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POLYMORPHISMES DES GENES ASSOCIÉS A L’INFLAMMATION ET 

MICROENVIRONNEMENT TUMORAL LYMPHOCYTAIRE CD8+ : VALEUR 

PRONOSTIQUE DANS LES CARCINOMES UROTHELIAUX DE LA VESSIE 

 

RESUMÉ 

L’objectif du travail a été d’explorer la valeur pronostique pour les tumeurs de la vessie  

des polymorphismes de gènes associés à l’inflammation et du microenvironnement tumoral 

lymphocytaire CD8+. Pour les marqueurs constitutionnels, deux approches ont été conduites 

concomitamment, l’une explorant de façon globale les gènes associés à l’inflammation,  

l’autre ciblant un gène inflammatoire d’intérêt, PDL1, impliqué dans des points de contrôles 

immunologiques. A l’échelle du génome, en utilisant des méthodes statistiques soit classiques 

soit innovantes (dites multi marqueurs), nous avons démontré que les variants (SNP) dans les 

gènes TNIP1, CD5 et JAK3 étaient associés au risque de récidive des tumeurs de vessie non 

invasives du muscle alors que les variants dans les gènes MASP1, AIRE et CD3 étaient 

associés au risque de progression. Dans un deuxième temps, l’association entre variants dans 

le gène de PDL1 et pronostic des tumeurs de vessie a été explorée en appliquant une méthode 

classique « SNP par SNP » et une approche à l’échelle du gène.  Nous avons identifié une 

forte association entre des variants de PDL1 et le pronostic de tumeurs de vessie envahissant 

le muscle dans une large cohorte prospective, mais sans pouvoir répliquer ce résultat dans une 

série issue du consortium TCGA. 

Dans les tumeurs n’envahissant pas le muscle, nous avons développé et évalué une 

méthode d’évaluation standardisée de l’infiltrat lymphocytaire CD8+, cellules T-cytotoxiques 

impliquées dans la mort des cellules tumorales. L’analyse morphométrique après double 

immuno-marquage des cellules tumorales et des lymphocytes CD8+ et numérisation a permis 

d’estimer de façon séparée le compte des cellules inflammatoires dans la tumeur et le stroma, 



et d’estimer l’hétérogénéité spatiale intra-tumorale. Nous avons montré que cette 

hétérogénéité limite les estimations de l’infiltrat CD8+ sur les puces tissulaires (Tissue Micro 

Array) qui échantillonnent les tumeurs de façon restrictive. Sous cette réserve,   nous avons 

identifié dans les tumeurs n’envahissant pas le muscle une association entre l’infiltrat 

lymphocytaire CD8+ le stade tumoral Ta/T1, ainsi qu’avec le risque de récidive des tumeurs 

T1. A l’avenir,  variations génétiques constitutionnelles dans les gènes de l’inflammation et 

évaluation de l’infiltrat tumoral inflammatoire pourraient être intégrées en vue d’améliorer la 

prédiction du pronostic des tumeurs vésicales.  



INFLAMMATORY GENETIC VARIANTS AND CD8+ TUMOR 

MICROENVIRONMENT: PROGNOSTIC VALUE IN UROTHELIAL CARCINOMA 

OF THE BLADDER 

 

SUMMARY 

The aim of this study was to explore prognostic value for bladder cancer of germline 

polymorphisms in inflammatory genes and tumor CD8+ lymphocytic microenvironment. For 

constitutional markers, two approaches were conducted jointly: one genome-based using 

specific GWAS statistical methods, the other gene-based focusing on PDL1, an inflammatory 

gene implicated in immune checkpoints. At the genome level, using both standard and 

innovative statistical methods (multi marker methods Bayesian Lasso and Bayes A) we 

demonstrated that variants (SNPs) in TNIP1, CD5 and JAK3 were associated with the risk of 

recurrence of non-muscle invasive bladder cancer (NMIBC) while SNPs in MASP1, AIRE 

and CD3 were associated with risk of progression. Meanwhile, association between PDL1 and 

prognosis of NMIBC and muscle invasive BC (MIBC) was explored using classical SNPS by 

SNP investigations and a gene based approach. We identified a very strong association 

between PDL1 variants and MIBC prognosis in a large prospective cohort but failed 

replicating those results in the TCGA consortium series. 

In non-muscle invasive bladder cancer, we developed and evaluated a standardized 

counting approach of CD8+ cells, T-cytotoxic lymphocytes implicated in tumor cells death. 

Morphometric analysis after double immuno-staining of tumor cells and digitalization 

allowed separate estimation of CD8+ cells in the tumor and stroma compartment and 

estimation of spatial intra tumoral heterogeneity. We demonstrated that this heterogeneity 

compromised CD8+ estimation on Tissue Micro Arrays, which sample the tumors in a 

restrictive manner. Keeping those limitations in mind, we identified an association between 



CD8+ inflammatory infiltrate and both NMIBC stage and T1 tumours risk of recurrence. In 

the future, germline variation in inflammatory genes and evaluation of tumor inflammatory 

infiltrate could be integrated for better prediction of bladder cancer prognosis. 

 

 

 



Mots clés: tumeur de vessie, inflammation, variants germinaux, infiltrat lymphocytaire, 

méthodologie et pronostic. 

 

Key words: bladder cancer, inflammation, germline variants, inflammatory infiltrate, 

methodology and prognosis. 

 

Thèse de Doctorat préparée au sein de l’Unité de Recherche Translationnelle en Oncogenèse 

Génito-urinaire du Pr Alexandre de la Taille – Institut Mondor de Recherche Biomédicale – 

Faculté de Médecine de Créteil - 8, rue du Général Sarrail, 94010 Créteil, France et du 

Genetic and Molecular Epidemiology Group du Dr Nuria Malats – Centro Nacional de 

Investigaciones Oncologicas – Madrid, Espagne.  



REMERCIEMENTS 

 

A mon directeur de Thèse le Professeur Yves Allory.  

Je ne peux résumer tout ce que je vous dois. Vous m’avez tellement appris. Vous m’avez 

tellement soutenue. Sans vous rien n’aurait été possible. Ma reconnaissance est immense.  

 

To my co-director Mrs Nuria Malats 

You taught me all about methodology and statistics, about rigor, precision, honest evaluation 

of the work done. You also taught me the taste for sharing results, networking, discussing and 

interacting with others. Working in your lab was an incredible opportunity, for everything I 

learned as well as for the inestimable value of the people I met.   

 

A mon Président de jury le Professeur François Desgrandchamps. 

Vous avez cru en moi dans une période où l’avenir s’était assombri, vous m’avez fait une 

place au sein de votre maison et vous m’aidez chaque jour à votre contact à grandir comme 

Urologue et comme Chercheuse. Je vous remercie de la chance que vous m’offrez et j’espère 

être à la hauteur. 

 

A mon directeur de laboratoire le Professeur Alexandre de la Taille. 

Merci de m’avoir poussée à travailler sur la vessie, d’avoir insisté sur l’absolue nécessité 

d’avoir une thématique claire, d’avoir mis à ma disposition les moyens de votre laboratoire 

pour conduire ce travail de thèse.  

 

 

 



Aux membres du jury. 

Merci à Mme Simone Benhamou et à Mme Kirsten Junker d’avoir accepter de consacrer le 

temps précieux qui est le leur à la lecture de ce manuscrit et à son commentaire. Thanks To 

Mrs Simone Benhamou and Mrs Kirsten Junker for accepting to spend their precious time 

reading and commenting this manuscript.  

Merci à François Radvanyi pour ses conseils toujours pertinents, ses enseignements et la mise 

à disposition de ses moyens pour m’aider à avancer dans la difficile carrière de chercheuse. 

Merci à Morgan Rouprêt pour son soutient permanent, ses qualités pédagogiques et humaines 

et son investissement pour aider et faire grandir les plus jeunes.  

 

To Paulina, Evangelina, Marta and Silvia 

I would never have succeeded without you all. I will not forget the incredible generosity you 

all put in helping me moving on with this work. Your permanent support and kindness has 

helped me climb a mountain regarding the total absence of knowledge I had in your field 

when I arrived in Madrid. I wish you all the very best both personally and professionally. 

Thank you.  

 

A Mme Pascale Maillé 

Merci Pascale pour tout le temps passé à m’aider, pour ta gentillesse et ta bonne humeur 

inamovible. 



A Olivier. 

Etre une femme chirurgien, engagée dans une carrière universitaire, toujours au travail, le 

soir, la nuit, le week-end, est impossible sans le soutient solide et permanent de celui qui 

l’aime. Je n’aurai jamais poursuivi jusqu’ici sans toi, sans la vie personnelle équilibrée que tu 

m’offres et qui me comble du bonheur indispensable a la persévérance dans cette voie 

difficile. Chaque jour supplémentaire avec toi est un cadeau.  

 

 

 

 

 



OUTLINE 

 

I INTRODUCTION ………………………………………………………………………….1 

1. IMMUNITY IN THE NATURAL HISTORY OF BLADDER CANCER……...…….1 
1.1. Natural history of bladder cancer……………………………….……………………..1 

1.1.1. Incidence ……………………………………………………...………………..1 
1.1.2. Risk factors…………………………………………………..…………………1 

1.1.2.1. Non inflammatory risk factors……………………………………...…1 
1.1.2.2. Inflammation and cancer risk……………………………………….…3 

1.1.2.2.1. NSAIDs/Aspirin…………………………………………..…….3 
1.1.2.2.2. Germline variation ……………………………………...…….. 3  
1.1.2.2.3. Local inflammation………………………………………..….. 4 

1.1.3. Evolution and principle of treatment of bladder tumours.………………...….. 5 
1.1.3.1. NMIBC ………………………………………………………………...5 

1.1.3.1.1. Recurrence.………………………………………………….… 5 
1.1.3.1.2. Progression.……………………………………………….…… 5 
1.1.3.1.3. Treatment generality for NMIBC.………………………….…. 6  

1.1.3.2. MIBC.…………………………………………………………….…… 6 
1.1.3.2.1. Metastasis and mortality rates ………………………………… 6 
1.1.3.2.2. Treatment generality for MIBC.……………………….……… 6 

 
1.2. Classical prognosticators……………………………………………………………...7 

1.2.1. NMIBC…………………………………………………………………………7 
1.2.2. MIBC…………………………………………………………………...………9 

1.2.2.1. Clinical factors………………………………………………………….9 
1.2.2.2. Pathological factors……………………………………………..…….. 9 

 
1.3. Molecular subtypes and micro environment……………………………………..…. 11 

1.3.1. Molecular subtyping of UCB…………………………………………..……. 11 
1.3.2. Micro environmental interactions……………………………………………. 14 

 
2. IMMUNITY IN THE TREATMENT OF BLADDER CANCER…………...……… 16 

2.1. Immune system modulators………………………………………………………….16 
2.1.1. BCG in NMIBC………………………………………………………...……. 16 

2.1.1.1. Mechanism of action ………………………………………………….16 
2.1.1.2. Scheme of administration……………………………………………..18 

2.1.2. Others……….………………………………………………………………...18 
 

2.2. Immune checkpoint inhibitors in MIBC ……… 19 
 

3. INFLAMMATORY BIOMARKERS IN BLADDER CANCER PROGNOSIS....….22 
3.1. Rational………………………..……………………………………………………..22 

3.1.1. Limitations of the classical prognosticators…………………………………..22 
3.1.2. Interest in inflammatory biomarkers and methodological limitations…..……22 

 
3.2. Germline variants in inflammatory genes and cancer prognosis……………...……. 24 

 
3.3. Tumor related inflammation and cancer prognosis………………………..………. 25 



3.3.1. Cytokines/proteins……………………………………………………..…….. 25 
3.3.2. Micro environmental cells……………………………………………..…….. 27 

3.3.2.1. The Immunoscore and colon cancer…………………………...…….. 27 
3.3.2.2. Inflammatory infiltrate and bladder cancer…………………….……. 29 

 
3.4. Serum inflammation and cancer prognosis…………………………………………. 32 

3.4.1. Inflammatory proteins………………………………………………….……. 32 
3.4.2. Inflammatory cells……………………………………………………..…….. 33 

 
3.5. Urinary inflammatory response and bladder cancer prognosis……………….…….. 33 

 
4. SUMMARY: IMMUNITY IN THE NATURAL HISTORY AND MANAGEMENT 

OF BLADDER CANCER……………………………………………………...……… 36 
 
 

II OBJECTIVES…………………………………………………………………………… 37 

1. HYPOTHESES…………………………………………………………………………. 37 
2. GERMLINE VARIANTS......................................................................................…….. 37 

2.1. Genome-based approach……………………………………………………...…….. 37 
2.2. Gene-based approach………………………………………………………….……. 37 

 
3. TUMOR INFLAMMATORY INFILTRATE………………………………...……… 38 

3.1. Rational for using CD8 as a model marker………………………………….……… 38 
3.2. Methodological validation…………………………………………………….……. 38 

 
III RESULTS………………………………………………………………………..……… 40 

ARTICLE 1: INFLAMMATORY-RELATED GENETIC VARIANTS IN NON-
MUSCLE INVASIVE BLADDER CANCER PROGNOSIS. A MULTI-MARKER 
BAYESIAN ASSESSMENT. A Masson-Lecomte et al. CEBP 2016………………..……...40 

1.1. Abstract…………………………………………………………………….……….. 40 
 

1.2. Manuscript…………………………………………………………………….……. 41 

 

ARTICLE 2: ASSOCIATION BETWEEN GERMLINE PDL1 VARIANTS AND 
BLADDER CANCER PROGNOSIS………………………………………………..……..57 

1.1. Abstract……………………………………………………………………….…….. 57 
 

1.2. Manuscript……………………………………………………………………..…… 58 
 

ARTICLE 3: CD8+ CYTOTOXIC INFLAMMATORY INFILTRATE IN NON-
MUSCLE INVASIVE BLADDER CANCER: A STANDARDIZED METHODOLOGY 
TO STUDY ASSOCIATION WITH PROGNOSIS AND CLINICO-PATHOLOGICAL 
FEATURES…………………………………………………………………………...……..67 

1.1. Abstract………………………………………………………………….…….……. 67 
1.2. Manuscript………………………………………………………………………….. 68 



IV DISCUSSION…………………………………………………………………..……… 105 
 

1. INFLAMMATION RELATED GENETIC POLYMORPHISMS AND BLADDER 
CANCER PROGNOSIS………………………………………………………...……. 105 

1.1. Different output of candidate-gene or a genome-wide approaches…………..…… 105 

1.2. Biological relevance as the cornerstone of genetic studies…………………….….. 106 

1.3. The need for integration with the other –omics………………………………...…..107 

2. TISSUE INFLAMMATION ASSESMENT AND ASSOCIATION WITH BLADDER 
CANCER PROGNOSIS………………………………………………………...……. 107 

2.1. Strengths of the results………………………………………………………..…… 107 

2.2. Remaining challenges………………………………………………………...…… 108 

2.2.1. Compartments………………………………………………………….……108 

2.2.2. Impact of UCB natural history on tumor inflammation……………….…….109 

2.2.3. Consideration of multiples inflammatory cell types…………………...……109 

3. SERUM INFLAMMATION IN THE CONTEXT OF BLADDER CANCER..…...111 

3.1. Serum inflammation in the EPICURO cohort………………………………..…… 111 

3.2. Future directions……………………………………………………………...…… 113 

4. INTEGRATIVE APROACH BETWEEN INFLAMMATION AND MOLECULAR 
SUBTYPES……………………………………………………………………….…… 114 

4.1. Integration between the different matrices…………………………………….….. 114 

4.2. Integration with molecular taxonomy………………………………………...…… 115 

5. PREDICTION OF BLADDER CANCER PROGNOSIS AND RESPONSE TO 
IMMUNOTHERAPY TREATMENT………………………………………….…… 116 

6. FUTURE PROJECTS…………………………………………………………...…… 117 

 

V CONCLUSION………..…………………………………………………………………120 
 

VI REFERENCES……………………………………………………………………..…. 121 
 

VII APPENDIX: Inflammatory Biomarkers and Bladder Cancer Prognosis: a systematic 
review. A Masson-Lecomte et al. Eur Urol 2014………………………………….....……. 145 

 
 



Alexandra Masson-Lecomte  Page 1 of 
145 

 

I INTRODUCTION 

1. IMMUNITY IN THE NATURAL HISTORY OF BLADDER CANCER  

1.1. Natural history of bladder cancer  

1.1.1. Incidence 

Each year 2.7 million people are diagnosed with bladder cancer (BC) in the world. 

Most cases appear after 60 years of age [1]. In France, 12 305 new invasive cases were 

identified in 2015, mainly in men.  Bladder cancer occupies the 4th place in incidence and is 

the 7th cause of death all cancers included. It constitutes the second urological malignancy 

after prostate. Incidence is rising by 1% every year, yielding to an important number of 

prevalent cases [2]. Urothelial carcinoma is the major histological type of bladder cancer 

(UCB) and is subdivided in two groups according to its invasion of the bladder wall: non-

muscle invasive (NMIBC), accounting for 70-80% of UCB at diagnosis, and muscle invasive 

(MIBC) accounting for the remaining 20%.  

1.1.2. Risk factors 

1.1.2.1. Non inflammatory risk factors  

Bladder cancer is a complex disease with both environmental and genetic risk factors.  

Environmental: Main known risk factors are tobacco use and exposition to aromatic 

amines [3-5]. Although bladder cancer incidence in smoking men is decreasing [6], trend is 

inverted in women due to crescent tobacco consumption. Exposure to tobacco, both active 

and passive, is associated with the occurrence of bladder cancer.  In a recent meta-analysis of 

incidence, the pooled relative risk of BC incidence was 2.58 (2.37-2.80) for all smokers, 3.47 

(3.07-3.91) for current smokers, and 2.04 (1.85-2.25) for former smoker. Occupational 

exposure to aromatic amines, nitrosamines and polycyclic aromatic hydrocarbons has been 

historically associated with bladder cancer risk. Although in Europeanised countries, 
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prevention policies led to a reduction of workers’ exposure to aromatic amines, the French 

Institut de Veille Sanitaire estimated in 2001 that, in France, 8 to 14% of incident bladder 

cancers and 10 to 14% of deaths linked to this type of cancer in men were attributable to 

occupational exposure, mainly due to polycyclic aromatic hydrocarbons in contemporary 

context [7]. Some industries are now less exposed because of prevention policies (a recent 

meta-analysis found only a borderline increase risk for BC in the aluminum production (OR 

1.28, 95 % CI 0.98-1.68) and in iron and steel foundries (OR 1.38, 95 % CI 1.00-1.91) [4]) 

while others still remain at risk nowadays (plastic, chemical and pharmaceutical industries, 

see specific tables in article [7]).  To date, despite the prevention programs that have been 

implemented for workers exposed, hundreds of annual deaths from bladder cancer are still 

imputable to occupational exposures.  

Genetic: familial forms of bladder cancer have been described. Most implicated genes have 

not yet been identified. However, mutations in tumor suppressor RB1 or oncogene HRAS, 

sometimes as mosaic, can be involved in occurrence of bladder tumors at younger age [8, 9]. 

Generally, BC is a complex disease and genetic susceptibility is rather due to many Single 

Nucleotide Polymorphisms (SNPs) with small effect than to a simple SNP/gene disorder. 

Single Nucleotide Polymorphisms (SNPs) in carcinogen-detoxification genes such as NAT2 

or GSTM1 have been consistently showed to be associated with BC risk [10]. A recent meta-

analysis confirmed the association between NAT2 slow acetylators status and risk of BC with 

an OR of 1.31 (1.11-1.55) [11]. Moreover, genetic and environmental factors can interact, 

such as demonstrated in a genome-wide interaction study of smoking and bladder cancer risk 

[12].  Garcia Closas et al. explored interaction between smoking and 12 susceptibility loci, 

individually and combined as a polygenic risk score (PRS) [13]. The 30-year absolute risk of 

bladder cancer in U.S. males ranged from 2.9% for current smokers in the lowest quartile of 

the PRS to 9.9% for current smokers in the upper quartile. Risk difference estimates indicated 
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that 8,200 cases would be prevented if elimination of smoking occurred in 100,000 men in 

the upper PRS quartile compared with 2,000 cases prevented by a similar effort in the lowest 

PRS quartile.  

Integration of both genetic factors and environmental exposure/interactions in the design of 

bladder cancer prevention program would undoubtedly lead to great reductions in bladder 

cancer incidence. Cost remains a major limitation.  

 

1.1.2.2. Inflammation and cancer risk 

1.1.2.2.1. NSAIDs/Aspirin 

The impact of anti-inflammatory agents administration in prevention of cancer 

strengthens the importance of preexisting inflammation in cancer development[14, 15]. 

Rothwell et al. studied deaths due to cancer during and after randomized trials of daily aspirin 

versus placebo, done originally for prevention of vascular events. They showed that patients 

under aspirin treatment had a significantly lower risk of developing all cancers and 

particularly colorectal cancers than the placebo group (5 years HR 0.66, 95%CI 0.50-0.87, 

p=0.003). NSAIDs administration effect on bladder cancer risk has been studied in large 

epidemiological studies with consistent results suggesting reduced risk of developing bladder 

malignancy under treatment [16]. Oral chemo-prevention by acetyl salicylic acid or COX 2 

inhibitors reduced the risk of induced bladder cancer in mouse [17, 18]. Altogether, published 

studies support the efficacy of anti-inflammatory drugs in preventing cancer in general and 

bladder cancer in particular. However, adverse effects of long-term administration prevent 

from recommending such treatments in daily practice [19] 

1.1.2.2.2. Germline variation  

Polymorphisms in inflammatory genes are known to predispose to or conversely 

protect against some cancers [20-22]. Epidemiological studies demonstrated that genetic 
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variations in inflammatory pathways genes affected bladder cancer susceptibility [23]. 

Cytokines (IL4, IL6, TNF), chemokines and chemokines-receptor genes polymorphisms have 

been shown to impact bladder cancer development risk in single studies [24, 25]. Yang et al 

strongly suggested that the most common COX2 haplotype was associated with increased risk 

of bladder cancer and that the haplotypes containing at least one variant allele were 

associated with decreased risk [26]. Moreover, COX2 inhibitor celecoxib demonstrated 

strong chemoprevention potential in rats exposed to N-butyl-N-(4-hydroxybutyl) nitrosamine 

[27]. Main limitation of those studies is the lack of external validation of the results in 

independent cohorts. A the genome wide level, Evangelina Lopez de Maturana et al. explored 

the association between 886 inflammatory-gene variants and bladder cancer risk in 1,047 

cases and 988 controls from the Spanish Bladder Cancer (SBC)/EPICURO Study. Thirteen 

SNPs in thirteen genes were identified using two different statistical approaches as associated 

with bladder cancer risk (SNPs in JAK3, IL6R, CD5, ROCK1, CASP3, BIRC5, CD4, CD2, 

SCARB1, ICAM1, TFF1, AKR1C3). At the genetic level, those results suggested that bladder 

cancer risk is not driven by a single SNP/gene disorder and is rather influenced by multiples 

SNPs with small effect.  

1.1.2.2.3. Local inflammation 

In some type of cancers, chronic local infection/inflammation participate in the 

initiation of tumorigenesis. The link between Helicobacter Pylori and gastric cancers, 

Hepatitis C Virus and hepatocellular carcinoma or inflammatory bowel disease and colorectal 

cancer is very well established [28]. At the bladder level, chronic inflammation is a major 

risk factor for squamous cell carcinoma but also urothelial carcinoma. Schistosoma 

haematobium infection of the bladder leads to a Th2 immune response favoring development 

of bladder malignancy [29]. Patients with neurogenic bladders are at much higher risk then 

the general population of developing BC, partly due to repeated catheterization and recurrent 
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urinary tract infections [30].  Inflammatory response is also a major actor of tumor 

promotion, regardless of pre-existing local inflammatory factors [31]. Aberrant activation of 

inflammatory pathways triggers the recruitment of inflammatory cells in the tumor 

microenvironment (macrophages, mastocytes, T cytotoxic, T regulator or B lymphocytes, 

myeloid-derived suppressor cells) and stimulates cell proliferation, angiogenesis, invasion 

and metastasis, enabling most of the cancer hallmarks [32]. The role of inflammation has 

particularly been studied in colorectal cancer, where proinflammatory mediators such as 

NFkB, IL6, STAT3, TNF, COX 2, and multiples chemokines are known to be major actors of 

colorectal tumorigenesis [33]. Several inflammatory biomarkers (Inf-BM) have been showed 

to be useful in clinics, the most widely accepted being IL6, a major mediator of acute 

inflammation [34]. It has tumor promoting actions and acts as an autocrine and paracrine 

growth factor [34, 35]. The proliferative effect of IL6 is mainly mediated by the transcription 

factor STAT3 which is known to be activated in many subtypes of tumor cells [36-39]. 

  

1.1.3. Evolution and principle of treatment of bladder tumours 

1.1.3.1. NMIBC 

1.1.3.1.1. Recurrence 

Recurrence is defined as the occurrence of a new bladder tumor of the same or lower 

stage/grade after initial treatment. NMIBC is associated with a very high recurrence rate, 

between 30% and 70% at five-year according to the EORTC [40]. Consequently follow up of 

patients is very stringent, leading to alteration of patients’ quality of life and high public 

heath costs. 

1.1.3.1.2. Progression  
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Progression is defined as the occurrence of a tumor of higher stage/grade during 

follow up, appearance of metastasis or death due to bladder cancer. Overall 15% of NMIBC 

will progress with major differences between risk groups (ranging from 1% to 50%). 

1.1.3.1.3. Treatment generality for NMIBC 

NMIBC treatment is based on transurethral resection, alone or followed by adjuvant 

intra-vesical chemotherapy. Options are intra-vesical chemotherapy using Ametycine or 

intra-vesical immunotherapy using bacillus Calmette-Guerin (BCG). Choice of treatment 

depends on the tumor risk of recurrence and progression [41]. Those risks are calculated 

based on known clinical and pathological prognostic factors (see below). 

 

1.1.3.2. MIBC 

1.1.3.2.1. Metastasis and mortality rates 
 

Multi institutional databases regrouping thousands of patients report five-year cancer 

specific survivals around 60% after radical cystectomy performed for curative intent [42, 43].  

However, survival rates differ tremendously according to pathological findings (i.e. lympho-

vascular invasion, nodal invasion, histological subtypes see below). Consequently, half of the 

patients will relapse after radical cystectomy with recurrences occurring in the pelvis in 30% 

of cases or as distant metastasis more frequently [44]. Despite administration of 

chemotherapy, prognosis of relapsing patients is very poor with five-year survival rates less 

than 10%. Muscle invasiveness results in poor prognosis, especially in UCB progressing from 

NMIBC, despite BGC therapy, outlining the need for new accurate prognostic markers in this 

subgroup of patients [45]. 

 

1.1.3.2.2. Treatment generality for MIBC 
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At diagnosis, 20% of BC are muscle invasive (stage pT2-4N0M0) with potential 

micro-metastases. Therefore, effective systemic treatment must be associated to surgery. In a 

neoadjuvant setting, cisplatin based chemotherapy improved the absolute overall survival by 

5% and the specific survival by 9%[46]. Various combinations have been assessed and the 

most efficient so far are either the association of methotrexate, vinblastine, adriamycin, and 

cisplatin (MVAC), or the less toxic association of gemcitabine and cisplatin (GC). Both are 

considered equally effective [47]. Neo adjuvant chemotherapy followed by radical 

cystectomy with extended pelvic lymph node dissection is, to date, the recommended curative 

treatment for MIBC, with 5-year recurrence free survival approaching 60% [48-50]. Despite 

NAC, 19.3% of patients are found to have lymph node- positive disease on postoperative 

pathological analysis [51].  Trials using radio chemotherapy have shown interesting results in 

selected patients with small, localized muscle invasive UCB allowing long term bladder 

preservation [52]. The presence of adverse pathological factors after RC, such as lymph node 

metastases or locally advanced disease are a well-known predictors of overall survival. 

Consequently, those patients are recommended for adjuvant chemotherapy [53]. Until 

recently, platin-based chemotherapy has been the only option for metastatic bladder cancer 

with very poor outcome (overall survival rate < 5% at 5 years). Recently, immunotherapy 

using anti PDL1 antibodyimmune checkpoints inhibitors (anti PDA, anti PDL1, anti CTLA4 

antibodies) has shown promising results and is being tested in clinical trials [54] .  

 

 

1.2. Classical prognosticators 

1.2.1. NMIBC 

Prediction of risk of recurrence and progression is based on clinico-pathological factors. 

Two main groups, the EORTC and the CUETO, respectively European and Spanish, have 
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described risk factors for both outcomes using large cohort of thousands of patients [40, 55]. 

Main difference between both is the administration of maintenance BCG (no maintenance in 

EORTC trials vs 6 months maintenance in CUETO). Six main clinico-pathological risk 

factors, divided in categories, are now generally accepted and used in daily clinical practice:  

o Number of tumors : single vs multiple 

o Tumor diameter : < 3 or ≥ to 3 cm 

o Prior recurrence rate: ≤ 1 recurrence / year or > 1 recurrence per year 

o Stage: Ta vs T1 

o Grade: G1 vs G2 vs G3 (1973 WHO classification) and low vs high grade (2016 

WHO classification) [56] 

o Concurrent CIS: no vs yes 

Based on those factors patients can be categorized in risk categories (Table 1) 

 

Table 1: Risk group stratification according to EORTC (from the EAU 2016 guidelines). The 

two WHO grade classifications (1973 and 2016) appear together in the table. This reflects the 

reality of practice where pathologist and clinicians often use both classifications in daily care.  

 

 

“Primary, solitary, less than 3 cm TaG1” tumors’ risk of recurrence at one and five-year are 

15 and 31% respectively while risk of progression at one and five-year are 0.2 and 0.8% 
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respectively. On the contrary, “more than 3 cm T1G3 plus CIS” tumors’ risk of recurrence at 

one and five-year are 61 and 78% with a risk of progression of 17 and 45% respectively.  

Risk of progression is probably slightly overestimated in the EORTC cohort due to lack of 

maintenance BCG.  

 

1.2.2. MIBC 

1.2.2.1. Clinical factors 

As for NMIBC, main prognostic factors are clinical and pathological. Before radical 

cystectomy, all localized muscle invasive bladder cancer should receive neo-adjuvant 

chemotherapy. Markers of response to chemotherapy and identification of pre-operative 

prognostic markers could help target patients that would benefit most from systemic 

treatment but none are available yet. Locally advanced diseases defined as suspicion of peri-

vesical fat invasion or hydronephrosis on CT scans are known to have lower survival rates 

after radical cystectomy. However treatment options for those patients remain the same then 

for strictly localized disease.  

Approximately 5% of MIBC are metastatic at diagnosis [57]. In the setting of 

local/systemic recurrence, prognosis is very poor and no validated prognostic markers are 

available. Rink et al published a cohort of 1545 patients from 16 institutions who experienced 

disease recurrence after radical cystectomy [58]. Advanced age, female gender, RC stage and 

positive margins were negatively associated with survival. 

1.2.2.2. Pathological factors 

On RC specimen, pathological prognostic markers have been described and validated in 

independent cohorts: 

o Stage: prognosis is deeply conditioned by stage. Main prognosticator is the 

absence of residual disease on RC specimen after neoadjuvant chemotherapy 
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(ypT0) [59]. However, each progression in stage confers poorer survival (pT2 vs 

pT3 vs pT4). 

o Lympho-vascular invasion [60] 

o Nodal invasion 

o If nodal invasion, number/density of positive nodes and presence of extra-capsular 

extension [61, 62]. 

Based on those factors, patients who did not receive neo-adjuvant chemotherapy and who 

display locally advanced disease or nodal invasion on radical cystectomy specimen should 

receive adjuvant chemotherapy. As in the neo-adjuvant setting, no predictors of response 

(clinco-pathological/molecular) are used in daily practice.  

o Histological subtypes: Main subtypes are presented in Table 2, 

extracted from the latest WHO classification (2016). Occurrence of divergent 

differentiation on radical cystectomy specimen is as high as 30% [56] conferring 

various prognosis implications. Squamous and glandular differentiations are most 

commonly observed. Generally, variant histology is associated with advanced 

disease and worse outcome. [63]. Xylinas et al described in 2013 a cohort of 488 

patients with 24.6% of variant histology [64]. Histological UCB variants were 

associated with advanced tumour stage, lymphovascular invasion and lymph node 

metastasis (all p-values<0.01) when compared to pure UCB. Association with 

prognosis was only seen in univariate analysis suggesting that worse outcome was 

related to advanced stage and adverse pathological features.  
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Table 2: WHO classification of tumors of the urothelial tract. In the latest classification, 

squamous cell neoplasms are now an independent entity. The squamous differentiation no 

longer exists.  

 

 

 

1.3. Molecular subtypes and micro environment  

1.3.1. Molecular subtyping of UCB 

The genomics revolution has provided the opportunity to build tumor molecular “identity 
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cards” leading to sub-classification based on genetic alterations on top of histological 

subtypes or clinical presentations. Molecular subtyping of bladder cancer has been on-going 

in parallel in different groups around the world leading to the release of five UCB molecular 

classifications [65-69]. Those classifications overlap with some differences (Figure 1), the 

most comprehensive coming from the work by Sjodahl et al in Lund. Based on genome wide 

gene expression profiling of 308 UCB covering different stages of the disease (one third Ta, 

on third T1 and one third ³ T2) they were able to identify five major UCB subtypes (Figure 

1, Lund): urobasal A, genomically unstable, urobasal B, squamous cell carcinoma like, and 

an infiltrated. The Urobasal A tumors display high FGFR3 genes expression signature and 

low immune gene expression signature. Those tumors are FGFR3 and PI3KCA mutated 

compared to genomically unstable tumors (55% vs 7% and 25% vs 8%). Urobasal A tumors 

are mostly Ta, maintain degrees of urothelial stratification (they express tight junction 

associated genes), express the basal cytokeratin (CK) 5 in cells in contact with the basal 

membrane, similar to what is seen in the normal urothelium. Genomically unstable tumors 

mainly differ from Urobasal A by the absence of FGFR3 genes signature and FGFR3 

mutations. On the contrary they display a very high amount of TP53 mutations compared to 

Urobasal A (48% vs 11%). As Urobasal A they display high urothelial differenciation 

markers expression such as transcription factors GATA3 and FOXA1. Genomically unstable 

tumors are mainly T1 or ³ T2, G2-G3 tumors. A subset of the urobasal tumors differed from 

the Urobasal A by their muscle invasive phenotype with increased late cell cycle activity, 

expression of basal cell related keratins (CK6 and CK14) in suprabasal cell layers and strong 

immune signature. This group still displays strong FGFR3 signature and high levels of 

FGFR3 mutations. The squamous cell carcinoma (SCC)-like tumours, commonly called basal 

tumours in other classifications, are mainly muscle invasive tumors with an aggressive 

phenotype. The SCC like/basal tumors differed from the other subtypes by showing very 
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elevated expression of basal cytokeratins (CK6 and CK14, 5- to 31-fold), indicating a 

keratinized/squamous phenotype and several keratinization-associated genes. Pathologic 

evaluation of those tumors demonstrated signs of squamous differentiation in 2/3 of the cases. 

Those tumors also display a very strong immune signature and lack FGFR3 

signature/mutations that differentiates them from Urobasal B tumours. Finally, the infiltrated 

phenotype corresponds to muscle invasive tumors, highly infiltrated with immune cells, 

displaying strong immune signature but no “basal” phenotype (expression of basal 

cytokeratins in contact with the basal layer) and no FGFR3 signature.  

 

 

Figure 1: A: Overlap of molecular subtypes according to the different groups publications. B: 

Transcription factors, biomarkers and actionable targets according to the Lund subtyping [70].  

 

Using the bladder cancer TCGA data (234 MI tumors) as a reference set (with four molecular 

groups, TCGA 1, 2, 3 and 4), the Lund group evaluated their five-tiered classification along 

with two others gene expression-based bladder cancer classification systems: the two-tiered 

University of North Carolina (UNC), the three-tiered MD Anderson (MDA) (Figure 1, [70]). 
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This analysis showed that classifications only partially overlap and that substantial biological 

subgroup heterogeneity remains. Consensus was reached regarding the existence of a group 

of Basal-Squamous-like tumors characterized by the high expression of CK5/6 and CK14 and 

low/undetectable expression of FOXA1 and GATA3 [71]. An additional tumor subgroup 

with urothelial differentiation features was recognized (simplistically called luminal tumors 

in some studies) whose optimal molecular definition is required. For other subtypes 

described, more work is needed to determine how robust they are and how to best define 

them at the molecular level. This is mandatory before molecular classifications can be 

implemented in translational research and at the end daily practice. 

 

1.3.2. Micro environmental interactions 

In the light of recent breakthrough made in metastatic bladder cancer treatment using 

immunotherapies, interactions between molecular subtypes and tumor inflammatory 

environment have been explored. Few publications explored those interaction but with 

consistent and robust results.  

The first to describe interactions between molecular subtying and inflammatory cells 

infiltration was G. Sjodahl in 2014 [72]. Using immunohistochemistry for tumor infiltrated 

lymphocytes (CD3, CD8, FOXP3) and macrophages (CD68, and CD163) on a series of 296 

UCB (all stages) they identified different degrees of immunological responses according to 

molecular subtypes: the urobasal subtype (TCGA I) induced a weak response, the 

genomically unstable subtype (TCGA II) induced an intermediate response, and the 

squamous cell carcinoma-like subtype (TCGA III-IV) induced a strong response. 

In the Lancet publication by Rosenberg in 2016 presenting phase 2 results of anti PDL1 

Atezolizumab in metastatic bladder cancer, ancillary translational studies have been made to 

explore interactions between TCGA “4 clusters” molecular subtyping and CD8+ 
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inflammatory infiltrate/response to anti PDL1 drugs [73]. Results are consistent with the ones 

from Sjodahl et al. with CD8 T-effector gene expression increased in luminal cluster II and 

basal cluster III or IV and not in luminal cluster I. PDL1 immune cell prevalence was highly 

enriched in the basal subtype versus the luminal subtype (60% vs 23%) with high immune 

cells PDL1 expression seen in 15% of the papillary-like luminal cluster I, 34% of the cluster 

II, 68% of the squamous-like basal cluster III, and 50% of the basal cluster IV subtype.  

Concomitantly (2016), Sweis et al explored tumor-oncogenic pathways correlated with the “T 

cell” phenotype. Using immune gene expression profiling to separate “T cell inflamed” and 

“non T cell inflamed tumors”, they demonstrated that PPARG and FGFR3 pathways were 

activated in “non T cell inflamed” tumors while up-regulation of genes encoding immune 

checkpoint proteins was associated with « T   cell inflamed tumors » [74]. Those results 

corroborate the ones from Sjodahl and Rosenberg showing low CD8 infiltration/ effector 

gene expression in TCGA I luminal tumors. 

Altogether, those results support association/interactions between molecular subtyping and 

inflammatory environment, pinpointing the need for integration of the 2 matrices in the field 

of translational research but also response to immunotherapies.  
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2. IMMUNITY IN THE TREATMENT OF BLADDER CANCER  

2.1. Immune system modulators 

2.1.1. BCG in NMIBC 

2.1.1.1. Mechanism of action 

First report of the use of attenuated BCG strains as a treatment for bladder cancer 

dates back to 1979 with the publication from Morales et al in Journal of Urology [75]. 

Authors reported the use of intra vesical and intra dermal BCG strains in 9 patients suffering 

from NMIBC bladder tumors. According to their finding, the course of the disease was 

altered favourably with fewer recurrences observed. Since then, treatment of NMIBC using 

intra vesical BCG stands as one of the most effective demonstration of the benefit of 

immunotherapy in treatment of cancers.  

Mechanism of action of intra vesical BCG has been studied extensively ([76], Figure 

2). Briefly, BCG bounds to fibronectin in the bladder lumen and is further internalized by 

both tumor and normal urothelial cell. After cellular processing, a complex allying BCG and 

major histocompatibility complex II is exposed at the cell surface triggering the immune 

reaction. This complex is recognised by CD4+ T cells, leading mainly to a T helper-1 (Th-1) 

response and production of IL-2, IL-12, interferon (IFN) gamma, and tumour necrosis factor 

(TNF) beta. Effector cells are cytotoxic CD8 + lymphocytes and Natural Killer cells that 

display a massive antitumor response after activation. At the same time, a T helper-2 (Th-2) 

response is induced through production of IL 4, 5, 6, 10, neutrophil and macrophages 

recruitment and release of TRAIL that appears to be an important predictor of BCG response 

[77]. 

Since the 80’s, intra vesical administration of BCG has proven its efficacy in reducing 

both risk of tumor recurrence and progression. Five meta-analyses are available 
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demonstrating that BCG is superior to TURB alone or TURB plus intra vesical chemotherapy 

in preventing risk of recurrence of NMIBC [44]. 

 

 

Figure 2: Bacillus Calmette-Guerin (BCG)–induced immune response. After internalisation of fibronectin–BCG 

complexes by normal urothelial and tumour cells, BCG antigens are presented at the cell surface, attracting 
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CD4+ T cells. Urothelial cells start a T helper-1 (Th-1) response by releasing several inflammatory cytokines 

(ie, interleukin (IL) 2, IL-8, IL-12, interferon (IFN)g and tumour necrosis factor (TNF)b), which then leads to a 

cellular response by the recruitment of cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells. At the 

same time a Th-2 response is initiated through PMN and macrophages. 

APC = antigen-presenting cells; DC = dendritic cell; PMN = polymorphonuclear neutrophil; TRAIL = tumour 

necrosis factor apoptosis-inducing ligand. From [78] 

 

Moreover, two meta-analyses demonstrated that BCG prevents, or at least delays the risk of 

tumor progression. However, optimal scheme of administration remains controversial. 

 

2.1.1.2. Scheme of administration  

Induction BCG is administrated weekly during 6 weeks as empirically described by 

Morales in the first published paper [75]. Induction treatment is followed by a maintenance 

period of time where BCG is administrated for 3 consecutive weeks at 3 months and then 

every 6 months. Regarding the optimal duration of the maintenance period, a meta-analysis 

by Böhle et al suggested that at least one year of full dose BCG is necessary for superiority 

over intra vesical chemotherapy by Mitomycin [79]. Optimal treatment would be 3-years 

maintenance based on the scheme recommended by Lamm et al in 2000 [80]. However, the 

inflammatory response induced in the bladder is responsible for mild to intense irritating 

lower urinary tract symptoms often preventing accomplishment of the full maintenance 

therapy. 

 

2.1.2. Others 

Studies suggested replacing attenuated BCG by BCG parts or recombinant BCG strains. 

Noteworthy, BCG cell wall skeleton could be used as an alternative leading to the same anti 

tumor immune reaction without the risk of systemic side effects. Main problem lies in 
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product delivery challenges since it is poorly soluble and has a strong negative charge. 

Recently, a Japanese team suggested the use of lipid nano particules in order to help 

dispersion of the treatment [81]. Alternatively, studies suggested to use recombinant BCG 

able to secrete its own Th1 cytokines, enhancing the anti tumor response. Luo et al reviewed 

studies of recombinant BCG in the treatment of NMICB. Treatment seems feasible and 

demonstrated superiority to standard live BGC [82]. Enhanced side effects might however be 

a limitation. Finally, activating anti tumor immunity using viruses rather then BCG strains 

has been proposed [83]. This treatment is still at its early stages of development and seems to 

provoke the same local adverse events then BCG administration. However, viruses could 

allow virus mediated gene transfer and combination of both immunotherapy and gene therapy 

[84]. 

 

2.2. Immune checkpoint inhibitors in MIBC 

As developed before, Immunotherapy has been used for decades in NMIBC. 

Immunotherapy is especially attractive in urothelial carcinoma because of the genetic 

instability leading to a high burden of somatic mutations [65]. Consequently, an elevated 

number of tumor antigens are expressed at the surface. Recently, considerable hope has been 

raised with the development of monoclonal antibodies regulating the immune checkpoint 

pathway blockade [85]. It is a fundamental physiological process that regulates the immune 

response and prevents inappropriate overreaction such as autoimmune disease (Figure 3). 

Many cancers, including bladder cancer, are controlling host immune system by co-opting 

certain immune-checkpoint pathways leading to inhibition of T cells that that are specific for 

tumour antigens and would otherwise have attacked the tumor. Promising results have been 

observed in metastatic BC with pembrolizumab (MK-3475)/ nivolumab and atezolizumab 

(MPDL3280A)/durvalmab respectively targeting the Program cell death 1 receptor (PD-1) 
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and its ligand PD-L1 [54, 73]. Favourable toxicity profile were observed and overall response 

rates of 24% and 25% were reported respectively in chemoresistant metastatic bladder 

cancer. Anti tumor effect was often rapid (occurring at the first response assessment (6 

weeks)) and prolonged. Stronger responses (up to 50%) were observed for patients displaying 

elevated PD-L1 expression in tumor-surrounding T cells [86, 87]. Those excellent results led 

clinicians and researchers to try Immune check points blockade at earlier stages of the disease 

with on-going or planned trials in the adjuvant, neo adjuvant or even NMIBC setting 

(Imvigor010 = NCT02450331, PURE 01 = NCT02736266, KEYNOTE 057 = 

NCT02625961). 

Moreover, preclinical data suggested that targeting different immune checkpoints 

together, such as programmed cell death-1 (PD-1) and cytotoxic T-lymphocyte-associated 

antigen-4 (CTLA-4), could provide for non-redundant pathway blockade and potential 

synergy. In non small cell lung carcinoma, association of Durvalumab (a selective, high-

affinity human IgG1 monoclonal antibody that blocks PD-L1 binding to PD-1 and CD80) and 

Tremelimumab (a selective human IgG2 monoclonal antibody inhibitor of CTLA-4) has 

shown a manageable tolerability profile, with anti-tumour activity irrespective of PD-L1 

status [88]. Those combinations are about to be tested in bladder cancer clinical trials.  
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Figure 3: Ligand-receptor interactions between Antigen Presenting cells and T cells. From [85]
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3. INFLAMMATORY BIOMARKERS IN BLADDER CANCER PROGNOSIS 

 

A systematic review of studies assessing association between germline, serum and tumor 

inflammatory biomarkers and bladder cancer prognosis has been performed and published in 

European Urology in 2014. The published manuscript is available in APPENDIX (PMID 

25151017). 

 

3.1. Rational  

3.1.1. Limitations of the classical prognosticators 

At present, the major prognosticators, either for NMIBC and MIBC, remain clinical 

and pathological factors. The use of promising molecular prognostic markers such as TP53 or 

FGFR3 mutations failed to demonstrate any applicability in daily practice. A new 

stratification of bladder cancers according to their molecular profile is ongoing [68, 69], 

aiming to improve outcome through targeted therapies. Whereas optimizing prognostic 

assessment is required for personalized treatment, most of the prognostic studies in bladder 

cancer have been limited by sample size, biased populations of patients treated in tertiary 

expert centers and retrospective design [89].  

 

3.1.2. Interest in inflammatory biomarkers and methodological limitations 

Avoiding immune disruption is one of the emerging hallmarks of cancer [90]. It is 

well established that the inflammatory micro-environment impacts on tumour prognosis, 

either in a positive or negative manner [91, 92]. How to properly assess the composition and 

function of the microenvironment is challenging and there is a need of consensus in the field 

about how to best consider the joint inflammatory response as a component of tumour 
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subclassification [93]. In this regard, pioneer studies were for melanoma, colon, and breast 

cancer[94-96].  

Definition of inflammatory biomarkers (InfBM) is itself challenging. Any molecular 

compound involved in innate or adaptative immune response, at the gene or protein level, 

could be considered as so. The list, however, is tremendously large and the edges of the 

definition are difficult to delineate due to the interaction between inflammatory pathways and 

other cellular functions. In this introduction, we focus on markers that were directly involved 

in immune response as first function. 

In the field of inflammatory biomarkers, BC remains a neglected disease [97]. This is 

paradoxical, thinking that BC is one of the few tumours with a longstanding efficient 

treatment using immunotherapy with BCG. Studies on the prognostic value of inflammation-

related biomarkers (InfBM) in BC have been published since the 70’s [98-100]. The 

infiltration of the tumour by inflammatory cells and its role in prognosis has been explored 

more extensively than germline DNA polymorphisms in inflammatory genes and blood and 

urine cytokines. Unfortunately, none of these markers has proven to be sufficiently useful to 

reach clinical utility. Methodological flaws, technical heterogeneity, and lack of appropriately 

designed validation studies have been the most important limitations impairing a conclusive 

research. Guidelines have been published in 2005 to guide researcher in the reporting of 

prognostic markers but, unfortunately, they are rarely followed [101]. Moreover, most if not 

all studies investigating inflammatory biomarkers in bladder cancer are performed 

considering BC as a homogenous disease. This is untrue both at the pathological and 

molecular level since bladder tumors can display heterogeneous histological subtypes [56] 

and heterogeneous molecular alterations [102] even in the same tumor. Consequently it is 

likely that inflammatory infiltrate/inflammatory biomarkers are also heterogeneously 
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displayed in bladder tumors, yielding potential implications when association with 

prognosis/treatment response are assessed. 

 

3.2. Germline variants in inflammatory genes and bladder cancer prognosis 

Two studies assessed the association between germline IL6 rs1800795 variant and UBC 

outcome [24, 103]. Ahirwar et al. found a decreased risk of NMIBC recurrence among 

carriers (Hazard Ratio (HR) = 0.41, 95%CI 0.17-0.94) [24] while Leibovici et al., described a 

4.6-fold higher risk of recurrence among high-risk NMIBC patients carriers of the same SNP 

receiving maintenance BCG therapy (n=38) [103]. For TNFα, 2 polymorphisms were studied 

(rs1800629 and rs1799964) [103, 104]. Both studies found that the TNFα polymorphism 

considered was associated with a decreased risk of recurrence among patients with NMIBC. 

However, the findings among patients with MIBC were discordant. One study suggested an 

association between polymorphisms in the promoter of NFkB gene and NMIBC risk of 

recurrence [105]. In 2015, Lima et al evaluated association between 42 polymorphisms in 38 

genes implicated in BCG mechanism of action and outcome of patients receiving BCG 

treatment [106]. Using Cox regression adjusted for classical prognosticators they proposed a 

set of genes significantly associated with BCG response (SNPs in tumour necrosis factor α 

(rs1799964), interleukin 2 receptor α rs2104286, IL17A (rs2275913), IL17RA (rs4819554), 

IL18R1 rs3771171, intercellular adhesion molecule 1 (rs5498), Fas ligand (rs763110) and 

TNF-related apoptosis-inducing ligand receptor 1 (rs79037040)). They proposed to score 

patients’ risk according to their genetic profiling with the low-risk group having a 90% 

chance of successful treatment, while the high-risk group presented a 75% chance of 

recurrence after BCG treatment. Gallagher et al. tried to predict response to platin-based 

chemotherapy administrated to MIBC patients [107]. They described in 2013 seven variants 

in six gene significantly associated with partial or complete response to chemotherapy. 
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Among those variants were 2 SNPs in IL1B, an important mediator of the inflammatory 

response. Major limitation of those studies is the absence of replication of the results in 

independent series. Very recently, Grotenhuis et al. published in Bladder Cancer Journal an 

attempt of independent replication of published Germline Polymorphisms associated with BC 

prognosis and treatment response [108]. Out of 114 evaluated SNPs, only six were replicated. 

One of those SNPs was located in IL18 (rs187238) and was associated with recurrence after 

BCG treatment. While the effort deserves encouragements, the cohort used for independent 

replication has major methodological drawbacks that, again, tremendously limit the 

applicability of the results.  

 

3.3. Tumor-related inflammation and bladder cancer prognosis 

3.3.1. Cytokines/proteins 

In many cancers, cytokine expression were shown to be implicated in tumor 

progression and used as prognostic markers. In lung adenocarcinoma, a 15-cytokine gene 

expression profile was measured in noncancerous lung tissue and corresponding lung tumor 

tissue. The cytokine gene signature in noncancerous lung tissue was associated with lymph 

node status whereas the gene signature of the corresponding lung tumor tissue was associated 

with cancer survival [109]. In colorectal cancer, NFkB expression has been widely studied 

and showed to be associated with survival [110]. Regarding BC, in vitro studies showed that 

chemokine (CCL21/CCR7, CXCL5) expression was critical for tumor growth and 

progression, through interactions with micro environmental cells but also through direct 

action on tumor cells [111, 112]. Mukherjee et al. recently published a literature review about 

the controversial role of NFkB in bladder cancer carcinogenesis and prognosis [113]. STAT3 

activation in urothelial stem cells leads to direct progression to invasive bladder cancer in 

mouse [36]. However, evidence of association of those markers with prognosis in BC is 
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lacking.  

As a prognostic factor, COX2 has been the most studied inflammatory mediator in 

urothelial carcinoma. COX2 expression has been showed to be weakly associated with 

outcome as an independent marker [114, 115]. In a large cohort of NMIBC and a 

metaanalysis, Czachorowski et al reported that COX2 tumor expression was associated with 

advanced pathological stage and grade, but did not independently predict any of the 

considered outcome: recurrence free, progression free and disease specific survival [114]. In 

a mouse model of NMIBC, subcutaneous administration of celecoxib (COX 2 selective 

nonsteroidal anti-inflammatory drug) in association with BCG resulted in an increased 

infiltration of tumors by CD4+ lymphocytes and improved antitumor effect measured by the 

mass and number of tumors [116].  

Co-stimulatory molecules in tumour cells: B7-H1 (PD-L1) is a T cell co-regulatory 

molecule. Four studies evaluated this marker in both NMIBC and MIBC (all cohorts were 

mixed).  High PDL1 expression on tumor cells was associated with decreased cancer-specific 

or overall survival in three studies (two studies after adjustment for classical prognosticators 

and one in univariable analysis only) [117-119]. In a series of cystectomized patients, 

Boorjian et al. demonstrated that PDL1 expression (>5% of tumour cells) was associated with 

a 3.18-fold higher risk of overall mortality compared to those that did not express the marker 

(95%CI 1.74-5.79, p<0.001) [117]. Bellmunt et al. evaluated PDL1 expression on both tumor 

cells and mononuclear infiltrating cells. No association was seen between survival and 

expression on tumor cells. However, positive PD-L1 expression in infiltrating cells was 

significantly associated with longer survival in metastatic patients [120].  

HLA class I molecules are required for the cytotoxic activity of T cells. Loss of HLA 

class 1 molecules was associated with adverse outcome. Four studies evaluated the impact of 

HLA class I molecule expression on survival [121-124]. Strong HLA class I expression was 
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associated with decreased recurrence in a series of NMIBC treated with TURB and induction 

BCG (HR=0.06, 95%CI 0.01-0.40, p=0.003) [121]. The main limitation of the study was the 

small sample size (n=30 patients) and number of events. Homma et al. presented a series of 

65 patients treated with radical cystectomy with similar results [124]. Patients’ whose tumour 

lost HLA class I expression had a 2.39-fold higher risk of recurrence after RC than those who 

did not, after adjustment for stage and histological variant.  

HSP70 has been shown to have direct implication in pro/anti tumour immunity 

through its secretion by tumour cells or expression on the tumour cells surface where it can 

present antigens to immune system [125]. HSP70 has been evaluated twice as a biomarker for 

survival in UBC [126, 127]. Yu et al. assessed its association with recurrence and progression 

in a series of 530 patients with NMIBC treated by TURB [127]. Strong expression of HSP70 

in tumour cells was independently associated with an increased risk of recurrence (HR=1.52; 

95%CI 1.15-2; p<0.001) but there was no independent association with progression in a 

multivariable analysis. By contrast, HSP27 expression was inversely associated with 

progression (HR=0.49, 95%CI 0.33-0.73, p<0.0001).  

 

3.3.2. Micro environmental cells 

3.3.2.1. The Immunoscore and colon cancer 

Main advances in the implementation of inflammatory infiltrate as a component of 

tumor sub-classification came from the work from Galon et al on colorectal cancer. Between 

2006 and 2009 two major papers were published demonstrating that the type, location and 

density of inflammatory infiltrating cells in colorectal carcinoma were better predictors of 

survival than the commonly used clinical and histo-pathological factors [95, 128]. They 

defined a score called Immunoscore, aiming at classifying the patients into four distinct 

prognostic groups based on the density of three different lymphocytic populations (cytotoxic 
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CD8, CD3 and memory CD45RO lymphocytes) in the center and invasive margin of the 

resected tumors (Figure 1). The Immunoscore (“I”) ranges from 0 (“I” 0), when low densities 

of both cell types are found in both regions, to 4 (“I” 4), when high densities are found in 

both regions.  

 

 

Figure 1: Immunoscoring based on the count of CD8+ and CD3+ or CD45RO+ cells in the centre and at the 

invasive margin of the tumor. From [129] 

 

After applying the Immunoscore to 602 resected colorectal cancers, Pages et al. demonstrated 

that only 4.8% of patients with a high “ I” 4, relapsed after 5 years when 72% of patients with 

a low score (“ I” 0 and “ I” 1) experience tumor recurrence at five years.  

While colon cancer is the most advanced in the path toward usage of inflammatory 

marker in daily practice, other studies suggested associations between immune contexture 

and different cancer types such as breast, lung or melanoma [130]. Based on those 

observation, an Immune Task Force has been gathered aiming at validating the Immunoscore 

in large cohorts of colon cancer patients but also at applying the score to other cancers such 

as melanoma, breast, ovarian, endometrial and ultimately promoting the worldwide use of the 

Immunoscore as a routine testing for cancer classification and treatment response prediction 

[129]. But before, harmonization of inflammatory infiltrate assessment has to be reached, as 

homogenous methodology is the prerequisite to any application to patients. This is 
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particularly challenging since the inflammatory infiltrate in tumors is heterogeneous, 

composed of various cell populations with various functions that can have opposite effects in 

different cancers.  In that regard bladder cancer is particularly challenging since the tumor 

architecture is disrupted by transurethral resection.  

 

3.3.2.2. Inflammatory infiltrate and bladder cancer 

The evidences regarding the prognostic significance of tumor inflammatory infiltrate 

are very heterogeneous but altogether support the notion that inflammation in bladder tumor 

microenvironment is of potential prognostic and therapeutic interest. Twenty studies in the 

literature assessed the association between inflammatory cells in the tumor and BC prognosis 

[131].  Overall, reporting of techniques and interpretation of results were heterogeneous (see 

review in appendix).  

Tumour infiltration by CD3- and CD8-expressing cells has been showed to be 

associated with better outcome. All studies showed significant results in univariable analysis. 

Results were confirmed after adjustment for stage and other prognosticators only in the 2 

studies assessing MIBC [123, 132]. Sharma et al. studied CD8 infiltration in a series of 69 

patients treated with TURB or RC [123]. HR for overall survival among MIBC patients with 

strong CD8 cell infiltration in the tumour (>8 CD8+ cells/ field, magnification not precised) 

on radical cystectomy specimen was 0.3 (95%CI 0.09-0.96). Winerdal et al. considered the 

impact of CD3 lymphocyte infiltration in the tumour of 37 patients treated by radical 

cystectomy [132]. Strong infiltration was associated with increased overall survival 

(HR=0.24, 95%CI 0.08-0.71, p=0.01). The presence of an "inflammatory infiltrate" without 

further characterization of the lymphocyte markers has also been widely studied [133-137]. 

The main limitations of those studies were the heterogeneity in the definition of the studied 

populations and on the "inflammatory infiltrate" term. Three studies including NMIBC and 
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MIBC patients showed that strong inflammatory infiltrate was an independent good 

prognosticator for survival after adjustment for stage and other clinico-pathological factors, 

[133, 135, 138].  Despite some caveats, the available evidence supports the notion that strong 

inflammatory infiltration in the tumour might be associated with a better prognosis in 

concordance to CD3 and CD8 study results. Obviously, a precise characterization of the type 

of inflammatory cells in the tumour is mandatory to draw further conclusions and establish 

mechanistic hypotheses.  

Tumor associated macrophages (TAM) are known to have tumor promoting effect. 

The presence of a strong TAMs infiltration prior to BCG treatment was associated with 

recurrence in patients presenting NMIBC treated with maintenance BCG therapy [139]. 

Maniecki et al investigated the macrophage restricted receptor CD163 in bladder tumor 

biopsies (all stages and grades merged) and showed that high CD163 mRNA expression was 

associated with poor outcome. CD163 mRNA expression was significantly increased in 

muscle invasive and aggressive tumors [140]. Results on CD68 from the available studies are 

difficult to compare because of the heterogeneity between patients characteristics, tissue 

location, and methods of quantification. Ayari et al. combined the count in the tumour and in 

the stroma while Takayama et al. did it separately [139, 141, 142]. A total of 3 studies 

showed statistically significant results in multivariate analysis, with CD68 macrophages 

strong infiltration being associated with adverse outcome [139, 142, 143]. In 2009, Ayari et 

al. described that CD68 infiltration in the tumour was associated with a 3.8-fold (95%CI 

1.32-11, p=0.013) higher risk of recurrence after TURB and maintenance BCG in a series of 

NMIBC [139]. This result was not validated by the same author’s second publication in 2013 

but with a series of patients not treated with BCG therapy [144]. Hanada et al. combined 

NMIBC and MIBC patients and showed that those presenting strong CD68 infiltration in the 

tumour had a 5-fold higher risk of mortality [143]. The study, however, lacked of details 
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about patients’ management and definition of survival endpoints. Finally, Takayama et al., 

published a study with 41 carcinoma in situ (CIS) treated with TURB and induction BCG 

[142]. The endpoint was time to recurrence defined by positive cytology. In multivariate 

analysis adjusted for age and gender, high CD68 count in CIS regions (≥4 CD68+ cells) was 

an independent predictive factor for recurrence (HR=1.7). These authors performed the same 

analysis using CD68 count in the lamina propria and demonstrated no association with 

recurrence. Jointly with CD68 analysis, Ayari et al. explored the impact of dendritic cell 

infiltration defined by CD83 staining, strong CD83 dendritic cells infiltration being 

associated with adverse outcome - recurrence after maintenance BCG - [139] and progression 

to muscle invasion [144]. Results were statistically significant but the reliability of the risk 

estimates by Cox are questionable because of the small number of events (only one tumour 

recurred in the low CD83 group yielding an upper 95%CI of 85). Altogether these papers 

pinpoint a possible adverse effect of macrophage infiltration in tumours but evidence remains 

weak.  

The prognostic value of FOXP3 expressing T regulators lymphocytes is controversial. 

The transcription factor FOXP3 is a master regulator of regulatory T cells (Treg) [145]. In a 

critical review of the literature, DeLeeuw et al concluded that FOXP3+ T cells have very 

heterogeneous properties and that their biologic effect seems to depend on the tumor site, 

possibly reflecting differences in the tumor microenvironment [146]. Two studies analyzed 

the impact of tumour infiltration by FOXP3-positive lymphocytes in both NMIBC and MIBC 

[121, 147]. Both studies showed better survival when strong infiltration was observed, 

although the findings were statistically significant, after adjustment, in only one of them 

(HR=0.17, 95%CI 0.05-0.6, p=0.006, for overall survival) [147].  

More than single cells effect, it might be the ratio/interactions between inflammatory cells 

population that drives the pro/anti tumour effect of the host immune system. Sjodahl et al. 
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suggested that more than a single population type, the ratio between lymphocytes and 

macrophages might have higher prognostic significance [72]. In a study on 296 MIBC, the 

presence of infiltrating CD3+ lymphocytes was significantly associated with good prognosis. 

This positive association was modulated by the presence of CD68+ TAMs. The strongest 

association with poor survival was observed for a high ratio between CD68 and CD3 (p-value 

7x10-5). 

 

3.4. Serum inflammation and cancer prognosis 

3.4.1. Inflammatory proteins 

The prognostic significance of serum levels of proinflammatory mediators such as 

IL6, CRP (which is synthesized by the hepatocytes after IL6 stimulation), and TNFalpha has 

been demonstrated in multiple cancers (lung, breast, ovary, colon, prostate, bladder, and 

urinay tract) [35, 148-154]. CRP was the most widely studied serum marker in BC prognosis. 

High C-reactive protein (CRP) levels are associated with decreased recurrence free survival, 

response to chemotherapy and cancer specific survival in patients treated for MIBC [155-

159]. Eight studies assessed the association of high CRP levels with overall or cancer-specific 

survival [115, 157, 160-165]. All studies reported consistent results showing that high CRP 

levels (>5 mg/L) are associated with adverse outcome (see review in appendix). In one study, 

the association was only significant in univariable analysis [162]. Another study did not 

perform multivariable analysis [161]. In the 6 remaining studies, 3 dichotomized CRP levels 

and 3 used a continuous variable. In all of them, CRP was an independent prognostic factor 

for both cancer-specific and overall mortality, though variables for adjustment varied widely 

from one study to another. No study evaluated the prognostic significance of CRP levels on 

recurrence and progression of NMIBC. Moreover, serum CRP level has never been 

investigated regarding its impact on response to BCG therapy.  
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The preoperative plasma level of IL6 has been associated with adverse pathological 

stage and outcome in patients treated by radical cystectomy [149]. Again, its prognostic 

significance has not been evaluated in NMIBC.  

 

3.4.2. Inflammatory cells 

CD8 cell count was assessed as a serum marker using flow cytometry in one study 

[166]. Authors observed that serum CD8 was inversely correlated to tumour infiltration with 

CD8 cells (r2= 0.63, p<0.0001). Low levels of CD8 cells in blood were associated with lower 

intravesical recurrence after TURB applying a multivariable analysis (HR= 0.4, 95%CI 0.17-

0.94).  

In the past years, efforts have mainly been focusing on demonstrating the prognostic 

significance of serum Neutrophil to Lymphocytes Ratio (NLR). At the moment, more than 10 

studies have described consistent association between high NLR and prognosis of MIBC 

[167-170] but also upper tract urothelial carcinoma (UTUC) [171-173] or NMIBC [174, 175]. 

Two studies reported prognostic value for NLR after radical cystectomy for UCB. With a 

threshold of 2.5, studies in MIBC observed that high NLR was an independent adverse 

prognostic factor for survival after RC with hazard ration between 1.9 and 2.5. In a meta 

analysis published in PLoS One in 2014, Wei et al confirmed a consistent association 

between high NLR and both BC recurrence free survival and cancer specific survival [176]. 

Most of the published studies lack calculation of the predictive ability of the marker (c-index) 

that would be necessary to demonstrate clinical benefit. For that reason, and despite the 

robustness and easiness-to-use of the NLR, no usage in clinical trial/daily practice decision-

making has been proposed.   

 

3.5. Urinary inflammatory response and bladder cancer prognosis 
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Intra-vesical administration of Bacillus Calmette-Guerin leads to both local and 

systemic “anti-tumor” immune response [177]. The type and intensity of this response can be 

used as a surrogate marker for treatment efficacy. Local inflammation can be easily assessed 

by urine cytokine measurements that reflect the level of parietal inflammatory response. In 

the early years of 2000, Saint et al repeatedly demonstrated that a T helper 1 lymphocyte 

response (measured by a high release of IL2 and IFN gamma) was necessary for BCG 

treatment efficacy [178, 179]. Furthermore they demonstrated in 2003 that failure to detect 

urinary IL-2 during BCG induction course correlated with time to recurrence (p = 0.01) and 

progression (p = 0.01). In a large literature review published in 2012 in European Urology, 

Zuiveroon et al. detailed all available evidence on markers predicting response to BCG 

Immunotherapy [78]. From the work from Saint et al, urinary IL2 seems one of the most 

promising marker. Other cytokines have been studies such as IL8 or IL18 or TRAIL (tumour 

necrosis factor apoptosis-inducing ligand) with contradictory results.  

More recently, Rigaud et al looked in a prospective manner at urinary cytokines 

profiles of 23 patients treated with 6 “induction” BCG courses [180]. Five of them were BCG 

refractory/recurred after treatment. They observed very different urinary cytokines profiles 

between the patients. Recurring patients showed a trend toward high baseline IL-6 levels 

followed by low IL-6 levels before the instillations; low baseline IL-2 levels with only minor 

changes during treatment; absence of IFNγ and IL-17 production and a low peak of cytokine 

production at the end of treatment.  

Main limitations of those studies come from the very small number of patients included in 

the series and the lack of external validations. However urologists need to question 

themselves why those markers have not been investigated deeper in order to integrate them to 

daily practice. To date no molecular predictive marker is available and clinicians still rely on 

clinical characteristics to decide weather to guide patient to BCG therapy or radical 
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cystectomy. With the extent of researches conducted in the field, it is worth underscoring that 

no prospective studies have been designed to assess inflammatory response during treatment. 

All the more so as studies demonstrated that progression under BCG treatment is associated 

with very poor prognosis [45, 181]. 
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4. SUMMARY: IMMUNITY IN THE NATURAL HISTORY AND MANAGMENT 

OF BLADDER CANCER 

Along this introduction, we reviewed know associations between inflammation/immunity and 

bladder cancer occurrence, development, prognosis and treatment. Some of the main 

associations are summarized in the Figure 4.  

 

 

 

Figure 4 : Immunity in the natural history and management of bladder cancer (ref) 
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II OBJECTIVES 

1. HYPOTHESES 

Our study was built on the following two fundamental hypotheses:   

1) Inflammation/Immunity are associated with BC prognosis and response to treatment  

2) Integration of Inflammatory biomarkers will result in superior accuracy in predicting 

BC prognosis than the classical clinico-pathological prognostic factors.  

 

2. GERMLINE VARIANTS 

2.1. Genome-based approach  

The first approach conducted herein aimed at assessing the association between 

germline variation in inflammatory genes and BC prognosis. We decided to focus first on 

NMIBC because of the long-lasting evidence of effective treatment with immunotherapy. At 

the time of the initiation of the project the effect of anti PDL1 therapies in the treatment of 

MIBC had not been released. The objective of this study was to evaluate the association of 

SNPs in inflammation-related genes with the risk of NMIBC to recur and/or progress. We 

applied both classical cox regression and extended the application of innovative multi-marker 

approaches to the prognostic field for the first time. 

2.2. Gene-based approach  

While the project started focusing in NMIBC, the field of metastatic bladder cancer 

treatment was revolutionized by the results of randomized controlled trials demonstrating the 

efficacy of immune checkpoints inhibitors. Based on excellent and prolonged responses to 

anti PDL1 therapies, multiples trials tried to extend the use of those drugs to earlier stages of 

the disease. Authors suggested that the expression of PDL1 in the tumor was associated with 

prognosis but none had investigated the association between germline variations in PDL1 
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gene and prognosis or anti PDL1 treatment response. Consequently we decided, in parallel to 

the work conducted on NMIBC to explore the potential association between germline PDL1 

variation and UBC prognosis.  

3. TUMOR INFLAMMATORY INFILTRATE 

3.1. Rational for using CD8 as a model marker 

Cytotoxic lymphocytes are one of the main effectors of anti tumor immunity. 

(Re)Activation of CD8 lymphocytes is implicated in both BCG response and immune 

checkpoint inhibitor mechanism of action. From the literature review CD8 was one of the 

most studied tumor marker in both NMIBC and MIBC. The immunohistochemistry technique 

is very robust and used in daily clinical practice in most pathology departments. 

Consequently, we chose CD8 as a model marker for tumor inflammatory infiltrate 

assessment. 

 

3.2. Methodological validation  

Based on the literature review, we identified many methodological drawbacks in both 

the design of studies and the reporting of potential association between tumor inflammatory 

biomarkers and bladder cancer prognosis. Limitations were even more patent in NMIBC 

because of the potential heterogeneity of the tumor emphasized by the disruption inducted by 

trans urethral resection. Consequently we decided to conduct a first study aiming at assessing 

heterogeneity in the inflammatory infiltrate and set up a standardized methodology for 

inflammatory infiltrate assessment in NMIBC. The final aim was to identify potential 

association between CD8 infiltration in the tumor and NMIBC prognosis. After digitalization 

and automatic counting, we explored the association between CD8 lymphocytes associated 

with the tumor compartment and NMIBC risk of recurrence and progression. 
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III RESULTS 

ARTICLE 1: INFLAMMATORY-RELATED GENETIC VARIANTS IN NON-

MUSCLE INVASIVE BLADDER CANCER PROGNOSIS. A MULTI-MARKER 

BAYESIAN ASSESSMENT. A Masson-Lecomte et al. CEBP 2016  

1.1. Abstract 

Background. Raising evidence points to the role of tumor immunological environment on 

urothelial bladder cancer prognosis. This effect might be partly dependent on the host genetic 

context. We evaluated the association of SNPs in inflammation-related genes with non-

muscle invasive bladder cancer (NMIBC) risk-of-recurrence and risk-of-progression.  

Methods. We considered 822 NMIBC included in the SBC/EPICURO Study followed-up 

>10 years. We selected 1,679 SNPs belonging to 251 inflammatory genes. The association of 

SNPs with risk-of-recurrence and risk-of-progression was assessed using Cox regression 

single-marker (SMM) and multi-marker methods (MMM) Bayes A and Bayesian LASSO. 

Discriminative abilities of the models were calculated using the c-index and validated with 

bootstrap cross-validation procedures.   

Results. While no SNP was found to be associated with risk-of-recurrence using SMM, 3 

SNPs in TNIP1, CD5 and JAK3 showed very strong association with posterior probabilities 

>90% using MMM. Regarding risk-of-progression, one SNP in CD3G was significantly 

associated using SMM (HR=2.69; p-value=1.55x10-5) and two SNPs in MASP1 and AIRE, 

showed a posterior probability ≥80% with MMM. Validated discriminative abilities of the 

models without and with the SNPs were 58.4% vs. 60.5% and 72.1% vs. 72.8% for risk-of-

recurrence and risk-of-progression, respectively.  
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Conclusions. Using innovative analytical approaches, we demonstrated that SNPs in 

inflammatory-related genes were associated with NMIBC prognosis and that they improve 

the discriminative ability of prognostic clinical models for NMIBC. 

Impact. This study provides proof of concept for the joint effect of genetic variants in 

improving the discriminative ability of clinical prognostic models. The approach may be 

extended to other diseases. 

 

 
1.2. Manuscript 
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Inflammatory-Related Genetic Variants in

Non–Muscle-Invasive Bladder Cancer Prognosis:

A Multimarker Bayesian Assessment

Alexandra Masson-Lecomte1,2, Evangelina L!opez de Maturana1, Michael E. Goddard3,4,

Antoni Picornell1, Marta Rava1, Anna Gonz!alez-Neira5, Mirari M!arquez1, Alfredo Carrato6,
Adonina Tardon7, Josep Lloreta8, Montserrat Garcia-Closas9, Debra Silverman10,
Nathaniel Rothman10, Manolis Kogevinas11, Yves Allory12, Stephen J. Chanock10,

FranciscoX.Real13,14, andN!uriaMalats1, onbehalf of the SBC/EPICUROStudy Investigators

Abstract

Background: Increasing evidence points to the role of tumor

immunologic environment on urothelial bladder cancer progno-

sis. This effect might be partly dependent on the host genetic

context. We evaluated the association of SNPs in inflammation-

related genes with non–muscle-invasive bladder cancer (NMIBC)

risk-of-recurrence and risk-of-progression.

Methods: We considered 822 NMIBC included in the SBC/

EPICURO Study followed-up >10 years. We selected 1,679 SNPs

belonging to 251 inflammatory genes. The association of SNPs

with risk-of-recurrence and risk-of-progressionwas assessed using

Cox regression single-marker (SMM) and multimarker methods

(MMM) Bayes A and Bayesian LASSO. Discriminative abilities of

the models were calculated using the c index and validated with

bootstrap cross-validation procedures.

Results:While no SNP was found to be associated with risk-of-

recurrence using SMM, three SNPs in TNIP1, CD5, and JAK3

showed very strong association with posterior probabilities

>90% using MMM. Regarding risk-of-progression, one SNP in

CD3G was significantly associated using SMM (HR, 2.69; P ¼

1.55 " 10#5) and two SNPs in MASP1 and AIRE, showed a

posterior probability$80%withMMM. Validated discriminative

abilities of the models without and with the SNPs were 58.4%

versus 60.5% and 72.1% versus 72.8% for risk-of-recurrence and

risk-of-progression, respectively.

Conclusions: Using innovative analytic approaches, we dem-

onstrated that SNPs in inflammatory-related genes were associ-

ated with NMIBC prognosis and that they improve the discrim-

inative ability of prognostic clinical models for NMIBC.

Impact: This study provides proof of concept for the joint effect

of genetic variants in improving the discriminative ability of clinical

prognostic models. The approach may be extended to other dis-

eases. Cancer Epidemiol Biomarkers Prev; 25(7); 1144–50. "2016 AACR.

Introduction

Urothelial bladder carcinoma (UBC) is the fifthmost common

neoplasm in termsof incidence in industrialized countries. UBC is

a multifactorial complex disease, tobacco and occupation expo-

sure to aromatic amines being the two best established environ-

mental risk factors (1, 2). In addition, UBC has a genetic com-

ponent, and candidate gene and genome-wide association studies

so far have identified 16 loci associated with UBC risk (3–13)

Themajority of UBC are non–muscle-invasive (NMIBC). These

tumors are heterogeneous regarding their clinical, pathologic,

molecular, and genetic features. Management of NMIBC

poses challenges because of their propensity to recur, requiring

a long-term surveillance, and their risk to progress to muscle

invasion, showing a poor 5-year survival rate (14). The current

prognosticators do not completely discriminate between patients

whowill suffer from a tumor recurrence/progression and patients
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who will remain stable after the first transurethral resection

of the bladder (TURB); thus justifying the need of prognostic

biomarkers to guide the clinical management of patients with

NMIBC (15).

Inflammation and cancer are deeply intricate. Not only local

inflammation can promote tumor development but also sys-

temic or tumor immune reaction has been shown to have either

promoting or opposing cancer effects (16–18). These reactions

are however dependent on the host genetic context (19).

Previous studies have assessed SNPs involved in inflammatory

pathways as prognostic markers for UBC (20–22). Those stud-

ies have had limited success, as they have applied simplistic

models analyzing each SNP individually, therefore ignoring the

complexity of the disease likely underlined by many genetic

variants with relatively low effects (23). A recent study has

shown the usefulness of multi-marker methods (MMM) able to

handle large amount of SNPsç often exceeding the number of

individuals, to assess associations between SNPs in inflamma-

tory genes and UBC risk (24).

The objective of this study was to evaluate the association of

SNPs in inflammation-related genes with the risk of NMIBC to

recur and/or progress by extending the application ofMMMto the

prognostic field for the first time. We compared results with those

coming from the classical single-marker method (SMM) account-

ing for the time-to-event nature of the data.

Materials and Methods

Ethics statement

Informed consent was obtained from study participants in

accordance with the Institutional Review Board of the U.S.

National Cancer Institute and the Ethics Committees of each

participating hospital.

Study population and tissue samples

We primarily considered the 995 newly diagnosed patients

with NMIBC included in the Spanish Bladder Cancer (SBC)/

EPICURO Study, a multicenter hospital-based study conducted

in 1997–2001 in 18 hospitals (3). Tumors were reviewed and

confirmed by trained uropathologists who classified their stage

and grade homogeneously using TNM 1997 AJCC and 1973

and 2004 WHO grade classifications. All tumors were transi-

tional cell carcinomas (TCC). Clinical data and information on

primary treatment were retrieved from the hospital charts by

trained monitors using a structured questionnaire. Patients

with NMIBC were classified at high (HiR, n ¼ 284) or low

(LR, n ¼ 538) risk of progression according to the EAU guide-

lines (25). Low-risk patients consisted of PUNLMP, Ta G1,

and G2/low grade and high-risk patients included all T1, G2,

and G3/high grade and carcinoma in situ (CIS). The interme-

diate-risk group was not considered herein due to reduced

sample size. Patients were followed up for >10 years using

both the hospital charts and through direct telephone calls to

patients/families. The follow-up rate for patients with NMIBC

was 94%.

Gene and SNP selection and genotyping

Germline DNA extracted from blood or saliva, in case blood

was not available (4% of the patients), was used for genotyping

(3). Genes (n ¼ 251, Supplementary Table S1) were carefully

selected according to current available evidence of their

involvement in inflammatory processes, favoring those inflam-

matory genes showing association with cancer as described

elsewhere (24). TagSNPs covering these genes were identified

using SYSNP (26) and genotyped with the GoldenGate Illu-

mina Genotyping Assay platform (27). On the basis of a

literature review, we further included 3,628 SNPs in 52 inflam-

matory genes already genotyped in the same individuals

with the Illumina Infinium HumanHap1M array (6). We

excluded SNPs with a low genotyping rate (<95%) and minor

allele frequency (MAF) <0.05. Missing genotypes were imput-

ed with BEAGLE (28). To reduce both colinearity between

variables and number of statistical tests, pairwise linkage

disequilibrium (LD) between SNPs was estimated using the

R-package GENETICS (http://cran.r-project.org/web/packages/

genetics/index.html). We retained the SNPs with the highest

MAF of each LD block when r2 > 0.5. At the end of the quality

control process, 822 patients with 1,517 SNP genotypes and

complete clinical and pathological information were available

for the analysis. These patients were comparable with the

whole series (n ¼ 995) for age, gender, area, and tumor stage

and grade.

Outcome definition

Time-to-first recurrence (TFR) was defined as time elapsed

between first TURB and histologic diagnosis of a new NMIBC of

any stage/grade. Time to progression (TP) was defined as time

between first TURB and a subsequent histologic diagnosis of a

muscle-invasive breast cancer (MIBC), occurrence of metastasis,

or death due to bladder cancer.

Statistical analyses

Median follow-up times were obtained by using the reverse

Kaplan–Meier method. We applied both an SMM based on a

multivariate Cox regression andMMMbased onBayes A (BA) and

Bayesian LASSO (BL; Supplementary Fig. S1). Cox proportional

hazard regression was used to estimate the HR and 95% confi-

dence intervals (CI) to assess the association between individual

SNPs assuming both an additive and a dominant mode of

inheritance and the outcomes of interest. Each SNP effect was

adjusted for classical clinicopathologic prognosticators for TFR

and TP (Supplementary Table S2). TFR analyses did not include

patients who received radical cystectomy as first treatment (n ¼

12). TPwas analyzed using all available patients with NMIBC and

stratified according to HiR/LR. Stratification was not performed

for TFRbecause survival curves of LR andHiRpatients overlapped.

Analyses were run in R-language (http://www.R-project.org).

SNPs with P < 0.05, 2-sided test, after Bonferroni's correction

were kept for comparison with the results from the MMM.

Multimarker methods

Both Bayes A (29) and Bayesian LASSO (30) were applied

coupled with a sequential threshold model to analyze each time-

to-event data (See Supplementary Methods and ref. 31. This

model (32) has been previously used in quantitative genetics

settings (33, 34). This is the first time themethod is applied in the

prognosis field. The same clinicopathologic adjusting variables

were used in the MMM (Supplementary Table S2). Because BA

and BL do not provide P value, the association strength was

estimated using a posterior probability that the SNP is associated

with the outcome. An arbitrary threshold of 80% was deemed as

significant. Analyses were done using an ad-hoc made Fortran

program.
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Discrimination ability of the model calculation and validation

The discrimination ability of the models including the SNPs

showing associationwith the different outcomeswas evaluated by

estimating the c index. Briefly, a Cox model including the clinical

variables only was compared through the c index with a model

including also the previously associated SNPs for each outcomeof

interest. The c index is the frequency of concordant pairs (i.e., the

risk of the event predicted by amodel is lower for the patient who

experiences the event at a later time point) among all pairs of

subjects. Three c indexes were calculated: the apparent c index

(calculated with the original data), the bootstrap cross-validation

c index (calculated using the observations that are not in the

bootstrap sample, obtained through a random sampling with

replacement), and the bootstrap alone c index (i.e., a weighted

average of the discrimination in the original dataset and the

discrimination in the observations that were not included in the

m-th bootstrapped sample; as in ref. 35) and R-package 'pec'

http://cran.r-project.org/web/packages/pec/pec.pdf).

Results

The median age at diagnosis of the 822 patients with NMIBC

was 68 years; 12% of cases were women and 65% of the patients

presented LR tumors. Patient and treatment characteristics are

displayed inTable 1 andSupplementary Table S3, respectively.Up

to July 2007,median follow-upperiod for thewhole series and for

patients "free of disease" were 80.4 and 77.5months, respectively,

with a total of 8 (1.0%)deaths due toUBCasfirst event. According

to the abovementioned definitions, 324 (39.4%) patients suf-

fered, at least, one event. Survival functions for each event are in

Supplementary Figs. S2 and S3.

Time to first recurrence

No SNP was found to be associated with TFR by SMM additive

model after Bonferroni's correction (P > 3" 10#5, Supplementary

Table S4). Using a dominant mode of inheritance, we found that

an SNP in CARD4/NOD1 (rs10267377) was significantly associ-

ated with TRF (HR, 0.58; 95% CI, 0.45–0.75; P ¼ 0.000026,

Padjusted ¼ 0.039). Using MMM, 43 SNPs had PP > 80% of being

associated with TFR (Supplementary Table S5). Among them,

three had probabilities >90% using both BA and BL, pointing to a

very strong association (TNIP1-rs2277940, CD5-rs7104333,

JAK3-rs6523, Table 2). The same SNP in CARD4 had PP of

88% and 90% of being associated with risk of recurrence using

BA and BL, respectively.

Time to progression

Only one SNP identified by SMM additive model showed a

significant association after Bonferroni's correction: CD3G-

rs3212262 (HR, 2.69; 95% CI, 1.72–4.23; P ¼ 1.55 " 10#5,

Padjusted¼ 0.023; Table 3). Five-year progression-free survival rate

Table 1. Patient and tumor characteristics and number of outcomes according to the NMIBC risk group

All (N ¼ 822) Low-risk (n ¼ 538) High-risk (n ¼ 284) P

Age, y 7.6 " 10#5

Median [IQR] 68 (60–73) 67 (58–73) 69 (63–75)

Mean (SD) 65.5 (10.2) 64.5 (10.8) 67.5 (8.7)

Gender 0.49

Male 722 (88%) 469 (87%) 253 (89%)

Female 100 (12%) 69 (13%) 31 (11%)

TG —

PUNLMP 41 (5%) 41 (7.6%) —

Ta G1 311 (37.8%) 311 (57.8%) —

Ta G2 253 (30.8%) 186 (34.6%) 67 (23.6%)

Ta G3 85 (10.3%) — 85 (29.9%)

T1 G2 20 (2.4%) — 20 (7.1%)

T1 G3 106 (13%) — 106 (37.3%)

Tis G2 1 (0.1%) — 1 (0.34%)

Tis G3 5 (0.6%) — 5 (1.76%)

Multiplicity 4.2 " 10#5

%3 tumors 543 (66%) 383 (71.2%) 160 (56.3%)

>3 tumors 236 (29%) 130 (24.2%) 106 (37.3%)

Missing values 43 (5%) 25 (4.6%) 18 (6.4%)

Size 9.9 " 10#5

%3 cm 480 (58.4%) 341 (63.4%) 139 (48.9%)

>3 cm 112 (13.6%) 58 (10.8%) 54 (19%)

Missing values 230 (28%) 139 (25.8%) 91 (32.1%)

Number of patients with tumor recurrence 268 (32.6) 190 (35.3) 78 (27.5)

Number of patients with progression 76 (9.2) 24 (4.5) 52 (18.3)

Abbreviation: IQR, interquartile range.

Table 2. SNPs with a strong posterior probability (PP > 90%, BA and BL analyses) of being associated with risk of recurrence in NMIBC

BA BL Cox regression

Gene SNP MAF HRaa_AA PP > 90% HRaa_AA PP > 90% HR P

JAK3 rs6523a 0.40 1.69 98 1.17 92 1.20 0.0488

TNIP1 rs2277940 0.07 1.50 91 1.24 94 1.74 0.0001

CD5 rs7104333 0.49 0.72 90 0.86 92 0.81 0.0126

NOTE: The last column displays the adjusted Cox regression results from models including individual SNPs and covariates.
aPreviously as rs2286662. Analyseswere adjusted for geographical area, gender, multiplicity, tumor stage and grade, tumor size, and treatment (see Supplementary

Table S2).
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was 92% for the AA genotype versus 84% for the Aa and 71% for

the aa (log-rank P¼ 0.001, Fig. 1). No SNPwas associatedwith TP

using a dominant model. UsingMMM, 2 additional SNPs had PP

$ 80% with both BA and BL: MASP1-rs698079 and AIRE-

rs941405 (Table 4). When assessing only HiR tumors, MMM

identified 3 SNPs with PP between 77–80%: CARD4-rs2256023,

MAP2K3-rs9901404, and TMEM189-rs2269217 (Supplementary

Table S6). Neither SMM nor MMM identified any SNP associated

with TP among LR tumors, CD68-rs12942088 (Supplementary

Table S7) presenting the highest PP (75%with BL). This SNP was

one of the top 2 SNPs associated with TP using an additive SMM.

Models' discriminative ability

The clinical parameter model for TFR showed a moderate

discriminatory ability (validated c index ¼ 0.58; Table 5). By

adding the 3 SNPs showing a PP > 90% (TNIP1-rs2277940, CD5-

rs7104333, and JAK3-rs6523), the c index raised to 0.61. Adding

each SNP to the clinical variables increased the predictive ability

compared with themodel including clinical variables only, show-

ing that the predictive ability of the SNPs does not overlap (see

Supplementary Table S8).

The clinical parameter model for TP showed good discrimina-

tion ability (validated c index ¼ 0.72, Table 5). By adding the 2

SNPs showing PP > 80% (MASP1-rs698079 and AIRE-rs941405),

the c index raised to 0.73. The TP predictive ability was also

calculated for the HiR and LR subgroups. Adding the SNPs to the

clinical variables improved their discrimination ability by 10.5 %

for HiR and by 10.2 % for LR in the validation set. As for TFR, the

predictive ability of the SNPsdidnot overlap for TP considering all

and HiR patients (see Supplementary Table S8).

Discussion

Classical studies looking for associations between individual

SNPs in inflammatory genes andUBCprognosis have had limited

success (20–22). While some variants have been previously

associated with UBC prognosis (19, 36), significance was in most

cases limited to univariate analysis and none of the variant was

replicated in independent studies. Moreover, Cox regression is

limited by the number of variables the model permits (37). In

general, the lack of associations found by SMM outlines its

inefficiency to pinpoint variants with small effects in complex

traits. To explore the joint effect ofmultiple SNPs, wehave applied

MMM strategies mimicking the polygenic scenario that features

UBC prognosis. MMM identified, with strong evidence, inflam-

matory genes with variants individually conferring a small risk of

NMIBC recurrence or progression.

A larger number of inflammatory variants showed associa-

tion with TFR than with TP: 44 SNPs with PP > 80%, 3 of them

with PP > 90%, have been associated with TFR. Among them,

JAK3-rs6523 and CD5-rs7104333 were already identified as

associated with UBC risk (24). Only 2 SNPs were associated

with TP using MMM. This could be explained by the lower rate

of progression events (n ¼ 76) compared with the number of

recurrences (n ¼ 268) that may affect the power of tests in

detecting associations. Most of the SNPs/genes associated with

TFR were not associated with TP and vice versa, which may

indicate that different inflammatory genes trigger distinct

NMIBC outcomes. The small correlation between SNP effects

obtained with MMM for TFR and TP (data not shown) also

support this hypothesis. However, it is noteworthy that genetic

variation in CARD4/NOD1 was both associated with TR of the

whole cohort and TP of high-risk patients. Most of the SNPs

identified by MMM also ranked in the first positions when Cox

regression was applied. Only two SNPs in CD3G and CARD4

identified by SMM, as associated with TP and TR, passed

Bonferroni's correction and their PPs were high: PPBA ¼ 0.76

and PPBL ¼ 0.79 for CD3G and PPBA ¼ 0.88 and PPBL ¼ 0.90 for

CARD4. Potential explanations for the different SNP ranking

for CD3G between tests is the small MAF (0.09) of this variant

with very few events in the aa genotype group (Fig. 1; ref. 38)

and the adjustment by other SNPs included in the MMMs.

Table 3. Top 10 autosomal SNPs associatedwith risk of progression in thewhole

NMIBC series using multivariable Cox regression additive model

Gene SNP HR P MAF

CD3G rs3212262 2.70 1.5 " 10#5 0.09

HLA-B rs9266462 2.67 0.0026 0.06

CCL-2 rs929259 0.52 0.0081 0.37

FAS rs1571014 1.73 0.0089 0.36

PPARG rs7626560 1.85 0.0015 0.19

CXCR4 rs778192 0.55 0.0017 0.38

SOCS5 rs973491 2.11 0.0025 0.07

CXCR4 rs16834018 2.10 0.0035 0.08

CD8B1 rs13024609 1.70 0.0044 0.20

IL6 rs2069827 2.00 0.0053 0.06

NOTE: Analyses were adjusted for geographical area, age, multiplicity, tumor

stage and grade, number of recurrences, and treatment (see Supplementary

Table S2).
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Figure 1.

Progression-free survival of the 822 NMIBC according to CD3G-rs3212262

genotypes. Five-year progression-free survival was 92% for AA, 85% for Aa,

and 71% for aa genotypes (log-rank P¼ 8.4" 10
#4

, adjusted Cox P¼ 0.023).

Table 4. SNPs with strong posterior probability (PP > 80%, BA and BL analyses) of being associated with risk of progression in patients with NMIBC

BA BL Cox regression

Gene SNP MAF HRaa_AA PP > 80% HRaa_AA PP > 80% HR P

MASP1 rs698079 0.18 1.31 83 1.10 80 1.58 0.0178

AIRE rs941405 0.37 1.31 86 1.11 83 1.56 0.0116

NOTE: Analyseswere adjusted for geographical area, age, multiplicity, tumor stage and grade, number of recurrences, and treatment (see Supplementary Table S2).

The last column displays the adjusted Cox regression results from models including individual SNPs and covariates.
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Inflammatory SNPs were not strongly associated with outcome

in both HiR and LR subcohorts, probably because of the limited

sample size, too. Polymorphisms in inflammatory genes were

differently associated with TP in patients at HiR versus LR.

Correlation between SMM and MMM estimates of TP in both

subcohorts disagreed (Pearson correlation between SNPs effect

estimates ¼ #0.01 for BA and #0.03 for Cox regression), this

suggesting that the difference in prognosis of both groups may, at

least, partially be mediated by inflammatory genes. Risk of TP is

highly influenced by Bacillus Calmette–Gu!erin (BCG) adminis-

tration (39). Focusing on the HiR subcohort, no BCG&SNP

interaction using MMMs was found (results not shown). Larger

cohorts might be needed to pinpoint these potential interactions.

SNPs were included as they tagged the selected inflammatory

genes,what does not imply apotential function. Since it is difficult

to know whether those variants identified are causative or are in

high LD with the real ones, they should merely be considered as

biomarkers of prognosis. While most of the selected SNPs tagged

genes of particular interest in cancer biology, the position of some

of the genes changed according to the new version of the human

genome release, a fact that misplaced SNPs from the initial

selection window (i.e., rs2269217). Noteworthy, most of the

significant variants are placed in genes involved in immune

tolerance processes: Janus kinase 3 (JAK3) participates in intra-

cellular signal transduction after activation of immune cells.

Lower levels of JAK3 might be responsible for the defective

reactivity of T lymphocytes in patients with cancer (40). CD5 is

known as a negative regulator of T- and B-cell receptor signaling.

Its expression has been shown to be implicated in T lymphocytes

tolerance toward tumor cells (41). AIRE encodes a transcription

factor that regulates the expression of tissue antigens in the

thymus and plays an important role in the development of

organ-specific T regulatory lymphocytes (42). Those T regulators

are thought to be major barrier impeding antitumor immune

response (42). In melanoma, polymorphisms in AIRE may var-

iably affect the selection ofmelanoma-associated antigen-specific

thymocytes, generating T-cell repertoires protecting or predispos-

ing individuals to cancer (43). CARD4/NOD1 is a member of the

NOD receptor family that plays a major role in innate and

adaptive immunities. Polymorphisms in those genes have been

shown to be associated with multiple cancer risk including UBC

(22, 44). NOD receptors were demonstrated to be involved in

antitumor cytotoxicity through thepotentiationof humannatural

killer cells and macrophage activities (45). MAP2K3 pathways

play a critical role in carcinogenesis. MAP2K3 has been shown to

suppress the growth of breast cancer cells (46) and alterations in

its pathway are frequent inUBC (47). Finally, the protein encoded

by CD3G is part of the T-cell receptor–CD3 complex. Prognostic

impact of T lymphocytes' infiltration is now being investigated in

multiple cancers, and CD3 expression has been shown to be

associated with UBC risk of recurrence and mortality (48).

Statistically significant results and potential biologic relevance

are not enough criteria to reach clinical utility. Marker(s) have to

be clinically actionable and cost efficient. While we identified

SNPs strongly associatedwithNMIBCoutcomes, they contributed

little (<3.6%) to the higher event prediction ability provided by

clinicopathologic variables. Furthermore, these estimates have to

be taken cautiously, as their added value might be overestimated

mainly because of the relatively lownumber of progression events

in the whole cohort and mainly in the HiR/LR subcohorts. We

cannot discard that the performances of the models are still

magnified even though their predictive ability was tested by

applying bootstrapped cross-validation samples (49). Therefore,

an external validation would be advisable to confirm the added

predictive value of the identified SNPs. However, heterogeneity

across studies regarding patient recruitment, treatment, patient

management, or availability of the genotypes data for the same set

of SNPs limit the potential success of the replication stage.

Furthermore, the definition of inflammatory genes was itself

challenging. The list of potential genes is tremendously large,

and the edges of the definition are difficult to delineate due to the

crosstalk between inflammatory pathways and other cellular

functions. It is possible that potential susceptibility markers

identified in other studies were not included here, although we

estimate these are a minority. Moreover, incomplete mapping of

the genes might have occurred as a result of using a previous

HapMap genome reference release or filtering by LD, what might

have led tomissing SNPs of interest. Finally, we did not explore all

genetic mechanisms sustaining UBC prognosis, as the genetic

architecture and correlations between genes involving complex

interactions and epigenetic regulation are still unknown (50).

Despite that, this study reports valuable findings and has

noteworthy strengths. The cohort used was built upon strong

methodology. All the patients had complete and homogeneously

collected clinical, pathologic, and genetic information, with long

enough follow-up to investigate NMIBC prognosis. Using inno-

vative MMM that identified many SNPs in inflammatory genes,

we provide further evidence of the complex and heterogeneous

Table 5. Apparent and validated c index using Bootstrap alone or 1,000 bootstrap cross-validation indicating the discriminatory ability of the models for each

outcome of interest

Apparent

c index

Bootstrap alone

c index

Bootstrap cross-

validation c index

Recurrence ALL (N ¼ 268 events)

CV 62.6 60.1 58.4

CV þ SNPs (JAK3, TNIP1,CD5) 65 62.5 60.5

Progression ALL (n ¼ 76 events)

CV 77.5 74.7 72.1

CV þ SNPs (MASP1, AIRE) 78.7 75.4 72.8

Progression HiR (n ¼ 52 events)

CV 69.4 63.6 60.1

CV þ SNPs (TMEM189, MAP2K3, CARD4) 76 70.1 66.4

Progression LR (n ¼ 24 events)

CV 74.2 66.6 62.6

CV þ SNPs (CD68) 80.8 73.5 69

Abbreviations: CV, clinical variable; n, number of events.
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nature ofUBCprognosis and enable to find associations that were

not found by applying restrictive SMM.

Conclusion

Considering multiple genetic information jointly is key to

understand its influence on complex traits such as UBC outcome.

Innovative analytic approacheswere essential to demonstrate that

several SNPs in inflammatory genes were differently associated

with risk of TFR and TP inNMIBC. Although external validation is

warranted, this study provides proof of concept for the joint effect

of few genetic variants in improving the discriminative ability of

clinical prognostic models.
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SUPPLEMENTARY MATERIAL AND METHODS 

Multi Marker Methods (MMM) 

Bayes A (BA) and Bayesian LASSO (BL) were coupled with the sequential threshold model 

developed by Albert and Chib [182] to handle the large p small n problem accounting for the 

time to event and censoring. It assumes that for an observation of a patient to be present at a 

given period of time, he/she must have survived through all previous time periods. Thus, the 

probability of not presenting the event of interest until interval l, conditional on the event that 

the l-th interval has been reached, is given by ( ) ÷÷
ø

ö
çç
è

æ -
F=-³=

2

'
,,1|Pr

e

l
ii lyly

s
g θX

θγ , where 

γ  corresponds to unordered cutoff points corresponding to each time interval, X corresponds 

to the incidence matrix of effects (θ ) affecting the liability to survive to the next interval 

given that the present interval has been reached and 2
es  is the residual variance, which was 

set to 1 for identification purposes [183]. Thus, the presence of the event of interest (first 

recurrence or progression) is checked in each interval, and the outcome in that interval is 

codified as 0 if present and 1 otherwise. If the data is not censored in that interval, then the 

patient has data in the next interval and the outcome in that interval is codified as 0 or 1 as 

before mentioned. If the data is censored in the first interval, then the individual does not 

have data in the subsequent intervals. 

Intervals were defined according to the survival functions for each event (see Figures S2 and 

S3), considering a minimum of events for interval. For time to first recurrence, 9 follow-up 

intervals were defined: ≤ 3, 4-6, 7-9, 10-12, 13-18, 18-24, 24-36, 36-48 and > 48 months. 

Regarding time to progression, 4 intervals were defined (4 levels, (≤ 12 months, 13-24 

months, 25-48 months and >48 months). When patients were stratified at high/low risk, 4/3 

intervals were defined: ≤ 6; 7-12; 13-24 and > 24 months; and ≤ 24; 25-48 and >48 months, 

respectively. 
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As in [184], markers were considered as associated with bladder cancer when both BAt and 

BLt identified them as associated with the outcome. Both BA and BL are characterized by 

thick-tailed priors, the scaled t and the double exponential (DE), respectively. These densities 

have higher mass at 0, which shrinks toward 0 the estimates of marker effects with small 

effects and induces less shrinkage (thicker tails) to markers with larger effects. The prior 

distributions were ( )016.0,01.4Inv 2c-  (scaled t prior for marker effects) in BA and an 

exponential density (double exponential prior for marker effects, 

( ) ( )ÕÕ
==

´
m

j

j

m

j

jjN
1

2

1

22 exp,0 ltstb e ) in BL. Parameter l  in BL controls the shape of the prior 

distribution assigned to 
2-

jt , assigning more density to small values of jt  than to large ones, 

and follows, a priori, a Gamma distribution ( )75.0,102lG . For each analysis, a unique 

Markov Chain Monte Carlo of 50,000 iterations was obtained using a Gibbs sampler. The 

first 20,000 iterations were discarded as burn-in and all the remaining iterations were retained 

to infer posterior marginal distributions of unknown parameters. Convergence of chains was 

assessed visually, applying the Geweke criterion [185] and running parallel chains with 

different initial values. A permutation within Markov Chain Monte Carlo approach [186] was 

used to determine the markers that were associated with the phenotype for both models. 

Markers were considered as associated to the trait if the ( ) taa >-1,max , where 

( )ò
¥-

-=

^

,
p

pppermup dpa

b

bb βy , 
^

pb  is the posterior mean of the SNP p after analyzing the 

original data, and ( )permupp yb  is the posterior distribution of the marker effect given the 

permuted data ( permuy ). 
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When the existence of BCG*SNP interactions associated with time to progression were 

explored in the high-risk NMIBC subgroup, we also used MMMs, adding the interaction 

terms to the model including clinical-pathological parameters and SNPs. 
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Table S1: List of inflammation-related genes selected for the study. 

ABCA1 CCR10 CXCR3 IL12A MAP3K7 SOCS5 

ABCA7 CCR2 CXCR4 IL12B MAP3K7IP2 SOCS6 

ABCC4 CCR3 CXCR7 IL13 MAPK14 STAT1 

ABCF1 CCR4 EIF2AK2 IL15 MASP1 STAT3 

ABO CCR5 EPHX2 IL15RA MBL2 TBK1 

AICDA CCR7 EXO1 IL16 MPO TFF1 

AIRE CCR7 FADD IL17A MS4A1 TFF3 

AKR1C3 CCR9 FAS IL17C MSH2 TGFB1 

AKT1 CD14 FAS IL18 MX1 TGFBR1 

ALOX12 CD180 FASLG IL1A MYD88 TICAM1 

ALOX15 CD2 FCGR2A IL1B NBS1 TIRAP 

ALOX5 CD274  FOS IL1RN NCF2 TLR1 

ANPEP CD28 GATA3 IL2 NFKB1 TLR10 

APOA2 CD3 GDF15 IL21 NFKBIA TLR2 

ARHGDIB CD33 GSK3B IL21R NINJ1 TLR4 

BCL10 CD4 H2AFX IL22 NLRP12 TLR6 

BCL3 CD40 HAVCR2 IL23 NOD2 TLR9 

BCL6 CD45 HDAC5 IL2RA NOS2A TMED7 

BIRC2 CD5 HDAC7A IL3 OPRD1 TMEM189 

BIRC3 CD68 HFE IL4 OSCAR TNF 

BIRC5 CD8 HLA-A IL4R PARP4 TNFAIP3 

BLNK CD80 HLA-B IL6 PPARG TNFRSF10A 

CARD15 CD81 HLA-C IL6R PRF1 TNFRSF1A 

CARD4 CD86 HLA-E IL7 PRG3 TNFRSF7 

CASP1 CDH1  HLA-F IL7R PRKRA TNFSF14 

CASP3 CFH HLA-G IL8 PTGS1 TNIP1 

CASP8 CFLAR HLA-H IL8RA PTGS2 TOLLIP 

CASP9 CGB HSP90AA1 IL8RB RAG1 TRADD 

CBR1 CHKA HSPA4 IRAK2 RELA TRAF1 

CCL13 CHUK HSPB1 IRF1 RHOA TRAF2 

CCL17 COX2 HSPD1 IRF3 RIPK1 TRAF5 

CCL17 CRP ICAM1 JAG2 RIPK2 TRAF6 

CCL19 CSF1R ICBR JAK1 ROCK1 TSLP 

CCL2 CSF3 IFNAR2 JAK3 SARM1 UBE2N 

CCL21 CTLA4 IFNG LEPR SCARB1 ULBP1 

CCL22 CX3CL1 IFNGR1 LITAF SELE ULBP2 

CCL22 CX3CR1 IFNGR2 LTA SFTPD ULBP3 

CCL28 CXCL10 IKBKB LY96 SIGIRR VCAM1 

CCL28 CXCL11 IKZF1 MAP2K3 SLAMF1 WWP1 

CCL5 CXCL12 IL10 MAP2K4 SLC20A1 XBP1 

CCND3 CXCL9 IL10RA MAP3K14 SLC44A2 YY1 

CCR1 CXCR1 IL11 MAP3K3 SOCS2  
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Table S2: Variables used for adjustment in the single and multimarker models. 

TFR Area + gender + multiplicitya + TSGb + tumour sizec + treatmentd 

TP Area + age + multiplicitya + TSGb + number of recurrencese + treatmentf 

TFR = Time to first recurrence; TP= Time to progression : TSG = Tumour stage and grade 

a Divided in 3 categories: 1= One tumour, 2= >1, and 3= missing data. 

b Divided in 6 categories: 1= PUNLMP+TaG1, 2= TaG2, 3= TaG3, 4= T1G2, 5= T1G3 and 6=TiG2+TiG3. 

c Divided in 3 categories: 1= < or equal 3 cm, 2= >3 cm and 3= missing data. 

d Divided in 5 categories 1= TURB alone, 2= TURB+intravesical chemotherapy, 3= TURB +Bacillus Calmette Guerin 

(BCG), 4= TURB+intravesical chemotherapy+BCG and 5= Other treatments. 

e Divided in 3 categories 1= 1 recurrence, 2= 2 recurrences, 3= 3 recurrences and 4= >3 previous recurrences. 

f Divided in 6 categories as in d plus TURB+radical cystectomy. 
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Table S3: Treatment characteristics. 

 Low Risk (N=538) 

N (%) 

High Risk (N=284) 

N (%) 

TURB  

TURB + IVC 

TURB + BCG 

TURB + IVC + BCG 

TURB + Cystectomy 

Others 

274 (51) 

134 (25) 

111 (20.6) 

12 (2.2) 

4 (0.7) 

3 (0.5) 

78 (27.5) 

46 (16.2) 

134 (47.3) 

9 (3.1) 

8 (2.8) 

9 (3.1) 

TURB = Trans Urethral Resection of the Bladder; IVC= Intra-vesical chemotherapy; BCG = Bacillus Calmette et Guerin. 
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Table S4: The top 10 autosomal SNPs associated with NMIBC risk of first recurrence using 

multivariate Cox regression additive model. 

GENE SNP HR p-value MAF 

TNIP1 rs2277940 1.74 0.0001 0.07 

CCL28 rs779850 0.61 0.0004 0.17 

CCR9 rs2191031 0.62 0.0005 0.17 

PPARG rs3112395 1.73 0.0007 0.05 

CCL2 rs10805673 0.75 0.0012 0.49 

CARD4 rs10267377 0.71 0.0013 0.29 

PTPRC rs1036332 0.73 0.0029 0.27 

RIPK1 rs6596945 0.70 0.0029 0.22 

CD3Z rs1554669 1.50 0.0044 0.07 

CCR2 rs3138042 0.76 0.0046 0.34 

Analyses were adjusted for: geographical area, gender, multiplicity, tumour stage&grade, tumour size, and 
treatment (See, Table S2). 
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Table S5: SNPs with a strong posterior probability (PP>80%) of being associated with time 

to first recurrence considering all NMIBC patients. Those with PP in both BA and BL >90% 

are bold-faced. The last column shows Cox regression results. SNPs in red were also among 

the top10 SNPs identified by Cox regression. 

   BA BL Single marker 

Cox 

Gene SNP MAF HRaa_AA PP>80% HRaa_AA PP>80% HR p-

value 

JAK3 rs6523* 0.40 1.69 98 1.17 92 1.20 0.0488 

CCL2 rs4497746 0.08 1.59 94 1.14 87 1.31 0.0641 

ICEBERG rs3736149 0.43 1.41 93 1.15 89 1.20 0.0349 

CD180 rs5744463 0.11 1.52 93 1.13 86 1.23 0.1230 

ICAM1 rs5030390 0.08 0.63 92 0.87 87 0.56 0.0053 

CD274 rs7043593 0.23 1.44 92 1.10 81 1.09 0.3827 

MAP3K14 rs3785803 0.14 0.67 91 0.88 87 0.68 0.0058 

TNIP1 rs2277940 0.07 1.50 91 1.24 94 1.74 0.0001 

CD5 rs7104333 0.49 0.72 90 0.86 92 0.81 0.0126 

CCL28 rs10805673 0.49 0.73 90 0.84 94 0.75 0.0012 

BLNK rs11188660 0.29 1.42 89 1.16 90 1.27 0.0098 

SCARB1 rs3924313 0.33 1.29 89 1.11 84 1.18 0.0628 

PTPRC rs1036332 0.27 0.69 89 0.84 92 0.73 0.0029 

BLNK rs12772113 0.23 0.71 89 0.88 87 0.82 0.0695 

CCR9 rs2191031 0.17 0.70 88 0.84 92 0.62 0.0005 

CCL2 rs317325 0.37 0.74 88 0.89 87 0.80 0.0179 

CARD4 rs10267377 0.29 0.75 88 0.86 90 0.71 0.0013 

RIPK1 rs6596945 0.22 0.74 88 0.86 90   

CMKOR1 rs7556982 0.47 1.34 88 1.10 82 1.11 0.2364 



 

Alexandra Masson-Lecomte   Page 50 of 
145 

 

IL18 rs11214093 0.43 0.75 87 0.90 85 0.88 0.1541 

TNFRSF10A rs2235126 0.29 0.77 87 0.91 81 0.88 0.2043 

CX3CL1 rs2239354 0.10 0.71 87 0.91 81 0.86 0.3187 

CD33 rs3865444 0.29 1.30 87 1.09 80 1.12 0.2490 

IL6 rs13247988 0.25 1.35 86 1.13 86 1.20 0.0561 

CD3Z rs858553 0.39 1.30 86 1.09 81 1.20 0.0419 

CD3D rs2276424 0.30 0.75 86 0.88 88 0.83 0.0675 

CD5 rs7342164 0.14 0.73 86 0.90 83 0.77 0.0628 

CD8B1 rs13024609 0.20 1.34 85 1.10 82 1.25 0.0268 

HAVCR2 rs919746 0.16 1.30 85 1.12 84 1.27 0.0320 

CCR2 rs3138042 0.34 0.78 84 0.89 87 0.76 0.0046 

CMKOR1 rs2720100 0.48 0.77 84 0.88 87 0.80 0.0122 

CCL28 rs779850 0.17 0.77 84 0.87 89 0.61 0.0004 

TNF rs1799964 0.24 1.30 84 1.14 87 1.28 0.0109 

IFNGR1 rs3799488 0.12 0.77 83 0.91 82 0.67 0.0099 

CCL21 rs2812377 0.37 0.77 83 0.91 83 0.89 0.1955 

CD80 rs9282638 0.16 1.28 83 1.11 83 1.30 0.0180 

IFNGR2 rs1059293 0.44 0.81 83 0.90 85 0.86 0.0948 

CXCR4 rs543721 0.45 0.77 82 0.90 84 0.86 0.1018 

PRKRA rs2059691 0.35 0.80 82 0.91 84 0.79 0.0147 

PPARG rs3112395 0.05 1.35 81 1.12 83 1.73 0.0007 

IL23R rs10489628 0.35 1.26 81 1.12 85 1.27 0.0050 

ABCA1 rs4149313 0.18 1.23 80 1.10 83 1.21 0.0817 

BLNK rs11188661 0.34 1.23 80 1.09 81 1.14 0.1263 

* Previously as rs2286662. Analyses were adjusted for: geographical area, gender, multiplicity, tumour 
stage&grade, tumour size, and treatment (See, Table S2). 
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Table S6. SNPs with a strong posterior probability (PP>75%) of being associated with time 

to first progression considering high-risk NMIBC patients. The last column displays the Cox 

regression results for each SNP + covariates. SNPs in red were also among the top10 SNPs 

identified with Cox regression.  

   BA BL Cox regression 

Gene SNP MAF HRaa_AA PP>75% HRaa_AA PP>75% HR p-value 

TMEM189 rs2269217 0.23 1.31 80 1.10 80 2.41 0.0003 

MAP2K3 rs9901404 0.48 1.27 77 1.10 80 1.86 0.0018 

CARD4 rs2256023 0.44 1.27 79 1.09 79 1.68 0.0084 

Analyses were adjusted for: geographical area, age, multiplicity, tumour stage&grade, number of recurrences, 
and treatment (See, Table S2). 
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Table S7: SNPs with a strong posterior probability (PP>75%) of being associated with time 

to first progression considering low-risk NMIBC patients. The last column displays the Cox 

regression results for each SNP + covariates.  The SNP (in red) was also among the top10 

SNPs identified with Cox regression.  

   BA BL Cox regression 

Gene SNP MAF HRaa_AA PP>75% HRaa_AA PP>75% HR p-value 

CD68 rs12942088 0.43   1.08 75 2.91 0.0006 

Analyses were adjusted for: geographical area, age, multiplicity, tumour stage&grade, number of recurrences, 
and treatment (See, Table S2). 
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Table S8. Apparent and validated c-index using Bootstrap alone or 1000 bootstrap cross 

validation indicating the discriminatory ability of the models including the clinical variables 

(CV) and each of the SNPs showing an association with each outcome of interest. 

 Apparent c-
index 

Bootstrap alone 
c-index 

Bootstrap cross 
validation 

c-index 
Recurrence ALL (N=268 events)    
CV + rs2277940a 64 61.3 59.8 
CV + rs7104333b 63.2 60.6 59 
CV + rs2286662c 63.3 60.5 58.9 
CV + rs2277940 + rs7104333 64.5 61.8 60.3 
CV + rs2277940 + rs2286662 64.3 61.7 60.1 
CV + rs7104333 + rs2286662 63.7 61 59.4 

 
Progression ALL (N=76 events) 

   

CV + rs698079 d 78.1 74.9 72.2 
CV + rs941405 e 78.1 75.1 72.6 

 
Progression HiR (N=52 events) 

   

CV + rs2256023 71.6 65.5 62 
CV + rs9901404 71.9 65.7 62.1 
CV + rs2269217 72.2 67 63.9 
CV + rs2269217 + rs9901404 74.3 68.8 65.6 
CV + rs9901404 + rs2256023 73.8 63.8 67.5 
CV + rs2269217 + rs2256023 73.6 68 64.8 
a TNIP1; b CD5; cJAK3; d MASP1; e AIRE; f CARD4; g MAP2K3; h TMEM189 
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Figure S1. Methodology used for statistical analyses. A Single Marker Method (SMM) 

consists of inclusion of each SNP individually while a Multi Marker Method (MMM) allows 

inclusion of all SNPs together in the model. Interest lies in mimicking the polygenic scenario 

that features bladder cancer prognosis. 
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Figure S2. Survival curve for time to recurrence considering all of non-muscle invasive 

bladder cancer patients. 
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Figure S3. Survival curve for time to first progression considering all of non-muscle invasive 

bladder cancer patients. 
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ARTICLE 2: ASSOCIATION BETWEEN GERMLINE PDL1 VARIANTS AND 

BLADDER CANCER PROGNOSIS   

1.1. Abstract 

 

Targeting immune checkpoints has shown promising results in metastatic urothelial bladder 

cancer (UBC) treatment, particularly in patients whose tumours express PDL1 in immune 

cells. There is extensive evidence that immune responses are under genetic control but the 

role of PDL1 (CD274) inherited variation in the prognosis of cancer patients has not yet been 

investigated. We analyzed the association of PDL1 variants with UBC patient prognosis. 

Genotypes of 25 SNPs tagging PDL1 (gene-coverage of 63%) were available for 810 and 245 

patients with non-muscle and muscle invasive UBC, respectively. Two approaches at the 

SNP (adjusted Cox regression) and gene (sequence kernel association test, SKAT) level were 

used to evaluate the association with UBC outcomes. Both individual SNPs and PDL1 gene 

were highly significantly associated with progression, disease-specific, and overall mortality 

in muscle invasive UBC. No significant results were observed among non-muscle invasive 

UBC. Data from 271 patients from TCGA did not replicate these results neither at the SNP 

nor at the gene level. This is the first report suggesting highly significant association between 

germline PDL1 variants and muscle invasive UBC prognosis. The ability of PDL1 variation 

to predict response to anti-PDL1 therapies warrants further investigation. 
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Abstract  

Targeting immune checkpoints has shown promising results in metastatic urothelial bladder 

cancer (UBC) treatment, particularly in patients whose tumours express PDL1 in immune 

cells. There is extensive evidence that immune responses are under genetic control but the 

role of PDL1 (CD274) inherited variation in the prognosis of cancer patients has not yet been 

investigated. We analyzed the association of PDL1 variants with UBC patient prognosis. 

Genotypes of 25 SNPs tagging PDL1 (gene-coverage of 63%) were available for 810 and 245 

patients with non-muscle and muscle invasive UBC, respectively. Two approaches at the 

SNP (adjusted Cox regression) and gene (sequence kernel association test, SKAT) level were 

used to evaluate the association with UBC outcomes. Both individual SNPs and PDL1 gene 

were highly significantly associated with progression, disease-specific, and overall mortality 

in muscle invasive UBC. No significant results were observed among non-muscle invasive 

UBC. Data from 271 patients from TCGA did not replicate these results neither at the SNP 

nor at the gene level. This is the first report suggesting highly significant association between 

germline PDL1 variants and muscle invasive UBC prognosis. The ability of PDL1 variation 

to predict response to anti-PDL1 therapies warrants further investigation. 

 

Patient summary  

Anti PD1/PDL1 therapies are gaining importance in several tumours, among them muscle-

invasive bladder cancer. This study shows, for the first time, that genetic variation in PDL1 

may predict the clinical outcomes of aggressive bladder cancer patients. 
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Manuscript  

Tumour initiation and progression relies on close interactions with micro-

environmental cells [32], immune cells infiltration displaying genetic variations. The role of 

those cells in tumour development and progression is already established. In the recent years, 

a major breakthrough in the management of metastatic urothelial bladder cancer (UBC) has 

been the use of drugs targeting the immune checkpoints [87]. Trials are being conducted 

worldwide assessing the efficacy of anti PD1/PDL1 therapies in diverse settings (i.e., 

metastatic disease, adjuvant chemotherapy, BCG resistance). The precise mechanism of 

action of these drugs is still unclear. The use of anti-PDL1 antibodies might reactivate anti-

tumour immunity. Although best results are seen in patients showing strong expression of 

PDL1 in the stroma cells, this is not yet a reliable marker to predict treatment response [187]. 

There is extensive evidence that genetic variation shapes immune responses but this area is 

poorly explored in human cancer and the role of inherited PDL1 variation in UBC patient 

management has not yet been explored. Therefore we aimed at assessing potential 

associations between germline PDL1 variation and UBC prognosis.  

We first considered 995 non muscle-invasive (NMIBC) and 296 muscle-invasive 

(MIBC) bladder cancer patients included in the Spanish Bladder Cancer (SBC)/EPICURO 

Study between 1997 and 2001 [188]. Clinico-pathological information at diagnosis and 

during follow-up was obtained from the clinical charts. PDL1 variant genotyping was done 

with the Illumina Infinium HumanHap1M array [189]. After the quality control process (see 

Supplementary Methods for more detail), complete clinico-pathological information and 

genotypes of 25 SNPs (gene-coverage 63%) were available for 810 NMIBC and 245 MIBC 

patients. Table S1 shows the characteristics of the patients included in the study. We used 

Cox proportional hazard regression adjusted for classical clinico-pathological prognosticators 

to assess the association between individual SNPs and time to disease recurrence, 
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progression, cancer-specific mortality, and overall mortality (Supplementary Methods). 

Among NMIBC patients, 268 (33.1%) presented tumour recurrence and 76 (9.4%), tumour 

progression. Among MIBC patients, 129 (52.6%) presented tumour progression, 112 (45.7%) 

died from UBC, and 169 (69%) died from other causes, with a mean follow-up for disease-

free patients of 82.7 (2.5-117.6) months (Figure S1). While no significant association was 

observed in NMIBC (Table S2), five variants were significantly associated with all endpoints 

in patients with MIBC after multiple testing correction (rs822339, rs860290, rs2282055, 

rs1411262, rs10125854, Table 1). SNP rs860290 was strongly associated with disease 

progression (HR=1.91, p-value =0.0001), cancer-specific mortality (HR=1.57, p-value 

= 0.03) and overall mortality (HR=1.77, p-value=0.0002). Five-year progression-free survival 

was 50% for «AA» patients vs 29% in «Aa» patients and 9% in «aa» patients (Log rank p-

value=0.0001, Figure 1). We performed a gene-based analysis using the SkatMeta R package  

(https://cran.r-project.org/web/packages/skatMeta/index.html, Supplementary Methods). At 

the gene level, PDL1 was significantly associated with the 3 MIBC outcomes (p-values= 

0.002, 0.03 and 0.006 for tumour progression, cancer-specific survival, and overall survival, 

respectively, Table 1). We explored the GTEx portal (http://www.gtexportal.org) to identify 

eQTLs for the SNPs considered here. All significant variants, except rs10125854, correlated 

with PDL1 expression levels in different tissues, none of them in normal bladder.  (Table 

S3). 

We then sought independent replication of the results. The best genotyped patient 

series available was that of The Cancer Genome Atlas (TCGA) MIBC project [65]. Complete 

data were available for 161 patients regarding tumour progression and for 238 patients 

regarding overall survival. Cancer-specific survival data were not available. Table S1 shows 

a comparison of the clinical and pathological characteristics of the patients with MIBC 

included in both studies. Mean follow-up for patients in the TCGA study was 27.6 months, 
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during which 91 (49.2%) underwent tumour progression and 126 (46.5%) died (Figure S2). 

Genotypes of 11 out of the 25 SNPs used in the SBC/EPICURO Study were available in 

TCGA dataset. The variants that were associated with outcome in the SBC/EPICURO study 

were not replicated in the TCGA group.  Age- and sex-adjusted Cox regression models let us 

to identify two new variants (rs7043593 and rs4742100) associated with risk of progression 

(p-value= 0.002 and 0.03) and with overall mortality (p-value= 0.001 and 0.03). This 

association did not stand after adjusting for stage suggesting a stage-related association in 

TCGA (p-value= 0.08 and 0.07 for progression, respectively, Table S4).  At the gene level, 

PDL1 was not significantly associated with either outcome in TCGA (p-values > 0.05) 

We performed an eQTL analysis to assess the association between the germline 

(blood) and tumour SNP genotypes and PDL1 expression levels in TCGA tumours. One 

hundred and nineteen patients had the SNPs genotyped in both tissues. We found that 

rs860290, the strongest significant SNP in SBC/EPICURO, was associated with PDL1 

expression in the tumour (p-value=0.03). Interestingly, the eQTL was observed only in 

patients whose tumour genotypes differed from those in germline DNA (Figure S3). PDL1 

gene is located on the short arm of chromosome 9 that is frequently lost in early stages of 

bladder carcinogenesis, suggesting that the association between rs860290 and  PDL1 

expression in the tumour might be driven by infiltrating leukocytes. 

Restoration of intra-tumour immune function has recently led to major advances in the 

treatment of urologic malignancies [190]. Four studies looked at the association between 

PDL1 expression and MIBC prognosis with discordant results [120, 191-193]. Positive 

treatment responses are mainly seen in cases where PDL1 is overexpressed in immune cells 

rather than in tumour cells [87, 120]. However, regulation on PDL1 expression is still poorly 

understood [194]. In a well-designed study with a large number of patients and proper 

follow-up, we found that PDL1 germline variation is associated with MIBC prognosis. The 
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lack of replication in the independent patient series of the TCGA study may well be due to 

differences in study design and patient characteristics, as well as shorter follow-up. 

Unfortunately treatment data was not available in TCGA. The eQTL with rs860290 found 

both in TCGA and GTEx suggests functionality with the most significant variant identified in 

the SBC/EPICURO Study. Our findings should stimulate further research on the contribution 

of germline variation in shaping the immune responses in patients with cancer and, more 

specifically, in patients with MIBC. In addition to PDL1 expression in tumors, PDL1 

variation could be accounted for in predicting response to anti-PDL1 therapies in UCB.  
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ANNEX 1. Spanish Bladder Cancer (SBC)/EPICURO Investigators 

  

Institut Municipal d'Investigació Mèdica, Universitat Pompeu Fabra, Barcelona—

CoordinatingCenter (M. Kogevinas, N. Malats, F.X. Real, M. Sala, G. Castaño, M. Torà, D. 

Puente, C. Villanueva, C. Murta-Nascimento, J. Fortuny, E. López, S. Hernández, R. 

Jaramillo, G. Vellalta, L. Palencia, F. Fernández, A. Amorós, A. Alfaro, G. Carretero); 

Hospital del Mar, Universitat Autònoma de Barcelona, Barcelona (J. Lloreta, S. Serrano, L. 

Ferrer, A. Gelabert, J. Carles, O. Bielsa, K. Villadiego), Hospital Germans Trias i Pujol, 

Badalona, Barcelona (L. Cecchini, J.M. Saladié, L. Ibarz); Hospital de Sant Boi, Sant Boi de 

Llobregat, Barcelona (M. Céspedes); Consorci Hospitalari Parc Taulí, Sabadell (C. Serra, D. 

García, J. Pujadas, R. Hernando, A. Cabezuelo, C. Abad, A. Prera, J. Prat); Centre Hospitalari 

i Cardiològic, Manresa, Barcelona (M. Domènech, J. Badal, J. Malet); Hospital Universitario 

de Canarias, La Laguna, Tenerife (R. García-Closas, J. Rodríguez de Vera, A.I. Martín); 

HospitalUniversitarioNuestra Señora de la Candelaria, Tenerife (J. Taño, F. Càceres); 

Hospital General Universitario de Elche, Universidad Miguel Hernàndez, Elche, Alicante (A. 

Carrato, F. García-López, M. Ull, A. Teruel, E. Andrada, A. Bustos, A. Castillejo, J.L. Soto); 

Universidad de Oviedo, Oviedo, Asturias (A. Tardo_n); Hospital San Agustín, Avilés, 

Asturias (J.L. Guate, J.M. Lanzas, J. Velasco); Hospital Central Covadonga, Oviedo, Asturias 

(J.M. Fernández, J.J. Rodríguez, A. Herrero), Hospital Central General, Oviedo, Asturias (R. 

Abascal, C. Manzano, T. Miralles); Hospital de Cabueñes, Gijón, Asturias (M. Rivas, M. 

Arguelles); Hospital de Jove, Gijón, Asturias (M. Díaz, J. Sánchez, O. González); Hospital de 

Cruz Roja, Gijón, Asturias (A.Mateos, V. Frade); Hospital Alvarez-Buylla (Mieres, 

Asturias): P. Muntañola, C. Pravia; Hospital Jarrio, Coaña, Asturias (A.M. Huescar, F. 

Huergo); Hospital Carmen y Severo Ochoa, Cangas, Asturias (J. Mosquera). 
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MAF: Minor Allele Frequency; HR : Hazard Ratio ; TP models were adjusted for geographical area, age, TSG, nodal status 
and treatment; CSS and OS models were adjusted for geographical area, age, TSG, nodal status, treatment, and metastatic 
status. 

 

 



Figure 1 : Kaplan Meier curves for progression free survival according to the rs860290 

genotypes in muscle invasive bladder cancer patients from the Spanish Bladder Cancer 

(SBC)/EPICURO Study. 
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Table S4. PDL1 variants and gene results from the association analysis with time to 
progression and overall survival in the TCGA cohort using Cox regression additive and 
SKAT models. Adjusted P-values<0.05 were deemed significant. The SNPs found significant 

in the EPICURO study are bold-faced.  
. 

    Risk of progression Risk of death 

SNP MAF HR p.value p.value.adjust HR p.value p.value.adjust 

rs7043593 0.23  1.65   8.00E-02 1.36   4.00E-01 

rs10815236 0.33 0.85   4.90E-01 0.92   4.90E-01 

rs4742095  0.11 1.16   5.00E-01 1.13   3.20E-01 

rs860290 0.27  1.09   5.40E-01 1.10   3.90E-01 

rs7023227  0.42 1.10   7.20E-01 1.03   9.20E-01 

rs17804441  0.22 1.00   8.50E-01 0.93   7.40E-01 

rs10481593 0.22  1.17   5.70E-01 1.19   6.10E-01 

rs1411262  0.29 1.05   6.90E-01 1.07   5.70E-01 

rs2890658  0.42 1.18   4.30E-01 1.15   5.00E-01 

rs2297137  0.22 0.74   2.00E-01 0.81   3.00E-01 

rs4742100  0.23 1.66   7.00E-02 1.36   3.90E-01 

PDL1 gene       2.80E-01     7.30E-01 

 
MAF: Minor Allele Frequency; HR: Hazard Ratio; TP models were adjusted for age at diagnosis. nodal status and tumour 
stage; OS models were adjusted for age at diagnosis. nodal status, tumour stage, and metastatic status. 



Figure S1. Kaplan Meier curves for the studied outcomes in non-muscle invasive bladder 
cancer (NMIBC, panels A and B) and muscle invasive bladder cancer (MIBC, panels C, D, 
and E) patients from the Spanish Bladder Cancer (SBC)/EPICURO Study. 
 

A. Time to recurrence in NMIBC 

 
 

B. Time to progression in NMIBC 

 
  



 
C. Time to progression in MIBC 

 
 

D. Cancer specific survival in MIBC 
 

 
  



 
E. Overall survival in MIBC 

 
 
 
 
 
 
 



Figure S2. Kaplan Meier curves for the TCGA outcomes in muscle invasive bladder cancer 
(MIBC) patients (red) in comparison to those from the Spanish Bladder Cancer 
(SBC)/EPICURO Study (blue). Same scale than Epicro 
 

A. Time to progression 

 
B. Overall survival 

 



Figure S3. eQTL for tumour PDL1 expression and the variant rs860290 in tumour-blood 
concordant (A) and discordant (B) genotypes in the TCGA cohort. Genotypes for PDL1- 
rs860290 in blood and tumour are shown in the table. In red, discordant genotypes.   
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Supplementary Material and Methods 

 

Spanish Bladder Cancer (SBC)/EPICURO study. Germline DNA extracted from blood or 

saliva, was used for genotyping. SNPs were genotyped with the GoldenGate Illumina 

Genotyping Assay (San Diego, CA, USA) platform. We excluded SNPs with a low 

genotyping rate (<95%) and minor allele frequency (MAF) <0.05. Missing genotypes were 

imputed with BEAGLE.(1) To reduce the number of statistical tests, pairwise linkage 

disequilibrium between SNPs was estimated using the R-package GENETICS (http://cran.r-

project.org/web/packages/genetics/index.html). We retained the SNPs with the highest MAF 

of each pair when r2>0.5. At the end of the quality control process, 810 non-muscle invasive 

bladder cancer (NMIBC) and 245 muscle invasive bladder cancer (MIBC) patients with 

genotypes for 25 SNPs tagging PDL1 gene and complete clinical and pathological 

information were available for the analysis. These patients were comparable to the whole 

series for age, gender, area, and tumor stage and grade. Cox proportional hazard regression 

(additive and co dominant modes of inheritance) was used to estimate the hazard ratio (HR) 

and 95% confidence intervals (95%CI) to assess the association between individual SNPs and 

NMIBC outcomes (time to tumour recurrence – time elapsed between TURB and tumour 

reappearance as NMIBC - and progression – time elapsed between TURB and tumour 

reappearance as MIBC), and MIBC outcomes (time to tumour progression - time elapsed 

between first MIBC treatment and occurrence of a new tumour event - and time to cancer-

specific and overall mortality). Each SNP effect was adjusted for classical clinico-

pathological prognosticators (Table S1). For time to progression (TP) outcome, models were 

adjusted for “geographical area” (Barcelona, Vallès, Elche, Tenerife, and Asturias), “age” 

(continuous), “TSG” (T2, T3, and T4), “nodal status” (N0, N+, and Nx) and “treatment” 

(cystectomy, radiochemotherapy, and others including palliative or non reference treatment). 



Cancer specific survival (CSS) and overall survival (OS) models also included “metastatic 

status” (M0, M1, Mx). Analyses were run in R (http://www.R-project.org). Correction for 

multiple testing was performed using the Benjamini & Hochberg method. SNPs with p-values 

<0.05, two-sided test, after multiple testing correction were deemed significant.  

The Cancer Genome Atlas (TCGA) MIBC population was used for replicative purposes 

(N=229) (2). TCGA cohort was also used to assess the association between the SNPs and 

gene expression, eQTL (Gene Expression (PDL1) = α + β*SNP (tumor), N=119). Linear 

regression model were used to assess significance. 

Gene-based analysis. The association of PDL1 at the gene level was assessed in both cohorts 

using the sequence kernel association test (SKAT) under flat weights in a survival setting [1]. 

Briefly, this approach tests for association between variants in a region while adjusting for 

covariates. The p-value for the gene-based association was calculated using the skatMeta R 

package  (https://cran.r-project.org/web/packages/skatMeta/index.html). 
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ARTICLE 3: CD8+ CYTOTOXIC INFLAMMATORY INFILTRATE IN NON-

MUSCLE INVASIVE BLADDER CANCER: A STANDARDIZED METHODOLOGY 

TO STUDY ASSOCIATION WITH PROGNOSIS AND CLINICO-PATHOLOGICAL 

FEATURES.  

1.1. Abstract 
 

Introduction and Objectives: Major interest lies in the evaluation of inflammatory infiltrate 

in bladder cancer. CD8+ cytotoxic lymphocytes are key effectors of adaptive immune 

response. The aims of the study were to set up a standardized methodology for CD8+ 

lymphocytes estimation in bladder tumors, investigate how intra-tumoral heterogeneity 

influences CD8+ immune infiltrate assessment and analyze the association between CD8+ 

lymphocytes and both urothelial differentiation markers and prognosis of NMIBC. 

Materials and methods: We considered 995 NMIBC included in the Spanish Bladder 

Cancer (SBC)/EPICURO Study. Duplicate 0.6 mm TMA spots (all cases) and paired full 

sections (FS) for 50 selected cases were double stained with anti-pan cytokeratine AE1-AE3 

antibody cocktail and anti-CD8 antibody. Slides were digitalized and Calopix™ software 

(Tribvn, France) was used for tissue recognition and automated CD8+ cells counting. Spatial 

heterogeneity was assessed and a resampling strategy was applied to estimate the proper 

number of 0.6 mm TMA spots providing an adequate CD8+ cell estimate in comparison with 

full sections. Association between CD8+ count and protein expression of urothelial 

differentiation markers was performed as well as evaluation of association between CD8+ 

count and recurrence and progression of NMIBC using adjusted Cox regression models. 

Results: CD8+ cells were automatically identified and counted within each histological 

compartment separated by cytokeratin staining (tumor and stroma). Microscopic examination 

of full sections showed spatial heterogeneity for CD8+ infiltrates. Simulation analyses 
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demonstrated that 5 TMA regions provided a correct sampling of both tumor and stromal 

compartments in stage Ta while 2 and 6 TMA regions were necessary for tumor and stroma 

assessment in stage T1. CD8+ count was associated with both stage and histological 

compartment (median CD8+/mm2 in tumor and stromal compartment were 25/mm2 and 

129/mm2   in Ta and 111/mm2 and 344/mm2 in T1; p-value =0.006 for comparison between Ta 

and T1). CD8+ infiltration in tumor compartment was significantly associated with FGFR3 

expression status. CD8+/mm2 count in the tumor compartment was significantly associated 

with risk of recurrence in T1 (HR=0.39, 95%CI 0.15-0.99, p-value=0.04).  

Conclusion: We propose a standardized methodological pipe-line for CD8+ cell assessment 

in non-muscle invasive bladder cancer which emphasizes thespatial heterogeneity in tumor 

and stromal compartments. These results provide a new framework to investigate 

microenvironment complexity in bladder cancer.  

 

 
1.2. Manuscript 
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Abstract  

Introduction and Objectives: Major interest lies in the evaluation of inflammatory infiltrate 

in bladder cancer. CD8+ cytotoxic lymphocytes are key effectors of adaptive immune 

response. The aims of the study were to set up a standardized methodology for CD8+ 

lymphocytes estimation in bladder tumors, investigate how intra-tumoral heterogeneity 

influences CD8+ immune infiltrate assessment and analyze the association between CD8+ 

lymphocytes and both urothelial differentiation markers and prognosis of NMIBC. 

Materials and methods: We considered 995 NMIBC included in the Spanish Bladder 

Cancer (SBC)/EPICURO Study. Duplicate 0.6 mm TMA spots (all cases) and paired full 

sections (FS) for 50 selected cases were double stained with anti-pan cytokeratine AE1-AE3 

antibody cocktail and anti-CD8 antibody. Slides were digitalized and Calopix™ software 

(Tribvn, France) was used for tissue recognition and automated CD8+ cells counting. Spatial 

heterogeneity was assessed and a resampling strategy was applied to estimate the proper 

number of 0.6 mm TMA spots providing an adequate CD8+ cell estimate in comparison with 

full sections. Association between CD8+ count and protein expression of urothelial 

differentiation markers was performed as well as evaluation of association between CD8+ 

count and recurrence and progression of NMIBC using adjusted Cox regression models. 
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Results: CD8+ cells were automatically identified and counted within each histological 

compartment separated by cytokeratin staining (tumor and stroma). Microscopic examination 

of full sections showed spatial heterogeneity for CD8+ infiltrates. Simulation analyses 

demonstrated that 5 TMA regions provided a correct sampling of both tumor and stromal 

compartments in stage Ta while 2 and 6 TMA regions were necessary for tumor and stroma 

assessment in stage T1. CD8+ count was associated with both stage and histological 

compartment (median CD8+/mm2 in tumor and stromal compartment were 25/mm2 and 

129/mm2   in Ta and 111/mm2 and 344/mm2 in T1; p-value =0.006 for comparison between Ta 

and T1). CD8+ infiltration in tumor compartment was significantly associated with FGFR3 

expression status. CD8+/mm2 count in the tumor compartment was significantly associated 

with risk of recurrence in T1 (HR=0.39, 95%CI 0.15-0.99, p-value=0.04).  

Conclusion: We propose a standardized methodological pipe-line for CD8+ cell assessment 

in non-muscle invasive bladder cancer which emphasizes the spatial heterogeneity in tumor 

and stromal compartments. These results provide a new framework to investigate 

microenvironment complexity in bladder cancer.  
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INTRODUCTION  

Recent successes in the usage of immune checkpoints inhibitors for cancer treatment 

have confirmed that restoration of antitumor immunity is a powerful anticancer strategy [87]. 

A key effector of adaptive cellular immune response are CD8+ lymphocytes that have the 

ability to exert cytotoxicity through different pathways [195, 196]. Consequently, major 

interest has emerged in assessing CD8+ inflammatory cells.Numerous studies in different 

cancer types have shown association between CD8+ tumor infiltration and cancer prognosis 

[197]. In bladder cancer, characterization of immune microenvironment and assessment of 

association with prognosis has initially been done independently from molecular subtyping. 

Sharma and colleagues investigated in 2007 the prognosis of 69 MIBC and demonstrated that 

patients with advanced tumors and strong CD8+ tumor infiltration had better prognosis than 

their “low-infiltrated” counterparts [123]. Other authors studied association between CD8+ 

cells and prognosis in both MIBC and non-muscle invasive bladder cancers (NMIBC) with 

mitigated results [131]. Meanwhile, independent groups have described a molecular 

taxonomy of muscle invasive bladder cancer (MIBC) [65, 66, 68]. Subgroups of MIBC have 

been identified and validated, with variable expression of urothelial differentiation markers 

but also variable association with inflammatory cells infiltration (CD3, CD8, CD68) [72]. 

These observations suggest possible associations between molecular subtyping and immune 

response triggering [73]. While the molecular taxonomy of NMIBC is much more 

heterogeneous, some analogies with MIBC have already been demonstrated [198, 199], 

enhancing the interest in assessing the association between molecular subtyping and 

inflammatory response also in NMIBC.   

More recently, Patschan et al. demonstrated that usage of both molecular subtyping 

and T cells immune-histochemical markers provided finer prognosis classification than the 

use of molecular subtypes alone [199].  
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However, proper evaluation of inflammatory infiltrate is challenging. Methodological 

drawbacks limit the applicability of the study results and consensus is needed about how to 

best consider the inflammatory response as a component of tumor sub-classification  [131].  

For instance, crucial questions such as the relevance of tumor micro arrays (TMA) for 

microenvironment assessment, the importance of normalization, and the potential variations 

between tumor and stromal infiltration have not been investigated. Due to the strong 

molecular heterogeneity of NMIBC and disrupted architecture after to trans urethral resection 

of the bladder (TURB), those challenges are even more considerable in those tumors than in 

MIBC.  

The aims of the study were to set up a standardized methodology for CD8+ 

lymphocytes estimation in bladder tumors, to investigate how intra-tumoral heterogeneity 

influences CD8 immune infiltrate assessment, and to explore the association of CD8+ 

lymphocytes with both urothelial differentiation markers and prognosis of NMIBC. 

 

MATERIAL AND METHODS  

Ethics statement  

Informed consent was obtained from study participants in accordance with the 

Institutional Review Board of the U.S. National Cancer Institute and the Ethics Committees 

of each participating hospital. 

 

Study population and tissue samples 

Population and samples 
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We primarily considered 995 newly diagnosed patients with urothelial NMIBC included in 

the Spanish Bladder Cancer (SBC)/EPICURO Study, a multicentre hospital-based study 

conducted between 1997-2001 in 18 hospitals [10]. Tumors were reviewed and confirmed by 

trained uropathologists who classified their stage and grade homogeneously using TNM 1997 

AJCC, and 1973 WHO 3-tier-grade-classifications. Clinical data and information on primary 

treatment was retrieved from the hospital charts by trained monitors using a structured 

questionnaire. Patients were followed up for >10 years both using the hospital charts and 

through direct telephone calls to patients/families. The follow-up rate for NMIBC patients 

was 94%. One FFPE block representative of each tumor was selected. It was used for TMA 

building using two 0.6 mm cores.  Each TMA was representative of one stage and grade. 

Two cores from the same patient were geometrically opposed on the slide. For 50 cases 

representative of each tumor stages and grades (8 TaG1, 7 TaG2, 4 TaG3, 4 T1G2 and 25 

T1G3), the same initial block was used for full section study. 

 

Immunohistochemistry and automated morphometry 

Duplicate 0.6 mm TMA spots (all cases) and paired full sections (FS) for the 50 selected 

cases were double stained with anti-pan cytokeratine AE1-AE3 antibody cocktail to identify 

tumor cells and anti-CD8 antibody to identify cytotoxic T-cells. Double staining was 

performed using a Bond automated immunohistochemistry stainer from Leica Biosystems™, 

with monoclonal mouse anti- human CD8 antibody (clone C8/144B, 1/200, DAKO), and 

monoclonal mouse anti-human CKAE1/AE3 (clone AE1/AE3, 1/500 DAKO). Dewaxing, 

antigen retrieval and primary antibody dilution were performed using Bond – Dewax 

solution (ref. AR9222, Leica biosystem).  Bond – Epitope retrieval solution (ref. AR9961, 

Leica biosystem) and Bond – Primary antibody diluent (Leica biosystem).  Counter 
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coloration was performed using Haematoxylin to visualize cells nucleus. Bluing reagent was 

incubated for 4 minutes. TMA sections were also stained for urothelial differentiation 

markers including GATA3 (mouse monoclonal Ab L50-823, BiocareMedical), FGFR3  and 

CK5/6 (mouse monoclonal Ab D5/16B4 , Dako).  

All slides were digitalized using Aperio scanscope XT (Leica). Calopix™ software (Tribvn, 

France) was used for tissue recognition and automated CD8+ cells counting. Non suitable 

areas with holes were retrieved automatically, tumor cell and stroma areas were identified 

differentially using the AE1AE3 staining. CD8+ cells were identified using a combination of 

colour, shape and size recognition, and cell density was computed as number of CD8+ 

cells/mm2 in tumor or stroma compartment respectively. For comparison purpose, CD8+ 

cells counting was also performed through human eye examination for all TMA cases with at 

least one spot available. GATA3 nuclear staining was determined automatically using 

Calopix software, FGFR3 and CK5/6 were assessed manually. The Quick Score (percentage 

stained cells x intensity ranging from 0 to 3) was computed for these 3 differentiation 

markers.  

 

Statistical analyses 

Spearman correlation was computed between manual and automated counting. CD8+ count 

was computed as the mean value of 2 spots on TMA when 2 spots where available or 

absolute value of the unique available spot when only one spot was remaining after staining. 

On full section, CD8+ count was computed as the mean value for all the respective areas 

considered. A resampling strategy was applied to estimate the proper number of 0.6 mm 

TMA spots providing an adequate CD8+ cell estimate in comparison with full sections, as 

described before [200]. Briefly, number of CD8 was counted in up to 10 randomly selected 
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regions in full sections. Area of the regions was similar to the area of a 0.6 mmm TMA spot 

(0.28 mm2). 500 bootstrapped samples were generated to simulate estimation of CD8+ 

infiltrate according to the number of regions selected. The Inter Quartile Ranges (IQR) of the 

mean CD8 count according to the number of regions analyzed were compared with the 

reference value obtained for 10 regions using Wilcoxon test. Numbers of CD8+/mm2 were 

compared according to tumor stages (Ta/T1) and histological compartment (tumor/stroma) 

using Wilcoxon test and correlation between histological compartments was assessed through 

Spearman coefficient. 

Association between CD8 count and protein expression of urothelial differentiation markers 

was performed using Kruskall-Wallis and logistic regression tests. Time to first recurrence 

(TFR) was defined as time elapsed between first TURB and histological diagnosis of a new 

NMIBC of any stage/grade. Time to progression (TP) was defined as time between first 

TURB and a subsequent histological diagnosis of a MIBC, occurrence of metastasis, or death 

due to bladder cancer. Survival curves were modeled using Kaplan Meier method. Log rank 

test was performed to assess univariate differences between survivals. Cox proportional 

hazard regression was used to estimate the hazard ratio (HR) and 95% confidence intervals 

(95%CI) of the association between CD8 count and the outcomes of interest. Cox regression 

models were adjusted for classical clinico-pathological prognosticators for TFR and TP 

(Table S1). All analyses were run in R-language (http://www.R-project.org).  

 

RESULTS 

Standardized methodology for CD8+ lymphocytes estimation in bladder tumors 
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An automated morphometric approach was set up to facilitate the CD8+ cell counting 

allowing distinction between lymphocytes in contact with tumor cells or scattered within 

stroma. The commercial Calopix™ software was used for tumor/stroma tracking using colour 

recognition provided by tumor cell cytokeratin staining. The full tissue compartment (tumor 

+ stroma) was delimited first (Figure 1A) with background suppressed, and then the tumor 

compartment was delimited from the stroma compartment (Figure 1B). CD8+ cells were 

then automatically identified and counted within each histological compartment (tumor and 

stroma) (Figure 1C). The surface of the tumor and stromal compartments were provided 

along with the CD8+ count, allowing further normalization to mm2. Spearman correlation 

coefficient between manual and automated counting was 0.88 validating the use of the 

software.  

Influence of tumor heterogeneity on CD8+ immune infiltrate assessment 

Microscopic examination of full sections showed spatial heterogeneity for CD8+ infiltrates 

questioning the use of TMA for CD8+ cells number assessment. Consequently, simulations 

were performed using bootstrapping to estimate the proper number of 0.6 mm TMA cores 

necessary for accurate CD8+ estimate, considering separately Ta and T1 tumors. Ten areas 

were randomly selected on full sections, each one mimicking the area of a 0.6 mm TMA spot 

(Figure 2). CD8+ count / mm2 was estimated in each area. Using a 500 bootstrapping 

(resampling) strategy, a matrix simulating the CD8+ count according to the number of 

regions selected was constructed for each tumor (each row corresponding to a resampling 

round and each column to a number of areas selected, Figure 2). Once the resampling 

strategy had been applied to each of the tumors, a second matrix was constructed for the full 

tumor cohort calculating the interquartile range of CD8+ count according to the number of 

areas considered (each row corresponding to a tumor and each column to a number of areas 

selected). IQR was used as the best statistical value to estimate heterogeneity in CD8+ count. 



 

Alexandra Masson-Lecomte   Page 78 of 
145 

 

Visualization of the IQR of CD8+ count in the tumor compartment was performed using 

boxplots (Figure 2) and comparison of IQR distribution using Wilcoxon test between 

different number of regions selected (Table 1) demonstrated that 5 regions provided a precise 

sampling in Ta while only 2 regions were enough in T1. The same procedure was performed 

to assess heterogeneity in the stoma compartment (Table 1 and Figure S2). In Ta tumors, 

stroma heterogeneity was comparable to the one observed in the tumor compartment with 5 

regions necessary to obtain a precise sampling. In T1, the heterogeneity observed in the 

stroma compartment was much higher than the one in the tumor compartment with 6 regions 

necessary for precise sampling (Table 1). 

Moreover, examination of full sections demonstrated association both “stage-related” and 

“histological compartment-related” in CD8 count.  We did not observe any invasive front 

effect at the invasive border of the tumors. Mean and median numbers of CD8+/mm2 in 

tumor compartment were respectively 64/mm2 and 25/mm2 in Ta and 175/mm2 and 111/mm2 

in T1 (p-value =0.006). In Ta mean and median number of CD8/mm2 in stroma were 226 and 

129/mm2 while mean and median number of CD8/mm2 in stroma in T1 were 513 and 

344/mm2. Correlation coefficients between tumor and stroma CD8 count were 0.51 in Ta and 

0.62 in T1 (Figure 3). 

Overall, TMA cores were available for analyses for 586 patients (467 Ta, 115 T1 and 4 Tis). 

Patients’ characteristics are presented in Table 2. No significant differences were observed 

between those patients and the full SBC/EPICURO series except for grade (p= 0.0018, 

Supplementary Table 1). As observed on full section, the CD8+/mm² count in tumor 

compartment was significantly higher in T1 vs. Ta tumors (mean CD8/mm² = 174/mm² in T1 

vs 61/mm² in Ta, p-value <0.0001, median CD8/mm² =43/mm² in T1 vs 18/mm² in Ta). 

Correlation coefficient between paired TMA and full section CD8+ count were 0.26 in Ta 
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tumors vs 0.68 in T1 tumors, corroborating the inaccuracy of TMA for CD8+ cells count in 

Ta.   

 

Association between CD8+infiltrate and urothelial differentiation markers   

Distribution of FGFR3, GATA3 and CK5/6 expressions in the NMIBC series determined on 

TMA sections were plotted through histograms presented in Supplementary Figure 1. No 

association was found between CD8+ count (assessed on the same tissue cores included in 

the TMA blocks) and GATA3 or CK5/6 expression, but CD8+ infiltration in tumor 

compartment was significantly associated with FGFR3 status with stronger infiltration seen 

in patients with low FGFR3 expression in tumor (Figure 4). Logistic regression adjusted for 

stage demonstrated that the association between CD8+ count and FGFR3 expression was 

dependent from stage (p-value = 0.28).   

 

Association between TMA CD8+ count and prognosis in T1 NMIBC 

Based on results from the methodological part, association between CD8+ count in the tumor 

compartment and prognosis was assessed using TMAs in T1 tumors (N=115). Out of 115 T1 

patients, 48 had only one spot available for analyses. Up to July 2007, mean follow-up period 

for patients “free of disease” was 82.7 months (2.5 - 117.6 months). According to the 

abovementioned definitions, 55 (47.8%) patients suffered, at least, one event in the T1 cohort 

(23 recurrences and 32 progressions). Number of CD8+/mm2 was categorized in 2 groups 

according to the median value. Adjusted Cox regression analysis results fot the full T1 cohort 

are presented in Table 2. Results for the reduced cohort are presented in Table S2. 

CD8+/mm2 count in the tumor compartment was significantly associated with risk of 
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recurrence (HR=0.39, 95%CI 0.15-0.99, p-value=0.04, Figure 7). No association was found 

with risk of progression (HR=0.8, 95%CI 0.40-1.94, p-value= 0.76). Analyses were also 

performed adjusting for FGFR3 status (Table S3). FGFR3 IHC results were available for 75 

out of 115 T1 patients. Adjustment for FGFR3 did not change the trend of the results 

although not significant due to reduced number of events in this cohort.    

 

DISCUSSION   

Activating anti-tumor immunity using attenuated BCG has been the baseline of high 

risk NMIBC treatment for decades [80]. With the approval of anti PDL1 therapies, metastatic 

MIBC treatment is being re-designed with possible usage of those drugs at earlier stages of 

the disease. Evading immune response is one of the hallmarks of cancer [32] and anti 

PD1/PDL1 therapies have the power of reactivating CD8+ T cells mediated anti-tumor 

activity with excellent response [201]. Consequently, assessing both the extent and the type 

of inflammatory infiltrate in tumors could have major prognosis implications.  

This study is the first to describe a standardized methodological process for tumor- or stroma 

associated CD8+ cytotoxic lymphocytes evaluation. Using tissue recognition approaches 

based on tumor cell pan-cytokeratin immunostaining and automated counting, we were able 

to normalize results to mm2 of tumor in TMA cores enabling easiest replication/validation. 

While the usage of TMAs allows sparing both time, resources and samples when studying 

large cohorts, no study ever demonstrated the applicability of TMA to inflammatory infiltrate 

assessment. Resampling strategies allowed the identification of spatial heterogeneity in Ta 

tumors demonstrating the inaccuracy of CD8+ cells infiltration assessment in Ta compared to 

T1 tumors using classical “full section” methods. Consequently, correlation between CD8+ 

count in the tumor compartment on full section and TMA in Ta was very low (r=0.26). We 

also demonstrated a moderate correlation between tumor and stroma CD8+ count on full 
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sections both in Ta and T1 tumors indicating that tumor CD8+ count stromal CD8+ count 

have to be performed separately.. Overall, it results that spatial heterogeneity in NMIBC and 

a potential core selection bias have to be considered when assessing inflammatory infiltrate 

on TMAs. While recommendation of systematic usage of full section is probably excessive, 

TMAs have to be designed keeping tissue heterogeneity in mind by increasing the number 

and the size of the spots. Tumor and stromal compartments should be assessed independently 

using full section or TMAs designed for micro environmental studies. 

Many studies have already been published suggesting associations between CD3, CD8 and 

CD68 positive cells and bladder cancer prognosis [123, 139, 142, 202, 203]. Using a strong 

methodology we replicated some published results regarding CD8+ infiltrate. We confirmed 

previously observed association between CD8+ infiltration and stage. Pichler et al. recently 

described a highest CD3+, CD8+ and CD68+ T cells count in T1 tumors compared to Ta 

[204]. Area in which CD8+ cells were counted was unclear in their study (per high power 

fields/per tumor region) emphasizing the absolute need for standardization. The association 

between tumor stage and intensity of infiltrate explains some of the prognosis associations 

found only in univariate analyses. Both Sharma et al. and Kitamura et al. found strong 

univariate association between CD8+ T cells infiltrate and prognosis of NMIBC (respectively 

overall survival and recurrence free survival)[121, 123]. Associations where not identified 

anymore after adjustment for stage.  

Regarding prognosis, we herein report for the first time association between CD8+ infiltrate 

and NMIBC risk of recurrence. Faraj et al. described association between both cancer-

specific and overall survival and CD8+ infiltrate in 56 cystectomy specimen [192]. Based on 

results from the methodological part, we only used TMAs for prognosis evaluation in T1. We 

demonstrated independent association between high infiltration of CD8+ cells and risk of 

recurrence. Those results need to be interpreted cautiously because of limited sample size and 
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contradictory results published recently [204]. Moreover, considering only one cell 

subpopulation is clearly insufficient to get a complete insight into the processes of immune 

response. As suggested elsewhere, it is likely that the ratio between effector cells (CD8+), 

regulatory cells (FOXP3+) and tumor associated macrophages (CD68+) displays the better 

prognosis information [72, 204, 205]. Those three populations in the context of PD1/PDL1 

expression all need to be assessed together using a well-defined methodology as described 

herein.  

Finally we assessed association between CD8 infiltrate and urothelial differentiation 

markers. Stage and histological compartment heterogeneity did not impact potential 

association since they were measured in the same tissue core and tumor compartment than 

CD8+ cells. Several studies recently described molecular subgroups of MIBC, each defined 

by different biomarkers and potential actionable targets [70]. Although those subgroups have 

been described using RNA expression profiles, they are associated with different marker 

expression patterns in immunohistochemistry (« luminal TCGA I » presenting FGFR3 

activation, « luminal TCGA II » strongly expressing urothelial differentiation markers as 

GATA3 or FOXA1, « basal TCGA III » showing strong expression of CK5/6 and the « 

infiltrated, TCGA IV» showing very strong inflammatory infiltrate and expressing genes 

implicated in immune response). Patchan et al. recently described some of the MIBC 

subgroups in a series of T1 NMIBC [199].  They observed on a series of 167 T1 tumors that 

CD3+ cells count was higher in Genomically unstable (TCGA II) or Squamous Cell 

Carcinoma Like (Basal, TCGA III) tumors. Still, its association with CD8+ cells infiltration 

was not explored. In our study, molecular sub-classification based on RNA expression was 

not available. Based on immunostaining as surrogate for molecular subgroups, we only 

identified reverse association between CD8 infiltration and FGFR3 expression. This 

association is dependent from stage as Ta tumors display a higher amount of FGFR3 
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mutations, but it is consistent with results published for FGFR3 activated MIBC that were 

reported to be not T cell inflamed in comparison with other molecular subtypes [74]. 

 

CONCLUSION  

This study is the first to describe a robust and standardized methodological pipe-line 

for CD8+ cell assessment in bladder cancer. Differences identified between Ta and T1 tumors 

comforted the hypothesis that rigorous efforts should be placed in proper study design. The 

association identified between CD8+ infiltrate and both stage and risk of recurrence of T1 

supports the usefulness of inflammatory biomarkers in the management of patients, both for 

improved assessment of prognosis and to guide therapy. Researchers are only at the dawn of 

molecular subtyping of NMIBC and even though no clear association was identified between 

urothelial differentiation markers and CD8 infiltrate, integrated approaches need to be 

promoted to get a comprehensive insight into the biology of urothelial carcinomas.  
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Table 1: Results of the Wilcoxon test for comparison of the CD8+ count inter quartile range 

according to the number of regions selected on the FS slide. 

 

  
  1 vs 10 

areas 
2 vs 10 
areas 

3 vs 10 
areas 

4 vs 10 
areas 

5 vs 10 
areas 

6 vs 10 
areas 

7 vs 10 
areas 

8 vs 10 
areas 

9 vs 10 
areas 

T
u

m
or

 

p-
value 
in Ta 

0.008 0.05 0.02 0.02 0.10 0.19 0.47 0.77 0.77 

p-
value 
in T1 

0.03 0.17 0.07 0.14 0.29 0.44 0.69 0.83 0.83 

S
tr

om
a 

p-
value 
in Ta 0.019 0.04  0.03  0.02  0.10  0.15  0.34  0.61  0.64 

p-
value 
in T1  <0.0001  0.0004  0.0004  0.001  0.02  0.05  0.21  0.49  0.89 
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Table 2: Reduced cohort of patients characteristics 

  N=586 

Age   

Mean 65.8 

Median 68 

Min 22 

Max 80 

Gender   

Male 517 (88%) 

Female 69 (12%) 

Area   

1 = Barcelona 116 (20%) 

2 = Vallès  97 (17%) 

3 = Elx 56 (10%) 

4 = Tenerife 117 (20%) 

5 = Astúries 199 (34%) 

Stage and Grade   

PUNLMP/TaG1 179 (31%) 

TaG2 214 (37%) 

TaG3 74 (13%) 

T1G2 13 (2%) 

T1G3 102 (17%) 

Tis 4 (1%) 

EORTC Risk   

High 250 (43%) 

Low 336 (57%) 

Multiplicity    

1 tumor 364 (62.1%) 

≥ 2 tumors 187 (31.9%) 

Missing 35 (0.06%) 
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Size    

< 3cm 307 (52.4%) 

≥ 3cm 114 (19.5%) 

Missing 165 (28.2%) 

Traitement    

TURB alone 222 (37.9%) 

TURB + IC 132 (22.5%) 

TURB + BCG 206 (35.2%) 

Others 26 (4.4%) 

Number of CD8 / mm2   

Mean +/- SD 83.8 +/- 191.02 

Median [IQR] 20.08 [0-346.48] 

Min 0 

Max 2029 
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Table 3: Cox regression analysis results displaying association of CD8 infiltration with risk 

of recurrence in T1.  

  HR p-value   lower 95 upper 95 

Number of CD8           

<43/mm2 Ref         

≥ 43 /mm2 0.39 0.049 * 0.16 0.99 

Area           

Barcelona Ref         

Valles 1.22 0.809   0.25 5.88 

Elx 2.12 0.348   0.44 10.18 

Tenerife 0.62 0.564   0.12 3.21 

Asturies 1.78 0.423   0.44 7.26 

Gender           

Male Ref         

Female 0.41 0.280   0.08 2.06 

Multiplicity            

1 tumor Ref         

≥ 2 tumors 4.34 0.003 ** 1.62 11.63 

Missing 1.30 0.712   0.33 5.15 

Size            

< 3cm Ref         

≥ 3cm 4.70 0.006 ** 1.57 14.08 

Missing 1.60 0.397   0.54 4.73 

Traitement            

TURB alone Ref         

TURB + IC 0.30 0.125   0.06 1.40 

TURB + BCG 0.71 0.532   0.24 2.08 

Others 0.25 0.110   0.04 1.37 
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FIGURES LEGENDS 

Figure 1: After digitalization of the slides using the Aperio scanscope XT, Leica scanner, Calopix™ 

software (Tribvn, France) allowed background suppression (A) and separate recognition of tumor 

(pink) and stroma (white) (Figure 1A and B). CD8+ cells were automatically identified using a 

combination of colour, shape and size recognition (see CD8+ cells circled in green, Figure 1C).  

 

Figure 2: Determining the optimal number of 0.6 mm TMA cores to sample. Each box plot is the 

distribution of the Interquartile range (IQR) of mean CD8+ infiltration calculated from 500 random 

observations of a specified number of regions. The variability decreases as the number of regions 

(figurating TMA cores) increases. By statistical comparison of IQR distributions, the minimal number 

of regions for an accurate estimate of CD8+ expression as compared with the standard was reached at 

5 cores per tumor region in Ta and 2 cores in T1. 

 

Figure 3: Correlation between tumor and stroma CD8+ count according to tumor stage (Ta vs T1). 

Correlation was moderate, demonstrating heterogeneity between tumor and stroma inflammatory 

infiltrate.  

 

Figure 4: Boxplots figuring CD8+/mm2 count in the EPICURO cohort according to FGFR3 

expression and stage. CD8+ infiltration is lower in patients with high FGFR3 expression.  

 

Figure 5: Kaplan Meier curves for time to recurrence according to CD8+ infiltration. 5-year 

recurrence free survival was 80% in the strong infiltration group (≥43 CD8/mm2) versus 69% in the 

low infiltration  group (<43 CD8/mm2).  
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Figure 1: After digitalization of the slides using the Aperio scanscope XT, Leica scanner, 

Calopix™ software (Tribvn, France) allowed background suppression (A) and separate 

recognition of tumor (pink) and stroma (white) (Figure 1A and B). CD8+ cells were 

automatically identified using a combination of colour, shape and size recognition (see CD8+ 

cells circled in green, Figure 1C).  

Figure 1A 
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Figure 1B 
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Figure 1C 
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Figure 2: Determining the optimal number of 0.6 mm TMA cores to sample. Each box plot is 

the distribution of the Interquartile range (IQR) of mean CD8+ infiltration calculated from 

500 random observations of a specified number of regions. The variability decreases as the 

number of regions (figurating TMA cores) increases. By statistical comparison of IQR 

distributions, the minimal number of regions for an accurate estimate of CD8+ expression as 

compared with the standard was reached at 5 cores per tumor region in Ta and 2 cores in T1. 
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Figure 3: Correlation between tumor and stroma CD8+ count according to tumor stage (Ta vs 

T1). Correlation was moderate, demonstrating heterogeneity between tumor and stroma 

inflammatory infiltrate.  
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Figure 4: Boxplots figuring CD8+/mm2 count in the EPICURO cohort according to FGFR3 

expression and stage. CD8+ infiltration is lower in patients with high FGFR3 expression.  
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Figure 5: Kaplan Meier curves for time to recurrence according to CD8+ infiltration. 5-year 

recurrence free survival was 80% in the strong infiltration group (≥43 CD8/mm2) versus 69% 

in the low infiltration  group (<43 CD8/mm2).  
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SUPPLEMENTARY TABLES 

 

Table S1: Characteristics of the full and reduced cohorts of patients 

  Full cohort (981) Reduced cohort 
(586) 

Age     

Mean 65.6 65.8 

Median 68 68 

Min 22 22 

Max 80 80 

Gender     

Male 857 (87%) 517 (88%) 

Female 124 (13%) 69 (12%) 

Area     

1 222 (23%) 116 (20%) 

2 161 (16%) 97 (17%) 

3 83 (8%) 56 (10%) 

4 150 (15%) 117 (20%) 

5 363 (37%) 199 (34%) 

TG     

1 (PUNLMP/TaG1) 424 (43%) 179 (31%) 

2 (TaG2) 292 (30%) 214 (37%) 

3 (TaG3) 102 (10%) 74 (13%) 

4 (T1G2) 28 (3%) 13 (2%) 

5 (T1G3) 129 (13%) 102 (17%) 

6 (Tis) 6 (1%) 4 (1%) 

Risk     
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High 340 (35%) 250 (43%) 

Low 641 (65%) 336 (57%) 

 

 

 

Table S2: Cox regression analysis results displaying association of CD8 infiltration with risk 

of recurrence in the T1 cohort with 2 spots available (N=67). Reduced number of events (11 

recurrences) only allowed adjustment for 3 variables.  

 

  HR p-value   lower 95 upper 95 

Number of CD8           

<35/mm2 Ref         

≥ 35 /mm2 0.36 0.13 
 

0.07      1.40 

Multiplicity            

1 tumor Ref         

≥ 2 tumors 3.70 0.06 . 0.95     14.47 

Missing 1.15 0.92   0.11     11.79 

Size            

< 3cm Ref         

≥ 3cm 4.40 0.06 . 0.90     21.51 

Missing 1.71 0.52   0.33      8.95 
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Table S3: Cox regression analysis results displaying association of CD8 infiltration with risk 

of recurrence in the T1 cohort adjusted for FGFR3 status (number of patients = 75, number of 

recurrences = 18). 

 

  HR p-value   lower 95 upper 95 

Number of CD8       

  <38/mm2 Ref     
  

≥ 38 /mm2 0.48 0.14 
 

0.1801 1.295 

FGFR3 QS 1.00 0.62   0.9936 1.011 

Multiplicity        
  

1 tumor Ref     
  

≥ 2 tumors 4.39 0.007 ** 1.4839 13.018 

Missing 3.28 0.11   0.7438 14.502 

Size        
  

< 3cm Ref     
  

≥ 3cm 2.51 0.13 
 

0.7505 8.412 

Missing 1.67 0.40   0.4949 5.692 
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SUPPLEMENTARY FIGURES 

 

Figure S1 : Histograms showing the distribution of GATA3, FGFR3 and CK5/6 expression in 

the EPICURO cohort.  
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Figure S2 : Boxplots figuring CD8+ count Interquartile range in the stroma compartment in 

Ta and T1 tumors. 
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IV DISCUSSION 

1. INFLAMMATION RELATED GENETIC POLYMORPHISMS AND BLADDER 

CANCER PROGNOSIS 

1.1. Different output of candidate-gene or a genome-wide approaches 

First objective of the present work was to assess association between germline 

polymorphisms in inflammatory genes and bladder cancer prognosis. Two studies have been 

conducted in parallel, one genome-based approach in NMIBC assessing the association 

between SNPs in inflammatory genes and recurrence or progression and one gene-based 

approach in MIBC assessing the association between PDL1 SNPs and survival.  

In the field of NMIBC, according to literature, we first considered that no inflammatory 

biomarker had reached sufficient evidence of biological/clinical implication to apply a 

candidate-gene study. On the contrary, we hypothesized that NMIBC was a complex trait 

where the joint effect of multiple SNPs was more likely to drive the disease prognosis rather 

than a single gene. Consequently, we applied an inflammatory genome wide study mapping 

in order to detect inflammatory variants association with prognosis, some of which possibly 

located in or near candidate genes. This methodology not only allows identification of a large 

number of SNPs with small effect but also considers the relationships between each other’s, 

adjusting for the statistical effect of one another. We identified a large number of 

inflammatory variants associated with recurrence and progression, some of which already 

identified as associated with bladder cancer risk. Three SNPs in TNIP1, CD5, and JAK3 

showed very strong association with posterior probabilities >90% using multi-marker 

methods. Regarding risk-of-progression, one SNP in CD3G was significantly associated 

using Cox regression and two SNPs in MASP1 and AIRE, showed a posterior probability of 

association ≥80% with multi-marker methods. Variants identified herein should only be 
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considered as biomarkers as long as functional studies have not been performed. However, 

most significant SNPs are placed in genes implicated in immune tolerance. Biological 

relevance of those genes is particularly enlightened by the recent breakthrough made in BC 

treatment using drugs restoring immune function.  

Contrary to NMIBC, known biological effect of checkpoint inhibitors in MIBC led us to 

consider that applying a candidate-gene approach to PDL1 gene was of strong functional 

relevance. This work is the first to report highly significant association between germline 

PDL1 variants and MIBC prognosis. Five variants were significantly associated with all 

endpoints (tumour progression, cancer-specific survival, and overall survival) in patients with 

MIBC after multiple testing correction (rs822339, rs860290, rs2282055, rs1411262, 

rs10125854). At the gene level, PDL1 was significantly associated with the 3 endpoints. At 

the functional level, all significant variants, except one (rs10125854), correlated with PDL1 

expression levels in different tissues. Main limitation was the absence of formal replication in 

the TGCA dataset. However, using a candidate gene approach in MIBC does not preclude 

applying a genome-based approach that will likely also allow identification of a large number 

of inflammatory variants associated with survival. The two approaches have to be applied 

jointly in order to comprehensively understand the genetic background underlying bladder 

cancer prognosis.  

1.2. Biological relevance as the cornerstone of genetic studies 

At the end, biological relevance should be one of the cornerstones of genetic studies, 

either being at the initiation of the process in candidate-gene studies or the final grail of 

genome wide exploration. Otherwise, variants remain biomarkers, which is insufficient in an 

era where the need for personalized medicine is imperious. While computational approaches 

provide researchers a very broad range of new information they need to enlarge the biological 

comprehension of the diseases, biology also needs to be at the initiation of large scale bio-
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informatical genomic analyses in order to hierarchize the interpretation of the results and 

avoid drowning into big data with no functional hypotheses.  

1.3. The need for integration with the other -omics 

As the field of genomics daily expands, genetic variations will have to be integrated along 

with epigenomics, transcriptomics and metagenomics. The influence of the host genetic 

background depends on the way it is differentially expressed based on epigenetic alterations 

but also on its interplay with 1) the millions of microorganisms that colonize each living 

individual 2) with the environment. Integration of the different –omics is huge challenge but 

is necessary to investigate the genomic mechanisms involved in complex diseases [206]. 

Application of single –omics strategies will irremediably lead to limited insights in the 

understanding of diseases. 

 

2. TISSUE INFLAMMATION ASSESMENT AND ASSOCIATION WITH 

BLADDER CANCER PROGNOSIS 

2.1. Strengths of the results 

Study of association between tissue inflammation and bladder cancer prognosis has been 

a major challenge of the past decades. Literature suggesting association is overabundant, but 

methodological challenges preclude applicability of the results to daily clinical practice. For 

that reason, we figured that studying association between inflammation and UCB prognosis 

could only begun after a proper evaluation of the best methodological process had been 

made.  

 The work presented herein is the first to propose a  standardized methodological 

pipeline for CD8+ cell assessment in bladder cancer. An automated morphometric approach 

combined to color-based tissue recognition allowed separated tumor and stroma count and 
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normalization of the results to mm2 of tumor or stroma.  Spatial heterogeneity of CD8+ 

infiltrate in both tumor and stroma was demonstrated using resampling strategies. In the 

tumor compartment, two TMA-sized regions provided precise estimation of CD8+ infiltrate 

in T1 while 5 regions were necessary in Ta. In the stromal compartment, 5 and 6 regions 

were necessary for Ta and T1 respectively.  CD8+ infiltrate was significantly associated with 

stage since CD8+ count was much higher in T1 than in Ta both in the tumor and in the 

stromal compartment. Correlation between tumor and stromal count were moderate in both 

Ta and T1. Finally, we explored prognosis in T1 and observed that CD8+ infiltrate in the 

tumor compartment was significantly and independently associated with risk of recurrence. 

Those results have to be considered cautiously taking into account the limitations associated 

with CD8+ estimates on TMA.  

Altogether, those results support the need of separated approaches of tumor and stroma 

compartment and usage of material adapted to inflammatory environment studies (TMA 

specially designed or full sections). In general, the behaviour and function of tumor-

associated inflammatory cells still remains largely unknown and progresses in biological 

understanding of tumor – inflammation interactions will go faster if rigorous approaches are 

favoured, considering tissue compartment and stages separately before looking at the whole. 

The association identified between CD8+ infiltrate and both stage and risk of recurrence of 

T1 supports the usefulness of inflammatory biomarkers in the management of patients, both 

for improved assessment of prognosis and to guide therapy.  

 

2.2. Remaining challenges 

2.2.1. Compartments 



 

Alexandra Masson-Lecomte   Page 109 of 
145 

 

Although some challenges have been addressed, many remain. We demonstrated 

heterogeneity between tumor and stroma lymphocyte count. Herein, we based our 

preliminary prognostic analyses on the tumor compartment. However, in prognosis analyses, 

the more relevant compartment has never been investigated: Tumor/ Invasive front/ Stroma/ 

Ratio between tumor and stroma? The Immunoscore developed in colon cancer is based on 

the infiltrate at the invasive front of the tumor. In NMIBC, the tumor architecture is disrupted 

by the morcellation induced by TURB. Assessment of the invasive front is therefore 

compromised. Consequently, en bloc resection would have to be used to address this issue in 

NMIBC. However, this would create selection bias in tumor selection since en-bloc resection 

can only be offered to small tumors that can be extracted through the endoscope. 

2.2.2. Impact of UCB natural history on tumor inflammation 

The impact of treatment has also to be taken into consideration. In the EPICURO 

cohort we only considered incident tumors (first tumor to occur in a patient). UBC natural 

history is made of multiples recurrences and some progressions leading to repeated TURBT 

and intra vesical instillations. The impact of different treatment courses on the bladder wall 

inflammatory infiltrate has never been studied although intuitively obvious. The results 

obtained in an incident cohort of bladder tumors cannot be extrapolated to a prevalent cohort 

as long as treatment impact on tissue inflammation has not been studied. Many published 

studies in the field “mixed” incident and prevalent cohorts without any rational to do so.  

2.2.3. Consideration of multiples inflammatory cell types 

We focused on CD8+ cells to establish the methodological process. However, the 

tumor-immunity cycle is made of multiple cell types each acting jointly with the others to 

control/eradicated tumor cells (Figure 1, [207]). Comprehensive insight into the anti-tumor 

effect of the immune system along with the study of its association with tumor prognosis 
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cannot be conceived without exploring the impact of each tumor cell type individually but 

also together with the others. The challenge is huge again as limited knowledge is available 

regarding the relevant information: absolute number of each cell type, ratio between types? 

Moreover, cell types count should be integrated along with their location in the tissue: tumor 

compartment, stroma compartment. The development of multiplexed in situ analysis based on 

mRNA and protein expression of different key player genes will help to decipher the role of 

immune architecture in cancer biology.  

Finally, presence of an inflammatory cell in the tissue does not mean biological 

effectiveness. Markers of cells functional state should also be considered together with the 

sole IHC staining [208, 209]. As seen in renal cell carcinoma, CD8+ anergy leads to 

irresponsiveness to tumor antigens. Consequently, identification of a cell type using IHC does 

not necessarily imply anti tumor effect, and this might explain some of the false negative 

results where strong CD8+ infiltrate was not associated with better prognosis. To overcome 

this limitation, authors have suggested usage of transcriptional immune signature as a tool for 

assessing the immune response [210, 211]. Enrichment in different immune cells subset is 

associated with differential expression of gene signatures that vary according to cells 

activation states.  This methodology will allow much more precise investigation of cellular 

functions than sole IHC staining.  
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Figure 1: Multiple inflammatory cells (CD4+ and CD8+ T cells, Dendritic cells, NK cells, 

macrophages) act jointly to control/eliminate transformed malignant cells. (from [207]) 

 

3. SERUM INFLAMMATION IN THE CONTEXT OF BLADDER CANCER 

3.1. Serum inflammation in the EPICURO cohort  

Systemic inflammation is widely known to be associated with both cancer risk and 

prognosis. Based on the literature review, we identified CRP as the most extensively studied 

serum inflammatory marker in bladder cancer. High CRP levels have been consistently 

reported to be associated with MIBC adverse prognosis.  Studies in NMIBC were scarce. 
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Consequently we initially planned to evaluate association between CRP and NMIBC risk of 

recurrence and progression.  

This part of the project remained a blind spot since we encountered some obstacles. After 

reviewing the dates the serum was withdrawn from the patients, it occurred that out of 997 

NMIBC patients, only 88 had the blood retrieved before the day of surgery or the day of 

surgery in the operating room before the surgeon started the TURB procedure. In all other 

cases blood was retrieved after surgery. In 278 cases blood was withdrawn at day 1. We 

hypothesised that CRP levels would be very much modified by TURBT since CRP is an early 

marker of inflammatory response (level rises between 6 and 8 hours after initiation of 

inflammation). To confirm the impossibility to use EPICURO blood sample for this study we 

decided to perform a pilot study in the department of Urology of Henri Mondor Hospital in 

order to evaluate how CRP levels at day 1 after surgery were correlated to the same markers 

before surgery despite the intervention. After obtaining approval of the hospital and patients, 

5 patients were included. Results for pre and post operative CRP are presented in Table 1.  

 

Table 1: Pre and post TURB CRP levels in 5 consecutive incident UCB hospitalized in Henri 

Mondor hospital department of Urology.  

Date of TURB CRP J-1 CRP J+1 ratio 

18/02/14 0.6 2.5 4.17 

18/02/14 0.5 1.4 2.8 

18/02/14 12.2 23.7 1.94 

19/02/14 3.7 6.4 1.73 

20/02/14 0.6 2.4 4 

 

After the 5 first patients it was clear that CRP retrieved at day 1 after TURB was not usable.  
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Facing the limited number of blood samples usable, we did not move on with the study of 

association between CRP levels and prognosis in NMIBC.  

3.2. Future directions 

Studies focusing on serum inflammation will not be feasible using the EPICURO cohort 

based on previously detailed limitations. This emphasizes the need to design prospective 

cohorts with both pre and post operative withdrawal of blood samples depending of the type 

of analyses planned. Future studies would have to explore both serum cytokines and 

presence/absence of inflammatory cells. Multi markers assessment technique would probably 

be more effective than exploring one marker at a time.  

More generally, all the assessments performed for inflammatory cells in the tumor can 

also be performed in blood using flow cytometry methods. As shown in the “Tumor 

Immunity cycle” (Figure 2, [212]), exposure of tumor antigens to dendritic cells and antigen 

presenting cells leads to activation of the antitumor immunity in the peripheral lymph nodes. 

Inflammatory cells further traffic into the blood flow to reach cancer cells in the affected 

organ.  Cells can therefore be identified in the blood before they reach the tumors. This 

technique would limit the need for tumor samples and could allow a follow up of anti tumor 

immune response along time and treatment courses.  
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Figure 2 : « The cancer-immunity cycle ». From [212]. 

 

4. INTEGRATIVE APROACH BETWEEN INFLAMMATION AND MOLECULAR 

SUBTYPES.  

4.1. Integration between the different matrices 

Inflammation is a systemic process that affects together the blood, the tissue, and the urine of 

the patients. Consequently, Pro/anti tumor inflammatory response can be explored together in 

each of the above-mentioned matrices.  

As displayed in the introduction, assessment of the prognostic effect of the immune 

system has to be performed taking into consideration the host genetic context (Germline 
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variants), the systemic inflammatory response (blood cytokines and inflammatory cells) and 

the tumoral response.  

 

Figure 3: an integrative view of the inflammatory response to NMIBC 

Each can be analysed independently but secondary integration (considering all the matrices 

jointly) would be more comprehensive. In the PDL1 paper we suggested some functionality 

of the SNPs. Variation in PDL1 gene could lead to differential expression of PDL1 in the 

tumor with potential interactions with the cytotoxic lymphocytes activation pathways. This 

single example emphasizes the need for integration in order to completely embrace the full 

scope of anti tumor immunity.  

4.2. Integration with molecular taxonomy 
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The work performed in the past years to uncover the molecular background of UCB has 

revealed bladder cancer as a heterogeneous disease.  Each subtype is associated with different 

immune profiles suggesting variable interaction with the microenvironment [68]. It is likely 

that the stromal compartment of different molecular subtypes is as much different as the 

tumor cells themselves. As tumor progression deeply depends on the interactions between the 

tumor cells and the tumor microenvironment in the stromal compartment [213], study of the 

anti tumor immunity will necessarily need in the future to be put into the perspective of the 

molecular landscape. While some authors have already begun [72] generalization is needed 

for better prediction of prognosis and immunotherapy response.  

 

5. PREDICTION OF BLADDER CANCER PROGNOSIS AND RESPONSE TO 

IMMUNOTHERAPY TREATMENT 

In many studies, authors confound identification of prognosis association and prediction 

of an outcome. Identifying an association between a marker and an outcome is the first step 

of building prediction models. However, multiple steps are to be applied for prediction tools 

to be usable in daily practice. After multivariable regression analyses are performed, a model 

needs to be developed and evaluated using defined criteria such as calibration and 

discrimination [214]. After the best model has been built in a population, it needs to be 

validated in an independent cohort as performances are commonly poorer in the new set of 

patients [215]. In the work presented here, only the first steps of the prediction process have 

been applied. We demonstrated strong associations; particularly at the germline level but 

usage of germline inflammatory variants in daily practice are far from being a reality. 

Calculation of the predictive ability of the models was low (c-index), validation was not 

performed in the NMIBC study and we lacked replication in the PDL1 study. In the CD8 
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study, multiple retrospective studies suggested associations, which are a kind of an external 

validation, but again no predictive model was built and even less validated.  

In the field of prediction of response to immunotherapy, usage of inflammatory 

biomarkers both at the germline and tumor level is very attractive. However, proven 

association between PDL1 and prognosis does not mean that PDL1 variation or expression 

will be predictive of response to anti PDL1 treatment [216]. Predictive ability of PDL1 

expression in the tumors as a marker of response to anti PDL1 drugs was suggested by sub-

groups analyses of randomized trials assessing Atezolizumab, Pembrolizumab and 

Nivolumab in metastatic bladder cancer [73, 216-218]. To explore potential similar predictive 

ability of germline variation, analyses of randomized control trials would also be needed.  

This emphasizes the tremendous difficulty to bring biomarkers to daily practice. Most studies 

limit themselves to identification of associations, misleadingly using the word prediction in 

the discussions. Bringing markers to the next steps is mandatory but very time, money and 

resources consuming.  

Using inflammatory biomarkers in the field of bladder cancer prognosis and treatment 

prediction will need multi steps processes with strong/standardized methodology applied to 

association’s identification in different molecular subtypes, matrices integration and model 

building, external validation and prediction testing in randomized trials. Pipelines need to be 

described and followed by researchers for our patients to ever see the clinical application of 

our works.  

 

6. FUTURE PROJECTS 

The work presented here has opened multiple questions and possible directions. In the 

field of germline variation we would pursue the work conducted in MIBC. The strong 
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association identified between PDL1 SNPs and MIBC prognosis warrants further attempts of 

validation, and we should explore other optional cohorts. We have found association with 

gene expression in the public data sets explored but we should also explore biological 

validation using cellular models. In NMIBC, the genetic background was strongly associated 

with prognosis but at a multiple SNPs scale. Addition of SNPs to predictive models did not 

add enough prediction to consider genotyping patients in daily practice.  

Regarding tumor inflammation the work to be done seems limitless. First we should 

confirm the independent association between CD8+ infiltrate in the tumor compartment and 

NMIBC risk of recurrence using full section on an independent cohort. We would also 

explore association between the stromal compartment and prognosis. The study should be 

enlarged also to the other markers initially planned: CD3 and CD68 at first based on the 

results from Lund [72]. For those markers the same methodological process separating tumor 

and stromal count and using full section in order to assess spatial heterogeneity would be 

used. Based on the new insights in BC molecular taxonomy, it would be of interest to conduct 

the new investigation of tumor inflammatory infiltrate considering the molecular background, 

at least using IHC urothelial differentiation markers but preferentially using expression 

signature for molecular subtypes.   

Finally regarding serum, extensive literature has now shown the independent association 

between serum inflammation and BC prognosis. Most studied markers are CRP and 

neutrophil to lymphocyte ratio that both showed consistent association with prognosis mainly 

in MIBC but also NMIBC. We still need to investigate how to use those markers in daily 

practice to guide patients’ therapy. Drivers of systemic inflammation are still unknown. We 

need to investigate their associations with molecular subtyping and tumor inflammatory 

infiltrate in prospective cohorts. To integrate the work performed in tumor, there is a need to 

explore inflammatory cells in blood using flow cytometry. CD8+ cells can be identified in the 
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blood as easily as in the tumor. Association between CD8+ count in the blood and CD8+ 

infiltrate in the tumor is unknown. Moreover, expression of checkpoints markers such as 

PDL1, CTLA4 but also others can be identified in circulating immune cells as much as in 

infiltrated tumor cells. Investigations conducted in the tumors regarding infiltration with 

inflammatory cells but also expression of immune checkpoint molecules could be 

investigated in the blood with identification of similar associations and easiest access to 

patient samples.  
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V CONCLUSION  

 

The work presented herein allowed the use of multiple and innovative methodological 

methods to explore association between constitutional genetics in the field of inflammation 

and bladder cancer prognosis. We identified multiple variants with small effects strongly 

associated to non-muscle invasive bladder cancer prognosis but also a strong association in a 

large prospective cohort between PLD1 variation and muscle invasive bladder cancer 

survival. While external validation is lacking, those findings raise the question of the future 

place of genetics in the management of bladder cancer. 

Molecular characterisation of bladder cancer is on going and interactions with the 

inflammatory microenvironment are merely uncovered. In that context, solving the question 

of the best methodology to estimate tumor-related inflammation is impelling. We proposed 

here a standardized counting approach of CD8+ cells after double immuno-staining and 

digitalization that can be applied to any inflammatory cellular subtype. Stage and histological 

compartment related heterogeneity led to restrictive estimation of the inflammatory infiltrate 

using TMAs. Future studies assessing environmental cellular features should start with a 

proper methodological evaluation of the environment to prevent false positive or negative 

results. Regarding prognosis, our results have to be considered cautiously but suggest 

possible association with recurrence. Exploration of muscle invasive bladder cancer and other 

inflammatory cellular subtypes remains to be done in the light of proper methodological 

approaches in order to enlarge our understanding of the tumor-immunity interactions.  
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Abstract

Context: Host immune response has an impact on tumour development and progression.
There is interest in the use of inflammatory biomarkers (InfBMs) in cancer care. Although
several studies assessing the potential prognostic value of InfBMs in cancer have been
published in the past decades, they have had no impact on the management of patients
with urothelial bladder carcinoma (UBC).
Objective: To review and summarise the scientific literature on the prognostic value of
tumour, serum, urine, and germline DNA InfBMs on UBC.
Evidence acquisition: A systematic review of the literature was performed searching the
Medline and Embase databases for original articles published between January 1975 and
November 2013. The main inclusion criterion was the provision of a survival analysis
(Kaplan-Meier and/or Cox) according to the Reporting Recommendations for Tumor
Marker Prognostic Studies guidelines for the assessment of prognostic markers. We
focusedonmarkers assessed at least twice in the literature. Findingsare reported following
Preferred Reporting Items for Systematic Reviews and Meta-analysis guidelines.
Evidence synthesis: Overall, 34 publications, mostly retrospective, fulfilled the main
inclusion criterion. Main limitations of these studies were missing relevant information
about design or analysis and heterogeneous methodology used. Inflammatory cells,
costimulatory molecules in tumour cells, and serum cytokines showed prognostic
significance, mainly in univariable analyses. High C-reactive protein values were
consistently reported as an independent prognostic factor for mortality in invasive UBC.
Conclusions: There is a dearth of studies on InfBMs in UBC compared with other tumour
types. Evidence suggests that InfBMsmay have an impact on themanagement of patients
with UBC. Currently, methodological drawbacks of the studies limit the translational
potential of results.
Patient summary: In this review, we analysed studies evaluating the impact of inflam-
matory response on bladder cancer progression. Despite methodological limitations,
some inflammatory biomarkers should be further analysed because they hold promise to
improve patient care.
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1. Introduction

Evading the immune systemisoneof theemerginghallmarks

of cancer [1]. It is well established that the inflammatory

microenvironmenthas an impact on tumourprognosis, either

positively or negatively [2]. The proper assessment of the

composition and function of the microenvironment is

challenging, and consensus is needed in the field about

how to best consider the inflammatory response as a

component of tumour subclassification [3]. In this regard,

melanoma, colon, andbreast cancerhave taken the lead [4–6].

The definition of inflammatory biomarkers (InfBMs) is in

itself challenging. Any molecule involved in innate or

adaptive immune response could be considered; this makes

the list of candidates very long, and it is difficult to establish

a definition of InfBMs due to the interaction between

inflammatory pathways and other cellular functions. In this

review, we focus on markers with the primary known

function in the immune response.

Urothelial bladder carcinoma (UBC) is highly prevalent. It

represents an important economic burden, affects patient

quality of life, and is life threateningwhen it invadesmuscle.

However, inmanyways,UBC remainsaneglecteddisease [7].

The dearth of information on InfBMs and UBC is paradoxical,

considering that UBC is one of the few tumours for which

there is long-standing evidence of the efficacy of immuno-

therapy.

Studies on the prognostic value of InfBMs in UBC have

been published since the 1970s [8–10]. The infiltration of the

tumour by inflammatory cells and their association with

prognosis has been exploredmore extensively than blood or

urine cytokine levels and germline DNA polymorphisms in

inflammatory genes. Unfortunately, none of these markers

has proven to be sufficiently useful for clinical application.

Methodological flaws, technical heterogeneity, and lack of

appropriately designed validation studies have been the

most important limitations. Guidelines were published in

2005 to improve the reporting of prognostic markers, but

unfortunately they are rarely followed [11]. We report a

systematic review of the published results and methods

applied in studies that assessed tumour, blood, urine, and

germline DNA InfBMs related to the prognosis of patients

withUBC. The reviewwas conducted following theReporting

Recommendations for Tumor Marker Prognostic Studies

(REMARK)guidelines criteria. Theultimate goalsof this effort

were to provide a rationale for promoting research in the

promising field of immunity and UBC, to identify the main

limitations of the studies performed, and to select the most

promising markers for prospective studies and clinical trials

through an integrative scope (Fig. 1).

2. Evidence acquisition

2.1. Material and methods

2.1.1. Information sources and eligibility criteria

The Medline, Medline In-Process, and Embase databases

were searched for all original articles published from

January 1975 to November 2013 on the topic of interest.

Medlinewas searched through PubMed. Reporting followed

the Preferred Reporting Items for Systematic Reviews and

Meta-analysis guidelines.

The inclusion criteria were (1) original article, (2) human

research, (3) English language, (4) accessibility to the full

manuscript, and (5) availability of Kaplan-Meier/Cox

regression-derived results about the prognostic value of

the InfBMs on UBC outcomes according to the REMARKS

guidelines for assessment of a prognostic marker [12].

Studies using association tests instead of survival analysis,

with or without adjustment for other relevant variables,

were not included, but they are listed in Supplementary

Table 1. The outcomes considered were recurrence and

progression for non–muscle-invasive bladder cancer

(NMIBC) and local progression, metastasis, and cancer-

specific mortality and overall mortality for NMIBC and

muscle-invasive bladder cancer (MIBC). We report on

studies assessing an InfBM twice or more in the literature.

All other studies are listed in Supplementary Table 1.

2.1.2. Search strategy

We searched PubMed using the controlled vocabulary of the

Medical Subject Heading database alongwith open text. The

algorithm applied was (bladder OR urothelium OR transi-

tional cell) AND (cancer OR tumour OR tumour OR

carcinoma OR neoplasm) AND (inflammation OR inflam-

matory OR immune OR immunity) AND (prognosis OR

survival OR recurrence OR progression). The search in

Embase used the Emtree vocabulary ‘bladder cancer’ AND

(‘inflammation’ OR ‘immunity’) AND ‘prognosis’. All select-

ed articles were further hand-searched to identify addi-

tional relevant articles.

2.1.3. Study selection and the data collection process

The first stage of the search in Medline and Embase was

performed by A.M.L. to screen and exclude studies unrelated

to UBC or InfBMs. Second-stage selection was performed by

four investigators (A.M.L., Y.A., F.X.R., and N.M.).

[(Fig._1)TD$FIG]

Fig. 1 – Integrative scope of inflammatory biomarkers to support

urothelial bladder cancer patient prognostication and treatment

response prediction.

E U RO P E AN URO LOGY 6 6 ( 2 0 1 4 ) 1 0 7 8 – 1 0 9 1 1079



Information was retrieved according to the REMARK

guidelines for reporting prognostic markers including

author, country, journal, publication year, marker exam-

ined, study design, study population (sample size, recruit-

ment period, and follow-up), patient characteristics (age,

gender, stage, comorbidities), treatment received, biologic

material/matrix used (urine, tumour, serum, saliva), meth-

odology (for urine and blood markers: dosage kit for the

marker, period of retrieval, and cut-off for positivity; for

immunohistochemistry (IHC) on tumour tissue: antibody,

area of interest on the slide, magnification, scoring, cut-off

for positivity, and percentage of positive tumours; for

germline DNA variants/single-nucleotide polymorphism

(SNP): gene name, and genotyping technique), statistical

method applied (with variables used for adjustment), and

reported impact of examined markers on UCB outcome

using univariable or multivariable survival analyses.

2.1.4. Meta-analysis

We conducted ameta-analysis to summarise quantitatively

the overall prognostic value of serum C-reactive protein

(CRP) because this was the most frequently studied marker

in associationwithUBC outcome (eight studies). One author

(Pr. Saito [24]) was directly contacted to obtain data

required for the meta-analysis. Two studies could not be

included due to the lack of important information; the

results of Ishioka et al. [22] could not be included because

the variable was not log-transformed. Finally, we were

obliged to stratify the meta-analysis according to whether

the studies used a dichotomous variable (two studies) or a

continuous variable (three studies) to assess CRP. Random

effect meta-analysis was performed as a sensitivity analy-

sis. We quantified heterogeneity using the I2 statistic [12]

that describes the proportion of heterogeneity across

studies that is not due to chance. The analysis showed no

heterogeneity between the studies (I2 = 0% for both type of

studies). Consequently, a fixed effect model was applied.

Risk of publication/reporting bias across studies is likely,

although we could not test it appropriately because of the

small number of studies included [13]. Analyses were done

using R v.3.0.1 software.

3. Evidence synthesis

A total of 1045 original articles were identified using

Medline and Medline In-Process and 1651 using Embase.

Figure 2 shows a flow diagram of the study selection

strategy. At the end of the process, there were 87 articles

assessing the association between germline DNA, blood,

urinary, or tumour InfBMs, and UBC outcome (77 from the

online search abstract screening and 10 added from

reference list screening). From those, 23 articles lacked a
[(Fig._2)TD$FIG]

Fig. 2 – Flow diagram showing the study selection process.

BCG = bacillus Calmette-Guérin; COX = cyclooxygenase; IL = interleukin.
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survival analysis, as defined in the REMARKS criteria, and 24

investigated a marker that had only been reported once in

the UBC domain (see Supplementary Table 1). Six studies

evaluated the association of cyclooxygenase-2 tumour

expression and prognosis. Our group recently published a

meta-analysis on this topic [14]; therefore, these studies

were not considered in this review. Finally, 34 original

articles assessing 13 InfBMs (germline DNA variants in

interleukin [IL]-6 and tumour necrosis factor [TNF]-a;

serum CRP, IL-6, and CD8 levels, and neutrophil-to-

lymphocyte ratio (NLR); and expression of CD3, CD8,

CD68, CD83, FOXP3, B7-H1 (PD-L1), HLA class I molecules,

HSP70, as well as ‘‘inflammatory infiltrate’’ in tumour

samples) were included. None of the urinary InfBMs

fulfilled the main study criteria.

3.1. Study methodology

There were 8 and 18 prospective and retrospective studies,

respectively. This information was missing in eight studies.

Only one article provided a rationale for sample size and

statistical power. Studies included in the main tables were

published between 1990 and 2013. Patient recruitment

period ranged from 1971 to 2010. Median number of

patients included was 69 (range: 30–530). Median age of

the patients was 67 yr (range: 23–93 yr). Median follow-up

was 29 mo (range: 1–240 mo) (Table 1).

Missing information about study or patient character-

istics was common: 11 (33%), 10 (30%), 5 (15%), 10 (30%),

and 28 (84%) studies lacked information on age, gender,

stage, follow-up, and comorbidities, respectively. Treat-

ment information was provided by 31 studies (91%). When

assessing germline DNA variants, all studies included

NMIBC patients treated with bacillus Calmette-Guérin

(BCG). Two studies also included a second cohort of

cystectomised patients. For blood biomarkers, CRP was

mainly investigated in patients undergoing radical cystec-

tomy (RC) or among those with locally advanced/recurrent

UBC treated by chemotherapy. NMIBCs were considered

togetherwithMIBC in two studies. Note that, in the study by

Himly et al., pT1G3 patients were considered as having

muscle-invasive UBC. For tumourmarkers, cohorts included

both NMIBC and MIBC, separately or merged (Table 1).

3.2. Assay methodology

The three studies considering germline DNA biomarkers

analysed candidate SNPs in blood-extracted DNA. Genotyp-

ing was performed using methods based on polymerase

chain reaction methods. Regarding blood biomarkers (11

studies), the dosage technique/kit was specified in four of

eight studies on CRP. The threshold chosen to define

positivity of CRP ranged from 0.5 to 1 mg/dl. In all studies,

CRP was assessed before treatment (transurethral resection

of the bladder [TURB] for NIMBC; RC or chemotherapy for

MIBC). Two of eight studies considered CRP on a continuous

scale. One study assessed serum IL-6 and categorised the

levels using a threshold of 4.80 pg/ml (median value). NLR

was assessed in two studies; both applied the same

threshold (2.5). One study assessed the percentage of blood

CD8 lymphocytes using flow cytometry; no further

specification was given about the technique or threshold

chosen for the analysis (Table 2).

As for tumour InfBMs (20 studies), all markers were

assessed by IHC. Overall, reporting of technique and

interpretation of results were heterogeneous. Full sections

and tissue microarrays were used in 12 and 2 studies,

respectively. This information was missing in five studies.

Only seven studies reported how the region and compart-

ment (tumoural/stroma) of interest were selected. Defini-

tion of a high-power field varied from � 200 to � 1000

magnification. Quantification of staining was highly vari-

able. In six studies, no information was provided about the

method of quantification. Similarly, six studies lacked

information regarding the cut-off applied in survival

analysis or the reference value chosen for Cox regression

analysis. Five studies reported ‘‘inflammatory infiltrate’’ as a

marker without further characterisation. The definition of

‘‘strong inflammatory infiltrate’’ varied widely (Table 3).

3.3. Study findings

InfBMs identified from the literature could be grouped in

three large categories according to their biologic signifi-

cance: inflammatory cells, inflammatory costimulatory

molecules in tumour cells, and serum cytokines. Table 4

provides a detailed list of the biomarkers according to these

three categories.

3.3.1. Germline DNA inflammatory biomarkers

Two studies assessed the association between germline IL-6

rs1800795 variant and UBC outcome [15,16] (Table 5).

Ahirwar et al. found a decreased risk of NMIBC recurrence

among carriers (hazard ratio [HR]: 0.41; 95% confidence

interval [CI], 0.17–0.94) [15]; Leibovici et al. described a

4.6-fold higher risk of recurrence among high-risk NMIBC

carriers receiving maintenance BCG therapy (n = 38) [16].

As for TNF-a, two polymorphisms were studied (rs1800629

and rs1799964) [16,17]. Both studies found that the SNP

considered was associated with a decreased risk of

recurrence among patients with NMIBC. However, the

findings among patients with MIBC were discordant.

3.3.2. Blood inflammatory biomarkers

CRP was the most widely studied serum marker. Eight

studies assessed the association of high CRP levels with

overall or cancer-specific survival [18–25]. All of them

reported consistent results showing that high CRP levels are

associated with adverse outcome. In one study, the

association was only significant in univariable analysis

[21]. Another study lacked multivariable analysis [19]. In

the six remaining studies, three using dichotomised CRP

levels and three using a continuous variable, CRP was an

independent prognostic factor for both cancer-specific and

overall mortality, although variables for adjustment varied

among studies (Table 5; Supplementary Fig. 1 and 2). CD8

cell count was assessed as a serum marker using flow

cytometry [26]. Authors observed that serum CD8 was
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Table 1 – Study and patients characteristics of the 34 studies

Study Marker Country No. of

patients

NMIBC/

MIBC

BCG Recruitment

period

Age, yr

(range)

Male/

female, no.

Follow-up

(range)

Treatment

Germline

Ahirwar et al. [15] IL-6 (rs1800795) India 136 136/0 69 2004–2007 62 (NA) 119/17 13 (3–60) TURB � iBCG

Leibovici et al. [16] IL-6 (rs1800795) USA 353 204/149 123 1995–2003 NA NA 21 (1–74) TURB � iBCG or mBCG or RC

Leibovici et al. [16] TNF-a

(rs1800629)

USA 465 204/146 123 1995–2003 NA NA 21 (1–74) TURB � iBCG or mBCG or RC

Ahirwar et al. [17] TNF-a

(rs1799964)

India 73 73/0 73 2003–2007 61 (NA) NA 14 (3–60) TURB and iBCG

Serum

Hwang et al. [21] CRP Japan 67 0/67 0 2004–2010 71(45–86) 53/14 11 (2.5–46.5) Chemotherapy y

Yoshida et al. [25] CRP Japan 88 0/88 0 1997–2006 70 (63–75) 63/25 33 (3–117) Radiochemotherapy

Hilmy et al. [20] CRP UK 103 61/42* 6 1992–2001 NA 70/33 60 (NA) NA

Gakis et al. [18] CRP Germany 246 0/246 26 1999–2009 67 (43–84) 191/55 30 (6–116) RC

Ishioka et al. [22] CRP Japan 232 0/232 NA 1995–2010 71 (66–77) 162/70 11 (NA) Radiochemotherapy or BSCy

Nakagawa et al. [23] CRP Japan 114 NA 16 1990–2010 67 (32–84) 92/22 11 (0.2–206) RCz

Saito et al. [24] CRP Japan 80 NA NA 2000–2009 NA 57/23 12 (2–99) Second-line chemo after RC

Gondo et al. [19] CRP Japan 189 62/127 NA 2000–2009 68 (38–85) 158/31 25 (2–128) RC

Gondo et al. [19] NLR Japan 189 62/127 NA 2000–2009 68 (38–85) 158/31 25 (2–128) RC

Krane et al. [27] NLR USA 68 NA NA 2005–2011 67.4 (NA) 55/13 25 (13–61) RC

Andrews et al. [66] IL-6 USA 51 15/36 24 1995–2000 65 (41–76) 47/4 46 (4–61) RC

Lin et al. [26] CD8 Taiwan 68 NA NA 2007–2008 67 (26–90) NA NA TURB

Tumour

Otto et al. [67] CD3 Germany 61 61/0 NA 1995–1998 NA NA 74 (11–179) TURB

Winerdal et al. [29] CD3 Sweden 37 4/33 NA 1999–2002 67 (46–81) NA NA RC

Sharma et al. [28] CD8 USA 69 38/31 NA 1996–2001 NA 51/18 NA TURB or RC

Kitamura et al. [41] CD8 Japan 30 30/0 30 NA NA NA NA TURB and iBCG

Hanada et al. [39] CD68 Japan 63 40/23 NA NA 65 (34–84) 51/12 65 (3–153) TURB or RC

Kitamura et al. [41] CD68 Japan 30 30/0 30 NA NA NA NA TURB and iBCG

Takayama et al. [38] CD68 Japan 41 41 CIS/0 41 1995–2005 70 (47–91) 36/5 53 (3–120) TURB and iBCG

Ayari et al. [36] CD68 Canada 46 46/0 46 1997–2002 68 (NA) NA 31 (NA) TURB and mBCG

Ayari et al. [37] CD68 Canada 93 93/0 8 1990–1992 NA NA 66 (NA) TURB

Ayari et al. [36] CD83 Canada 53 53/0 53 1997–2002 68 (NA) NA 31 (NA) TURB and mBCG

Ayari et al. [37] CD83 Canada 93 93/0 8 1990–1992 NA NA 66 (NA) TURB

Winerdal et al. [29] FOXP3 Sweden 37 4/33 NA 1999–2002 67 (46–81) NA NA RC

Kitamura et al. [41] FOXP3 Japan 30 30/0 30 NA NA NA NA TURB and iBCG

Wang et al. [44] B7-H1 Japan 50 19/31 NA 2000–2002 62 (42–78) 40/10 28 (6–52) NA

Boorjian et al. [42] B7-H1 USA 316 98/218 NA 1990–1994 69 (37–90) 256/60 NA RC

Nakanishi et al. [43] B7-H1 Japan 65 36/39 NA 1996–2005 NA 47/18 26 (1–118) TURB or RC

Sharma et al. [28] HLA class 1 USA 69 38/31 NA 1996–2001 NA 51/18 NA TURB or RC

Levin et al. [45] HLA class 1 Israel 33 0/33 NA NA NA NA NA RC

Kitamura et al. [41] HLA class 1 Japan 30 30/0 30 NA NA NA NA TURB and iBCG

Homma et al. [46] HLA class 1 Japan 65 0/65 NA 1991–2002 65 (38–79) 51/14 35 (3–172) RC

Yu et al. [49] HSP70 Taiwan 530 530/0 NA 1991–2005 72 (23–92) 452/78 86 (1–240) TURB

Syrigos et al. [48] HSP70 Greece 67 15/52 NA NA NA NA NA NA

Cai et al. [30] Infl. infiltrate Italy 410 321/98 201 Jan–Dec 1995 68 (32–93) 306/104 NA TURB or RC

Samaratunga et al. [33] Infl. infiltrate Australia 60 NA 29 NA 72 (28–91) 51/9 57 (5–168) TURB

Offersen et al. [32] Infl. infiltrate Denmark 107 16/91 8 1992–1998 NA 91/16 NA TURB

Sanchez et al. [34] Infl. infiltrate Spain 194 194/0 NA 1976–1990 62 (18–93) 174/20 NA TURB � instillations

Flamm and Havekec

[31]

Infl. infiltrate Austria 345 345/0 NA 1971–1982 69 (NA) 235/110 NA TURB � instillations

� = with or without; BSC = best supportive care; CIS = carcinoma in situ; CRP = C-reactive protein; iBCG = induction bacillus Calmette-Guérin; IL = interleukin; Infl. = inflammatory; Jan–Dec = January through December; mBCG = maintenance bacillus Calmette-

Guérin; MIBC = muscle-invasive bladder cancer; NA = not available; NLR = neutrophil-to-lymphocyte ratio; NMIBC = non–muscle-invasive bladder cancer; RC = radical cystectomy; TNF = tumour necrosis factor; TURB = transurethral resection of the bladder.
* T1G3 tumours were considered MIBC.
y Series of advanced urothelial bladder cancer.
z Series of recurrence after RC.
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inversely correlated to tumour infiltration with CD8 cells

(r2 = 0.63; p < 0.0001). Low levels of CD8 cells in bloodwere

associated with lower intravesical recurrence after TURB

applying a multivariable analysis (HR: 0.4; 95% CI, 0.17–

0.94). Two studies reported prognostic value for NLR after

RC for UCB [19,27]. With a threshold of 2.5, both studies

observed that high NLR was an independent adverse

prognostic factor for survival after RC (HR: 1.94; 95% CI,

1.03–3.66, and HR: 2.49; 95% CI, 1.14–6.09).

3.3.2.1. Tumour inflammatory biomarkers: inflammatory cells in the

tumour environment. Tumour infiltration by CD3+ and CD8+

cells was associated with a better outcome (Table 6). All

studies showed significant results in univariable analysis.

Resultswere confirmed after adjustment for stage and other

prognosticators only in the two studies assessing MIBC

[28,29]. Winerdal et al. considered the impact of CD3

lymphocyte infiltration in the tumour of 37 patients treated

by RC [29]. Strong infiltrationwas associatedwith increased

overall survival (HR: 0.24; 95% CI, 0.08–0.71; p = 0.01).

Sharma et al. studied CD8 infiltration in a series of 69

patients treated with TURB or RC [28]. HR for overall

survival among MIBC patients with strong CD8 cell

infiltration in the tumour on RC specimen was 0.3 (95%

CI, 0.09–0.96). The presence of an ‘‘inflammatory infiltrate’’

without further characterisation of the cells has also been

widely studied [30–34]. The main limitations of those

studies were the heterogeneity in the definition of the

studied populations and the term inflammatory infiltrate.

Three studies including NMIBC and MIBC patients showed

that strong inflammatory infiltrate was an independent

good prognosticator for survival after adjustment for stage

and other clinicopathologic factors [30,32,35]. Despite some

caveats, the available evidence supports the notion that

strong inflammatory infiltration in the tumour might be

associated with a better prognosis, in concordance with the

studies of CD3 and CD8. A precise characterisation of the

inflammatory infiltrate in the tumour is required to draw

further conclusions and establish mechanistic hypotheses.

It is difficult to come to a conclusion on the value of CD68

because of the heterogeneity of patient characteristics,

tissue location, and methods of quantification. Ayari et al.

combined the count in the tumour and in the stroma,

whereas Takayama et al. did it separately [36–38]. A total of

three studies showed statistically significant results in

multivariate analysis, with strong infiltration by CD68

macrophages associated with adverse outcome [36,38,39].

Ayari et al. described that CD68 infiltration in the tumour

was associated with a 3.8-fold (95% CI, 1.32–11; p = 0.013)

higher risk of recurrence after TURB and maintenance BCG

in a series of patients with NMIBC [36]. This result was not

validated by a subsequent publication of the same author in

a series of patients not treated with BCG therapy [37].

Hanada et al. combined NMIBC and MIBC patients and

showed that those presenting strong CD68 infiltration in

the tumour had a fivefold higher risk of mortality [39].

However, the study lacked details about patient manage-

ment and definition of survival end points. Finally,

Takayama et al. published a study with 41 patients with

carcinoma in situ (CIS) treated with TURB and induction

BCG [38]. The end point was time to recurrence defined by

positive cytology. In multivariate analysis adjusted for

age and gender, high CD68 count in CIS regions (four or

more CD68+ cells) was independently associated with

recurrence (HR: 1.7). These authors also analysed CD68

counts in the lamina propria but found no association with

recurrence. Together with CD68, Ayari et al. explored the

impact of dendritic cell infiltration defined by CD83, and

high levels of infiltration were associated with adverse

outcome—recurrence after maintenance BCG [36]—and

progression to muscle invasion [39]. Results were statisti-

cally significant, but the reliability of the risk estimates by

Cox was questionable because of the small number of

events (only one tumour recurred in the low CD83 group

yielding an upper 95% CI of 85). Altogether these papers

pinpoint a possible adverse effect of macrophage infiltra-

tion in tumours, but evidence remains weak.

The transcription factor FOXP3 is a master regulator of

regulatory T cells (Treg) [40]. Two studies analysed tumour

infiltration by FOXP3+ lymphocytes [29,41]. Both showed

better survival in association with strong infiltration,

although the findings were statistically significant, after

adjustment, in only one of them (HR: 0.17; 95% CI, 0.05–0.6;

p = 0.006, for overall survival) [29].

3.3.2.2. Tumour inflammatory biomarkers: costimulatory molecules in

tumour cells. B7-H1 (PD-L1) is a T-cell coregulatorymolecule.

All three studies evaluating this marker showed that high

Table 2 – Threshold and time of blood retrieval for serum markers

Study Marker Threshold in analysis Assessment period

Hwang et al. [21] CRP 1 mg/dl 1 d before first chemotherapy cycle

Yoshida et al. [25] CRP 0.5 mg/dl Before radiochemotherapy

Hilmy et al. [20] CRP 1 mg/dl Before transurethral resection

Gakis et al. [18] CRP 0.5 mg/dl or continuous 1–3 d before radical cystectomy

Ishioka et al. [22] Log CRP Continuous, mg/l Before chemo/radiation or best supportive care

Nakagawa et al. [23] CRP 0.5 mg/dl At recurrence

Saito et al. [24] CRP Continuous, mg/l Before second-line treatment

Gondo et al. [19] CRP 0.5 mg/dl Before radical cystectomy

Gondo et al. [19] NLR 2.5 Before radical cystectomy

Krane et al. [27] NLR 2.5 Before radical cystectomy

Andrews et al. [66] IL-6 4.80 pg/ml Morning of radical cystectomy

Lin et al. [26] CD8 NA Immediately before surgery

CRP = C-reactive protein; IL = interleukin; NA = not applicable; NLR = neutrophil-to-lymphocyte ratio.
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Table 3 – Tumour markers methodology

Study Marker Ab FS/TMA Region selection Area of

interest

Magnification Quantification of staining Cut-off for positivity/

Reference in survival analysis

% of PM

Otto et al. [67] CD3 Rabbit mono. FS 10 HPF in high CD3 + area Tumour nest �1000 No. of CD3+ cells �4 vs >4 CD3 + cells/HPF NA

Winerdal et al. [29] CD3 Mouse mono. FS Random selection of 3 HPF Tumour nest �400 No. of CD3+ cells <3 vs�3 CD3 + cells/field (mean) NA

Sharma et al. [28] CD8 Mouse mono. FS 3 fields of 0.0625 mm2 in

the high CD8 + area

Tumour nest NA No. of CD8+ cells <8 vs �8 CD8 + cells/field (mean) NA

Kitamura et al. [41] CD8 Mono. FS NA NA �400 0–10 CD8+ cells/HPF = ÿ ;

10–50 = + ; >50 = + +

NA NA

Hanada et al. [39] CD68 Mono. FS 3 areas with the highest

CD68 density

Tumour nest �200 NA <67 vs �67 NA

Kitamura et al. [41] CD68 Mono. FS NA NA �400 – NA NA

Takayama et al. [38] CD68 Mono. FS 6 random fields of

0.0625 mm2

Stroma and TN �400 No. of CD68+ cells in S and TN <4 vs �4 TN/<24 vs �24 S 61

Ayari et al. [36] CD68 Mono. FS NA Stroma and TN �200 0 (no CD68+ cells),1 (1–5),

2 (6–10),3 (>10)

0–1 vs 2–3 (mean of S and TN) 46

Ayari et al. [37] CD68 Mono. FS NA Stroma and TN �200 Same as 2009 0–1 vs 2–3 (mean of S and TN) 78

Ayari et al. [36] CD83 Mono. FS NA Stroma and TN �200 0 (no CD68+ cells),1 (1–5),

2 (6–10), 3 (>10)

0–1 vs 2–3 (mean of S and TN) 54

Ayari et al. [37] CD83 Mono. FS NA Stroma and TN �200 Same as 2009 0–1 vs 2–3 (mean of S and TN) 29

Winerdal et al. [29] FOXP3 Mono. mouse FS Random selection of 3 HPF Tumour nest �400 No. of FOXP3 + cells <3 vs �3 FOXP3 + cells/field NA

Kitamura et al. [41] FOXP3 Mono. FS NA NA �400 Same as CD8 and CD68 NA NA

Wang et al. [44] B7-H1 Poly. TMA NA NA �400 % positive cells >10% NA

Boorjian et al. [42] B7-H1 NA FS NA NA NA % positive cells >5% 12

Nakanishi et al. [43] B7-H1 Mouse mono. FS Random selection of 3 HPF

in high B7H1 + area

Tumour nest �400 % positive cells NA NA

Sharma et al. [28] HLA 1 Mono. NA NA NA NA % positive cells 10% NA

Levin et al. [45] HLA 1 Rabbit FS NA NA NA % positive cells 20% 57

Kitamura et al. [41] HLA 1 Mono. FS NA NA �400 0,1–2 (low mb/cytoplasm), 0, 1, 2 vs 3 NA

3 (mb and cytoplasm >80% cells)

Homma et al. [46] HLA 1 Mono. FS 5 areas; no more precision Tumour cells �400 0–1 = no/incomplete mb/cytoplasm

staining, 2 = >80% mb staining

0–1 vs 2 66.2

Yu et al. [49] HSP70 NA TMA NA NA NA Intensity (0–3) � % stained cells NA NA

Sirigos et al. [48] HSP70 Rabbit poly. FS NA NA NA Intensity (0–3) � % stained cells 3 � 25% 66

Cai et al. [30] Infl. inf NA NA NA NA �400 NA >20 lymphocytes 29

Samaratunga et al. [33] Infl. inf NA NA NA NA NA NA Inflammation vs oedema 36

Offersen et al. [32] Infl. inf NA NA NA NA �200 NA Stroma not visible 30

Sanchez et al. [34] Infl. inf NA NA NA NA NA NA NA NA

Flamm and Havekec [31] Infl. inf NA NA Selection of 10 HPF NA NA NA >100 cells/HPF NA

Ab = antibody; mb = membrane; FS = full section; HPF = high-power field; Infl. inf = inflammatory infiltrate; mono. = monoclonal; NA = not available; PM = positive marker; poly. = polyclonal; S = stroma; TMA = tumour

microarray; TN = tumour nest.
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B7-H1 expression was associated with decreased cancer-

specific or overall survival (two studies after adjustment for

classical prognosticators and one in univariable analysis

only) [42–44]. In a series of cystectomised patients, Boorjian

et al. demonstrated that B7-H1 expression (>5% cells) was

associated with a 3.18-fold higher risk of overall mortality

comparedwith those lacking themarker (95% CI, 1.74–5.79;

p < 0.001) [42].

HLA class I molecules are required for the cytotoxic

activity of T cells. Loss of HLA class 1 molecules was

associated with adverse outcome. Four studies evaluated

the impact of HLA class I expression on survival

[28,41,45,46]. Strong HLA class I expression was associated

with decreased recurrence in a series of patients with

NMIBC treatedwith TURB and induction BCG (HR: 0.06; 95%

CI, 0.01–0.40; p = 0.003) [41]. The main limitation of the

study was the small sample size (n = 30 patients) and

number of events. Homma et al. presented a series of 65

patients treated with RC with similar results [46]. Patients

whose tumour lost HLA class I expression had a 2.39-fold

higher risk of recurrence after RC than those who did not,

after adjustment for stage and histologic variant. HSP70

participates in pro- or antitumour immunity through its

secretion by tumour cells or membrane expression through

which it can present antigens to the immune system [47].

HSP70 has been evaluated twice in UBC [48,49]. Yu et al.

assessed its association with recurrence and progression in

a series of 530 patients with NMIBC treated by TURB [49].

Strong expression of HSP70 in tumour cells was indepen-

dently associated with an increased risk of recurrence (HR:

1.52; 95% CI, 1.15–2; p < 0.001), but there was no

independent association with progression in a multivari-

able analysis. By contrast, HSP27 expression was indepen-

dently inversely associated with progression (HR: 0.49; 95%

CI, 0.33–0.73; p < 0.0001).

3.4. Discussion

In spite of their limitations, the major prognosticators for

both NMIBC and MIBC at present remain clinical and

pathologic factors. The usefulness of several promising

molecular prognostic markers, such as Ki-67 overexpres-

sion or fibroblast growth factor receptor 3 (FGFR3)

mutations, has not been conclusively established. Other

markers, such as tumour protein p53 (TP53) mutations or

p53 overexpression, have failed to demonstrate clinical

usefulness when combined with standard clinical and

pathologic parameters [50]. Molecular profiling has identi-

fied new subgroups of UBC, but independent replication is

required [51,52]. In addition to their prognostic value, such

profiles aim at improving patient stratification and outcome

prediction through the use of targeted therapies. However,

none of these strategies is ready to be used in the clinical

setting.

Overall, there is a need to improvemethodology to assess

prognosticmarkers inUBC, as inother tumour types [53]. The

field of InfBM discovery is no exception to that rule. The

REMARKS guidelines, published in 2005, provide a quality

control framework to improve research quality for prognosis

biomarker assessment [11]. From the 34 studies analysed in

this review indetail, 28were published in or after 2005.Most

of themdidnot fulfil the REMARKScriteria. Study andpatient

characteristics were often poorly described, assay method-

ology was very heterogeneous, important information was

missing, and analysis and presentation of results were

irregular. Unsuitable methodology prevents reproducibility

and diminishes the impact of the work.

The lack of rigor in conducting and reporting studies

renders validation of the results less likely. In this review,

none of the studies included provided internal or external

validation. Statistical significance from Cox multivariable

analysis does not mean that a marker is worth translation

into clinics. Studies should provide evidence of themarker’s

analytical validity (robustness of the test method) and

discriminative ability (ie, c-index) [54]. Finally, the ideal

biomarker should allow identification of patients at risk of a

certain outcome with acceptable cost [4]. None of the

studies included in this review provided any of those

estimates. Consequently, translation into the clinics is

inefficient, and much effort is wasted in the replication of

poor quality studies. Despite these methodological limita-

tions, we provide evidence that some InfBMs merit

additional study as markers of UBC prognosis (Fig. 3).

SNPs in inflammatory pathways possibly play a role in

UBC prognosis, although their individual value will proba-

bly be too small to be useful in the clinical setting. It is,

however, likely that the combined effect of multiple

polymorphisms may be more important and more robust

as a marker. The multi-inflammatory SNP approach has

already been applied to UBC risk studies [55], and similar

approaches should be applied to prognosis.

The prognostic significance of IL-6 and CRP has been

demonstrated in other cancers including lung, breast,

ovary, colon, prostate, and upper urinary tract. Our review

suggests that CRP may be the first InfBM approaching

translation into clinics. All studies reviewed consistently

provide evidence that patients with a high CRP level have a

poorer prognosis in MIBC, independently of standard

clinical or pathologic factors. However, these results need

to be interpreted cautiously because of the heterogeneous

methodology applied. The prognostic significance of CRP in

patients with NMIBC is unknown and also merits study.

NLR has recently attracted interest and is a promising

marker for patients undergoing radical surgery. Since we

Table 4 – Categories of inflammatory biomarkers considered in the
review

Inflammatory cells Costimulatory molecules

in tumour cells

Serum

cytokines

CD3 (cytotoxic TL) PDL1 CRP

CD8 (cytotoxic TL) HLA IL-6

FOXP3 (regulatory TL) HSP TNF-a

CD68 (macrophages)

CD83 (dendritic cells)

Inflammatory infiltrate

Neutrophil-to-lymphocyte ratio

CRP = C-reactive protein; IL = interleukin; TL = T lymphocyte; TNF = tumour

necrosis factor.
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Table 5 – Impact of high levels of germline variant and serum markers on bladder cancer survival

Study Marker Outcome Log rank

p value

Cox regression Adjusted for Note

Univariate p value Multivariate HR

(95% CI) p value

Germline

Ahirwar et al. [15] IL-6 Recurrence 0.41 (0.17–0.94) 0.03 Age, gender All NMIBC

Leibovici et al. [16] IL-6 Recurrence 0.73 (0.38–1.39) NS Age, gender, smoking status, grade iBCG

– Recurrence 4.6 (1.24 -17.1) NA Age, gender, smoking status, grade mBCG

– Progression 0.88 (0.80–4.41) NA Age, gender, smoking status, grade All NMIBC

– CSS 0.018 0.39 (0.15–1.00) NA Age, gender, smoking status, grade Only for MIBC

– OS 0.43 (0.19–0.94) NA Age, gender, smoking status, grade Only for MIBC

Leibovici et al. [16] TNF-a Recurrence 1.69 (0.86–3.32) NA Age, gender, smoking status, grade iBCG

– Recurrence 0.43 (0.12–0.49) NA Age, gender, smoking status, grade mBCG

– Progression 0.71 (0.27–1.85) NA Age, gender, smoking status, grade All NMIBC

– CSS 1.54 (0.58–4.12) NA Age, gender, smoking status, grade Only for MIBC

– OS 2.35 (1.07–5.16) NA Age, gender, smoking status, grade Only for MIBC

Ahirwar et al. [17] TNF-a Recurrence 0.024 0.38 (0.14–0.98) 0.048 Age, gender, smoking status iBCG

Serum

Hwang et al. [21] CRP OS 0.001 0.001 NS NS Age, gender, metastasis by location, albumin level, ECOG

Yoshida et al. [25] CRP CSS 0.0003 0.003 1.80 (1.01–2.97) 0.046 stage

Himly et al. [20] CRP CSS NA 0.016 2.89 (1.42–5.91) 0.004 Ki-67/COX2 expression, adjuvant therapy Stratified by stage

Gakis et al. [18] CRP CSS <0.001 0.0012 1.18 (1.09–1.27) <0.001 Stage, LN density, margins CRP = continuous

variable

Ishioka et al. [22] Log CRP OS <0.0001 <0.001 1.6 (1.19–2.15) <0.01 Age, gender, PS, Hb, LDH, visceral metastasis*, LN metastasis

Nakagawa et al. [23] CRP OS <0.0001 <0.0001 2.62 (1.6–4.4) 0.0002 Time to recurrence, symptoms at recurrence, no. of

metastatic organs, LDH, chemo, metastasectomy

Saito et al. [24] CRP OS NA <0.01 1.02 (1.01–1.02) 0.001 ECOG, number of metastatic sites and nadir CRP

after treatment

CRP = continuous

variable

Gondo et al. [19] CRP CSS 0.025 0.02 NA NA NA

Gondo et al. [19] NLR DSS 0.0015 0.0015 1.94 (1.03–3.66) 0.038 Tumour size, hydronephrosis, hemoglobin

Krane et al. [27] NLR OS 0.04 NA 2.49 (1.14–6.09) NA pT, pN, albuminemia, creatininemia, refraction to BCG

Andrews et al. [66] IL-6 MFS 0.024 NA 1.41 (0.95–2.10) 0.08 Stage, grade, LVI, nodal status

– – CSS 0.015 NA 2.17 (1.29–3.65) 0.05 Stage, grade, LVI, nodal status

Lin et al. [26] CD8 Recurrence 0.018 0.044 0.40 (0.17–0.94) 0.036 NA Ref. = high CD8

BCG = bacillus Calmette-Guérin; CI = confidence interval; COX = cyclooxygenase; CRP = C-reactive protein; CSS = cancer-specific survival; ECOG = Eastern Cooperative Oncology Group; Hb = hemoglobin; HR = hazard ratio;

iBCG = induction bacillus Calmette-Guérin; IL = interleukin; LDH = lactate dehydrogenase; LN = lymph node; LVI = lymphovascular invasion; BCG = maintenance bacillus Calmette-Guérin; MFS = metastasis-free survival;

NA = not available; NLR = neutrophil-to-lymphocyte ratio; NMIBC = non–muscle-invasive bladder cancer; NS = nonsignificant; OS = overall survival; PS = performance status; TNF = tumor necrosis factor.
* Liver, lung, and bone.
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Table 6 – Impact of tumour markers overexpression on bladder cancer survival

Study Marker Outcome Log rank

p value

Cox regression Adjusted for Notes

Univariate

p value

Multivariate HR

(95% CI) p value

Tumour

Otto et al. 2012 CD3 CSS 0.045 NA 0.40 (0.05–3.24) 0.39 Age, gender, grade, tumour size, CIS, BCG, early or deferred

cystectomy

Winerdal et al. [29] CD3 OS 0.04 0.013 0.24 (0.08–0.71) 0.01 Age, gender, T stage, metastasis, chemotherapy, FOXP3

expression

Sharma et al. [28] CD8 OS 0.001 0.15 0.3 (0.09–0.96) 0.04 Stage Only for MIBC

Kitamura et al. [41] CD8 Recurrence 0.0001 0.33 0.89 (0.12–6.59) 0.9 Stage, grade, HLA, CD4, CD20, CD68, TIA1, S100, FOXP3

Hanada et al. [39] CD68 Survival <0.0001 0.0005 5 (1.9–12.6) 0.0005 Age, grade, microvessel count, LVI, distant metastasis

Kitamura et al. [41] CD68 Recurrence 0.0039 0.32 0.31 (0.03–2.86) 0.29 Stage, grade, HLA, CD4, CD20, CD68, TIA1, S100, FOXP3

Takayama et al. [38] CD68 T Recurrence 0.0002 NA 1.73 (1.47–5.03) 0.0012 Age, gender T = in CIS

– CD68 S Recurrence 0.77 NA 1.01 (0.91–1.09) 0.87 Age, gender S = lamina propria

Ayari et al. [36] CD68 Recurrence 0.093 0.101 3.81 (1.32–11) 0.013 Age (continuous), gender, T stage, number of BCG maintenance

Ayari et al. [37] CD68 Recurrence NA NA 1.19 (0.5–2.5) 0.65 Age (continuous), T stage, grade, number of tumours Stratified by sex and SS

– Progression 0.09 NA NA NA Age (continuous), T stage, grade, number of tumours Stratified by sex and SS

Ayari et al. [36] CD83 Recurrence NA 0.045 9.81 (1.1–85.7) 0.039 Age (continuous), gender, T stage Only if >1 mBCG

Ayari et al. [37] CD83 Recurrence NA NA 0.93 (0.5–1.8) 0.84 Age (continuous), T stage, grade, no. of tumours Stratified by sex and SS

– Progression 0.04 NA 8.25 (1.4–47.3) 0.018 Age (continuous), T stage, grade, no. of tumours Stratified by sex and SS

Winerdal et al. [29] FOXP3 OS 0.037 0.019 0.17 (0.05–0.6) 0.006 Age, gender, T stage, metastasis, chemotherapy, CD3 expression

Kitamura et al. [41] FOXP3 Recurrence NA 0.11 0.19 (0.02–1.41) 0.106 Stage, grade, HLA, CD4, CD20, CD68, TIA1, S100, FOXP3

Wang et al. [44] B7-H1 CSS 0.02 NA 2.24 (1.16–4.38) 0.01 Age, gender, stage, grade

Boorjian et al. [42] B7-H1 OS 0.005 0.005 3.18 (1.74–5.79) <0.001 Age, stage, ECOG, smoking

Nakanishi et al. [43] B7-H1 OS 0.021 NA NA NA OE = worse survival

Sharma et al. [28] HLA 1 MFS NA 0.09* NA NA * (HR: 0.57)

Levin et al. [45] HLA 1 CSS <0.005 NA NA NA OE = better CSS

Kitamura et al. [41] HLA 1 Recurrence 0.019 0.04 0.06 (0.01–0.40) 0.003 Stage, grade, HLA, CD4, CD20, CD68, TIA1, S100, FOXP3 Ref. = HLA low

Homma et al. [46] HLA 1 Rec. after RC 0.03 0.03 2.39 (1.2–4.8) 0.01 pT, pN, and histologic variant Ref. = HLA high

Yu et al. [49] HSP70 Recurrence NA 0.001 1.52 (1.15–2) <0.001 Multiplicity OE = more recurrence

Sirigos et al. [48] HSP70 OS <0.05 NA NA NS Stage and grade OE = poor survival

Cai et al. [30] Infl. Inf OS 0.0098 NA NA 0.027 Stage and grade OE = better survival

Samaratunga et al. [33] Infl. Inf MFS 0.56 NA NA NS Age, gender, grade, size, treatments, multifocality OE = better survival

Offersen et al. [32] Infl. Inf CSS 0.004 NA 0.48 (0.24–0.96) 0.04 Stage, nodal status, grade, and vessel density

Sanchez et al. [34] Infl. Inf CSS <0.01 NA NA NS Grade OE = poor survival

Flamm and Havekec [31] Infl. Inf CSS 0.053 NA NA 0.021 Stage, grade, multiplicity, location, CIS, and adjuvant treatment OE = better survival

BCG = bacillus Calmette-Guérin; CI = confidence interval; CIS = carcinoma in situ; CSS = cancer-specific survival; ECOG = Eastern Cooperative Oncology Group; HR = hazard ratio; iBCG = induction bacillus Calmette-Guérin;

Infl. inf = Inflammatory infiltrate; LVI = lymphovascular invasion; mBCG = maintenance bacillus Calmette-Guérin; MFS = metastasis-free survival; NA = not applicable; NMIBC = non–muscle-invasive bladder cancer;

NS = not significant; OE = overexpression; OS = overall survival; RC = radical cystectomy; Rec = recurrence; S = count in stroma; SS = smoking status; T = count in tumour.

E
U
R
O
P
E
A
N

U
R
O
L
O
G
Y

6
6

(
2
0
1
4
)
1
0
7
8
–
1
0
9
1

1
0
8
7



performed this search, two additional studies have shown

that high NLR is associated with adverse outcome in UBC

and in upper tract urothelial carcinoma [56,57]. A recent

meta-analysis exploring the impact of NLR in all urologic

malignancies confirmed its significance in urothelial

carcinoma and showed comparable results for renal cell

carcinoma [58].

There is also an increasing interest in inflammatory

infiltrates of tumours. Galon et al. reported that the type,

location, and density of inflammatory infiltrating cells in

colorectal carcinomawere better predictors of survival than

the commonly used clinical and histopathologic factors [5].

An Immunoscore based on the assessment of CD3+ and CD8+

cells in the centre of the tumour and at the invasion front

was established for clinical translation [59], and a

worldwide task force has been organised to ‘‘initiate the

incorporation of Immunoscore as a component of cancer

classification’’ [3]. We show that CD3 and CD8 infiltration in

the tumour are directly associated with a better UBC

prognosis, as in colon cancer. One of the main limitations,

however, is the lack of standardised methods of immuno-

staining and scoring: Variation of the cut-off chosen for

positivity and lack of normalisation of the results (ie, per

square millimetre) reduces the robustness of the results.

The relevance of these markers is also supported by gene

expression profiling of UBC showing the existence of an

‘‘infiltrated’’ subtype characterised by a strong ‘‘immune

signature.’’ Sjodahl et al. reported high levels of CD3d

molecule, delta (CD3-TCR complex) (CD3D), CD3 g mole-

cule, gamma (CD3-TCR complex) (CD3G), and CD8a mole-

cule (CD8A) transcripts in UBC with preliminary data

suggesting an association with a better prognosis [60].

The interplay between inflammatory and tumour cells

should also be assessed. PD-L1 is important as a marker and

as a therapeutic target [61]. Interaction between PD-L1 and

its receptor PD1 transmits an inhibitory signal to CD8+

lymphocytes, reducing their proliferation [62]. The three

studies reviewed in this paper showed that PD-L1 tumour

cell expression was associated with adverse outcome. Anti–

PD-L1 antibodies have shown remarkable antitumour

activity and safety in recent clinical trials in patients with

advanced cancers [63]. Inmelanoma, anti-PD1 and anti–PD-

L1 antibodies induced high rates of durable responses [64].

Clinical trials are now being conducted in metastatic UBC.

To translate knowledge into the management of patients

with UBC, several specific challenges need to be addressed:

Tumours are highly heterogeneous; the TURB generally

disrupts the morphology of the tumour mass, which is

fragmented; the natural history of the disease is long and

subject to medical intervention, for example with nonste-

roidal anti-inflammatory drugs; and chronic cystitis,

associated with lymphocytic and lymphofollicular infil-

trates, can occur in the setting of UBC. Immune editing

secondary to BCG immunotherapy may be particularly

[(Fig._3)TD$FIG]

Death from 

bladder 

cancer

Inhibi1on

Promo1on 

Local inflamma1on

Schistosoma 

haematobium

UTI 

Chronic stone disease

Chronic catheter

Germline 

inflammatory 

variants

NSAIDs/aspirin

Risk

TH1 response

TH2 response

Tumour-promo1ng 

macrophages
Germline inflammatory 

variants

Muscle-invasive

transi�onal cell 

carcinoma 

Non–muscle-

invasive

urothelial cell 

carcinoma 

Squamous 

cell 

carcinoma

BCG response

Serum 

inflammatory 

mediators

CRP 

IL-6

NLR

Prognosis

An1-PDL1 an1body

Treatment 

Tumour cytotoxic 

lymphocytes

Inflammatory 

infiltrate

Tumour PDL1 

expression

Tumour HLA loss

Fig. 3 – Role of inflammatory biomarkers in the development and progression of urothelial bladder cancer.

BCG = bacillus Calmette-Guérin; CRP = C-reactive protein; IL = interleukin; NLR = neutrophil-to-lymphocyte ratio; NSAID = nonsteroidal anti-

inflammatory drug; UTI = urinary tract infection.
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relevant. Regarding MIBC, it will be important to assess

incident tumours separately from those that progress from

NMIBC [65]. These issues will require well-designed

prospective multicentre studies of appropriate sample size.

This review has some limitations. Reporting and

publication bias may result from the lack of information

or unpublished negative studies. The reduced number of

studies for each marker did not allow us to provide a

quantitative assessment of the presence of bias. In addition,

the power of meta-analyses is limited due to the small

number of studies included, making assessment of hetero-

geneity and the interpretation of results difficult. The

search, using very general keywords, demonstrated pro-

blems in the referencing of inflammatory-related articles in

Medline. A hand search of reference lists of retrieved

publications was necessary to identify most of the studies

regarding CRP. This also outlines the difficulties of defining

an inflammatory marker. Undoubtedly, some markers are

directly implicated in immune response, such as CD3, CD8,

HLA, or CRP. Others, such as HSP70, have more pleiotropic

functions. Finally, markers included in Supplementary

Table 1 are not necessarily devoid of interest: They just

require more attention. A major emphasis should be placed

on building partnerships to conduct larger and better

studies. The study of the tumour inflammatory microenvi-

ronment promises novel insight into cancer biology and

raises new opportunities for therapeutic intervention. The

urologic community should contribute so that progress in

the management of patients with UBC does not get ‘‘lost in

translation.’’

4. Conclusions

InfBMs show promising usefulness in the management of

patients with UBC, both for improved assessment of

prognosis and to guide therapy. Serum CRP is one of the

most promising InfBMs and independently associated with

mortality in advanced UBC. However, these findings need to

be interpreted with caution because of many methodologi-

cal drawbacks. In the translational process of these markers

into the clinical milieu, rigorous efforts should be placed in

proper study design. Progress will be faster if researchers

unite their efforts.
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Résumé  
 
L’objectif du travail a été d’explorer la valeur pronostique pour les tumeurs de la vessie  des 

polymorphismes de gènes associés à l’inflammation et du microenvironnement tumoral lymphocytaire 

CD8+. Pour les marqueurs constitutionnels, deux approches ont été conduites concomitamment, l’une 

explorant de façon globale les gènes associés à l’inflammation,  l’autre ciblant un gène inflammatoire 

d’intérêt, PDL1, impliqué dans des points de contrôles immunologiques. A l’échelle du génome, en 

utilisant des méthodes statistiques soit classiques soit innovantes (dites multi marqueurs), nous avons 
démontré que les variants (SNP) dans les gènes TNIP1, CD5 et JAK3 étaient associés au risque de 
récidive des tumeurs de vessie non invasives du muscle alors que les variants dans les gènes MASP1, 
AIRE et CD3 étaient associés au risque de progression. Dans un deuxième temps, l’association entre 

variants dans le gène de PDL1 et pronostic des tumeurs de vessie a été explorée en appliquant une 
méthode classique « SNP par SNP » et une approche à l’échelle du gène.  Nous avons identifié une 

forte association entre des variants de PDL1 et le pronostic de tumeurs de vessie envahissant le muscle 
dans une large cohorte prospective, mais sans pouvoir répliquer ce résultat dans une série issue du 
consortium TCGA. 
Dans les tumeurs n’envahissant pas le muscle, nous avons développé et évalué une méthode 

d’évaluation standardisée de l’infiltrat lymphocytaire CD8+, cellules T-cytotoxiques impliquées dans 
la mort des cellules tumorales. L’analyse morphométrique après double immuno-marquage des 
cellules tumorales et des lymphocytes CD8+ et numérisation a permis d’estimer de façon séparée le 

compte des cellules inflammatoires dans la tumeur et le stroma, et d’estimer l’hétérogénéité spatiale 

intra-tumorale. Nous avons montré que cette hétérogénéité limite les estimations de l’infiltrat CD8+ 

sur les puces tissulaires (Tissue Micro Array) qui échantillonnent les tumeurs de façon restrictive. 
Sous cette réserve,   nous avons identifié dans les tumeurs n’envahissant pas le muscle une association 

entre l’infiltrat lymphocytaire CD8+ le stade tumoral Ta/T1, ainsi qu’avec le risque de récidive des 

tumeurs T1. A l’avenir,  variations génétiques constitutionnelles dans les gènes de l’inflammation et 

évaluation de l’infiltrat tumoral inflammatoire pourraient être intégrées en vue d’améliorer la 

prédiction du pronostic des tumeurs vésicales.  
 

Summary 
 
The aim of this study was to explore prognostic value for bladder cancer of germline polymorphisms 
in inflammatory genes and tumor CD8+ lymphocytic microenvironment. For constitutional markers, 
two approaches were conducted jointly: one genome-based using specific GWAS statistical methods, 
the other gene-based focusing on PDL1, an inflammatory gene implicated in immune checkpoints. At 
the genome level, using both standard and innovative statistical methods (multi marker methods 
Bayesian Lasso and Bayes A) we demonstrated that variants (SNPs) in TNIP1, CD5 and JAK3 were 
associated with the risk of recurrence of non-muscle invasive bladder cancer (NMIBC) while SNPs in 
MASP1, AIRE and CD3 were associated with risk of progression. Meanwhile, association between 
PDL1 and prognosis of NMIBC and muscle invasive BC (MIBC) was explored using classical SNPS 
by SNP investigations and a gene based approach. We identified a very strong association between 
PDL1 variants and MIBC prognosis in a large prospective cohort but failed replicating those results in 
the TCGA consortium series. 
In non-muscle invasive bladder cancer, we developed and evaluated a standardized counting approach 
of CD8+ cells, T-cytotoxic lymphocytes implicated in tumor cells death. Morphometric analysis after 
double immuno-staining of tumor cells and digitalization allowed separate estimation of CD8+ cells in 
the tumor and stroma compartment and estimation of spatial intra tumoral heterogeneity. We 
demonstrated that this heterogeneity compromised CD8+ estimation on Tissue Micro Arrays, which 
sample the tumors in a restrictive manner. Keeping those limitations in mind, we identified an 
association between CD8+ inflammatory infiltrate and both NMIBC stage and T1 tumours risk of 
recurrence. In the future, germline variation in inflammatory genes and evaluation of tumor 
inflammatory infiltrate could be integrated for better prediction of bladder cancer prognosis. 

 
 


