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Abstract

Tumor-Infiltrating Lymphocytes (TILs) has been shown to be essential to predict disease

outcome in several types of cancers. Moreover, the distribution of cytotoxic T lymphocytes

(CD8+) and T cells in general (CD3+) have been used to establish an Immunoscore, as a

new cancer prognosticator for survival in colon and lung cancer. In bladder cancer, immune

activation has been shown to be associated with genomic subtypes of muscle invasive blad-

der cancer (MIBC). We sought to evaluate the prognostic impact of these immune cell types

in MIBC patients treated with radical cystectomy. For this purpose, cystectomy sections (n =

67) with identifiable invasive margin were selected and stained for CD8+ and CD3+ tumour

infiltrating lymphocytes (TILs); both tumor core (CT) and invasive margin (IM) were

assessed. Immunoscore was calculated based on previously defined criteria and used to

illustrate differences in survival. High density of CD8IM TILs was associated with better dis-

ease-free (DFS) (P = 0.01) and overall survival (OS) (P = 0.02) whereas CD3IM TILs were

associated with better OS (P = 0.05). Immunoscore was associated with improved DFS (P =

0.02) and OS (P = 0.05). The expression of cytotoxic T cells (CD8+ T cells) in TCGA bladder

cancer was also investigated from RNA-Seq profiles of 344 cases. T cell cytotoxicity associ-

ated genes (n = 113) were derived from MSig GSEA database. Luminal (n = 121) and basal

(n = 68) samples were used to evaluate expression differences. Differential expression

(P<0.05) of cytotoxic T cell genes was noted across different molecular subsets of bladder

cancer within TCGA analysis. Our data suggests host immune system appears to play a

valuable prognostic role in MIBC.
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Introduction

Tumor cells have the ability to interact and modulate the immune system, which leads to an

imbalance between tumor growth and host surveillance. These immunomodulations are cru-

cial for clinical management of cancer, as it is also associated with development of anti-tumor

drug resistance. In fact, there is increasing literature showing that the tumor microenviron-

ment plays an important role in disease progression with the presence of Tumor-Infiltrating-

Lymphocytes (TILs) being associated with favourable prognosis in various types of cancers [1,

2]. This is particularly relevant in bladder cancer given that immunotherapy, in the form of

BCG, is part of the standard of care for high-risk non-muscle invasive cancer. Moreover,

recently, immune checkpoint blockade therapies such as PD-L1 inhibitors have also been

shown to benefit patients with metastatic bladder cancer who have failed chemotherapy[3, 4].

The association between TIL density and outcome in bladder cancer has been studied but with

inconsistent results [5–8]. One reason for these discrepancies might be the fact the distribution

or spatial organization of TILs within the tumor epithelial and stromal compartments are not

considered which could have an important role as prognostic indicators. Whether the immune

cells are concentrated in the core of the tumor tissue or at the tumor margin seems to have

stronger predictive value, and this has been shown in other types of cancer[9, 10].

It is known that patients with the same TNM stage can have different clinical outcomes fol-

lowing surgical resection. One major limitation of this classification method is that it fails to

take into account the patient anti-tumour immune response. Given the heterogeneous out-

comes after cystectomy, there is need for improvement of prognostic and predictive markers

for surveillance and assignment of other therapies.

Incorporating the number, type, and distribution of immune cells, Galon et al derived a

simple classification system called the “Immunoscore”[5]. Using these three factors, a score of

I0 to I4 is given to the tumor specimen. A higher score represents greater T cells (CD3+) and

cytotoxic T cells (CD8+) cell infiltration in the tumor in both the core and margin, and with

memory T cells (CD45RO+) has been associated with better prognosis in colon cancer[10–12].

Therefore, we sought to evaluate the prognostic impact of lymphocyte distribution and the

Immunoscore in muscle invasive bladder cancer (MIBC) patients treated with radical

cystectomy.

Materials and methods

Patient population

Tumor blocks were retrieved from all patients who underwent radical cystectomy at the

McGill University Health Center between 2011 and 2013. All consecutive cases of non-meta-

static, invasive bladder cancer (pT1-T4) were included. Clinical data such as tumor stage,

neoadjuvant or adjuvant chemotherapy, intravesical therapy, time to recurrence and death

were collected retrospectively. Written informed consent was obtained at the time of surgery

and ethics approval was obtained from the McGill University Health Center institutional

review board.

Immunohistochemistry

Formalin fixed Paraffin embedded H&E stained sections of cystectomy were initially reviewed.

Slides that incorporated the invasive margin of the tumour were selected. Sections were then

deparaffinised and hydrated. After antigen retrieval, the sections were incubated with CD8

(C8/144B; Dako; 1:100 dilution) and CD3 (2GV6, Ventana) antibodies. ImmunoCruz mouse

ABC staining system (Santa Cruz Biotechnology) for CD8 and ultraView Universal DAB
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detection kit (Ventana) for CD3 were used for secondary antibody. Slides were digitally con-

served using the Aperio. Three non-contiguous areas of highest lymphocyte density were

selected at both the CT and IM. The number of CD3+ and CD8+ TILs in each selected area

(CD3CT, CD3IM, CD8CT, CD8IM) were estimated using Aperio image analysis software. The

average of three non-contiguous areas was used to eliminate sampling error[11, 13]. The

reviewer who selected the areas for analysis was blinded to the clinical outcome of the patient.

Immunoscore

The Immunoscore (I0 to I4) was calculated based on the density of CD3+ and CD8+ TILs in

both the CT and IM of the tumor. For example, if both markers were elevated in both CT and

IM, the highest score of I4 was given. If one marker was high in CT but was low in IM while

the other marker was high in both regions, then a score of I3 was given. Similar method was

applied to I2 and I1. Lastly, if both markers were low in both regions, then the lowest possible

score of I0 was given. The “minimum P value” approach was used to define the cut-off point

between high vs. low density for each specimen. The cut-off estimation was determined using

the freely available bio-informatics tool X-Tile, for biomarker assessment that uses a minimal

p-value approach for outcome-based cut-off optimization[14]. Based on previous studies, the

lowest score has been linked to the worst prognosis[5]. This methodology was selected in

accordance to previously established definitions used by Galon et al. in colon cancer[5].

The Cancer Genome Atlas (TCGA)

We recently reported the immune classification of TCGA MIBC tumours[15]. The publicly

available global transcriptomic sequencing (RNA-Seq) data from 412 MIBC cases, with the

corresponding clinical information was downloaded from TCGA data portal (https://gdc-

portal.nci.nih.gov/), now part of the National Cancer Institute’s Genetic Data Commons.

From a cohort of 344 previously untreated MIBC cases we further selected those cases that spe-

cifically belonged to the luminal (n = 121) and basal (n = 68) subtypes. From the MSig database

a list of 113 T cell cytotoxicity associated genes were selected and their expression levels evalu-

ated between the luminal and basal subtypes.

Statistics analysis

In the TCGA analyses, differences in gene expression were evaluated using R statistical envi-

ronment (Bioconductor) as described previously[16]. Benjamin-Hochberg false discovery cor-

rection was applied. A p-value of<0.05 was considered statistically significant.

Clinical outcomes were correlated with Immunoscore. DFS and OS were analyzed using

Kaplan-Meier plots. Significance among patient groups was calculated by using the log-rank

test. Multivariate Cox proportional hazards model was used to determine HR. All tests were

two-sided, and all analyses were done using the statistical software STATA version 13 (STATA

Corp., TX, USA). P< 0.05 was considered statistically significant.

Results

Clinico-pathologic and socio-demographic characteristics of patient cohort

To determine the spatial organization of TILs, the distribution and density of CD3+ and CD8+

TILs were evaluated in an archival of radical cystectomy specimens. As shown in Table 1, a

total of 67 patients were included in the study population with a mean follow up of 21.9

months for patients alive (median 15 months, IQR 32.5 months). The median age of the cohort

is 68.9 (IQR 17.5) years. T stage was distributed as follows: pT1 (7.5%), pT2 (16.4%), pT3
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(55.2%), and pT4 (20.9%). Overall, 21% of patients received neoadjuvant chemotherapy, 20%

received adjuvant chemotherapy. Previous intravesical BCG was given in 26.1% of patients

and did not affect density of CD3+ or CD8+ in neither the tumor core nor invasive margin

(P> 0.05 in all groups).

Density and location of CD3+ and CD8+ TILs in MIBC correlates with

disease outcome

To assess the predictive potential of CD3+ or CD8+ cell densities in different tumour regions

(CT and IM), the patients were divided into two groups using the minimum P-value cut-off

values for CD3+ or CD8+ densities in each tumour region (290, 490, 70, and 116 cells per mm2

for CD3IM, CD3CT, CD8IM and CD8CT, respectively). Representative sections showing high

and low density of CD3+ and CD8+ TILs are displayed in Fig 1. High CD8+ in the IM was asso-

ciated with prolonged OS (P = 0.01) (Fig 2B) and DFS (P = 0.001) (Fig 3B). Similar results

were found for CD3+ TILs with regards to OS (P = 0.04) but these results did not meet statisti-

cal significance for DFS (P = 0.15) (Figs 2A and 3A).

Table 1. Patient characteristics.

Variable Categories Patients (n = 67)

Noa %

Age, years at reference date <65 26 38.8

> 65 41 61.2

Median (IQR)b 67.5 (17.5)

Gender Male 51 75.4

Female 16 24.6

Stage (T) pT1 5 7.5

pT2 11 16.4

pT3 37 55.2

pT4 14 20.9

Stage (N) N0 41 61.2

N1 12 17.9

N2 9 13.4

N3 5 7.5

Margins No 60 89.5

Yes 7 10.4

LVI No 20 29.9

Yes 47 70.1

CIS No 20 30.3

Yes 47 60.7

Prior intravesical therapy No 50 73.8

Yes 17 26.1

Chemotherapy (NeoAdj) No 51 78.5

Yes 14 21.5

Chemotherapy (Adjuvant) No 52 80.0

Yes 13 20.0

aNumbers may not add to total because of missing data
bInterquartile range (IQR)

https://doi.org/10.1371/journal.pone.0205746.t001
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After controlling for pathologic stage, surgical margin, prior BCG administration and use

of peri-operative chemotherapy, higher levels of CD8+ TILs in the invasive margin indepen-

dently associated with better outcomes (OS: HR 0.29, 95% CI 0.10–0.95, P = 0.04, DFS: HR

0.35, 95% CI 0.14–0.86, P = 0.02) (Tables 2 and 3). Higher Immunoscore independently associ-

ated with DFS (HR 0.13, 95% CI 0.02–0.76, P = 0.02) (Table 3).

Determination of CD8 TIL infiltration in TCGA Bladder cancer

transcriptome profiling dataset

Four studies of MIBC have identified transcriptional subtypes of MIBC [17–20] with consider-

able overlap [21]. There are two major subtypes similar to the "Basal" and "Luminal" subtypes

of breast cancer with distinct therapeutic responses[22] and potentially with some predictive

ability. Therefore, we sought to look at the pre-treatment gene expression of the immune

tumor microenvironment in the TCGA data to explore the significance of CD8 TIL

infiltration.

Fig 1. High vs. low density and locations of CD8+. (A) High concentration CD3+ in CT and IM. (B) High

concentration CD8+ in CT and IM. (C) Low concentration CD3+ in CT and IM. (D) Low concentration CD8+ in CT

and IM.

https://doi.org/10.1371/journal.pone.0205746.g001

Fig 2. Kaplan–Meier plots of OS according to CD3+ and CD8+ TILs in the invasion margin (IM). (A) OS in all patients

according to Low CD3+(IM)� 290 (n = 49) vs. High CD3+(IM)> (n = 18). (B) OS in all patients according to Low CD8+(IM)�

70 (n = 17) vs. High CD8+(IM)> 70 (n = 48). P values are from log-rank tests.

https://doi.org/10.1371/journal.pone.0205746.g002
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Fig 3. Kaplan–Meier plots of DFS according to CD3+ and CD8+ TILs in the invasion margin (IM). (A) DFS in all patients

according to Low CD3+(IM)� 290 (n = 49) vs. High CD3+(IM)> 290 (n = 18). (B) DFS in all patients according to Low CD8

+(IM)� 70 (n = 17) vs. High CD8+(IM)> 70 (n = 48). P values are from log-rank tests.

https://doi.org/10.1371/journal.pone.0205746.g003

Table 2. Multivariable analysis of factors predicting OS.

OVERALL SURVIVAL (OS)

Univariate HR

(95% CI)

P Multivariate

(95% CI)

P

Organ-confineda Yes 1.0 (REF) 1.0 (Ref)

No 4.5 (1.05–19.3) 0.04 1.36 (0.23–8.15) 0.73
Surgical margin No 1.0 (REF) 1.0 (Ref)

Yes 2.54 (0.93–6.95) 0.07 10.9 (2.38–50.7) 0.002
LVI No 1.0 (Ref) 1.0 (Ref)

Yes 3.27 (1.21–8.86) 0.02 6.89 (1.22–38.9) 0.03
Intravesical Therapy No 1.0(REF) 1.0 (Ref)

Yes 0.96 (0.38–2.44) 0.93 2.48 (0.81–7.60) 0.11
Chemotherapyb No 1.0 (Ref) 1.0 (Ref)

Yes 0.38 (0.17–0.90) 0.03 0.49 (0.15–1.54) 0.22
Immune marker

CD3+CT Low 1.0 (REF) 1.0 (REF)

High 0.67 (0.30–1.50) 0.33 2.91 (0.85–10.0) 0.09
CD3+IM Low 1.0 (REF) 1.0 (REF)

High 0.30 (0.09–1.01) 0.05 0.57 (0.12–2.63) 0.47
CD8+CT Low 1.0 (REF) 1.0 (REF)

High 0.53 (0.22–1.25) 0.15 0.32 (0.09–1.11) 0.07
CD8+IM Low 1.0 (REF) 1.0 (REF)

High 0.37 (0.16-.083) 0.02 0.33 (0.12–0.88) 0.03
Immunoscore 0 1.0 (REF) 1.0 (REF)

1 0.57 (0.05–6.48) 0.65 0.96 (0.80–11.5) 0.97
2 0.48 (0.10–1.27) 0.35 1.04 (0.19–5.68) 0.96
3 0.18 (0.25–1.27) 0.08 0.15 (0.01–1.68) 0.12
4 0.20 (0.04–0.98) 0.05 0.51 (0.09–2.90) 0.45

aOrgan-confined:�T2N0; Non organ-confined: T3-4 or N+
bChemotherapy: Neoadjuvant and/or adjuvant

https://doi.org/10.1371/journal.pone.0205746.t002

Immunoscore as prognostic marker in bladder cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0205746 October 11, 2018 6 / 13

https://doi.org/10.1371/journal.pone.0205746.g003
https://doi.org/10.1371/journal.pone.0205746.t002
https://doi.org/10.1371/journal.pone.0205746


In the current study, we included profiles from only the clusters I and IV, which represent

the two extreme pre-existing scenarios of luminal and basal subtypes, and are defined as T-cell

inflamed and non-inflamed, respectively. These analyses revealed significantly higher expres-

sion of CD8A transcripts (p<0.05) among basal subtype in comparison with luminal MIBC

(Fig 4). Moreover, higher expression of cytotoxicity T cell genes was also associated with basal

subtypes (Fig 5). Interestingly, a sub analysis of CD8+ TILs in our patient population who

received neoadjuvant chemotherapy revealed a significant association (P = 0.01) with chemo-

therapy response only when CD8+ TILs were infiltrated into the invasive margin, with higher

density of CD8IM among responders (Fig 6).

Discussion

Previous studies looking at TILs and bladder cancer prognosis have yielded conflicting results

[6–8, 23]. Higher density of CD3+ and CD8+ TILs has both been associated with improved sur-

vival[24, 25]. For instance, presence of intratumoral CD8+ TILs has been shown to be corre-

lated with improved DFS after cystectomy[6] with a median DFS significantly longer in those

with higher CD8+ TILs within the tumor (>80 months vs. 13 months P< 0.001). However,

Table 3. Multivariable analysis of factors predicting DFS.

Disease Free Survival (DFS)

Univariate HR

(95% CI)

P Multivariate

(95% CI)

P

Organ-confineda Yes 1.0 (REF) 1.0 (REF)

No

1.43 (0.54–3.78) 0.47 1.50 (0.34–6.67) 0.60
LVI No 1.0 (REF) 1.0 (REF)

Yes 1.11(0.50–2.50) 0.79 0.57(0.16–2.00) 0.38
Surgical margin No 1.0 (REF) 1.0 (REF)

Yes 0.95 (0.39–2.31) 0.91 1.06 (0.37–3.05) 0.91
Intravesical Therapy No 1.0 (REF) 1.0 (REF)

Yes 1.19 (0.52–2.76) 0.67 1.91 (0.70–5.23) 0.21
Chemotherapyb No 1.0 (REF) 1.0 (REF)

Yes 0.59 (0.28–1.21) 0.15 0.63 (0.26–1.55) 0.32
Immune marker

CD3+CT Low 1.0 (REF) 1.0 (REF)

High 0.73 (0.36–1.51) 0.40 1.27 (0.46–3.53) 0.64
CD3+IM Low 1.0 (REF) 1.0 (REF)

High 0.50(0.19–1.31) 0.16 0.60 (0.16–2.17) 0.43
CD8+CT Low 1.0 (REF) 1.0 (REF)

High 0.76 (0.33–1.72) 0.51 0.55 (0.18–1.65) 0.29
CD8+IM Low 1.0 (REF) 1.0 (REF)

High 0.31 (0.15–0.68) 0.01 0.35 (0.14–0.86) 0.02
Immunoscore 0 1.0 (REF) 1.0 (REF)

1 0.35 (0.05–2.53) 0.30 0.42 (0.05–3.23) 0.41
2 0.31 (0.06–1.46) 0.14 0.31 (0.07–1.52) 0.15
3 0.21 (0.04–1.06) 0.06 0.20 (0.03–1.14) 0.07
4 0.14 (0.03–0.69) 0.02 0.13 (0.02–0.76) 0.02

aOrgan-confined:�T2N0; Non organ-confined: T3-4 or N+
bChemotherapy: Neoadjuvant and/or adjuvant

https://doi.org/10.1371/journal.pone.0205746.t003
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the authors did not specify which region of the tumor was examined. In contrast, this conclu-

sion was challenged by other studies that have failed to establish TILs as a prognostic marker

in bladder cancer[7, 8].

It is necessary to note that none of these studies differentiated lymphocytes taken from CT

vs. IM, that may explain the inconsistent results among the studies. There is increasing evi-

dence that the distribution of lymphocytes between the tumor core and invasive margin needs

to be addressed since their influence on clinical outcome can differ. One study on colon cancer

showed that patients with high CD45RO+ in both the CT and IM regions had better DFS and

OS survival compared to those with mixed patterns; such as high concentration of lympho-

cytes in CT and low in IM, or low CT and high IM[12]. Likewise, another study on hepatocel-

lular carcinoma showed that the concentration of lymphocytes in the CT is more predictive of

outcome than those in IM[10].

Our study is the first to differentiate CT and IM when looking at the influence of TILs on

prognosis after cystectomy. We showed that CD8IM is a strong independent predictor of dis-

ease recurrence even after controlling for stage, lymphovascular invasion and use of peri-oper-

ative chemotherapy and BCG. This illustrates that lymphocyte distribution within the tumor

mass is more important than just the presence of TILs. Our data showed that the density of

cytotoxic lymphocytes at the IM seems to have stronger predictive value than those in the CT.

It is hypothesized that the immune cells at the margin of invasion may act as a protective bar-

rier against micrometastasis, which may explain why a higher lymphocyte density is associated

with better prognosis regardless of tumor stage.

In addition to TIL distribution, we found that TIL subtype is another important predictive

factor. While CD8+ lymphocyte correlated strongly with recurrence and survival, even after

controlling for potential confounders, the prognostic value of CD3+ was less, which might be

explained by the fact CD3+ includes CD4+ TILs, that does not have significant prognostic

value. Kaplan-Meier curves show that CD3IM was associated with better prognosis but this

Fig 4. Box plots showing differential expression of CD8A transcripts (p<0.05) in luminal (n = 121) vs basal

(n = 68) MIBC tumours.

https://doi.org/10.1371/journal.pone.0205746.g004
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effect is lost on multivariate analysis. However, larger sample size is needed to validate the

prognostic impact of CD3+. Also, previous studies on colon cancer have used effector memory

T cell CD45RO+ in combination with CD8+ to calculate the Immunoscore[12, 26, 27].

CD45RO+ is a marker worth exploring in future studies, and may be more specific for bladder

as other CD8+ TIL activation marker such as IFNg as well.

The Immunoscore takes into account the distribution of TILs between CT and IM and has

been shown to have strong predictive value in other types of cancers, such as colon[11]. In a

cohort of 602 colon cancer patients, those with a high Immunoscore (I4) had 4.8% relapse rate

at 5 years, compared to 86% relapse in those with a low Immunoscore (I0)[12]. There was also

a significant difference in survival (72% vs. 27.5% respectively)[12]. There is support towards

integrating immune markers into the traditional TNM staging classification[5, 26, 28]. Valida-

tion of the Immunoscore as a new approach for the classification of colon cancer is ongoing

[5]. Our results are consistent with those previously shown in colon cancer; that a higher

Fig 5. Heatmap summary showing the significantly differentially expressed T cell cytotoxicity associated genes between TCGA (Blue) clusters I (Luminal n = 121)

and (Red) cluster IV (Basal n = 68). Red indicates low expression and green indicates high expression.

https://doi.org/10.1371/journal.pone.0205746.g005
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immunoscore (I4) is associated with better OS and DFS. I4 remained an independent predic-

tor for DFS even after adjusting for clinico-pathological risk factors.

Recently, the tumor-infiltrating immune cells have been evaluated, in silico, over the RNA

seq data across several types of cancer from TCGA[29]. Particularly in bladder cancer, CD8+

T-cell infiltration had a significantly different distribution in comparison with normal adjacent

bladder tissue. However, CD8+ T-cells infiltration was not associated with prolonged survival.

On the other hand, in our analysis, the TCGA data suggests there is strong delineation of

CD8A transcript expression between basal and luminal tumors, which could be interpreted as

opposite to our findings since MIBC basal tumors are known to have worse outcomes. As per

our previous report the IFNg potentially from T cell activation or other sources induces PD-L1

and IDO1 and potentially contribute to aggressive disease and worse outcomes in basal sub-

type tumours[16]. In contrast, distinct basal and luminal subtypes of MIBC have been identi-

fied and characterized with different sensitivity to frontline chemotherapy[17, 18]; basal being

more chemosensitive than luminal. In this sense, it might be consistent with our results, con-

sidering more than 40% of our cohort patients received perioperative chemotherapy. Indeed,

this was supported by the association of CD8IM among responders within our cohort. As

reported in ovarian cancer[30], it is possible that the higher pre-existing CD8+ TILs in the

TME are activated and mediate their anti-tumour effect as a result of immunogenic cell death

induced by the chemotherapy. These findings reinforce the importance the Immunoscore, as

it adds the relevant spatial distribution component to the unidirectional immune "infiltrate"

status observed from the TCGA data.

While this is the first study to evaluate the prognostic value of Immunoscore on bladder

cancer, there are some limitations to highlight. Although a multivariable analysis was per-

formed to adjust for known confounding variables, bias may remain due to the retrospective

nature of the study and its limited sample size. These findings warrant validation in a larger

multicenter study. Furthermore, whether the Immunoscore can be predictive for response to

immunotherapy (such as PDL-1 inhibitors) in bladder cancer remains unknown.

Fig 6. Box plots showing significantly differential CD8+(IM) infiltration among non responders and responders

(P = 0.01) to neoadjuvant chemotherapy.

https://doi.org/10.1371/journal.pone.0205746.g006
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Conclusions

In summary, our study showed that the Immunoscore is a potential predictor of clinical out-

comes after cystectomy. A strong immune response at the tumor margin is independently

associated with better DFS and OS. More studies are needed to further assess the role of

immune markers in bladder cancer prognosis and to determine the value of incorporating

these markers in the traditional TNM staging.

Author Contributions

Conceptualization: Jose Joao Mansure, Wassim Kassouf.

Data curation: Alice Yu, Shraddha Solanki, D. Robert Siemens, Madhuri Koti, Ana B. T. Dias,

Fadi Brimo.

Formal analysis: Alice Yu, Jose Joao Mansure.

Funding acquisition: Alice Yu.

Investigation: Alice Yu, D. Robert Siemens, Madhuri Koti, Wassim Kassouf.

Methodology: Jose Joao Mansure, Wassim Kassouf.

Project administration: Jose Joao Mansure, Wassim Kassouf.

Resources: Shraddha Solanki, Miguel M. Burnier.

Software: Alice Yu.

Supervision: Jose Joao Mansure, Wassim Kassouf.

Validation: Fadi Brimo.

Writing – original draft: Alice Yu, Wassim Kassouf.

Writing – review & editing: Alice Yu, Jose Joao Mansure, D. Robert Siemens, Madhuri Koti,

Wassim Kassouf.

References

1. Mlecnik B, Tosolini M, Kirilovsky A, Berger A, Bindea G, Meatchi T, et al. Histopathologic-based prog-

nostic factors of colorectal cancers are associated with the state of the local immune reaction. J Clin

Oncol. 2011; 29(6):610–8. https://doi.org/10.1200/JCO.2010.30.5425 PMID: 21245428

2. Wang E, Miller LD, Ohnmacht GA, Mocellin S, Perez-Diez A, Petersen D, et al. Prospective molecular

profiling of melanoma metastases suggests classifiers of immune responsiveness. Cancer Res. 2002;

62(13):3581–6. PMID: 12097256

3. Powles T, Eder JP, Fine GD, Braiteh FS, Loriot Y, Cruz C, et al. MPDL3280A (anti-PD-L1) treatment

leads to clinical activity in metastatic bladder cancer. Nature. 2014; 515(7528):558–62. https://doi.org/

10.1038/nature13904 PMID: 25428503

4. Rosenberg JE, Hoffman-Censits J, Powles T, van der Heijden MS, Balar AV, Necchi A, et al. Atezolizu-

mab in patients with locally advanced and metastatic urothelial carcinoma who have progressed follow-

ing treatment with platinum-based chemotherapy: a single-arm, multicentre, phase 2 trial. Lancet. 2016;

387(10031):1909–20. https://doi.org/10.1016/S0140-6736(16)00561-4 PMID: 26952546

5. Galon J, Pages F, Marincola FM, Angell HK, Thurin M, Lugli A, et al. Cancer classification using the

Immunoscore: a worldwide task force. Journal of translational medicine. 2012; 10(205):205.

6. Sharma P, Shen Y, Wen S, Yamada S, Jungbluth AA, Gnjatic S, et al. CD8 tumor-infiltrating lympho-

cytes are predictive of survival in muscle-invasive urothelial carcinoma. Proceedings of the National

Academy of Sciences of the United States of America. 2007; 104(10):3967–72. https://doi.org/10.1073/

pnas.0611618104 PMID: 17360461

7. Horn T, Laus J, Seitz AK, Maurer T, Schmid SC, Wolf P, et al. The prognostic effect of tumour-infiltrating

lymphocytic subpopulations in bladder cancer. World J Urol. 2016; 34(2):181–7. https://doi.org/10.

1007/s00345-015-1615-3 PMID: 26055646

Immunoscore as prognostic marker in bladder cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0205746 October 11, 2018 11 / 13

https://doi.org/10.1200/JCO.2010.30.5425
http://www.ncbi.nlm.nih.gov/pubmed/21245428
http://www.ncbi.nlm.nih.gov/pubmed/12097256
https://doi.org/10.1038/nature13904
https://doi.org/10.1038/nature13904
http://www.ncbi.nlm.nih.gov/pubmed/25428503
https://doi.org/10.1016/S0140-6736(16)00561-4
http://www.ncbi.nlm.nih.gov/pubmed/26952546
https://doi.org/10.1073/pnas.0611618104
https://doi.org/10.1073/pnas.0611618104
http://www.ncbi.nlm.nih.gov/pubmed/17360461
https://doi.org/10.1007/s00345-015-1615-3
https://doi.org/10.1007/s00345-015-1615-3
http://www.ncbi.nlm.nih.gov/pubmed/26055646
https://doi.org/10.1371/journal.pone.0205746


8. Sjodahl G, Lovgren K, Lauss M, Chebil G, Patschan O, Gudjonsson S, et al. Infiltration of CD3(+) and

CD68(+) cells in bladder cancer is subtype specific and affects the outcome of patients with muscle-

invasive tumors. Urol Oncol. 2014; 32(6):791–7. https://doi.org/10.1016/j.urolonc.2014.02.007 PMID:

24794251

9. Laghi L, Bianchi P, Miranda E, Balladore E, Pacetti V, Grizzi F, et al. CD3+ cells at the invasive margin

of deeply invading (pT3-T4) colorectal cancer and risk of post-surgical metastasis: a longitudinal study.

Lancet Oncol. 2009; 10(9):877–84. https://doi.org/10.1016/S1470-2045(09)70186-X PMID: 19656725

10. Sun C, Xu J, Song J, Liu C, Wang J, Weng C, et al. The predictive value of centre tumour CD8(+) T cells

in patients with hepatocellular carcinoma: comparison with Immunoscore. Oncotarget. 2015; 6

(34):35602–15. https://doi.org/10.18632/oncotarget.5801 PMID: 26415232

11. Anitei MG, Zeitoun G, Mlecnik B, Marliot F, Haicheur N, Todosi AM, et al. Prognostic and predictive val-

ues of the immunoscore in patients with rectal cancer. Clin Cancer Res. 2014; 20(7):1891–9. https://

doi.org/10.1158/1078-0432.CCR-13-2830 PMID: 24691640

12. Pages F, Kirilovsky A, Mlecnik B, Asslaber M, Tosolini M, Bindea G, et al. In situ cytotoxic and memory

T cells predict outcome in patients with early-stage colorectal cancer. J Clin Oncol. 2009; 27(35):5944–

51. https://doi.org/10.1200/JCO.2008.19.6147 PMID: 19858404

13. Wang B, Wu S, Zeng H, Liu Z, Dong W, He W, et al. CD103+ Tumor Infiltrating Lymphocytes Predict a

Favorable Prognosis in Urothelial Cell Carcinoma of the Bladder. The Journal of urology. 2015; 194

(2):556–62. https://doi.org/10.1016/j.juro.2015.02.2941 PMID: 25752441

14. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool for biomarker assessment and

outcome-based cut-point optimization. Clin Cancer Res. 2004; 10(21):7252–9. https://doi.org/10.1158/

1078-0432.CCR-04-0713 PMID: 15534099

15. Siemens DR, R.; Tyryshkin K; Koti K. Compreensive immune transcriptomic analysis in bladder cancer

reveals subtype specific immune gene expression patterns. The Journal of Urology. 2017; 197

(4):1775–6.

16. Ren R, Tyryshkin K, Graham C, Madhuri K, Siemens DR. Comprehensive immune transcriptomic anal-

ysis in bladder cancer reveals subtype specific immune gene expression patterns of prognostic rele-

vance. Oncotarget. 2017.

17. Damrauer JS, Hoadley KA, Chism DD, Fan C, Tiganelli CJ, Wobker SE, et al. Intrinsic subtypes of high-

grade bladder cancer reflect the hallmarks of breast cancer biology. Proceedings of the National Acad-

emy of Sciences of the United States of America. 2014; 111(8):3110–5. https://doi.org/10.1073/pnas.

1318376111 PMID: 24520177

18. Choi W, Porten S, Kim S, Willis D, Plimack ER, Hoffman-Censits J, et al. Identification of distinct basal

and luminal subtypes of muscle-invasive bladder cancer with different sensitivities to frontline chemo-

therapy. Cancer Cell. 2014; 25(2):152–65. https://doi.org/10.1016/j.ccr.2014.01.009 PMID: 24525232

19. Cancer Genome Atlas Research N. Comprehensive molecular characterization of urothelial bladder

carcinoma. Nature. 2014; 507(7492):315–22. https://doi.org/10.1038/nature12965 PMID: 24476821

20. Sjodahl G, Lauss M, Lovgren K, Chebil G, Gudjonsson S, Veerla S, et al. A molecular taxonomy for

urothelial carcinoma. Clin Cancer Res. 2012; 18(12):3377–86. https://doi.org/10.1158/1078-0432.

CCR-12-0077-T PMID: 22553347

21. Choi W, Czerniak B, Ochoa A, Su X, Siefker-Radtke A, Dinney C, et al. Intrinsic basal and luminal sub-

types of muscle-invasive bladder cancer. Nat Rev Urol. 2014; 11(7):400–10. https://doi.org/10.1038/

nrurol.2014.129 PMID: 24960601

22. Mo Q, Nikolos F, Chen F, Tramel Z, Lee YC, Hayashi K, et al. Prognostic Power of a Tumor Differentia-

tion Gene Signature for Bladder Urothelial Carcinomas. J Natl Cancer Inst. 2018; 110(5):448–59.

https://doi.org/10.1093/jnci/djx243 PMID: 29342309

23. Wang B, Wu S, Zeng H, Liu Z, Dong W, He W, et al. CD103+ Tumor Infiltrating Lymphocytes Predict a

Favorable Prognosis in Urothelial Cell Carcinoma of the Bladder. (1527–3792 (Electronic)).

24. Faraj SF, Munari E, Guner G, Taube J, Anders R, Hicks J, et al. Assessment of tumoral PD-L1 expres-

sion and intratumoral CD8+ T cells in urothelial carcinoma. Urology. 2015; 85(3):703 e1-6.

25. Ingels A, Sanchez Salas RE, Ravery V, Fromont-Hankard G, Validire P, Patard JJ, et al. T-helper 1

immunoreaction influences survival in muscle-invasive bladder cancer: proof of concept. Ecancermedi-

calscience. 2014; 8:486. https://doi.org/10.3332/ecancer.2014.486 PMID: 25525464

26. Galon J, Mlecnik B, Bindea G, Angell HK, Berger A, Lagorce C, et al. Towards the introduction of the

’Immunoscore’ in the classification of malignant tumours. J Pathol. 2014; 232(2):199–209. https://doi.

org/10.1002/path.4287 PMID: 24122236

27. Pages F, Berger A, Camus M, Sanchez-Cabo F, Costes A, Molidor R, et al. Effector memory T cells,

early metastasis, and survival in colorectal cancer. N Engl J Med. 2005; 353(25):2654–66. https://doi.

org/10.1056/NEJMoa051424 PMID: 16371631

Immunoscore as prognostic marker in bladder cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0205746 October 11, 2018 12 / 13

https://doi.org/10.1016/j.urolonc.2014.02.007
http://www.ncbi.nlm.nih.gov/pubmed/24794251
https://doi.org/10.1016/S1470-2045(09)70186-X
http://www.ncbi.nlm.nih.gov/pubmed/19656725
https://doi.org/10.18632/oncotarget.5801
http://www.ncbi.nlm.nih.gov/pubmed/26415232
https://doi.org/10.1158/1078-0432.CCR-13-2830
https://doi.org/10.1158/1078-0432.CCR-13-2830
http://www.ncbi.nlm.nih.gov/pubmed/24691640
https://doi.org/10.1200/JCO.2008.19.6147
http://www.ncbi.nlm.nih.gov/pubmed/19858404
https://doi.org/10.1016/j.juro.2015.02.2941
http://www.ncbi.nlm.nih.gov/pubmed/25752441
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1158/1078-0432.CCR-04-0713
http://www.ncbi.nlm.nih.gov/pubmed/15534099
https://doi.org/10.1073/pnas.1318376111
https://doi.org/10.1073/pnas.1318376111
http://www.ncbi.nlm.nih.gov/pubmed/24520177
https://doi.org/10.1016/j.ccr.2014.01.009
http://www.ncbi.nlm.nih.gov/pubmed/24525232
https://doi.org/10.1038/nature12965
http://www.ncbi.nlm.nih.gov/pubmed/24476821
https://doi.org/10.1158/1078-0432.CCR-12-0077-T
https://doi.org/10.1158/1078-0432.CCR-12-0077-T
http://www.ncbi.nlm.nih.gov/pubmed/22553347
https://doi.org/10.1038/nrurol.2014.129
https://doi.org/10.1038/nrurol.2014.129
http://www.ncbi.nlm.nih.gov/pubmed/24960601
https://doi.org/10.1093/jnci/djx243
http://www.ncbi.nlm.nih.gov/pubmed/29342309
https://doi.org/10.3332/ecancer.2014.486
http://www.ncbi.nlm.nih.gov/pubmed/25525464
https://doi.org/10.1002/path.4287
https://doi.org/10.1002/path.4287
http://www.ncbi.nlm.nih.gov/pubmed/24122236
https://doi.org/10.1056/NEJMoa051424
https://doi.org/10.1056/NEJMoa051424
http://www.ncbi.nlm.nih.gov/pubmed/16371631
https://doi.org/10.1371/journal.pone.0205746


28. Nanos-Webb A, Jabbour NA, Multani AS, Wingate H, Oumata N, Galons H, et al. Targeting low molecu-

lar weight cyclin E (LMW-E) in breast cancer. Breast Cancer Res Treat. 2012; 132(2):575–88. https://

doi.org/10.1007/s10549-011-1638-4 PMID: 21695458

29. Li B, Severson E, Pignon JC, Zhao H, Li T, Novak J, et al. Comprehensive analyses of tumor immunity:

implications for cancer immunotherapy. Genome Biol. 2016; 17(1):174. https://doi.org/10.1186/s13059-

016-1028-7 PMID: 27549193

30. Kroeger DR, Milne K, Nelson BH. Tumor-Infiltrating Plasma Cells Are Associated with Tertiary Lym-

phoid Structures, Cytolytic T-Cell Responses, and Superior Prognosis in Ovarian Cancer. Clin Cancer

Res. 2016; 22(12):3005–15. https://doi.org/10.1158/1078-0432.CCR-15-2762 PMID: 26763251

Immunoscore as prognostic marker in bladder cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0205746 October 11, 2018 13 / 13

https://doi.org/10.1007/s10549-011-1638-4
https://doi.org/10.1007/s10549-011-1638-4
http://www.ncbi.nlm.nih.gov/pubmed/21695458
https://doi.org/10.1186/s13059-016-1028-7
https://doi.org/10.1186/s13059-016-1028-7
http://www.ncbi.nlm.nih.gov/pubmed/27549193
https://doi.org/10.1158/1078-0432.CCR-15-2762
http://www.ncbi.nlm.nih.gov/pubmed/26763251
https://doi.org/10.1371/journal.pone.0205746

