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Abstract

Background: Antiangiogenic therapy had been tested in urothelial cancer (UC) without reaching the clinic.
Objective: We provide a systematic review and meta-analysis of trials to assess efficacy of immune checkpoint inhibitors
(ICI) combined with antiangiogenic agents in UC.

Methods: Following PRISMA guidelines, we searched for trials with at least one arm of patients with UC treated with ICl
plus antiangiogenics. Data were analyzed with the “meta” package from R using a one-staged frequentist meta-analysis.
Results: After screening 13,708 titles and abstracts, 9 studies were selected for analysis with 14 identified cohorts
comprising 621 patients: 448 were ICl-naive (ICI-N) and 173 were ICl-exposed (ICI-E). The estimated objective response
rate (ORR) in all patients was 27% (21-35). In the ICI-N group, ORR was 34% (28—41). Conversely, the ICI-E group had a
lower ORR of 16% (9-28). This difference was mainly driven by a higher partial response rate of 27% (23-31) in ICI-N
group compared to 3% (8-20) in the ICI-E group. Disease control rate was 72% (66—77) ICI-N group vs. 71% (64-78) in
ICI-E group. Median overall survival ranged from 6.4 to 24.9 months in the ICI-N group, and 8.2 to 10.4 months in ICI-E
group. Median progression free survival ranged from 1.9 to 10.] months and from 3 to 3.9 months in both groups,
respectively.

Conclusion: ORR with ICI plus antiangiogenics was lower after prior ICl exposure, with substantial variability estimates
among included trials, either due to differences among antiangiogenic agents used or trial-related factors. Future exploration
of ICl combined with antiangiogenics in UC, especially in ICl-refractory setting, will benefit from better patient selection.
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Background

Angiogenesis is a key event in tumoral growth and progres-
sion in urothelial carcinoma (UC)."* Among many studied
pro-angiogenic factors, the vascular endothelial growth
factor (VEGF) pathway was strongly incriminated in UC
angiogenesis based on both pre-clinical and clinical evi-
dence.® Notably, VEGF overexpression in tissue and high
serum levels were both associated with disease aggressivity,
higher relapse and poor prognosis in UC.*®

Pivotal research by McConkey and colleagues revealed that
gene expression patterns in UC could forecast patient outcomes
following treatment with a potent chemotherapy regimen (dose-
dense methotrexate, vinblastine, doxorubicin, and cisplatin
[MVAC]) combined with the anti-VEGF-A monoclonal anti-
body, bevacizumab.” They identified that patients with the
basal subtype of the disease had a higher survival rate, while
those with a p53-like subtype were more likely to develop
bone metastases and exhibit resistance to chemotherapy. A sub-
sequent phase III study by Rosenberg et al. assessed the benefits
of combining gemcitabine, cisplatin, and bevacizumab versus
using gemcitabine and cisplatin alone, finding no significant
improvement in overall survival with the addition of the antian-
giogenic therapy to chemotherapy.® While bevacizumab was
the first antiangiogenic agent approved by the Food and Drug
Administration (FDA) for treatment of solid tumors, several
antiangiogenic agents have been subsequently approved in
genitourinary malignancies, including tyrosine kinase inhibitors
(TKISs), namely: sunitinib, sorafenib, pazopanib, axitinib, lenva-
tinib and cabozantinib.”'

Currently, the frontline of treatment of locally advanced
or metastatic UC (LA/mUC) has shifted towards the early
utilization of immunotherapy combinations, yielding
higher response rates, better survival outcomes and more
options for clinicians and patients to personalize treat-
ment."'™"* However, primary or acquired resistance still
emerge and limit the benefit of these treatments. The rela-
tionship between VEGF expression and the effectiveness
of immune checkpoint inhibitors (ICIs) has been also eval-
uated in different other cancer models. VEGF was found to
enhance co-expression of inhibitory receptors involved in
CD8+ T cell exhaustion in a colon cancer mouse model,
and targeting VEGF led to decreased expression of these
inhibitory receptors.'* Moreover, studies in melanoma indi-
cate an association between lower VEGF-A levels and posi-
tive responses to anti-Programmed Death 1 (anti-PD-1)
therapies, hinting at anti-angiogenesis as a mechanism of
therapeutic resistance.'> Several clinical trials in LA/mUC
have hypothesized that targeting VEGF in combination
with ICIs may enhance antitumor responses. However, a
comprehensive synthesis of their data has not been done
yet. Therefore, we conducted a systematic review and
meta-analysis to consolidate data on the treatment outcomes
of combining ICIs with antiangiogenic agents, aiming to
bridge these critical knowledge gaps.

Materials and methods

Data sources and search strategies

We performed a systematic search in Ovid MEDLINE, Ovid
Embase, Clarivate Web of Science and Wiley Cochrane
Library from the inception of the databases to January 28,
2024. Search structures, subject headings, and keywords
were tailored to each database by a medical research librarian
(YG). The following concepts were searched using subject
headings and keywords as needed, “cancer”, ‘“neoplasm”,
“immunotherapy”, “checkpoint inhibitor”, ‘“cytotoxic t-
lymphocyte-associated antigen 4”, “programmed cell death
17, “programmed cell death ligand 17, “vascular endothelial
growth factor”, “VEGF inhibitor”, ‘“vascular endothelial
growth factor receptor”, “anti-vascular”, “anti-VEGF”, “anti-
angiogenic”, “angiogenesis inhibitor”, “ipilimumab”, “treme-
limumab”, “pembrolizumab”, “nivolumab”, “spartalizamab”,
“cetrelimab”, ‘‘atezolizumab”, “durvalumab”, “avelumab”,
“cemiplimab”, “monalizumab”, “aflibercept”, “‘bevacizumab”,
“ranibizumab”, “brolucizumab”, “‘conbercept”’, “pazopanib”,
“sunitinib”, “sorafenib”, “regorafenib”, “cabozatinib”, “lenva-
tinib”, “ponatinib”, “axitinib”, “tivozanib”, “ramucirumab”,
“vandetanib”, and “‘sitravatinib”. The search terms were com-
bined by “or” if they represented the similar concept, and by
“and” if they represented different concepts. Database search
strategies are detailed in the Supplementary Tables S1-S4.

Eligibility criteria

For our review, we set specific criteria for selecting studies.
These included clinical trials ranging from phase 1 to phase
3, published in English, involving adult patients with UC
treated with both antiangiogenic agents and ICI. We ruled
out studies that were not original or failed to report the out-
comes and trials in progress. Additionally, retrospective
studies were not considered to maintain the accuracy and
dependability of our data. However, abstracts that aligned
with our inclusion criteria were included in the analysis
even if the full manuscript was not available.

Study selection

Two reviewers (IK and EP) independently conducted the
study selection process. They reviewed titles and abstracts
to determine eligibility based on pre-established inclusion
and exclusion criteria. They also assessed the full texts of
pertinent references. In instances of disagreement, a third
reviewer, OA, was consulted to reach a consensus.

Data extraction

Two independent reviewers (MJM and IK) utilized
Microsoft Excel for data extraction and annotation.
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If there were any differences in their findings, two add-
itional reviewers, OA and RB, were brought in to recon-
cile them. The data compiled from each study included
study and participant characteristics, details of the inter-
vention, and outcomes of interest. This encompassed the
total number of participants and the occurrence of
events in each group.

Outcomes of interest

The outcomes of interest included complete response
(CR), partial response (PR), stable disease (SD), and
progressive disease (PD). Overall response rate (ORR)
was defined as the proportion of patients with CR or
PR, while disease control rate (DCR) covered CR, PR
and SD.

Data analysis

A pooled logit transformed proportion of events across
the included studies using the DerSimonian-Laird
(DL) random-effects model in a one-staged frequentist
model of meta-analysis. A random effects model was
chosen a priori due to the expectation that treatment
effect would vary between trials using different anti-
angiogenic agents in combination with ICI. The I* and
Tau® were used as a measure of total variability due to
between-study  heterogeneity. The p-value for
Cohran’s Q was used to test the null hypothesis of no
between-study heterogeneity. We conducted prior-
specified subgroup analyses based on ICI exposure
status and defined two subgroups: ICI-naive (ICI-N)
and ICI-exposed (ICI-E). Statistical analyses were per-
formed wusing the RStudio graphical interface
v.2024.04.2 + 764 for R software environment v.4.4.1
(http:/www.r-project.org) with Meta package.

Ethics statement

This study was exempt from Institutional Review Board
review as it involved the analysis of existing publicly avail-
able data.

PRISMA statement

This study was conducted in accordance with the PRISMA
guidelines (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses). The PRISMA checklist was
used to guide the study and is available upon request
(Table S5 in the appendix).'®!”

Results

Study characteristics

A total of 16,267 potential titles and abstracts were identi-
fied through the electronic search strategy, with 32 dupli-
cates removed internally and 2527 duplicates removed
through the assistance of a medical research librarian
(YG). The remaining 13,708 studies underwent primary
screening, and 731 full-text articles or abstracts were eval-
uated for eligibility (Figure 1). After secondary screening,
12 studies were enrolled: 3 were without reported outcomes
yet, and 9 were included in the analysis, comprising a total
of 621 patients treated with a combination of antiangio-
genics and ICIs. Among those, 448 patients were
ICI-naive (ICI-N) and 173 were ICI-exposed (ICI-E). The
detailed characteristics of the included studies are summar-
ized in Table 1.

In our analysis, the final 9 studies were all focused on
the locally advanced or LA/mUC. Cabozantinib was the
most frequently investigated antiangiogenic agent in com-
bination with ICIs, featured in 6 of the 9 studies. The
remaining three  studies—JVDF, 516-003, and
LEAP-011—explored the efficacy of ramucirumab, sitra-
vatinib, and lenvatinib, respectively.”®?"** Among inves-
tigated ICIs, pembrolizumab [anti-PD-1] was included in
three studies: PemCab, LEAP-011, and JVDF.*%**%
Nivolumab [anti-PD-1] was evaluated in three studies:
516-003, CaboNivo by Girardi et al., and CaboNivo/
CaboNivolpi by Apolo et al. (with or without ipilimumab,
an anti-cytotoxic T-lymphocyte associated protein,
CTLA-4 agent)."”*!2%27 Additionally, durvalumab [anti-
programmed cell death ligand 1 (anti-PD-L1)] was inves-
tigated in ARCADIA and atezolizumab [anti-PD-L1] was
part of COSMIC-021."%?? According to our classification
per ICI exposure, we identified 5 ICI-E and 9 ICI-N
cohorts among the 9 studies.

In contrast, the ABATE and ANTICIPATE studies,
which focused on the localized setting of muscle-invasive
bladder cancer, lacked reportable outcomes suitable for
inclusion in our meta-analysis.*>*° Results from
MAIN-CAV, a randomized controlled trial (RCT) compar-
ing cabozantinib with avelumab to avelumab alone in the
metastatic setting, are pending.”® Further details on main
characteristics of the studies are found in Table S6 in the
appendix.

Outcome analysis

Radiographic response analysis. In this one-staged frequentist
meta-analysis, the estimated overall response rate (ORR) in
all patients was 27% [95% CI: 21-35] (Figure 2). The ORR
in ICI-N group was 34% [28—41] with low heterogeneity,
while it was lower in ICI-E group with substantial hetero-
geneity: 16% [9-28]. This difference was mainly driven
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Records identified from*:
Databases (n=16267)
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(n=13708)

Reports sought for retrieval
(n=9132)
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Studies included in review
(n=8)

Records removed before
screening:
Duplicate records removed
(n =2559)

Title/Abstract records excluded
(n =4576)

Reports not retrieved
(n =8401)

Reports excluded (n=712)
Nonoriginal data (n = 112)
Study design not meeting

eligibility criteria (n = 612)

Figure |. Flowchart demonstrating the process of study selection.

by a higher PR rate of 27% [23-31] observed in the ICI-N
group compared to that of the ICI-E group, 13% [8-20]
(Figure 3), with the same patterns of heterogeneity.
However, different CR rates were estimated at 9% [6—15]
and 5% [2-10] in each group, respectively (Figure 3).

DCR estimates were not much different between both
groups: 72% [66—77] in ICI-N vs. 71% [64-78] in ICI-E
(Supplementary Figure 1). SD rates were estimated at
39% [32-46] for ICI-N patients versus 56% [47-65] for
ICI-E patients. PD rates were 23% [16-33] versus 29%
[22-36], respectively for non-exposed and exposed
patients. A breakdown of the response outcomes of each
study is displayed in Table S7 in the appendix.

Survival outcome analysis. Data on length of outcomes, like
overall survival (OS), progression-free survival (PFS), and
duration of response (DoR) could not be pooled due to

insufficient individual data points from every study and
the lack of randomization in most studies. Median OS
ranged from 6.4 (JVDF) to 24.9 months (CaboNivo/
CaboNivolpi) in the ICI-N group, and 8.2 (COSMIC-021)
to 10.4 months (CaboNivo by Girardi et al.) in ICI-E
group. Median PFS ranged from 1.9 (JVDF study) to 10.1
months (CaboNivo/CaboNivolpi by Apolo et al. [2024])
in the ICI-N group and from 3 (COSMIC-021) to 3.9
months (516-003) in ICI-E group. A detailed information
about survival outcomes of each study is displayed in
Table 2.

Studies without reported results. Two studies (ABATE and
ANTICIPATE) are evaluating antiangiogenic/ICI combi-
nations in the localized disease setting.>*° The forth-
coming results of the Phase 1/2 ANTICIPATE trial will
shed light on the effectiveness of a novel oral



Bladder Cancer 10(4)

304

(ponunuoo)

X]D paseq-wnune|d

Aue Jo Adessyy paseq-une|dsid qewnzijoaquiad L T
N-I1DI 4104 3|qIBIPUI DNW/YT YPIM sIUdE] snid quupeAus Sk € 081868¢01DON 110-dVaT eJdeqnsjyepy VIN W4 €70T
X1 D 3uiureauod-wnupeld usye Jo
uo uoissaugoad yam (edyaadn Ua3aun 00T
‘siajod [eusa Usppelq 3uipnpour) qewnzijozaje Sunssy
N-IDI DNW/YT YIm siusigd T 3404o) snid quiuezoqed 0€ I 0960L1€01ON  1T0-DIWSOD ez B39 [ed  [ENUUY ODSV vV 0T0T
121
Jolud auo Jaye Jo uo uoissaudoud
YaIMm (Bay3aun Usppelq AJeurin 70T
4s33.n ‘siajpd [eus. Suipnjour) qewnzijozaje Sunsspy
3-101 DNW/YT YIm siusied :§ 3404o) snid quiuezoqed I€ I 0960L1€01ON  1T0-DIWSOD B3 Ied [enuuy ODSV A AR 44114
"X] D d1wsAs Jord
INOYIM pue X| D paseq-une|dsid
Joy} 9|qidi2 (eayzaun Yazain 70T
‘siajod [eusa Usppelq 3uipnpoul) qewnzijozaye Sunssy
N-I2I DNW/YT YIm siusigd p 34040 snid quiuezoqed 0€ I 6560L1€01ON  1T0-DIWSOD B3I Ied [enuuy ODSV A A 44114
X1 D 2lwa1sAs Jorid ou
‘91qi3ilpur upe|dsid ‘(B4yran Ys39un 70T
‘sinjod [euas Usppelq 3uipnpou) qewnzijozaje Sunasy
N-ID1 DNW/VT PIm sausied -g 3404od snid qiunuezoqed 0¢ | 8960LI€0LON  1T0-DIWNSOD B3I Ied [enUUY ODSV A A 44114
Kuorrlpd DAV
pue D] {pa1ea.ay X D paseq-wnune|d qewnjoAlu L )
3-101 DNW/VT YuUm saudied :f 34040D snid quiese.nis 9s ¢ ¥L1909€01ON €00-91S |snoespy VIN W4 €70T
SAleU
[D] pue paaes.a x| D paseq-wnune|d qewnjoAlu 1 Te
N-I12I DNW/VT Ym sausned g 34040D snid quuneae.s €9 ¢ ¥L1909€01ON €00-91S |Snoespy VIN W4 €T0T
(Adeasypounwiw Jsypoue
noym Jo pim 3] 17-ad/1-ad
M pareaad) AJoldeaped D] pue
pa3es.a x| D paseq-wnuneld ‘Dnw qewnjoAlu e
F1D1 /¥ Yim sid 1€ 34040 + | 340yo)d snid quuneae.s L9 ¢ ¥L1909€01ON €00-91S |Snoespy VIN W4 €T0T
x| D paseq-wnune|d
Suipnpur 4deasys snoiasad
Jo saul| € 01 | uo uoissadoad yum qewnzijoiquad oz Te 3
F-101 ‘(@ 3404od) DN/ Yam ssused  snid qewunapnwey ¥ I ¥CEEYFTOLON daal Isq4eH VIN Wi 610T
Adesayy
pJepuess Jo aul| | < pue Adessyy || qewn|oAlu P LE
3101 03 AdojdraRl ‘DOW/YT LM sIusnEd snid quiuezoqed 0€ | 80796¥C0LON OAINoqeD Ipiedlo VIN W4 TT0T
9seas|p dneIsLIDW
Joy suswida. paseq-wnuneld g Jo qewnjeAinp L L)
F-1D1 | J0 34N|iey YUIM DOW/YT YIM siusined snid qupuezoqed 91 ¢ 169¥T8€01ON ViavOody  oulpue.ely VIN W4 0T0T
(N-ID] 4o uonejndod juaney uswidaa D] +Vyy swaned pajjoaus  aseyd Jaquinu Sweu [eld| Joyany 9dUaIRYUOD) (W4)  Jeap
3-1D1) smeas J0 Jaquinu &0 [er [eL3 1 DON adwosnuely
ainsodx® || In4/(v)
PRISqY

"9AIeU-10IqIYUl

utod>Payd sunwiw| N-|D| ‘pasodxa-ionqiyul aujodydayd sunwwy :3-D| ‘| pued] yreaq pawwesdod :|7-Ad | Yreaq pawwesSoud :|-Ad 4dessyiowsyd ueAn[peosp :X| HO3U {I3JUED [BI[RYI0IN
SAISEAUI-3[2SN|Y DA FusWwiea. X3 93e8n(uod Snup Apoquuy 1DV ‘4oaqiyul 3ulod>payd sunww) ;D] ‘Adeisyiowsyy) x| 7 43JU.D [BI[SYI0N DIIEISEIDW O PIdUBAPE 4|07 :DNW/y ‘AJeulinoliusn)
‘N A80j0duQ [ed1ulD Jo A131208 UBdLIBWY :ODSY ‘Passasse 10N /N #A3Y (IO + VV) s4031qiyul 3uiod>payd sunwiwi Yaim pauiquiod Adessy diuadoiSuenue SuIAjoAul saipmis pajjo.us jo uondlsaq *| a|qeL



305

Moussa et al.

“($707) 00f ut '[e 32 gy ojody

Aq ®1ep paysiiqnd 1se| ay3 yam paydiew adam uay ‘(1707 ND ODSY) 1707 wnisodwAg saaduer) Aueulinoljuac) A80jo0duQ [ed1ul]D) JO A19120G UedLIaWY 1 pauasadd auam A4anb uno Aq paamided synsad [eniu],

(sisAjpup

(4414
ul papnput qewnzijozaje L2 C) Sunealy
10N) N-IDI ONIW OWX/ONEYL-TL snid quuuezoqed 8¢ ¢ 6LL68TY0LDN lvav e [enuuy ODSY vV Ttot
Awo0353354>
(sisAjpup [ed1pe. Joj ueld & yam ‘x| Hosu qewnzippIsy Ym 7202
ul papnput paseq-une|dsid aAI@2a. 01 8uisnyaJ Jo uonyeuIquIod B Sunasy
10N) N-ID1 (qi8ijpur uneidsid Dg|IA Yaim sausied ul zozZ1-1dv (YA ¢l LO1€18Y0LON  FIVdIDILNVY Aisies  [enuuy ODSY Vv TTot
AV-049vD
(sisAjpup x| D paseq-wnuneld Jo Ay 0} [1] 0T
ur papnpul 40 924> 9, Jaye uoIssaISoud qewinjaAe paziwopue. s B3 Sunasy
10N) N-IDI OU YaImM DNW/VT pim sausieq snid quuiuezoqed 99 01 499 € 896C60501LON AVO-NIVH eydng  |enuuy ODSY VvV TT0T
une|dsi> Joj 9|qiSiaul aom
Aoy i Aluo paadedde auam aseasip qewnuwijidi +170T
J1EISEIDW IO} DAIBU-JUSIIEDIY pUE qewn|oAlu o TEPR wnisodwAg
N-1D1 3J3M OYM DN Yam siusieq snid quuiuezoqed 6l | 80T96KT0LON  IdjoAINoqeD ojody NS OOSV W4V $T0T
une|dsid Joy 3|qiSiaul a4om
Aoy J1 Aluo paadadde auam aseasip +120T
J[1ISEIDW JO) DAIBU-IUSWIESN) qewnjoAlu 3 U wnisodwAg
N-I1DI 343M oYM DN Yam siusied snid qupuezoqed 4l | 80796¥C01LON OAINoOqeD ojody NS ODsVY W4V $T0T
SAleU ¥70¢
|D| PUB dAlBU JUSWIEAY ‘D|qISIaUl qewnzijoaquiad wnisodwAg
N-ID1 une|dsid ‘DNW/ YT YIm sIuaned snid quuuezoqed S€ ¢ Y08YESE0LON qedwag e 39 uref NS ODSsV A2 4414
(N-ID] 4o uonejndod juaney uswidad D] +Vyy swaned pajjous  aseyd Jaquinu Sweu [eld| Joyany 9dUaIRYUOD) (W4)  Jeap
3-1D1) sniess Jo Jaquinu [e30] [e [e3 1ON adudsnuely
aansodx D] 1In4/(v)
PeNsSqy

‘panunuod °| SjqeL



306

Bladder Cancer 10(4)

Study Events Total Proportion 95%-Cl Weight
Marandino et al., 2021 6 15 R 0.40 [0.16;0.68] 6.1%
Girardi et al., 2022 4 25 —— 0.16 [0.05;0.36] 5.9%
Msaouel et al., 2023 10 56 —— 0.18 [0.09;0.30] 8.6%
Msaouel et al., 2023 3 50 - 0.06 [0.01;0.17] 5.4%
Pal et al, 2022 3 27 —— 0.11 [0.02;0.29] 5.2%

173 = 0.16 [0.09; 0.28] 31.2%
Herbst et al., 2019 3 23 —— 0.13 [0.03;0.34] 52%
Msaouel et al., 2023 17 46 om 0.37 [0.23;0.52] 9.2%
Pal et al., 2022 6 27 —— 0.22 [0.09;0.42] 6.9%
Pal et al., 2022 9 26 —— 0.35 [0.17;0.56] 7.6%
Pal et al., 2022 8 26 ——— 0.31 [0.14;0.52] 7.5%
Matsubara et al., 2024 81 232 i 0.35 [0.29; 0.41] 11.6%
Jain et al., 2024 15 35 [ 0.43 [0.26;0.61] 8.7%
Apolo et al., 2024 9 14 P 0.64 [0.35;0.87] 5.8%
Apolo et al., 2024 5 19 — 0.26 [0.09;0.51] 6.2%

448 B 2 0.34 [0.28; 0.41] 68.8%
Random effects model 621 & 0.27 [0.21; 0.35] 100.0%
Heterogeneity: /% = 66%, t° = 0.2714, p < 0.01 ' : ' : ! :
Test for subgroup differences: y_f =6.45,df =1 (p = 0.01) 0 02 04 06 0.8 1

ORR (95% CI)

Figure 2. Forest plot comparing overall response rates (ORR) between ICl-exposed (ICI-E, ‘E’ in Figure) and ICl-naive (ICI-N, ‘N’ in

Figure) patients. Key: DL: DerSimonian and Laird.

antiangiogenic agent, APL-1202 (nitroxoline), a methio-
nine aminopeptidase 2 (MetAP2) inhibitor, in combin-
ation with tislelizumab, a more recently developed
anti-PD-1 agent, compared to tislelizumab alone.?” The
target population consists of cisplatin-ineligible patients
with muscle-invasive bladder cancer or those refusing
standard neoadjuvant chemotherapy. Primary endpoints
include overall survival and PFS, while secondary end-
points include response rates, safety and Quality of Life
(QoL) metrics. Moreover, ABATE is a single-arm study
assessing efficacy and safety of cabozantinib with atezo-
lizumab as neoadjuvant therapy, with a primary endpoint
of evaluating pathological downstaging defined as
absence of residual muscle invasion in the surgical speci-
men (<pT2).30

Important knowledge in the metastatic setting will also
be generated from the Phase 3 RCT, MAIN-CAV, inter-
ested in the possible synergistic effect of the combination
of cabozantinib with avelumab [anti-PD-1] compared to
maintenance avelumab alone, after disease stability on
4-6 cycles of platinum-based chemotherapy.®® Its original
insights consist of few cross-resistance mechanisms and
few overlapping toxicity profiles between the two agents,
aiming to better contextualize the contribution of this multi-
tyrosine kinase inhibitor to a commonly used ICI in mUC.
Other comparative details about the characteristics of these
trials figure in Table S6.

Discussion

This systematic review synthesizes findings from 9 studies,
encompassing 621 patients, to evaluate the effectiveness of
combining ICIs with antiangiogenic agents in mUC treat-
ment. It represents the inaugural systematic review and
meta-analysis to probe objectively defined radiographic
efficacy of this combination, with a keen emphasis on the
comparative outcomes between patients newly introduced
to ICI treatment and those with prior ICI exposure.
Historically, studies of earlier antiangiogenic agents, up to
2014, studying single-agent sunitinib and pazopanib
(PLUTO trial), in first or second-line therapies in mUC,
were challenged by suboptimal clinical outcomes, low
accrual and toxicity (sunitinib: ORR 3-6%, mPFS of 2.3
months; pazopanib: mPFS of 3.1 mo and mOS of 4.7 mo
with pazopanib).*'** However, the interest was sparked
again in 2016 after the first introduction of cabozantinib,
a multi-TKI (VEGFR, AXL, MET and RET inhibitor),
which showed promising single agent activity with 8
mUC patients showing response out of 49 enrolled.*
Nonetheless, erdafitinib, a fibroblast growth factor receptor
(FGFR) inhibitor, remains the only TKI reaching clinical
use in mUC, underscoring the need to explore additional
targeted therapies in the field."?

In the ICI-E group, we noted considerable variability in
response outcomes, including ORR and PR. This variation
could be attributed to mixed responses to subsequent
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Study Events Total Proportion 95%-Cl Weight
Marandino et al., 2021 2 15 IR 0.13 [0.02;0.40] 6.9%
Girardi et al., 2022 1 25 - 0.04 [0.00; 0.20] 4.5%
Msaouel et al., 2023 2 56 - 0.04 [0.00;0.12] 7.4%
Msaouel et al., 2023 0 50 — 0.00 [0.00;0.07] 2.6%
Pal et al, 2022 0 27 = 0.00 [0.00;0.13] 2.6%

173 < 0.05 [0.02; 0.10] 24.0%
Herbst et al., 2019 0 23 — 0.00 [0.00;0.15] 2.6%
Msaouel et al., 2023 3 46 - 0.07 [0.01;0.18] 9.3%
Pal et al., 2022 1 27 - 0.04 [0.00;0.19] 4.5%
Pal et al., 2022 2 26 - 0.08 [0.01;0.25] 7.2%
Pal et al., 2022 2 26 —-— 0.08 [0.01;0.25] 7.2%
Matsubara et al., 2024 15 232 | 3 0.06 [0.04;0.10] 16.7%
Jain et al., 2024 5 35 B 0.14 [0.05;0.30] 11.5%
Apolo et al., 2024 5 14 e 0.36 [0.13;0.65] 10.0%
Apolo et al., 2024 2 19 — 0.11 [0.01;0.33] 7.1%

448 > 0.09 [0.06; 0.15] 76.0%
Random effects model 621 o 0.08 [0.05; 0.12] 100.0%

Heterogeneity: /% = 40%, 1 = 0.2846, p = 0.06 I

Test for subgroup differences: yj =2.21,df=1(p =0.14) 0 02 04 06 08 1
CR (95% Cl)
Study Events Total Proportion 95%-Cl Weight
Marandino et al., 2021 4 15 e 0.27 [0.08;0.55] 5.0%
Girardi et al., 2022 3 25 ——— 0.12 [0.03;0.31] 4.6%
Msaouel et al., 2023 8 56 ——— 0.14 [0.06;0.26] 8.9%
Msaouel et al., 2023 3 50 - 0.06 [0.01;0.17] 4.9%
Pal et al, 2022 3 27 —— 0.11 [0.02;0.29] 4.7%
173 <> 0.13 [0.08; 0.20] 28.0%
Herbst et al., 2019 3 23 —— 0.13 [0.03;0.34] 4.6%
Msaouel et al., 2023 14 46 N 0.30 [0.18;0.46] 10.7%
Pal et al., 2022 5 27 —— 0.19 [0.06;0.38] 6.4%
Pal et al., 2022 7 26 —— 0.27 [0.12;0.48] 7.4%
Pal et al., 2022 6 26 — 0.23 [0.09; 0.44] 6.9%
Matsubara et al., 2024 66 232 - 0.28 [0.23;0.35] 17.3%
Jain et al., 2024 11 35 -8 0.31 [0.17;0.49] 9.3%
Apolo et al., 2024 4 14 0.29 [0.08;0.58] 4.9%
Apolo et al., 2024 3 19 ; 0.16 [0.03;0.40] 4.5%
448 0.27 [0.23; 0.31] 72.0%
Random effects model 621 <& 0.21 [0.17; 0.27] 100.0%
Heterogeneity: /2 = 40%, t* = 0.1087, p = 0.06 ' ' I ' ' '
Test for subgroup differences: y_f =10.47,df =1 (p <0.01) 0 02 04 06 038 1

PR (95% Cl)

Figure 3. Forest plot comparing complete response (CR) and partial response (PR) rates between ICl-exposed (ICI-E, ‘E’ in figure)
and ICl-naive (ICI-N, ‘N’ in figure) patients. Key: DL: DerSimonian and Laird.

immunotherapy observed in the ICI exposure setting.**
Preclinical studies in an ICl-resistant small cell lung
cancer mouse model have shown that the subsequent
administration of antiangiogenic agents in conjunction
with ICI can counteract T-cell exhaustion, a pivotal factor
in ICI resistance.>® Furthermore, the observed variability

in response may also be influenced by the inherent
varying immunomodulatory properties of different antian-
giogenic agents.’®

The response rates among ICI-N patients displayed less
variability. Interestingly, the modest improvement in ORR
and, most importantly, PR rates, among ICI-N patients hints
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at the potential benefits of initiating this combination therapy
earlier in the treatment course.’’® This approach leverages
the immunomodulatory effect of antiangiogenics to counter-
act the immunosuppressive impact of VEGF on both innate
and adaptive antineoplastic immune responses.>> Moreover,
the involvement of hepatocyte growth factor (HGF)/cMET
pathway in epithelial-mesenchymal transition and progression
in bladder cancer gives a rationale for targeting this pathway
with the potent multi-TKI, cabozantinib.?® However, it
remains unknown whether these responses rates are
mainly driven by the ICI component. Previous clinical
data from KEYNOTE-045 and KEYNOTE-052 suggest
that single-agent pembrolizumab can confer good anti-
tumor activity.*>*! The ORRs with pembrolizumab in
both studies, respectively, were 21% for patients with mUC
treated with platinum-based chemotherapy and 29% for
platinum-ineligible, treatment-naive patients. RCTs in
the setting are useful to dissect the individual contribution of
each of the two components in the antiangiogenic/ICI
combination.

Due to the lack of data availability and randomization in
treatment arms in most studies, as well as the absence of
studies directly comparing survival outcomes between
ICI-E and ICI-N, we were unable to conduct a formal ana-
lysis of survival rates (OS, PFS, and DoR). This limitation
is further compounded by the extensive pre-treatment in the
ICI-E group, significantly affecting outcomes compared to
the ICI-N group, especially considering the more resistant
disease state and compromised overall health status of
ICI-E group. Future analyses should stratify outcomes
based on the number and type of prior therapies received
for a more balanced comparison. Finally, sub-analyses of
key survival and oncological outcomes, such as primary
UC location (upper vs. lower urinary tract), metastatic
burden and patient performance status, were not possible
due to paucity of data.

The particular interest in cabozantinib can be traced back
to its earliest sign of clinical activity as a single agent in
heavily pretreated, platinum-refractory cohort with mUC
(n=49) (including 1 CR and 7 PR).*® Later, combinations
of cabozantinib with single agent and dual agent ICIs were
thoroughly studied in the expansion cohorts by Apolo AB
et al., presented first at the American Society of Clinical
Oncology  Genitourinary  Cancers (ASCO  GU)
Symposium 2021, and published more recently in the
Journal of Clinical Oncology (2024).**” These expansion
cohorts were triggered by considerable ORRs observed
with these combinations in the phase 1 trial (n=54).*In
the expansion cohorts, the ORR was 42.1% in
platinum-exposed LA/mUC, compared to 16% in the
ICI-refractory setting (Girardi et al.) (n= 30).19

Limitations of our analysis include the fact that it
involved only 9 peer-reviewed publications, with most of
these entries available only as abstracts. This limited avail-
ability of full texts complicates the assessment of bias risk.

Furthermore, the ICI-E group had heterogeneity in the
number of prior lines of therapy. Additionally, our analysis
did not find trials comparing the efficacy of ICI + antiangio-
genic combination therapy to single-agent antiangiogenic
therapy, which limits the attribution of benefit. This sug-
gests the need for higher-evidence level trials to fully eluci-
date the individual contribution of the two components
(ICIs and antiangiogenics agents) to the therapeutic value
in LA/mUC.

Our findings support for higher-evidence level trials to
fully elucidate the individual contribution of the two com-
ponents (ICI and antiangiogenic agents) in the treatment
of patients with UC.*”*® The forthcoming results of the
phase 3 MAIN-CAV clinical trial, examining the efficacy
and safety of cabozantinib with avelumab versus avelumab
alone, will be essential to understand the true contribution
of a multi-targeted TKI antiangiogenic agent like cabozan-
tinib in mUC after disease stability or response to platinum-
based chemotherapy.?® The study’s primary endpoint is OS,
with key secondary endpoints including PFS, safety, toler-
ability, and efficacy of cabozantinib plus avelumab com-
pared to avelumab alone, assessed using RECIST 1.1,
iRECIST criteria, and PD-L1 status. Its target completion
date is estimated to be in December 2024.** Looking
ahead, there is a need for more precise patient selection
when exploring antiangiogenics combined with ICIs in
UC. Implementing an immunohistochemical workflow
during the pathological analysis of UC tissues may be feas-
ible compared to the complex and less practical approach of
utilizing UC transcriptome subtypes.** For example,
McConkey and colleagues’ work suggested that patients
with the basal subtype exhibit the best survival rates, poten-
tially indicating a more targeted application for VEGF-
based therapies.’

Conclusion

While the combination of antiangiogenic agents with ICIs
shows promise, particularly for ICI-N patients, the overall
complexity of response patterns necessitates further investi-
gation. Response rates with these combinations were infer-
ior among ICI-E patients, despite substantial variability
among included trials. Limitations include differences in
immune modulation mechanisms among different antian-
giogenic agents, study designs or patient characteristics.
The need to develop therapies for patients with
ICI-refractory mUC is rising especially with recent FDA
approvals of frontline ICI combinations. Elucidating the
role of angiogenesis in ICI resistance in a subset of patients
may allow for better selection in future trials.
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