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LEARNING OBJECTIVES

1.   Review methods for predictive biomarker development in bladder cancer.

2. Recognize the role of predictive biomarkers to guide clinical decision making.

3. Review the clinical significance of FGFR3, HER2, HRR gene mutations and MSI-high 
in metastatic bladder cancer

4. Discuss how these biomarkers influence prognosis and therapeutic decision-making



Setting the Stage: 
Historical Treatment Paradigms & 

Novel Drug Development in 
Bladder Cancer



>80,000 new cases/year in North America
• 3 men:1 women ratio
• Cancer death: 8th leading cause in males, 11th in females
• At diagnosis, 70-80% localized to the superficial layers of wall (NMIBC) 
• Remaining are muscle-invasive or metastatic
• > 600,000 patients alive with the disease
• Recurrence rate 70-80% within 2 years

Of all cancers, bladder cancer has the greatest lifetime 
treatment cost per patient diagnosed (US)  $230,000

$6 billion annually in US 



NMIBC:
• Risk Stratification important

• Low- observation
• Intermediate/high- intravesical tx
• Very high- radical cystectomy

MIBC:
• One-size fits all

• Neoadjuvant chemo(immune)therapy  radical cystectomy
• Chemoradiation for non-cystectomy candidates



Gleason 5+5 Prostate Cancer (12/12 cores) High Grade T1 Bladder Cancer

■ 5-year CSS 80% ■ 5-year CSS 80%



TIMELINE OF FDA APPROVALS FOR NMIBC
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Cretostimogene
BOND-003 

IMFINZI 
(durvalumab)

 + BCG
POTOMAC 

Sasanlimab 
+ BCG
CREST 

TECENTRIQ 
(atezolizumab)

 + BCG
ALBAN

KEYTRUDA 
(pembrolizumab) + 

BCG
KN676 Cohort B

KEYTRUDA 
(pembrolizumab) + 

BCG
KN676 Cohort A

UGN-102
ENVISION

ANKTIVA + BCG
QUILT-2.005

Ex-US

Ex-US

NDA submission 
completed in Sept 2024 

and a potential decision 
from the FDA is expected 

as early as Q1 2025 as 
per company guidance

BALVERSA 
(erdafitinib)** 

THOR-2

Cretostimogene
PIVOT-006

TAR-210
MoonRISe-1

TAR-200 +/- 
cetrelimab 
SunRISe-3

TAR-200 
SunRISe-5
(Papillary)

TAR-200* 
SunRISe-1

EG-70 
 LEGEND
Cohort A

BCG-recurrent BCG-unresponsive

Low grade Intermediate 
Risk Intermediate-risk

Assumed potential data readout 
(based on PCD) and approval (6 mo after PCD) 

 Company guided data readout and approval 

*Accelerated approval conditional on data readout and filing 
**Unknown registrational potential

Adstiladrin
ABLE-32

BCG Naive

https://classic.clinicaltrials.gov/ct2/show/NCT04452591
https://classic.clinicaltrials.gov/ct2/show/NCT03528694
https://classic.clinicaltrials.gov/ct2/show/NCT04165317
https://classic.clinicaltrials.gov/ct2/show/NCT03799835
https://classic.clinicaltrials.gov/ct2/show/NCT03711032
https://classic.clinicaltrials.gov/ct2/show/NCT03711032
https://classic.clinicaltrials.gov/ct2/show/NCT05243550
https://classic.clinicaltrials.gov/ct2/show/NCT02138734
https://classic.clinicaltrials.gov/ct2/show/NCT04172675
https://classic.clinicaltrials.gov/ct2/show/NCT06111235
https://classic.clinicaltrials.gov/ct2/show/NCT06319820?term=Bladder+Cancer+OR+NMIBC+OR+MIBC+OR+Urothelial+Cancer+OR+Urothelial+Carcinoma
https://classic.clinicaltrials.gov/ct2/show/NCT05714202
https://classic.clinicaltrials.gov/ct2/show/NCT06211764
https://classic.clinicaltrials.gov/ct2/show/NCT04640623
https://classic.clinicaltrials.gov/ct2/show/NCT04752722
https://clinicaltrials.gov/study/NCT06510374?term=ABLE-32&compareMode=sideBySide&rank=1


Trial BOND-003 CORE-001 LEGEND SunRISe-1 QUILT 3.032 NCT02773849 KEYNOTE-
057 

Agent Cretostimogene 1 Cretostimogene + 
Pembrolizumab 2,3 EG-70 4 TAR-200 5 N-803 + BCG 6 Nadofaragene 7-9 Pembrolizumab 10-

12

MOA Oncolytic Immunotherapy
Oncolytic 

Immunotherapy + 
Checkpoint inhibitor 

RIG-1 Agonist + 
IL-12 

Gemcitabine 
Delivery System IL-15 + BCG

Gene 
Therapy Secreting 

IFN
Checkpoint Inhibitor

Route Intravesical Intravesical + 
Intravenous Intravesical Urinary placement 

catheter/ procedure Intravesical Intravesical Intravenous

Stage Phase 3
Enrollment Complete

Phase 2 
Complete 

Phase 1/2 
Ongoing Phase 2 Ongoing Approved Approved Approved

Sample 
Size N=112 N=35 N< 24 (Phase 1)

N ≈ 100 (Phase 2) N=85 N=77 N=98 N=96

CR at 
Any Time

75% (79/105)
[95% CI: 65% - 83%]

83% (29/35)
[95% CI: 70%-95%]

71% (15/21) 
[95% CI: not 

reported]

84% (71/85) 
[95% CI: 74% - 91%]

62% (48/77)
[95% CI: 51% - 73%]

51% (50/98)
[95% CI: 41% -

61%]

41% (39/96)
[95% CI: 31% -

51%]

DoR of 12M
(ITT) Not Reported 66% (19/29)

[95% CI: 46%-81%] Not Reported Not Reported 58% 46% 46% 

DoR of 12M
(K-M Est) Not Reported 82%

[95% CI: 61%-92%] Not Reported 66% 
[95% CI: 45% - 80%] Not Reported Not Reported Not Reported

Safety 
Profile

0% Grade 3+ TRAE 

0% treatment-
related discontinuation 

95% receive all protocol 
treatments 

0% Grade 3+ creto-
related AE

irAEs exclusively 
pembro-associated

5 unrelated 
treatment d/c

0% Grade 3+
TRAEs 

No treatment-related 
d/c

9% Grade 3 TRAE 

6% serious TRAE 

6% treatment-
related d/c

16% SAE 

7% treatment-
related d/c

4% Grade 3+ TRAE 

11% SAE 

2% treatment-
related d/c

13% Grade 3 or 4 
TRAE 

28% SAE 

11% treatment-
related d/c

Cost ? ? ? ? $$$$ $$$$ $$$



Protein active  in 
transfected cells 

Released into 
microenvironment



• Adstiladrin (nadofaragene 
firedenovec)- recombinant 
adenovirus + INFα

• Baseline and 3-month serum 
anti-adenoviral antibody 
titers predicted response

Mitra 2022



Treatment Landscape of Metastatic Urothelial Carcinoma

Kwon W & Lee M. Cancers. 2024 Dec 5;16(23):4078.



Checkmate 901

Van der Heijden MS et al. N Engl J Med 2023; 389:1778-1789



EV-302 

Powles T et al. N Engl J Med 2024;390:875-888



Targeted therapy for Treatment of 
Metastatic Urothelial Carcinoma



The Cancer Genome Atlas Research Network. Nature. 507, 315-322 (2014)



The Cancer Genome Atlas Research Network. Nature. 507, 315-322 (2014)



The Cancer Genome Atlas Research Network. Nature. 507, 315-322 
(2014)



Fibroblast growth factor receptors (FGFRs)

FGFR alterations are ubiquitous in UC 

80% of the FGFR alterations in NMIBC and almost half 
of the alterations in MIBC 

FGFR alterations occur in 20% of the patients with 
advanced urinary bladder UC and up to 37% of the 
upper tract

Of the FGFR3 mutations, S249C is the most common, 
accounting for up to half of these mutations

Mutations in FGFR, which belongs to the family of 
tyrosine kinase receptors, downstream signaling via 
the RAS/MAP3K/PI3K pathway, ultimately leading to 
cell proliferation

Mohanty SK et al. J Pers Med. 2023 Apr 28;13(5):756



Phase III THOR Study: Erdafitinib or Chemotherapy in Advanced or Metastatic Urothelial 
Cancer

Loriot Y et al. N Engl J Med 2023; 389:1961-1971



Loriot Y et al. N Engl J Med 2023; 389:1961-1971



Loriot Y et al. N Engl J Med 2023; 389:1961-1971



Siefker-Radtke et al. Ann Oncol. 2024 Jan; 35(1):107-117



Siefker-Radtke et al. Ann Oncol. 2024 Jan; 35(1):107-117





Human epidermal growth factor receptor 2 (HER2)

• Transmembrane tyrosine kinase receptor – cell proliferation, differentiation and 
survival

• Breast, gastric, biliary tract, bladder, pancreatic and gynecologic tumors
• Biologically aggressive tumor, poor prognosis, risk of disease recurrence
• SOC for unresectable metastatic breast, gastric, GEJ, non-small cell lung cancer

Meric-Bernstam et al. JCO Oct 2023



DESTINY-PanTumor-02

Meric-Bernstam F et al. J Clin Oncol. 2023 Oct 23;42(1):47-
58



DESTINY-PanTumor-02

Kaplan-Meier estimates of OS; Bladder cancerKaplan-Meier estimates of PFS, Bladder cancer

Meric-Bernstam F et al. J Clin Oncol. 2023 Oct 23;42(1):47-
58





Homologous Recombination Repair (HRR)

• 10%-20% of urothelial carcinomas harbor mutations in HRR-related genes
• Somatic mutation (ERCC2) confers platinum sensitivity
• (HR-DDR) genes (ARID1A, ATM, ATXR, BA1, BARD1, BLM, BRCA1/2, BRIP1, CHEK1/2, 

FANCA/C/D2/E/F/G/L, MRE11A, NBN, PALB2, RAD50, RAD51, RAD51B, WRN)
• Bladder cancer had a 23.9% frequency of mutations in HR-DDR genes. 
• BRCA1 and BRCA2 mutations >> 2.99% and 4.48% respectively.



Phase II Trial of Olaparib in Patients With Metastatic Urothelial 
Cancer Harboring DNA Damage Response Gene Alterations

Doroshow DB et al. JCO Precision Oncology. July 2023.

• N=19 with mUC
• Trial closed early before slow 

accrual 
• 47% had previous cisplatin 

chemo
• 53% had HR gene alterations
• 42% had BRCA2 mutation
• No patients achievedPR 
• The median PFS 1.9 months (0.8 

– 16.1) 
• The median OS 9.5 months (1.5 – 

22.1)



Efficacy and safety of rucaparib in previously treated, locally 
advanced or metastatic urothelial carcinoma from a phase 2, 
open-label trial (ATLAS)

Grivas P et al. BMC Cancer. 2021 May 24;21:593.



The Meet-URO12 Randomized Phase 2 Trial

• To compare maintenance treatment with the PARP inhibitor niraparib plus best supportive 
care (BSC) versus BSC alone in patients with advanced UC without disease progression 
after first-line PBCT.

• Randomized (2:1) to experimental arm A (niraparib 300 or 200 mg or control arm B (BSC 
alone).

• The primary endpoint was progression-free survival (PFS)
• Fifty-eight patients were randomized (39 in arm A and 19 in arm B)
• The median PFS was 2.1 mo in arm A and 2.4 mo in arm B (hazard ratio 0.92; 95% 

confidence interval 0.49-1.75, p = 0.81)
• The 6-mo progression-free rates were 28.2% and 26.3%, respectively
• Addition of maintenance niraparib to BSC after first-line PBCT did not demonstrate a 

significant improvement in PFS in patients with UC.

Vignani F et al. Eur Urol. 2023 Jan;83(1):82-89.



Eso Y et al. Journal of Gastroenterology, volume 55, pages 15-26, (202



Prevalence of dMMR/MSI/TMB-H in GU tumors

Chandran EBA et al. BMJ Oncology. 2024;3:e000335. Abida W et al. JAMA Oncol. 2019;5(4):471–478

MSI-H/dMMR

lower tract bladder cancer upper tract bladder cancer
prostate cancer renal cell cancer

8.95%

2.3

3.1%

1%



AUA Guidelines 2023



Maio M et al. Annals of oncology Volume 33, Issue 9, Sep 2022

KEYNOTE-158



Maio M et al. Annals of oncology Volume 33, Issue 9, Sep 2022





Case 
51 yr old M with history of prostate cancer in 2020 s/p surgery with Gleason 4+5=9, 
pT3b pN0. Six months after surgery, met to pelvic nodes. Started him on Lupron and 
enzalutamide. PSA became undetectable. 
NGS >> Mismatch repair deficient, MSI high and TMB 23 mut/Mb. Germline 
positive. 
Sep 2023: surveillance CT scan showed a partially calcified polypoid filling defect 
within the left renal collectin system measuring 1.4 cm x 0.7 cm
underwent left ureteroscopy and biopsy. Path confirmed high grade papillary 
urothelial carcinoma
Pembrolizumab was given for one year
underwent left ureteroscopy with biopsy >> normal without concerning masses or 
lesions
CT scan >> complete remission
ctDNA was negative



Before Immunotherapy After Immunotherapy



Neoadjuvant PD-1 Blockade in Mismatch Repair-Deficient, Localized High-
grade Urothelial Carcinoma



Artificial Intelligence Histopathology 
in Bladder Cancer





USE OF AI IN BLADDER CANCER

Detection
• Cystoscopy
• Imaging (CT, MRI, US)

Diagnosis
• Histopathology & cytology
• Molecular biomarkers

Outcomes Prediction
• Post-operative morbidity/mortality

GOAL: risk-stratification, optimizing patient selection for effective agents, minimize morbidity

Ikeda EAU 2023; Laurie 2023



AI Histopathology: How it Works



Development of an artificial intelligence-derived histologic signature associated with adjuvant 
gemcitabine treatment outcomes in pancreatic cancer

Proof of Concept- Pancreatic Cancer
• Pancreatic cancer lacks actionable biomarkers for 

precision therapy 
• Evaluated AI-path vs. RNA-based subtypes to 

predict response to AC in PDAC:
• Training set + external validation of AI-path 

signature
• AI-path outperformed 3 established RNA 

subtypes
• Not prognostic in an untreated cohort

Nimgaonkar 2023



Predicting Response to Intravesical Bacillus Calmette-Guerin in HR-NMIBC Using an Artificial 
Intelligence–Powered Pathology Assay: Development and Validation in an International Cohort

Computational Histology AI (CHAI) accurately identifies specific cell/tissue types

Lotan et al., J Urol 2024



Predicting Response to Intravesical Bacillus Calmette-Guerin in HR-NMIBC Using an Artificial 
Intelligence–Powered Pathology Assay: Development and Validation in an International Cohort

Lotan et al., J Urol 2024

Cell/tissue segmentation 
agnostic to slide scanner 

(8 models)



Predicting Response to Intravesical Bacillus Calmette-Guerin in HR-NMIBC Using an Artificial 
Intelligence–Powered Pathology Assay: Development and Validation in an International Cohort

Lotan et al., J Urol 2024



Predicting Response to Intravesical Bacillus Calmette-Guerin in HR-NMIBC Using an Artificial 
Intelligence–Powered Pathology Assay: Development and Validation in an International Cohort

Computational Histology AI (CHAI) outperforms clinical risk 
stratification for NMIBC response to BCG Lotan et al., J Urol 2024

EORTC Risk Strata CHAI Risk Strata

hg
R

FS
PF

S



Vesta (CHAI) is the only bladder 
cancer diagnostic that predicts 

response to BCG using histology





An Artificial Intelligence-Powered Predictive Biomarker Identifies Poor Response to Intravesical 
BCG and Relative Clinical Benefit to Sequential Gemcitabine and Docetaxel in HG-NMIBC

Packiam & Hensley, in press

• Two SOC intravesical therapy regimens 
exists for high-risk NMIBC:

• BCG
• Gemcitabine/docetaxel 

• In a multi-institutional cohort of N=272 HG 
NMIBC cases, CHAI (+) patients respond 
poorly to BCG and favorably to GME/DOCE

• CHAI can be used to guide initial therapy 
in treatment naïve HG-NMIBC



Computational Histology AI (CHAI) Biomarker improves risk stratification of high-grade Ta 
NMIBC over existing clinical guidelines

Chang et al., AUA 2025

• High-grade Ta disease is 
heterogeneous with risk-stratification 
systems varying considerably 
between available guidelines (NCCN, 
AUA, EAU)

• Therapeutic implications
• Surgical implications 

• In a multi-institutional cohort of N=256 
HG Ta cases, the CHAI biomarker 
outperformed the AUA risk-stratification 
when predicting recurrence and 
progression



Conclusions and Unmet Needs



One size fits all

Neoadjuvant Chemotherapy
+

Radical Cystectomy



TITLE ONLY 

Risk-stratified, tumor-informed treatment patient selection for NAC 
 improve clinical outcomes, avoid over-treatment

Upfront radical cystectomy
Cis-neoadjuvant therapy
IO/ADC-neoadjuvant therapy
Bladder preservation after clinical response 



Conclusions

• Historical treatment paradigms are shifting in the treatment of UC:
• NMIBC:

• BCG  intravesical alternatives
• Novel treatments with novel MOA
• Systemic tx

• MIBC:
• Bladder preservation
• Optimization of neoadjuvant and adjuvant therapy 

approaches
• Metastatic:

• Platinum  targeted tx and ADCs
• Durable radiographic responses in mUC

• Need for rational biomarker development for therapeutic 
sequencing of utmost importance



THANK YOU

Zin Myint
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