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1L, first line; EMA, European Medicines Agency; EV, enfortumab vedotin; 

LA, locally advanced; mUC, metastatic urothelial carcinoma; P, pembrolizumab; 

PD-1/L1, programmed death-1/ligand-1; UC, urothelial carcinoma.

1. PADCEV™ (enfortumab vedotin). Summary of Product Characteristics.
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Biomarkers in clinical practice

Today, we will focus on the role of predictive biomarkers
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Biomarkers are used as clinical tools in cancer treatment: 1. Prognostic

Median follow-up: Cohort 1 = 96.4 months, Cohort 2 = 46.2 months.

IC, tumour-infiltrating immune cell; OS, overall survival; PBCT, platinum-based chemotherapy; PD-L1, programmed death-ligand 1; UC, urothelial carcinoma.

Rosenberg JE et al. ESMO OPEN 2024;9:103972. 4

IMvigor210: Phase II single-arm trial of atezolizumab monotherapy in patients with advanced UC

Cohort 1: Untreated patients 

who are ineligible for cisplatin-

based chemotherapy (n=119)

Cohort 2: OS by PD-L1 status with atezolizumab 

after prior PBCT

Pre-specified cohorts (N=429):

Cohort 2: Patients previously 

treated with PBCT (n=310)
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Biomarkers are used as clinical tools in cancer treatment: 1. Prognostic

Median follow-up: 33 months.2

*(vinflunine 320 mg/m2, paclitaxel 175 mg/m2, or docetaxel 75 mg/m2 according to investigator choice).1

CI, confidence interval; HR, hazard ratio; IC, tumour-infiltrating immune cell; LA/mUC, locally advanced or metastatic urothelial carcinoma; PBCT, platinum-based chemotherapy; PD-L1, programmed death-ligand 1; 

mo, months; OS, overall survival.

1. Powles T et al. Lancet 2018;391:748–757; 2. van der Heijden MS et al. Eur Urol 2021;80:7–11. 5

IMvigor211: Phase III multicentre, open-label trial of atezolizumab monotherapy vs. chemotherapy 

in patients with LA/mUC who had progressed during or after PBCT1,2

Atezolizumab (n=467)1

IC0 subgroup (n=151)2

Randomisation (1:1) was stratified by 

PD-L1 expression (IC0, IC1 or IC2/3), 

chemotherapy type (vinflunine vs. 

taxanes), liver metastases and number 

of prognostic factors

Randomised treatment arms (N=931):

Chemotherapy (n=464)1

IC0 subgroup (n=155)2

OS in the IC0 subgroup (PD-L1 <1%)2
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Biomarkers are used as clinical tools in cancer treatment: 1. Prognostic

Median follow-up: 33 months.

CI, confidence interval; HR, hazard ratio; IC, tumour-infiltrating immune cell; LA/mUC, locally advanced or metastatic urothelial carcinoma; mo, months; OS, overall survival; PBCT, platinum-based chemotherapy; 

PD-L1, programmed death-ligand 1.

1. Powles T et al. Lancet 2018;391:748–757; 2. van der Heijden MS et al. Eur Urol 2021;80:7–11. 6

IMvigor211: Phase III multicentre, open-label trial of atezolizumab monotherapy vs. chemotherapy 

in patients with LA/mUC who had progressed during or after PBCT1,2

Atezolizumab (n=467)1

IC2/3 subgroup (n=1116)2

Randomisation (1:1) was stratified by 

PD-L1 expression (IC0, IC1 or IC2/3), 

chemotherapy type (vinflunine vs. 

taxanes), liver metastases and number 

of prognostic factors

Randomised treatment arms (N=931):

Chemotherapy (n=464)1

IC2/3 subgroup (n=118)2

OS in the IC2/3 subgroup (PD-L1 ≥5%)2
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Biomarkers are used as clinical tools in cancer treatment: 2. Predictive

crizotinib is not approved for use in UC. 
The mean duration of treatment was 6.4 months, with follow-up ongoing. ALK, anaplastic lymphoma kinase; NSCLC, non-small cell lung cancer; UC, urothelial carcinoma.

Kwak EL et al. N Engl J Med 2010;363:1693–1703. 7

ALK mutations predict response to crizotinib in lung cancer
Percentage change in tumour burden in patients with ALK-positive tumours, who were treated with 

crizotinib as compared with pretreatment baseline

Phase I clinical trial of crizotinib in patients with lung cancers carrying ALK rearrangements

Patients (N=82) with 

ALK-rearranged 

advanced NSCLC

Study group:
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Biomarkers have many uses in cancer treatment: 3. Other uses

Speaker’s own opinion.

• Diagnostic

• Pharmacodynamic

• Predictors of toxicity

8
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Predictive biomarkers in urothelial cancer: FGFR in LA/mUC

Median follow-up: 11.0 months.

LA/mUC, locally advanced/metastatic urothelial carcinoma.

Loriot Y et al. N Engl J Med 2019;381:338–348 (Suppl). 9

FGFR alterations predict activity of erdafitnib

Percentage maximal tumour reduction in patients treated with erdafitinib 8 mg daily

Phase II clinical trial of erdafitinib in patients with LA/mUC with prespecified FGFR alterations
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Predictive biomarkers in urothelial cancer: PD-L1 status in MIBC

Median follow-up 31.6 months.

CI, confidence interval; HR, hazard ratio; ITT, intention to treat; MIBC, muscle-invasive bladder cancer; NE, not estimable; nivo, nivolumab; OS, overall survival; PD-L1, programmed death-ligand 1.

Galsky et al. J Clin Oncol 2025;43:15–21.

Phase III clinical trial of adjuvant nivolumab vs. placebo in patients with MIBC at high risk 

of recurrence after radical resection (N=709) 

10
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Image sourced from Proteopedia. https://proteopedia.org/wiki/index.php/Image:New_Resource_1.jpg. Last accessed: June 2025.

EGFR, epidermal growth factor receptor; HER, human epidermal growth factor receptor 2. 11

Emerging predictive markers in urothelial cancer?
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The predictive role of Nectin-4 has been investigated based 
on the MOA of EV

Image of EV antibody adapted from Jain N et al. 2015.1

ADC, antibody–drug conjugate; EV, enfortumab vedotin; MMAE, monomethyl auristatin E; MOA, mechanism of action; UC, urothelial carcinoma. 

1. Moussa M et al. Drug Des Devel Ther 2021;15:453–462; 2. Jain N et al. Pharm Res 2015;32:3526–3540; 3. PADCEV™ (enfortumab vedotin). Summary of Product Characteristics. 12

MMAE disrupts microtubules, 

subsequently inducing cell 

cycle arrest, apoptosis, and 

immunogenic cell death1–3

Nectin-4 is a cell-surface 

molecule that is highly 

expressed on UC cells 

compared with healthy cells1

UC cell

Nectin-4

EV is an ADC consisting of a 

Nectin-4-targeting fully 

human monoclonal antibody, 

attached via a linker to the 

cytotoxic drug, MMAE1

EV binds to Nectin-4 on 

the surface of UC cells 

and delivers MMAE into 

the cell1

UC cell

MMAE

Antibody Linker

Job code: MAT-NL-PAD-2025-00028
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The observed benefit of EV+P remains regardless of 
Nectin-4 expression and PD-L1 status

A retrospective, post hoc analysis of Nectin-4 expression using a CAP-/CLIA-validated Nectin-4 IHC assay on primary or metastatic tumour tissue. Oncological outcomes and clinical efficacy (PFS, OS, and ORR) were assessed across 

Nectin-4 expression subgroups.

CAP, College of American Pathologists; CI, confidence interval; CLIA, Clinical Laboratory Improvement Amendments; EV, enfortumab vedotin; HR, hazard ratio; IHC, immunohistochemistry; ORR, overall response rate; OS, overall survival; 

P, pembrolizumab; PBCT, platinum-based chemotherapy; PFS, progression-free survival.

Powles T et al. Presented at ESMO 2024. 1966MO. 13
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Different scores

CPS, combined positive score; IHC, immunohistochemistry; PD-L1, programmed death-ligand 1; TPS, tumour proportion score.

1. Agilent Horizon. Analysis and Testing Encyclopedia. Available at: https://m.antpedia.com/news/wx_article/637918.html. Last accessed: June 2025; 2. de Ruiter EJ et al. Mod Path 2021;34:1125–1132; 3. Roche. Roche Diagnostics –

VENTANA PD-L1 (SP142) Assay. Available at: https://diagnostics.roche.com/content/dam/diagnostics/us/en/products/v/ventana-pd-l1-sp142-assay/VENTANA-PD-L1-SP142-IG-UC.pdf. Last accessed: June 2025.

Calculation of TPS and CPS1,2 IHC staining with VENTANA 

PD-L1 (sp142)3

CPS, TPS and sp142 
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All tumour

90% unstained

10% stained

Calculate the combined positive score of the entire tumour area:

Assessment: CPS of area with staining:

CPS=
No. PD-L1 staining cells*

Total No. viable tumour cells
x 100

~80 PD-L1 staining cells

100 tumour cells
x 100 = 80

CPS of entire tumour area: 10% x 80 = ~CPS 8

PD-L1 negative tumor cell

PD-L1 positive tumor cell

PD-L1 negative immune cell

PD-L1 positive immune cell

TPS=
No. PD-L1 positive tumour cells

Total No. of viable tumour cells
x 100

CPS=

No. PD-L1 positive cells (tumour 

cells, lymphocytes, macrophages)

Total No. of viable tumour cells
x 100

PD-L1 staining tumour cell

PD-L1 non-staining tumour cell

PD-L1 staining mononuclear inflammatory cell

PD-L1 non-staining mononuclear inflammatory cell

https://m.antpedia.com/news/wx_article/637918.html
https://diagnostics.roche.com/content/dam/diagnostics/us/en/products/v/ventana-pd-l1-sp142-assay/VENTANA-PD-L1-SP142-IG-UC.pdf


But

PD-L1 assessment1

SP142 <1% = 

no atezolizumab

CPS >10% = 

possible pembrolizumab

Speaker’s own images.

Atezolizumab is indicated as monotherapy for the treatment of adult patients with LA/mUC after prior platinum-containing chemotherapy, or who are considered cisplatin ineligible, and whose tumours have a PD-L1 expression ≥5%.2

Pembrolizumab is indicated as a monotherapy for the treatment of LA/mUC in adults who are not eligible for cisplatin-containing chemotherapy and whose tumours express PD-L1 with a CPS ≥10.3

CPS, combined positive score; LA/mUC, locally advanced or metastatic urothelial carcinoma; PD-L1, programmed death-ligand 1; UC, urothelial carcinoma.

1. Speaker’s own opinion; 2. TECENTRIQ® (atezolizumab). Summary of Product Characteristics; 3. KEYTRUDA® (avelumab). Summary of Product Characteristics. 

PD-L1 assessment in UC

15
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A national retrospective initiative to better understand 
Nectin-4 expression in mUC1,2

mUC, metastatic urothelial carcinoma. 

1. Klumper N et al. Clin Can Res 2023;29:1496–505; 2. Klumper N et al. J Clin Oncol 2024;42:2446–2455. 16

Membranous NECTIN-4 
Expression Frequently 
Decreases during Metastatic 
Spread of Urothelial Carcinoma 
and Is Associated with 
Enfortumab Vedotin Resistance1

Niklas Klumper, Damian J. Ralser, Jorg Ellinger, 
Florian Roghmann, Julia Albrecht, Eduard Below, 
Abdullah Alajati, Danijel Sikic, Johannes Breyer, 
Christian Bolenz, Friedemann Zengerling, Philipp Erben, 
Kristina Schwamborn, Ralph M. Wirtz, Thomas Horn, 
Dora Nagy, Marieta Toma, Glen Kristiansen, 
Thomas Buttner, Oliver Hahn Viktor Grunwald, 
Christopher Darr, Eva Erne, Steffen Rausch, Jens Bedke, 
Katrin Schlack, Mahmoud Abbas, Stefanie Zschabitz, 
Constantin Schwab, Alexander Mustea, Patrick Adam
Andreas Manseck, Bernd Wullich, Manuel Ritter, 
Arndt Hartmann, Jurgen Gschwend, Wilko Weichert, 
Franziska Erlmeier, Michael Holzel, and 
Markus Eckstein

NECTIN4 Amplification Is 
Frequent in Solid Tumors and
Predicts Enfortumab Vedotin
Response in Metastatic
Urothelial Cancer2

Niklas Klumper, Ngoc Khanh Tran, Stefanie Zschabitz, Oliver 
Hahn, Thomas Buttner, Florian Roghmann, Christian Bolenz, 
Friedemann Zengerling, Constantin Schwab, Dora Nagy, 
Marieta Toma, Glen Kristiansen, Hendrik Heers, 
Philipp Ivanyi, Gunter Niegisch, Camilla Marisa Grunewald, 
Christopher Darr, Arian Farid, Katrin Schlack, 
Mahmoud Abbas, Can Aydogdu, Jozefina Casuscelli, 
Theresa Mokry, Michael Mayr, Dora Niedersuß-Beke, 
Steffen Rausch, Dimo Dietrich, Jonas Saal, Jorg Ellinger, 
Manuel Ritter, Abdullah Alajati, Christoph Kuppe, 
Joshua Meeks, Francisco E. Vera Badillo, J. Alberto 
Nakauma-Gonzalez, Joost Boormans, Kerstin Junker, 
Arndt Hartmann, Viktor Grunwald, Michael Holzel, and 
Markus Eckstein

EC
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Nectin-4 is highly expressed in UC cells

Moderate or strong staining (indicated by H-score) was observed in 60% of bladder tumour specimens

• Overall positive staining was observed in 83% of bladder tumour specimens

*H-score defined as the sum of the products of the staining intensity (score of 0–3) multiplied by the percentage of cells (0–100) stained at a given intensity.

UC, urothelial carcinoma.

Challita-Eid PM et al. Cancer Res 2016;76:3003–3013. 17
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Transitional bladder carcinoma with 

strong expression

Transitional bladder carcinoma with 

moderate expressionStaining intensity IHC score*

Negative 0–14

Weak 15–99

Moderate 100–199

Strong 200–300



Speaker’s own image. 18

Nectin-4 expression in UC cells

EC
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Subtypes express differently

19

Tumour type2 Positive 

Nectin-4 IHC

Squamous cell carcinoma 70%

Plasmacytoid 63%

Micropapillary tumour 28%

Adenocarcinoma 66%

Nested 50%

Sarcomatoid carcinoma 10%

Small cell carcinoma 0%

PD-L1: Staining of three PD-L1 clones in 

UC with squamous differentiation1

IHC, immunohistochemistry; PD-L1, programmed death-ligand 1; UC, urothelial carcinoma. 

1. Reis H et al. Am J Surg Pathol 2019;43:920–927; 2. Hoffman-Censits JH et al. Appl Immunohistochem Mol Morphol 2021;29:619–625.

Nectin-4: IHC for Nectin-4 in UC with 

micropapillary differentiation2

Job code: MAT-NL-PAD-2025-00028
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HER21,2

20

HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry.

1. Tozbikian G et al. Histopathology 2024;85:489–502; 2. Rice S. Scoring HER2 expression across the full spectrum. Available at: https://www.captodayonline.com/scoring-her2-expression-across-the-full-spectrum/. 

Last accessed: June 2025.

Definition of staining pattern IHC score

No staining is observed or membrane 

staining that is incomplete and is faint/barely 

perceptible and in ≤10% of tumour cells

0

Incomplete membrane staining that is 

faint/barely perceptible and in >10% of 

tumour cells

1+

Weak to moderate complete membrane 

staining in >10% of tumour cells

2+

Circumferential membrane staining that is 

complete, intense, and in >10% of 

tumour cells

3+

Job code: MAT-NL-PAD-2025-00028
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HER2

• HER2 is amplified in 15–20% of

breast cancers1 

• HER2 overexpression or amplification is 

a validated prognostic and predictive 

biomarker in breast cancer2

• HER2-targeted treatments are effective 

in cancers with HER2 amplification 

and/or overexpression2

*Low HER2 status was classified as 1+ or 2+ by IHC, positive HER2 status was classified as 3+ by IHC, negative HER2 status was classified as 0 by IHC.

CCA, cholangiocarcinoma; CUP, cancer of unknown primary; FT, fallopian tube cancer; GEJ, gastroesophageal; HCC, hepatocellular carcinoma; HER2, human epidermal growth factor receptor 2; HN, head and neck; HN-ACC, head and 

neck-adenoid cystic carcinoma; HNSCC, head and neck squamous cell carcinoma; IHC, immunohistochemistry. 

1. Perez EA et al. Can Treat Rev 2014;40:276–284; 2. Uzunparmak B et al. Annals Oncol 2023;34:1035–1046. 21

Distribution of HER2 IHC expression levels across cancers2*
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Molecular testing

H&E, hematoxylin and eosin; NGS, next-generation sequencing.

Speaker‘s own opinion.

• Pre-analytical

• Mark tumours on H&E slide

• Enrich tumour cells ++ microdissection

• New cuts for better results

• Pathology establishes tumour cells (%) 

• Approximately 5000 tumor cells

• 4–6 × 5 µm cuts for NGS

• Between 10 and 100 ng

• Depends on type of technology

22
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FGFR aberrations are common in a variety of solid tumours

Helsten T et al. Clin Can Res 2016;22:259–267.

Some cases have more than one aberration

Frequency of FGFR aberrations in 4853 

cancer patients
Frequencies and distributions of FGFR aberrations for all cancers 

23
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No FGFR 
aberration

93%

All FGFR 

aberrations

7%

Frequency of FGFR aberrations
(4,853 patients)

Some cases have more than one aberration

FGFR3
26%

FGFR4
7%

>1 FGFR 
aberration

5%

FGFR1
49%

FGFR2
19%

Cases with FGFR
aberrations



FGFR aberrations in UC

UC, urothelial carcinoma.

Helsten T et al. Clin Can Res 2016;22:259–267.

The majority of aberrations were 

activating mutations in FGFR3, 

including S249C, R248C, Y373C, 

G370C and K650M

Specific FGFR aberrations have been observed in certain cancers e.g. FGFR3 mutations in bladder cancer

FGFR aberrations in UC

24
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Personal perspectives on current limitations and challenges 
with biomarkers in UC1,2

UC, urothelial carcinoma.

1. Speaker’s own opinion; 2. European Association of Urology. Muscle-invasive and metastatic bladder cancer. Available at: https://www.uroweb.org/guidelines/muscle-invasive-and-metastatic-bladder-cancer. Last accessed: June 2025.

• Unclear how good a biomarker has to be for it to be useful

• Most patients do not have a target for a positive predictive biomarker

• Not all patients are suitable for biomarker testing

• Depends on the available material

• Artefacts, too few tumour cells, old material (>5 years)

• Seemingly similar biomarkers can give different results in different contexts

• Careful with immunohistochemical marker → subtypes different expression

• Difficulties in standardisation of biomarker testing and interpretation

25

Job code: MAT-NL-PAD-2025-00028

EC



Liquid biopsies

ctDNA, circulating-tumour DNA, cfDNA, cell-free DNA; RCC, renal cell carcinoma; utDNA, urinary tumour DNA. 

1. Bettegowda C et al. Sci Transl Med 2014;6:224ra24; 2. Cisneros-Villanueva M et al. Brit J Can 2022;126:391–400; 3. Hirotsu Y et al. Cancer Sci 2019;110:3235–3243; 4. Parsons HA et al. Clin Cancer Res 2020;26:2556–2564.

• Use when treatment resistance or no tissue1

• Surveillance of disease +/ −1

• Half-life (cfDNA 16 minutes –2.5 hours)2

• Could this cause false +/− results?

• Some organs “better” than others1

• Differences blood and urine

• utDNA is better to characterise primary tumour3

• cfDNA is valuable for minimal residual disease4

ctDNA in advanced malignancies1

26

Job code: MAT-NL-PAD-2025-00028

EC

100

80

60

40

20

0

F
re

q
u

e
n

c
y
 o

f 
c
a
s
e
s
 w

it
h

 d
e
te

c
ta

b
le

 c
tD

N
A

 (
%

)

B
la

d
d

e
r

C
o

lo
re

c
ta

l 

O
v

a
ri

a
n

 

B
re

a
s
t

P
ro

s
ta

te
 

R
C

C



Limitations of liquid biopsies

27

1. Exclude patient specific mutations (hematopoietic)1

• Older patients

2. Amount of ctDNA/problem of utDNA1,2

• Influences sensitivity of the exam

• Some mutations are easy to detect (substitutions of base)

• Deletions and CNV are more difficult to detect

3. Cytotoxic treatments can increase TMB2

CNV, copy number variation; ctDNA, circulating-tumour DNA; TMB, tumour mutational burden; utDNA, urinary tumour DNA. 

1. Nikanjam M et al. J Hematol Oncol 2022;15:131; 2. Speaker’s own opinion.
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Emerging technologies for identifying biomarkers

ADT, androgen deprivation therapy; AI, artificial intelligence; CI, confidence interval; ctDNA, circulating tumour DNA; LT-ADT, long-term ADT; PCa, prostate cancer; RT, radiotherapy; ST-ADT, short-term ADT.

1. UroToday. IBCN 2023 conference highlights:Added Value of ctDNA Testing For Identifying FGFR3 Alterations In Metastatic Urothelial Cancer Eligible For Erdafitinib Treatment. Available at: IBCN 2023: Added Value of ctDNA Testing For 

Identifying FGFR3 Alterations In Metastatic Urothelial Cancer Eligible For Erdafitinib Treatment. Last accessed: June 2025; 2. Powles T et al. Nature 2021;595:432–437; 2. Armstrong A et al. J Clin Oncol 2025; doi: 10.1200/JCO.24.00365 

[Epub ahead of print] 28

ctDNA to identify specific markers 89% concordance with solid tumour FGFR3 alteration1

AI and digital pathology to predict benefit from long-course endocrine therapy in high-risk patients with PCa undergoing radical radiotherapy3

AI and digital pathology3

As a marker of residual disease after cystectomy2
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Number at risk:

Event rate (95% CI)

RT + LT-ADT

RT + ST-ADT

5 years

2% (1% to 5%)

4% (2% to 7%)

10 years

6% (3% to 9%)

7% (4% to 11%)

15 years

9% (5% to 13%)

10% (7% to 15%)

Event rate (95% CI)

RT + LT-ADT

RT + ST-ADT

5 years

5% (3% to 7%)

9% (6% to 12%)

10 years

13% (9% to 16%)

20% (16% to 24%)

15 years

19% (15% to 23%)

30% (25% to 35%)

Biomarker-negative Biomarker-positive
P value: <0.001*P value: 0.92

https://www.urotoday.com/conference-highlights/ibcn-2023/147037-ibcn-2023-added-value-of-ctdna-testing-for-identifying-fgfr3-alterations-in-metastatic-urothelial-cancer-eligible-for-erdafitinib-treatment.html


Summary

EV, enfortumab vedotin; P, pembrolizumab; PD-L1, programmed death-ligand 1; UC, urothelial carcinoma.

1. Ahangar M et al Front Oncol 2024;14:1453278; 2. Powles T et al. Presented at ESMO 2024. 1966MO; 3. Speaker’s own opinion. 29

Biomarkers have been established as an important clinical tool within oncology. However, their 

predictive value in bladder cancer remains limited1

The benefit of EV+P remains irrespective of Nectin-4 expression or PD-L1 status, therefore testing for 

Nectin-4 or PD-L1 is not required2

Emerging biomarkers may have the potential to impact the standard of treatment in advanced UC1,3
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Please refer to the EMA SmPC for 
PADCEV™ (enfortumab vedotin) 
via the following link:
https://www.ema.europa.eu/en/docume
nts/product-information/padcev-epar-
product-information_en.pdf

aPI, abbreviated Prescribing Information; EMA, European Medicines Agency; SmPC, Summary of Product Characteristics.

PADCEV is subject to medicinal prescription.

Astellas Pharma B.V., Sylviusweg 62, 2333 BE Leiden, The Netherlands

Please scan the QR 

code to access the 

UK aPI for PADCEV

Please scan the QR 

code to access the NL 

SmPC for PADCEV
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