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JAVELIN Bladder 100 demonstrated OS benefit from maintenance avelumab in patients with 
aUC that has not progressed with 1L chemotherapy

Dr Thomas Powles

Median OS

Avelumab 1L maintenance + BSC: 
21.4 months (95% CI 18.9-26.1)

BSC alone:
14.3 months (95% CI 12.9, 17.9)

HR 0.69 (95% CI 0.56-0.86); p<0.001

Treatment-free 
interval

4-10 weeks

All endpoints measured postrandomization 
(after chemotherapy)

R 
1:1

Until PD, unacceptable 
toxicity, or withdrawal

Avelumab 
+ BSC*
n=350

BSC alone*
n=350

Stratification
• Best response to 1L chemo (CR or PR vs SD)
• Metastatic site (visceral vs nonvisceral)

Unresectable locally 
advanced or metastatic UC
CR, PR, or SD with standard 
1L chemotherapy
(4-6 cycles)
– Cisplatin + gemcitabine 

or
– Carboplatin + 

gemcitabine

N=700

Primary endpoint
• OS

Primary analysis 
populations
• All randomized 

patients 
• PD-L1+ population

NCT02603432

Long-term OS in the overall population (data cutoff, June 4, 2021)2JAVELIN Bladder 100 study design and primary outcomes (data cutoff, October 21, 2019)1

350 318 274 237 216 183 164 140 99 74 53 31 13 4 1 0

350 304 243 190 158 131 121 103 82 62 46 27 10 7 0

Avelumab + BSC

BSC

No. at risk

8

Months

49.8%

36.0%
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29.8%
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Avelumab + BSC
(n=350) 

BSC alone
(n=350)

Events, n (%) 215 (61.4) 237 (67.7)
OS, median
(95% CI), mo

23.8
(19.9-28.8)

15.0 
(13.5-18.2)

Stratified HR 
(95% CI) 0.76 (0.631-0.915)

2-sided p-value 0.0036

BSC, best supportive care; CR, complete response; HR, hazard ratio; OS, overall survival; PD, progressive disease; 
PR, partial response; R, randomized; SD, stable disease.
1. Powles T, et al. N Engl J Med. 2020;383(13):1218-30. 2. Powles T, et al. J Clin Oncol. 2022;40(Suppl 6). Abstract 487.
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Tumor mutation burden 
(TMB)

Retrospective tumor biomarker analyses indicated that tumor mutation burden and tumor 
immune activity are associated with OS benefit from maintenance avelumab1

Dr Thomas Powles
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Trt N Event Median 95% CI
BSC 143 97 16.07 (12.8, 23.5)

Ave+BSC 162 115 18.17 (15.3, 22.3)

Trt N Event Median 95% CI
BSC 154 105 17.54 (14.3, 23.3)

Ave+BSC 148 73 34.37 (27.2, NA)

Trt N Event Median 95% CI
BSC 144 93 17.31 (13.5, 24.2)

Ave+BSC 136 93 20.03 (18.2, 25.3)

Trt N Event Median 95% CI
BSC 132 92 17.15 (14.0, 23.3)

Ave+BSC 147 78 31.08 (24.5, NA)0.00
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Ave+BSC vs BSC 
HR (95%CI) = 0.98 (0.75,1.29) 

p =0.89
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Ave+BSC vs BSC 
HR (95%CI) = 0.53 (0.39,0.72) 

p =3.6e-05

Ave+BSC vs BSC 
HR (95%CI) = 0.95 (0.71,1.26) 

p =0.71

Ave+BSC vs BSC 
HR (95%CI) = 0.61 (0.45,0.82) 

p =0.0012

JAV-immuno ≤ median JAV-immuno > median

TMB ≤ median TMB > median

JAV-immuno2

1. Powles T, et al. Nat Med. 2021;27(12):2200-11.
2. Motzer RJ, et al. Nat Med. 2020;26(11):1733-41.
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Tertiary lymphoid structures (TLS) in urothelial cancer 

Dr Thomas Powles

JAV-immuno

• TLS are ectopic lymphoid tissues that arise in inflamed tissue, including cancer.

• TLS are characterized by variably organized lymphoid regions with presence of B cell zones and adjacent T cells.

• Previous exploratory work from single arm trials has suggested that TLS may correlate with outcome to ICI therapy1

Reprinted by permission from Munoz-Erazo L, et al. Cell 
Mol Immunol. 2020;17(6):570-575. Copyright © 2020, CSI 
and USTC.

TLS

Spatial transcriptomic analysis indicates that tumor regions 
with elevated JAV-immuno scores colocalize with TLS

DC, dendritic cell; FDC, follicular dendritic cell; HEV, high endothelial venule; ICI, immune checkpoint inhibitor; T reg, regulatory T cell. 
1. Van Dijk N, et al. Nat Med. 2020;26(12):1839-44.
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MESSINA_12_CHEMOKINE TLS ≤ Median

Ave+BSC vs BSC 
HR (95%CI) = 1.04 (0.78,1.39) 

p =0.8

TLS gene expression scores are positively associated with lymphoid aggregates and 
maintenance avelumab survival benefit in JAVELIN Bladder 1001

Low Messina_TLS (-2.018)

High Messina_TLS (2.070)

1. Messina J, et al. Sci Rep 2012;2:765.

Trt N Event Median 95% CI
BSC 138 100 16.82 (14.0, 20.5)

Ave+BSC 141 74 31.90 (26.1, NA)
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Trt N Event Median 95% CI
BSC 138 85 17.54 (13.4, 26.8)

Ave+BSC 142 97 18.89 (15.3, 23.8)
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HR (95%CI) = 0.54 (0.4,0.73) 

p =6.7e-0.5
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Host factors have been reported to influence the efficacy of ICIs through interactions in the 
tumor microenvironment1,2

Dr Thomas Powles

Germline genetics

Epigenomics

Circulating immune factors

Body phenotype

Gut microbiota

External exposures

Immune

Tumor

Stroma

Response

Resistance

1. Gunjur A, et al. J Pathol. 2022;257(4):513-25. 2. Thomas F, et al. Parasitology. 2020;147(3):255-62.
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Analysis of chromatin conformation has the potential to identify host immune factors in 
circulating WBCs that are associated with anti-tumor immune activity 

Dr Thomas Powles

• DNA packaging into chromatin plays a crucial role in regulating gene 
expression in response to developmental and environmental cues

• Gene loci can assume distinct chromatin structures (loops) associated with 
differential gene activity1-2

• The EpiSwitch platform is based on an annotated 3D genome architecture 
consisting of >900 annotated chromatin loops

• Chromatin conformation signatures (CCSs) consist of panels of chromatin 
loops measurable by nested PCR3-7

• CCSs may be useful for assessing disease diagnosis,4-6 prognosis,6-7

potential response to ICI therapy7 and risk of severe COVID-19 disease8

PCR, polymerase chain reaction; TSS, transcriptional start site; WBC, white blood cell.
1. Crutchley JL, et al. Biomark Med. 2010;4(4):611-29. 2. Tordini F, et al. Front Genet. 2016;7:194. 3. Mukhopadhyay S, et al. Int Immunopharmacol. 2014;18(1):7-11.
4. Jakub JW, et al. Melanoma Res. 2015;25(5):406-11. 5. Salter M, et al. EBioMedicine. 2018;33:169-84. 6. Hunter E, et al. Transl Med Commun. 2020;5. 
7. Alshaker H, et al. J Transl Med. 2021;19(1):46. 8. Hunter E, et al. medRxiv. Preprint posted online December 27, 2021.
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The EpiSwitch platform was employed for exploratory analysis of WBC chromatin loops 
associated with tumor immune activity as measured by JAV–immuno scores

Dr Thomas Powles

Whole Genome Discovery
>900k chromatin loops

20 JAV-immunohi v 20 JAV-immunolo

Nested PCR assays developed for  
150 chromatin loops and evaluated 

on additional samples

40 JAV-immunohi v 40 JAV-immunolo

XGBoost models identified 25 
candidate loci

EpiSwitch analysis was performed on peripheral blood specimens collected from 496 JAVELIN Bladder 100 patients after 
non-progression with 1L chemotherapy and before randomization to avelumab/BSC or BSC

Each conformation can be either 
present or absent 

AbsentPresent or

Chromosomal DNA, kb

Detection Ligation Restriction

Isolation

Restriction Site

Chromosome
Conformation

EpiSwitch
marker

EpiSwitch
marker

Site specific sequences
EpiSwitch marker

CGH Array Probe

PCR Primer

The nested PCR assay is designed to 
detect whether primer binding sites have 

been brought together in a chromatin loop

Fixed intact nuclei prepared from whole blood are 
permeabilized and subjected to restriction 

enzyme digestion to prepare the template libraries
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A chromatin loop associated with lower JAV-immuno scores encompasses POU2F2 (Oct2), 
a transcription factor with known roles in B cell maturation and participation in T-cell 
dependent humoral immunity

• Identified as a cell-type transcription factor binding to an 
octamer motif in immunoglobulin genes1

• Key regulator of B cell responses to antigen receptor signaling 
and T-cell cytokines2

• Required for B cell proliferation and generation of plasma cells 
after immunization with T-dependent antigens3
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1. Staudt L, et al. Science. 1988;241:577-580.
2. Corcoran L, et al. Front Immunol. 2014;5:108.
3. Hodson D, et al. Med Sciences. 2016;113:E2039-E2046.
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Associations between presence of the WBC POU2F2 loop and expression of POU2F2, 
POU2F2 targets, and TLS signatures in tumor

Presence of the loop may be associated with negative regulation of POU2F2 function relative to absence          
P
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p < 0.05 p < 0.001 p < 0.001

p < 0.2 p < 0.001 p < 0.001

1. Katz A, et al, 2021. bioRxiv doi: 10.1101/2021.08.19.456930.
2. Pimenta EM and Barnes BJ. Cancers. 2014;6(2):969-97.
3. Andersson A, et al. Nat Commun. 2021;12(1):6012.
4. Hennequin A, et al. OncoImmunology. 2015;5(2):e1054598.
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POU2F2 expression is positively associated with JAV-immuno and signatures of TLS
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POU2F2 loop absent

POU2F2 expression in tumor is associated with maintenance avelumab survival benefit

POU2F2 loop (blood)

Dr Thomas Powles
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Trt N Event Median 95% CI
BSC 143 96 16.23 (12.9, 23.3)

Ave+BSC 137 92 20.57 (17.9, 26.0)

Trt N Event Median 95% CI
BSC 133 89 17.81 (14.3, 26.7)

Ave+BSC 146 79 30.92 (24.1, 39.8)

Trt N Event Median 95% CI
BSC 189 128 16.82 (13.3, 21.3)

Ave+BSC 224 140 23.75 (19.9, 30.0)

Trt N Event Median 95% CI
BSC 45 31 13.60 (11.8, 25.5)

Ave+BSC 38 22 26.02 (16.0, NA)0.00
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POU2F2 loop present

Ave+BSC vs BSC 
HR (95%CI) = 0.84 (0.63,1.12) 

p =0.24

POU2F2 gene expr ≤ median POU2F2 gene expr > median

Ave+BSC vs BSC 
HR (95%CI) = 0.69 (0.51,0.93) 

p =0.017

Ave+BSC vs BSC 
HR (95%CI) = 0.81 (0.63,1.03) 

p =0.079

Ave+BSC vs BSC 
HR (95%CI) = 0.62 (0.36,1.08) 

p =0.092

Presence or absence of the POU2F2 loop 
in blood displays lower association

POU2F2 gene expression 
score (tumor)

Combined POU2F2 loop 
training and test set
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Absence of the POU2F2 loop in blood may identify a group of TMB-low patients with 
improved maintenance avelumab survival benefit

POU2F2 loop 
(blood)

Combined POU2F2 loop training and test set

Efficiency of TLS formation may partially compensate for reduced immunogenicity of TMB-low tumors

Dr Thomas Powles

Trt N Event Median 95% CI
BSC 89 60 16.07 (10.2, 24.2)

Ave+BSC 112 82 17.77 (13.3, 22.3)

Ave + BSC vs BSC 
HR (95%CI) = 1.04 (0.74, 1.45) 

p = 0.82

TMB ≤ median & POU2F2 present
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• The JAVELIN Bladder 100 peripheral blood specimen set represents a single time point 
in the treatment cycle, and applicability to other time points should be investigated

• These analyses were exploratory in nature and not corrected for multiple testing; 
therefore, further statistical validation is required

• Bioanalytical validation of the POU2F2 loop is also needed to confirm fitness for clinical 
applications

Dr Thomas Powles

Limitations



Conclusions

POU2F2
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• TLS appear relevant for predicting outcome with maintenance avelumab

• Chromatin conformation loops measured in WBC nuclei were associated with JAV-immuno signature
– The strongest association was with POU2F2, a transcription factor regulating B cell responses to T cells

– The presence of the POU2F2 loop was associated with reduced POU2F2 expression and function, as well as TLS biomarkers, 
suggesting a negative regulatory role

• Ongoing research is assessing the potential use of chromatin loops identified by the EpiSwitch platform to form chromatin 
conformation signatures that may enrich patients that benefit from maintenance avelumab

• The predisposition to form TLS in response to inflammatory stimuli may be a host factor influencing response to immune 
checkpoint inhibitors

• Measurement of circulating chromatin loops may be a useful method for evaluating systemic vs tumor-specific biomarkers
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