activated CD41 T cells. (A) Percentage of Ki-671HLA-DR1 cells
among total CD41 T cells markedly increased at C2D1 and C3D1 with (continued on following page)
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FIG A4. (Continued). CaboNivoIpi. (B, C) Higher fold change in percentage of Ki-671HLA-DR1 cells at C2D1 was associated with
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FIG A4. (Continued). increased at C2D1 and C3D1with CaboNivoIpi and increased at C2D1with CaboNivo. (E, F) Lower-than-median
percentage of Ki-671ICOS1 cells at baseline was associated with poor (E) PFS and (F) OS with CaboNivo. (G) Percentage of Ki-
671GITR1 cells markedly increased at C2D1 and C3D1 with both treatments. (H) Higher fold change in percentage of Ki-671GITR1
cells at C2D1 with CaboNivo was associated with better PFS. (B) Effect on Ki-671, activated CD81 T cells. (A) Percentage of Ki-
671HLA-DR1 cells among total CD81 T cells greatly increased at C2D1 and C3D1 with CaboNivoIpi. (B) Higher fold change in
percentage of Ki-671HLA-DR1 T cells at C2D1 with CaboNivo was associated with better OS. (C) Percentage of Ki-671ICOS1 cells
among total CD81 T cells greatly increased at C2D1 and C3D1with CaboNivoIpi and increased at C2D1with CaboNivo. (D, E) Higher-
than-median percentage of Ki-671ICOS1 cells at baseline was associatedwith poor (D) PFS and (E) OSwith CaboNivoIpi. (F) Higher-
than-median percentage of Ki-671ICOS1 cells at C3D1 was associated with poor OS with CaboNivoIpi. (G) Percentage of Ki-
671GITR1 cells among total CD81 T cells greatly increased at C2D1 and C3D1 with CaboNivoIpi. (H, I) Higher fold change in
percentage of Ki-671GITR1 cells at C2D1 with CaboNivo was associated with better (H) PFS and (I) OS. FC, fold change; OS, overall
survival; PFS, progression-free survival.
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FIG A8. Effect on CTLA-4 and TIM-3 expression. Expression of CTLA-4 on (A) CD41 T cells and on (B) CD81 T cells increased with both
CaboNivo and CaboNivoIpi. Expression of TIM-3 on (C) CD41 T cells and on (D) CD81 T cells increasedwith both treatments. Higher expression
of CTLA-4 on CD41 T cells at (E, F) C2D1 and at (G, H) C3D1 was associated with improved PFS and OS. OS, overall survival; PFS, progression-
free survival.
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FIG A10. Cytokine levels at baseline and association with PFS and OS with CaboNivo and CaboNivoIpi: n5 110. PFS: (A) VEGF. (B) PIGF. (C)
IFN-g. (D) IL-6. (E) IL-8. (F) IL-10. (G) TNF-a. OS: (H) VEGF. (I) PIGF. (J) IFN-g. (K) IL-6. (L) IL-8. (M) IL-10. (N) TNF-a. OS, overall survival; PFS,
progression-free survival. IFN, interferon; IL, interleukin; PlGF, placental growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial
growth factor.
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FIG A11. Cytokine changes in response to CaboNivo or CaboNivoIpi at C2D1 and C3D1 relative to baseline. (A) VEGF. (B) PlGF. (C) IFNg. (D) IL-6.
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IFN, interferon; IL, interleukin; PlGF, placental growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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TABLE A1. Patient Characteristics—Enrolled Patients With mUC

Characteristic All (n 5 39)

Median age, years (range) 61 (42-82)

Sex, No. (%)

Male 30 (76.1)

Female 9 (23.1)

Race, No. (%)

White 35 (89.7)

Black or African American 1 (2.6)

Asian 3 (7.7)

Tumor location, No. (%)

Lower tract (bladder, urethra) 28 (71.8)

Upper tract (ureter/renal pelvis) 11 (28.2)

Karnofsky performance status, %,
No. (%)

90 20 (51.3)

80 13 (33.3)

70 6 (15.4)

Bajorin risk score, No. (%)

0 12 (30.8)

1 21 (53.8)

2 5 (12.8)

Previous treatments, No. (%)a

Cisplatin 33 (84.6)

Carboplatin 9 (23.1)

Abbreviation: mUC, metastatic urothelial carcinoma.
aAll patients with mUC had received platinum-based chemotherapy
before enrollment; three patients had received both cisplatin and
carboplatin treatments before enrollment.

TABLE A2. Immune-Related AEs

Preferred Term AE

CaboNivo (n 5 64) CaboNivoIpi (n 5 56)

G1/G2, No. (%) G3/G4, No. (%) G1/G2, No. (%) G3/G4, No. (%)

Aseptic meningitis 0 1 (2) 0 0

Hypogonadism 1 (2) 0 0 0

Pneumonitis 0 2 (3) 3 (5) 0

Hepatitis 0 0 0 5 (9)

Bullous dermatitis 0 0 0 1 (2)

Colitis 2 (3) 1 (2) 0 4 (7)

Adrenal insufficiency 1 (2) 1 (2) 1 (2) 0

Uveitis 1 (2) 0 0 0

Rash 0 2 (3) 0 0

Pericarditis 1 (1.5) 0 0 0

Total 6 (9) 7 (11) 4 (7) 10 (18)

Abbreviation: AEs, adverse events.
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TABLE A3. Induction of Cytokines in Response to CaboNivo and CaboNivoIpi

Biomarker Data Stats C1D1 (N 5 110) C2D1 (N 5 99) C3D1 (N 5 97) C2D1, P (N 5 96) C3D1, P (N 5 91)

VEGF, pg/mL 25% percentile 81.6 130.7 136.4

Median 176.1 227.4 253.6 .0002 .0015

75% percentile 382.0 378.3 431.0

PlGF, pg/mL 25% percentile 11.0 19.7 18.6

Median 14.5 27.6 24.6 <.0001 <.0001

75% percentile 19.3 44.7 37.3

IFN-g, pg/mL 25% percentile 4.0 8.4 7.0

Median 5.6 13.6 11.1 <.0001 <.0001

75% percentile 9.0 22.4 21.6

IL-6, pg/mL 25% percentile 1.6 1.7 2.0

Median 3.2 4.0 3.4 .0029 .0376

75% percentile 7.0 7.2 6.2

IL-8, pg/mL 25% percentile 6.8 8.0 8.3

Median 9.5 10.5 11.5 <.0001 <.0001

75% percentile 14.7 17.6 15.5

IL-10, pg/mL 25% percentile 0.2 0.4 0.5

Median 0.3 0.6 0.8 <.0001 <.0001

75% percentile 0.5 0.9 1.3

TNF-a, pg/mL 25% percentile 1.7 2.0 2.1

Median 2.2 2.4 2.6 .0021 <.0001

75% percentile 2.7 3.5 3.8

Abbreviations: IFN, interferon; IL, interleukin; PlGF, placental growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.

© 2024 by American Society of Clinical Oncology

Apolo et al


	Final Results From a Phase I Trial and Expansion Cohorts of Cabozantinib and Nivolumab Alone or With Ipilimumab for Advance ...
	INTRODUCTION
	METHODS
	RESULTS
	Patient Characteristics
	Efficacy
	Safety and Tolerability
	Peripheral Immune Subset Analysis
	Cytokine Analysis

	DISCUSSION
	REFERENCES
	APPENDIX 1. METHODSPatient SelectionEligibility criteria for the phase I portion of this study have been previously publish ...
	APPENDIX 1. METHODS


