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Summary

Purpose Sunitinib is a vascular endothelial growth factor receptor (VEGFR) inhibitor with antitumor activity against bladder
cancer. We hypothesized that treatment with sunitinib may decrease progression or recurrence in non-muscle invasive bladder
cancer (NMIBC) refractory to intra-vesical BCG. Patients and Methods This is a single-arm phase II study of sunitinib in patients
(pts) with NMIBC who progressed after BCG. Treatment included sunitinib 37.5 g daily for 12 weeks followed by 124 2-week
cystoscopy and surveillance for one year. The primary endpoint was the complete response rate at 12 months. Secondary
endpoints included recurrence free survival (RFS), progression free survival (PFS), overall survival (OS), and safety of sunitinib.
Correlative studies on effects of sunitinib on myeloid derived suppressor cells (MDSC) and humoral immune responses were also
performed. This trial was registered on ClinicalTrials.gov, number NCTO01118351. Results Between June 2011 and September
2011, 15/19 pts. completed 12 weeks of therapy. The remaining 4 pts. had treatment related adverse events leading to discon-
tinuation of sunitinib with one patient withdrawing consent. On the 12-week cystoscopy, 44% (8/18) of the pts. showed
remission, 50% (9/18) progression and 1/18 recurrence. Overall, 22% (4/18) of pts. remained free of progression for >12 months.
Grade (G) 4 toxicities were noted in 2 pts. (anemia and thrombocytopenia) while G3 were noted in 58%. Sunitinib resulted in
reversal of MDSC mediated immunosuppression. Conclusions In NMIBC refractory to BCG, treatment with sunitinib was safe
but not associated with improved clinical outcomes. The immune effects of sunitinib deserve further investigation.

Keywords Sunitinib - Non-muscle invasive bladder cancer - BCG-refractory - Angiogenesis - MDSC

Introduction

>4 Jorge A. Garcia
garciaj4@ccf.org

Division of Medical Oncology, USC Norris Comprehensive Cancer
Center, Keck School of Medicine, Los Angeles, CA, USA

Urology Department, IMED Valencia Hospital, Valencia, Spain

Department of Internal Medicine, Section of Hematology and
Medical Oncology, Tulane Medical School, New Orleans, Louisiana,
USA

4 Cleveland Clinic, Glickman Urological and Kidney Institute, 9500
Euclid Avenue/R35, Cleveland, OH 44195, USA

Division Hematology/Oncology, University of Virginia School of
Medicine, Charlottesville, Virginia, USA

Department of Solid Tumor Oncology and Urology, Cleveland Clinic
Taussig Cancer Institute, 9500 Euclid Avenue/R35,
Cleveland, OH 44195, USA

Bladder cancer is the sixth most common cancer. In 2018,
81,190 new cases of bladder cancer are estimated to be diag-
nosed and 17,240 of these patients are estimated to die from
this disease, making it a leading cause of cancer deaths in
United States [1].

Approximately 70% of the newly diagnosed cases are non-
muscle invasive cancers including Ta (papillary, 70-75%), T1
(20-25%) and Tis (carcinoma in situ —CIS, 5-10%) tumors
[2]. These non-muscle invasive bladder cancers are primarily
managed with endoscopic resection [3], however, up to 90%
of these patients will have a recurrence within 5 years, if
treated with resection alone [2]. Conventional therapy with
Transurethral Resection of Bladder Tumor (TURBT) follow-
ed by intra-vesical therapy, generally with Bacillus Calmette
Guerin (BCG), reduces the recurrence rate by 30%—40%,
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improving the chances of bladder preservation and avoiding
radical surgery [4—6]. However, 30% to 50% of the patients
fail to respond to BCG treatment or will develop a relapse
within the first 5 years after treatment [7].

Patients with high risk non-muscle invasive disease, with
recurrence or persistent disease after initial treatment with
BCG, have limited therapeutic options in terms of bladder
preservation [8]. Therefore, radical cystectomy, bilateral ex-
tended lymph node dissection and urinary diversion offers the
best chance for cure, at the cost of a higher morbidity [9]. This
opens up an unmet need for alternative treatment regimens in
BCG-refractory non-muscle invasive bladder cancer to de-
crease recurrence and progression of the disease.

Angiogenesis is well-known to play a key role in the sur-
vival, proliferation, and metastatic potential of various cancers
including urothelial cancer [10]. The various markers of an-
giogenesis including Vascular Endothelial Growth Factor
(VEGF) are overexpressed in urothelial cancer patients and
this overexpression is associated with worse prognosis [11].
These observations have led to the investigation of anti-VEGF
agents in bladder cancer. For example, sunitinib has been
shown to have clinical activity in preclinical models of
urothelial cancer [12]. Clinical studies evaluating the role of
sunitinib in metastatic urothelial cancer either alone or as com-
bination have shown modest activity [13, 14]. However, its
ability to decrease progression or recurrence in non-muscle
invasive bladder cancers has not been evaluated. We hypoth-
esize that treatment with sunitinib in BCG-refractory patients
will be efficacious and safe. To this end, we conducted a single
center phase II trial to evaluate the clinical activity and safety
of sunitinib in patients with BCG-refractory non-muscle inva-
sive transitional cell carcinoma (TCC) of bladder.

Patients and methods
Patient population

Patients were enrolled in the study at the Cleveland Clinic
between June 2011 and September 2011. Patients were at least
18 years of age with histologically proven non-muscle inva-
sive TCC of the bladder (TaHG, T1HG, or Tis) which had
recurred after treatment with intra-vesical BCG. Prior admin-
istration of other intra-vesical therapy within 3 years of regis-
tration was allowed. Additional inclusion criteria included
European Cooperative Oncology Group (ECOG) perfor-
mance status of 0—1 and predefined hematological criteria.
Patients with history of systemic chemotherapy at any time
for bladder cancer or history of radiation therapy or systemic
therapy for any malignancy within 3 years of registration were
excluded. Patients with prior use of any immunomodulatory
or VEGF inhibitors were not eligible. Patients with a major
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cardiovascular event in the 6 months prior to study enroll-
ments were also excluded.

Study design and treatment

This was a single arm open label phase II clinical study con-
ducted at Cleveland Clinic. A single stage accrual design was
employed and sunitinib administered at a dose of 37.5 mg
orally once daily for 12 consecutive weeks (total 3 cycles;
1 cycle =4 weeks). This continuous dosing schedule was se-
lected due to its demonstrated equivalent efficacy and safety
compared to an intermittent 4 weeks on, 2 weeks off schedule
in renal cell carcinoma [15, 16].

All patients were evaluated at baseline, each cycle during
treatment phase, and had a 2-week follow-up cystoscopy after
the end of 12 weeks of treatment with sunitinib. Cystoscopic
evaluations and urinary cytology were performed every
3 months for one year thereafter. Subsequent transurethral
resection of bladder tumor (TURBT) were performed at the
discretion of the treating urologist.

The Cleveland Clinic Institutional Review Board reviewed
and approved the study, which was conducted per the
Declaration of Helsinki in accordance with the World
Medicines Association and its amendments. All patients pro-
vided written informed consent before enrollment.

Correlative studies

Serum / plasma correlative studies were performed before
treatment and at day 28 of each cycle of therapy and included
peripheral blood assessment of MDSC, regulatory T cells
(Treg) and cytokines to evaluate Th1 humoral response.

Laboratory methods

The underlying biological effect of sunitinib on immunosup-
pressive MDSCs, type 1 immune response and changes in the
proportion of Treg were assessed over time; however, the
primary focus was the change after one cycle of therapy.
MDSC were identified by two criteria, CD15%14" and
CD33* while T cell production of IFN-y was used to evaluate
type 1 response.

Peripheral blood mononuclear cell (PBMC) were isolated
from peripheral blood (60 mL) before sunitinib treatment (cy-
cle 1, day 1) and on day 28 after each cycle of treatment, and
from age matched normal (AMN) donors using the ficoll-
hypaque gradient and then frozen in liquid nitrogen.
Samples were thawed in a 37 °C bath for analysis after all
time points for a given patient were obtained. Thereafter, cells
were washed at room temperature (25 °C) with 20 ml of com-
plete medium (RPMI 1640+ 10% fetal bovine serum), centri-
fuged at 1500 rpm for 10 min and suspended in the medium.
The cells were plated in 6-well tissue culture plates (BD
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Falcon™) and incubated at 37 °C in 5% CO2 overnight. For
the analysis of type-1 and type-2 response, patients’ samples
were run for T cell activation and cytokine production with
PBMC from AMN donors as a positive control.

Type-1 and Type-2 cytokine response assessment PBMCs
were unstimulated (no addition) or stimulated for 72 h at
37 °C, 5% CO2 with 25 ul of Dynabeads™ CD3/CD28 T
Cell Expander Beads (Dynal) per 1 x 106 PBMCs and
200 p/ml rhIL-2. At the end of 72 h, Golgi plugs were added
to the cells for 6 h to prevent cytyokine secretion. To detect
intracellular levels of IFN vy and IL-4 the unstimulated and
stimulated PBMCs were harvested and the wells rinsed with
1xPBS. Thereafter, cells were centrifuged at 1500 rpm for
10 min, resuspended in FACS Buffer (2% Heat Inactivated
FBS + 1xPBS) and stained with CD3-APC (BD
Pharmingen) and CD4-PerCP (BD Pharmingen) for 30 min,
4 °C. The cells were permeabilized with BD CytoFix/
Cytoperm™ Solution (BD Pharmingen) for 30 min at 4 °C.
Next cells were washed with BD Perm/Wash™ Solution (BD
Pharmingen), resuspended in the same solution, and stained
for intracellular IFN-g using IFNg- FITC mAb (BD
Pharmingen) and intracellular IL-4 using an IL4-PE mAb
(BD Pharmingen) for 30 min, 4 °C. The cells were fixed in
1% paraformaldehyde in 1xPBS and the data acquired on the
BD FACSCalibur machine. Data analysis was performed
using the FlowJo Software (Tree Star, Inc./FlowJo LLC).
Non-stimulated cells from each donor served as a negative
control. Additionally, specificity of cytokine staining was con-
firmed in each sample via subtraction of any non-specific
staining occurring in samples pretreated with unlabeled anti-
cytokine antibodies.

For the analysis of T regulatory cells in patient PBMCs,
samples were thawed, washed and resuspended in complete
RPMI and incubated overnight. The following day, surface
marker staining of CD3, CD4, and CD25 was done in normal
FACS buffer for 30 min. Cells were then permeabilized for
30 min with BD Fix/Perm, and then stained for Foxp3 in BD
Perm/Wash solution for 30 min. All staining and perme-
abilization steps were done at4 °C. Cells were then resuspend-
ed in 1% PFA and subjected to FACS analysis. Data was
acquired using Cellquest on a BD FACSCalibur, and analyzed
using Flow Jo software (Tree Star Incorporated, Ashland,
OR). At least 300,000 live cell events were collected for each
tube used in analysis. Results were expressed as percentage of
CD25 + hi/Foxp3+ cells out of total CD3+/CD4+ viable cells.

Statistical analyses

The primary endpoint of this trial was to assess the complete
response rate at 12 months in patients with BCG-refractory
TCC treated with sunitinib for a maximum of 12 weeks. The
complete response was defined as the absence of gross tumor

on cystoscopy, negative biopsy, and negative urine cytology.
Secondary endpoints included safety assessment along with
recurrence free probability, progression free probability and
overall survival. Survival outcomes were measured from date
of registration. A total of 31 patients were required to detect a
45% complete response rate (as compared to historical 20%)
with a statistical power of 80% and a two-sided p value of
0.05. A single stage accrual design was employed however
efficacy was monitored periodically to allow for early closure
of the trial in case of high recurrence or progression rates. It
was predefined that consideration to early closure of the trial
will be given if 8 or more of the first 10 patients relapse or
progress within 12 months.

Baseline characteristics were summarized as numbers and
percentages for categorical variables and as medians with in-
terquartile ranges for continuous variables. Survival endpoints
were summarized with the Kaplan-Meier method. Toxicity
was assessed, graded and tabulated using NCI CTCAE ver-
sion 3.0.

Exploratory analyses evaluating the effect of sunitinib on
the levels of MDSC, Treg and Thl responses, were also per-
formed. At baseline these levels were compared to AMN do-
nors using Wilcoxon rank-sum test and subsequently evaluat-
ed post-treatment using Wilcoxon signed-rank test. All tests of
statistical significance were two-sided and there was no ad-
justment for multiple comparisons. These analyses were ex-
ploratory in nature and it is acknowledged that the trial was
adequately powered statistically to detect only fairly large
effects.

Results
Baseline patient characteristics

Nineteen patients were enrolled in the study. Table 1 summa-
rizes baseline patient and disease characteristics at enrollment.
Median age was 72 years (range 54-82), 79% (15/19) male,
and 95% having an ECOG performance status of 0. All pa-
tients had T1 disease. Six (32%) patients had prior intra-
vesical treatment with BCG only while the remaining 68%
(13/19) had exposure to multiple intra-vesical agents in addi-
tion to BCG, primarily interferon-«2b and / or mitomycin-C.
Two patients had prior radiotherapy, one to the prostate and
the other to mediastinum and lymph nodes.

Treatment exposure and efficacy

Fifteen patients (79%) completed the full 12 weeks of therapy
with sunitinib, 3 patients discontinued therapy early due to
AEs while one patient withdrew from the trial after being on
treatment for 15 weeks. This patient was excluded from the
endpoint analysis. Overall 44% (8/18) of the patients
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Table 1  Baseline clinical characteristics
Characteristic N (%)
Gender
Male 15 (79%)
Female 4 (21%)
Age, years; Median (Range) 72 (54-82)
ECOG PS
0 18 (95%)
1 1 (5%)
Pathological T1 Stage 19 (100%)
Prior Intra-vesical Therapy (BCG + other therapies)
BCG only 6 (32%)
BCG and other therapies 13 (68%)
IFN-o2b 9 (47%)
Mitomycin-C 7 (37%)
Thiotepa 1 (5%)
Docetaxel 1 (5%)
Prior Radiation Therapy
No 17 (89%)
Yes® 2 (11%)

*RT to prostate - #7; RT to mediastinum and lymph nodes - #17

® mitomycin-C and IFN-&2b were the only additional therapy for 3 and 6
patients, respectively; 2 patients were exposed to both agents; one patient
had prior mitomycin-C and thiotepa; and one patient had prior mitomy-
cin-C, IFN-a2b, and docetaxel

remained without evidence of disease at the 12-week cystos-
copy (95% CI 20-67%), one patient had recurrence (urinary
cytology showed atypical cells suggestive of urothelial can-
cer), while the remaining 9 patients (50%) had progressed.

Accrual to the study was suspended and trial was prema-
turely closed due to a predefined futility rule that was part of
the study’s initial statistical design. At 12-month mark (prima-
ry endpoint), a total of four patients (4/18) remained without
evidence of cancer. Hence, overall 78% (14/18) of the
evaluable patients had progressed with an estimated median
time to progression of 4.7 months from the 12-week cystos-
copy. The median follow-up was 14.9 months (range 3.4—
27.9).

Safety and tolerability

The most frequently reported treatment related adverse events
are described in Table 2. All the enrolled patients received at
least some treatment and therefore all 19 are included in the
assessment of AEs. Clinically significant toxicity (G3/4) was
noted in 13 patients.

Thrombocytopenia was the most frequent adverse event,
noted in nearly 90% of the patients, with one patient having
G4 toxicity. Apart from this, the only other G4 AE considered
possibly related to treatment was anemia in one patient.

@ Springer

Eleven patients (58%) had G3 AEs, primarily hypertension
noted in 6 patients (32%). The other G3 AEs included throm-
bocytopenia, diarrhea, leukopenia (including neutropenia and
lymphopenia) and rash. G2 AEs were noted in the remaining 6
patients (32%). Three patients discontinued treatment due to
the AEs including a worsening leg ulcer, G2 and G3 throm-
bocytopenia and G2 generalized malaise with arthralgias.

Immunologic markers

Nine patients (50%) treated on this trial had pre-treatment and
cycle 1, 2, and 3 data on immunologic markers. In addition,
data from 10 to 22 healthy control subjects were available.
Table 3 summarizes baseline immunologic differences be-
tween the health control subjects and bladder cancer patients
on this trial. The two groups differed in that cancer patients
had significantly more MDSC than the control subjects
(p=.001 for CD15 + CD14-MDSC and p <.001 for CD33+
MDSC), but less ability to mount a Thl response as demon-
strated by significantly fewer CD3+ or CD4+ IFN-y produc-
ing T-Cells (p<.001 for CD3+ and p =.002 for CD4+). The
number of cancer patients is small, however there was no
suggestion that the two groups differed with respect to the
presence of Treg (p = .40) prior to treatment with sunitinib.

Table 3 also summarizes changes in these parameters fol-
lowing 1, 2, and 3 cycles of treatment. In aggregate, sunitinib
resulted in a sustained increase (compared to pre-treatment) in
CD3+ and CD4+ IFN-y producing T-cells (p <0.01 and
p <0.07 respectively). In addition, there was a significant de-
crease in CD33+ MDSC following cycles 2 and 3 of therapy
(p <0.008 and p < 0.04). There was also a significant decrease
in Treg following 2 cycles of therapy (p = 0.04); however, it
was not maintained during cycle 3 (p =0.36).

Discussion

This phase II trial is one of the first studies to explore the role
of a VEGEF inhibitor in BCG refractory non-muscle invasive
TCC of the bladder. The treatment with sunitinib failed to
show an improvement in progression free survival in this pop-
ulation leading to premature discontinuation of the trial. There
was a sunitinib associated reduction in tumor induced immu-
nosuppression as evidenced by improved effector T cell func-
tion and decrease in MDSC. An evolving understanding of the
critical role of the tumor microenvironment in supporting the
growth, invasion and migration of tumors, and immune-
escaping has led to widespread evaluation of anti-angiogenic
agents in cancer trials [17]. VEGF pathway particularly plays
an important role in tumor growth not only by promoting
tumor-associated angiogenesis but also through its negative
effect on the host antitumor adaptive immunity by promoting
suppressive myeloid cells [18]. Sunitinib not only inhibits
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Table 2 Adverse Events (AE)

considered at least possibly relat- AE Grade 1 Grade 2 Grade 3 Grade 4 Any Grade

ed to treatment
Thrombocytopenia 11 2 3 1 17 (89%)
Taste Alterations 12 4 - - 16 (84%)
Fatigue 10 4 - - 14 (74%)
Leukopenia 5 7 1 - 13 (68%)
Diarrhea 10 1 2 - 13 (68%)
Heartburn 9 3 - - 12 (63%)
Rash/PPE 4 5 1 - 10 (53%)
Mucositis 5 5 - - 10 (53%)
Hypertension - 2 6 - 8 (42%)
Anemia 5 2 - 1 8 (42%)
Neutropenia 1 6 1 - 8 (42%)
Lymphopenia 3 2 2 - 7 (36%)
Dermatologic other than Rash/PPE 6 - - - 6 (32%)

angiogenesis, but has also been shown to reverse the tumor-
mediated immunosuppression by decreasing the MDSC and
Treg, and improving effector T cell function [18]. These ob-
servations provide the rationale to investigate its use in BCG-
refractory non-muscle invasive bladder cancer which may
have escaped the host antitumor immune response triggered
by BCG treatment.

Although sunitinib has shown clinically activity in multiple
solid tumors [19-21] and is a standard first line treatment for
metastatic renal cell carcinoma [22], its evaluation in bladder
cancer is either lacking or has met with rather disappointing

Table 3  Immunological markers

results in the advanced setting. A single institution, open labeled,
single arm trial evaluated two different dosing cohorts (intermit-
tent and continuous) of sunitinib in refractory metastatic
urothelial cancer (UC). Although the primary end point of the
trial, overall response rate (ORR) of 20%, was not met in either
cohort, antitumor activity (eight patients with tumor reduction
>20%) was observed [13]. The PFS (2.4 and 2.3 months) and
OS (7.1 and 6.0 months) were similar, irrespective of the inter-
mittent or continuous dosing schedule of sunitinib, respectively.
Although these results were not encouraging and only included a
small subset of patients re-staged after 2 cycles of treatment, they

A. Bladder Cancer vs. Healthy Controls

Controls Bladder Cancer

Marker N Mean + s.d. Median  Range N Mean + s.d. Median Range p
CDI5 + 14MDSC 10 0.19 + 0.11 0.16 0.05-0.41 9 5.68 + 1049 237 0.17-32.29 .001
CD33+ MDSC 10 1.14 + 0.79 1.00 0.24-2.66 9 795+ 10.57 443 1.32-35.66 <.001
Treg 22 145+ 0.54 1.45 0.44-2.77 9 2.11 + 1.57 2.00 0.53-5.06 40
CD3+ IFN- o2b 21 18.01 + 6.41 16.22 10.85-31.52 9 9.13 +4.35 8.79 2.86-17.87 <.001
CDA4+ IFN- o2b 21 16.44 + 6.14 15.13 7.23-27.92 9 8.18 +4.45 7.28 2.78-18.81 .002

B. Relative Changes Following 1, 2 and 3 Cycles of Therapy (n =9 patients in all cases)

C1 D28 vs Pre-Treatment®

C2, D28 vs Pre-Treatment®

C3, D28 vs Pre-Treatment®

Marker Median (Range) P Median (Range) Vo Median (Range) Ve
CDI15+ 14MDSC ~ —33.2% (—86.5, 562.7) 73 —55.6% (-96.5-107.9) .16 54% (—91.6-297.4) 73
CD33+ MDSC —28.6% (-78.9, 37.5) 30 —40.9% (-91.1-6.6) .008 —38.8% (—83.2-31.1) .04
Treg —10.7% (—40.9-35.9) 57 —8.4% (—54.47.8) .04 —20.3% (-61.0-107.1) .36
CD3+ IFN- «2b 38.9% (—21.3-157.7) .01 65.4% (8.2-338.5) .004° 50.8% (—13.1-214.5) .03
CD4+ IFN- «2b 38.1% (—23.2-159.4) .07 54.9% (8.0-229.9) .004° 24.5% (—24.5-191.9) .05

#Negative values indicate a decrease compared to pre-treatment, positive values an increase

° Wilcoxon signed rank test

€ All 9 patients had an increase compared to baseline
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were similar to those observed with other existing second-line
treatments. These small improvements in PFS and OS merited
the biologic research which proposed VEGF pathway as poten-
tial therapeutic target in bladder cancer. Another study in patients
with metastatic UC evaluated the role of sunitinib as maintenance
therapy to consolidate the response of chemotherapy and delay
disease progression [23]. The study was closed prematurely due
to slow accrual and maintenance sunitinib did not appear to
improve progression free survival. Hence, the role of VEGF
directed therapy in the treatment of advanced bladder cancer
remains to be defined. Similar studies evaluating the role of
VEGEF directed therapies in non-muscle invasive bladder cancer,
which account for 70% of the bladder cancers, are however
lacking. The present study evaluated the effect of sunitinib on
clinically relevant endpoints as well as its effect on reversing
tumor-induced immunosuppression. Apart from the limitations
of a small, single-arm trial design conducted at a single institu-
tion, a few other explanations may be offered for these results.

Firstly, the pathogenesis of bladder cancer is believed to
progress along two divergent biologic pathways with superfi-
cial lesions showing up regulation of BFGF, IL-8 and EGFR
while VEGF appears to be significantly up regulated only at
later stages in the development of muscle-invasive TCC [24].
The studies which correlated microvessel density (MVD), a
quantitative surrogate of angiogenesis, to worse outcomes in-
cluding progression, metastases and decreased survival were
predominantly in patients with advanced bladder cancer
[25-27]. Subsequent studies have highlighted a significant
step up in angiogenic factors, like VEGF, from non-muscle
invasive to muscle invasive disease suggesting an increasingly
important role [28]. Even within non-muscle invasive disease,
MVD has been shown to have a strong association with clin-
ical stage. [29] Hence it is possible that angiogenesis in non-
muscle invasive bladder cancers may not be as critical a driver
of tumorigenesis as compared to advanced disease. However,
the VEGFR expression was not evaluated in the present study
and therefore a definitive conclusion cannot be drawn.

Also, the final angiogenic phenotype of the tumor is deter-
mined by the balance of pro-angiogenic and anti-angiogenic
factors in the body. As noted above, non-muscle invasive
bladder cancers may exhibit lower levels of pro-angiogenic
factors like VEGF. Concurrently, studies in non-muscle inva-
sive bladder cancers have shown a significant increase in the
amount of thrombospondin-1, a natural anti-angiogenic mol-
ecule compared to invasive disease [28]. This imbalance may
set the stage for a subdued response to an anti-angiogenic
therapy. The expression of these angiogenesis markers were
not assessed in this study and therefore this explanation re-
mains hypothesis generating.

Biological rationale to combine VEGF inhibitors with oth-
er agents exists, and future studies should focus on investigat-
ing the effect of these potential combination therapies on clin-
ical outcomes. The use of anti-angiogenic agents have
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improved OS in colorectal [30] and non-small cell lung cancer
[31] and disease-free survival in breast cancer [32] when com-
bined with chemotherapy. The rationale for this comes from
the vascular normalization theory where the pruning of abnor-
mal leaky tumor vasculature by anti-angiogenic agents im-
proves tumor blood flow by host vasculature and synergizes
the effects of chemotherapy [33]. An ongoing randomized
phase III trial is evaluating the combination of chemotherapy
with bevacizumab, a VEGF inhibitor in patients with metasta-
tic or advanced TCC [34].

While systemic chemotherapy has no established role in
treatment of non-muscle invasive bladder cancer, its combina-
tion with anti-angiogenic therapy may merit further evaluation
as a viable alternative to radical cystectomy especially in high
risk BCG refractory disease.

Immune checkpoint inhibitors (ICI) are changing the treat-
ment landscape of advanced urothelial cancer, with multiple
ICI now approved in metastatic setting [35]. Similarly, several
ongoing trials are evaluating the role of ICI in non-muscle
invasive bladder cancer patients with BCG refractory disease
[36-38]. Although ICI have shown clinical activity in ad-
vanced urothelial cancer, only a subset of patients responds
to the treatment [35]. Understanding the biology and treatment
options for these ICI refractory patients is an area of active
research. An evolving concept in cancer immunotherapy is
that of tumor induced immature myeloid precursors, MDSC,
which can inhibit T cell function directly as well as indirectly
via induction of Treg [39, 40]. . Hence the combination of
VEGEF inhibitors to enhance the clinical efficacy of ICI has
been suggested and is the rationale for several ongoing trials in
solid tumors including urothelial cancer [41, 42]. In the pres-
ent study, sunitinib has shown the ability to decrease the num-
ber of MDSC and increase Treg, thereby reversing the tumor
induced immunosuppression, in line with previous studies
[18]. These data provide the rationale to investigate the com-
bination of sunitinib with ICI in future.

Recent studies also showed enhancement of the BCG-
mediated cytotoxicity by sunitinib through the apoptosis path-
way and may offer another combination approach to improve
outcomes [43]. These findings led to the clinical trial which
evaluated the combination of BCG and sunitinib in high risk s
non-muscle invasive bladder cancer patients [44]. Patients re-
ceived induction BCG followed by 28 days of sunitinib. This
study showed that the combination of BCG with sunitinib is
active in non-muscle invasive bladder cancer with two thirds
of patients achieving complete responses, and lower risk of
recurrence and progression. Despite the lack of a comparator
arm, these provocative results warrant further investigation of
this combination.

In summary, sunitinib monotherapy does not appear to
have meaningful clinical efficacy in the management of pa-
tients with BCG-refractory non-muscle invasive TCC of the
bladder. The correlative studies from this trial offer
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preliminary evidence that sunitinib can reverse MDSC de-
rived immunosuppression, providing a rationale to investigate
combinations of inhibitors of VEGF with novel immunother-
apeutics in refractory non-muscle invasive disease.
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