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Simple Summary: The prognosis of localized muscle-invasive bladder cancer is poor and the
prognostic and predictive biomarkers of the response to treatment are lacking. We retrospectively
investigated the role of the Immunoscore in the neoadjuvant setting, where the Immunoscore is
a standardized quantitative assay of lymphocytes in the tumor microenvironment. We found it
allowed for the stratification of patient prognoses and the prediction of response to neoadjuvant
chemotherapy.

Abstract: (1) Background—The five-year overall survival (OS) of muscle-invasive bladder cancer
(MIBC) with neoadjuvant chemotherapy and cystectomy is around 50%. There is no validated
biomarker to guide the treatment decision. We investigated whether the Immunoscore (IS) could
predict the pathologic response to neoadjuvant chemotherapy and survival outcomes. (2) Methods—
This retrospective study evaluated the IS in 117 patients treated using neoadjuvant chemotherapy for
localized MIBC from six centers (France and Greece). Pre-treatment tumor samples were immunos-
tained for CD3+ and CD8+ T cells and quantified to determine the IS. The results were associated with
the response to neoadjuvant chemotherapy, time to recurrence (TTR), and OS. (3) Results—Low (IS-0),
intermediate (IS-1-2), and high (IS-3—4) ISs were observed in 36.5, 43.7, and 19.8% of the cohort, re-
spectively. IS was positively associated with a pathologic complete response (pCR; p-value = 0.0096).
A high IS was found in 35.7% of patients with a pCR, whereas it was found in 11.3% of patients
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without a pCR. A low IS was observed in 48.4% of patients with no pCR and in 21.4% of patients with
a pCR. Low-, intermediate-, and high-IS patients had five-year recurrence-free rates of 37.2%, 36.5%,
and 72.6%, respectively. In the multivariable analysis, a high IS was associated with a prolonged TTR
(high vs. low: p = 0.0134) and OS (high vs. low: p = 0.011). (4) Conclusions—This study showed the
significant prognostic and predictive roles of IS regarding localized MIBC.

Keywords: urothelial carcinoma; neoadjuvant chemotherapy; Immunoscore; prognostic score; pre-
dictive response to chemotherapy; immuno-oncology

1. Introduction

Bladder cancer is the fourth and eighth most common cancer in men and women
respectively, in Western countries [1]. Approximately 30% of patients will present with
muscle-invasive bladder cancer (MIBC). The standard-of-care treatment for patients with
localized MIBC is neoadjuvant chemotherapy before a radical cystectomy [2,3]. The five-
year overall survival (OS) rate after this initial treatment is around 50% [4]. Major clinical
prognostic factors are the tumor T stage and nodal status [5]. The pathologic complete
response (pCR) to neoadjuvant chemotherapy is associated with an improved OS [6]. There
is no tumor biomarker that is validated for the prediction of the response to chemotherapy
or prognosis in this context.

Urothelial carcinoma (UC) is the most frequent histologic type of bladder cancer
and is known for its immunogenicity. The importance of stimulating immune responses
against the tumor has long been exploited by the use of BCG (Bacille Calmette et Guérin)
instillations in the treatment of non-muscle-invasive UC. The lymphocytic infiltrate seems
to play a major role in BCG therapy’s efficacy [7]. In the metastatic setting, stimula-
tion of the immune adaptive system with checkpoint inhibitors, namely, programmed
death receptor-1 (PD-1) and programmed death ligand-1 (PD-L1) inhibitors, such as ate-
zolizumab [8], avelumab [9], durvalumab [10], nivolumab [11], and pembrolizumab [12],
leads to objective response rates (ORRs) of 20-25%. These drugs are now recommended
in the treatment of metastatic UC, either in the second line after chemotherapy or in the
first line for cisplatin unfit patients with a PD-L1+ tumor or for patients that are ineligible
for platinum-based chemotherapy, regardless of tumor PD-L1 status. Avelumab is rec-
ommended as maintenance therapy in patients that have not progressed with first-line
platinum-containing chemotherapy [13].

Immune cells that are present in the microenvironment play a major role in slowing
down tumor progression [14]. A strong lymphocytic infiltration has been associated with
longer overall survival and progression-free survival in various cancer types [15]. The
Immunoscore (IS) is a consensus immune tumor prognostic biomarker that is currently
under investigation for multiple tumor types [16-18]. This standardized immune score
assesses the density of lymphocytic T infiltrates (CD3/CD8), as well as its site (in the
invasive margins or in the center of the tumor). This score has demonstrated its superiority
over the TNM (Tumor Node Metastasis) classification in colorectal cancer [16,19] and
locally advanced colorectal cancer [20-22], and is referenced in the WHO classification
and recommended by ESMO (European Society of Medical Oncology) clinical practice
guidelines for localized colorectal cancer [23]. It is also available as an in vitro diagnostic
test for clinical use (CE-IVD) in colon cancer.

We sought to investigate the prognostic and predictive role of the Immunoscore in
localized MIBC patients undergoing neoadjuvant chemotherapy.

2. Materials and Methods

Patients treated in five centers in France (HEGP: Hépital Européen Georges Pompi-
dou, Hoépital des Diaconnesses, Clinique La Louviere, Clinique St Jean De Dieu, Institut
Mutualiste Montsouris) and one center in Greece (Alexandra Hospital) for localized MIBC



Cancers 2021, 13, 494

3o0f14

between January 2003 and December 2016 were included in this analysis. The inclusion cri-
teria were as follows: histologically confirmed muscle-invasive UC (clinical stages II-IIIA),
neoadjuvant platinum-based chemotherapy, and pre-chemotherapy sample available. The
exclusion criteria were as follows: a metastatic disease at diagnosis, any histology other
than UC, patient’s refusal to participate, and absence of survival data due to lack of a
follow-up just after local treatment.

Clinical data were retrospectively collected and anonymized at each participating
center prior to the central collection for analysis. Collected clinical data were related to
the patients’ characteristics (sex, age at diagnosis, and risk factors for UC, such as tobacco
use, professional exposure, and history of cancer with chemotherapy or pelvic irradia-
tion) and the initial disease (primary site of the bladder and/or upper tract, TNM stage,
and histologic variant). Data regarding the treatment modalities, response to treatment,
and survival were also recorded for the outcome analysis. Tumor staging (clinical and
pathological) was reported according to the AJCC (American Joint Comitte on Cancer) [24].
Clinical staging was done using computed tomography scans for the T and N stages. For
the T stage, the pathological report of TURB (Trans-urethral resection of bladder) was
used to indicate that the patient was at least in stage T2 and further assessment was done
using radiological assessment. Recurrence was defined as either metastatic disease on the
radiological assessment if seen within the first year of follow-up or histologically confirmed
if recurrence was seen after 12 months following surgery, or local relapse, which was
defined as histologically confirmed muscle-invasive urothelial carcinoma. The treatment of
advanced disease was not recorded. The pCR was evaluated by specialized uropathologists
at each participating center.

The initial tumor samples were either trans-urethral resections of bladder tumors
containing muscle infiltration or biopsies of upper-tract UC lesions. Freshly cut slides
of 4 um on Superfrost Plus coating were used for the evaluation of each initial tumor
sample. The slides had to be cut from archived pathology FFPE (Formalin-Fixed Paraffin-
Embedded) blocks within six months before analysis. Immunostaining for CD3+ and CD8+
T lymphocytes were done at the INSERM UMRS (Institut National de la Santé et de la
Recherche Médicale, Unité Mixte de Rechreche) 1138 laboratory, Paris, France.

Digital pathology was used to quantify densities of CD3+ and CD8+ T-lymphocytes in
the tumor center (CT) and invasive margins (IM). The densities were calculated in terms of
the number of positive cells per square millimeter. The CD3 and CD8 densities in CT and
IM regions were converted into percentiles and the mean of the four percentiles obtained
were calculated and translated into the Immunoscore scoring system. Groups were then
determined according to the densities of the two lymphocyte populations (CD3 and CD8)
in the two localizations (CT and IM), starting from IS-0 (low density of both populations in
both localization) to IS-4 (elevated densities of both populations in both localization). The
density thresholds were determined using the optimal cut-off method. An Immunoscore
adapted to biopsies (ISb) was performed since no tumor invasive margins were identified
in 21 specimens; three groups based on the densities of the two populations in the core
tumor were determined: ISb-0 (low density of both populations), ISb-1 (low density of one
population), and ISb-2 (high density of both populations). Clinical and treatment data were
blinded to the investigators taking part in the Immunoscore staining and quantification.

When analyzing two groups high versus low, the expected proportion of patients in
each was assumed to be at 50%. Applying Schoenfeld’s procedure in the case of MIBC with
60% of observed relapse events with a power of 90% and an alpha level at 5% (two-tail)
and a hazard ratio (HR) of 1.85-2.1, the required sample size was estimated to be between
103 and 152 patients. The final sample size to determine a significant difference for the
Immunoscore in MIBC was 117 patients after the clinical and biomarker data exclusion
criteria were applied (Figure S1).

Fisher’s exact tests were applied to determine the associations between clinical char-
acteristics, treatment procedures, and the Immunoscore. Student’s f-tests were used to
evaluate the difference between the immune densities of each lymphocyte population
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within the clinical categories. All statistical tests were two-sided. Survival analysis was
performed using log-rank tests and Cox proportional hazards models (survival, R package).
The bivariable association of the Immunoscore stratified by participating center and the
time-to-event outcomes were evaluated using Cox proportional hazards models. An alter-
native measure of the survival time distribution that was independent of the proportional
hazards assumption was applied using the restricted mean survival time (RMST) as two-
sample comparisons (survRM2, R package). The relative importance of each parameter to
the survival risk was assessed using the chi-squared proportion (x?) (rms, R package).

This study was conducted in accordance with the principles laid by the 18th World
Medical Assembly (Helsinki, 1964). Written consent for the use of the patients’ data for
analysis was encouraged but was not mandatory. Patients who could not provide written
consent received the relevant information by post in order to enable denial on their behalf.
Since data were anonymized, a waiver of consent was granted in the case of death, but
families were informed and could deny participation. The data collection was declared
at the French national commission (CNIL, Commission Nationale de l'informatique et
des libertés, declaration 5G52360236q). Permission was granted by a French ethics review
board (CEREES, Comité d’éthique de la recherche en santé, dossier no. 27756).

3. Results
3.1. Patients and Tumor Characteristics

A total of 117 patients treated with neoadjuvant platinum-based chemotherapy for
invasive urothelial carcinoma were included in the final analysis (Figure S1). The mean age
at diagnosis was 66.4 years old (SD: £8.2) and 22.2% (n = 26) of the patients were women
(Table 1). The major clinical and tumor characteristics at diagnosis are reported in Table 1.
The median follow-up times (95% CI) were 26.7 months (24.1-36.8), and 31.4 months
(24.1-46.7) for TTR and OS, respectively. The most used regimen was MVAC (Methotrexate,
Vinblastine, Adriamycin, and Cisplatin). The second most prescribed regimen was GC
(Gemcitabine and Cisplatin). The median number of cycles was four cycles (IQR = 4-5).

Table 1. Clinical characteristics.

Clinical Characteristics (ﬁ():hflr;)

Age at surgery (years)

N 117 (100%)

Mean (SD) 66.4 (8.2)

Range 41-82
Center

France: La Louviere (Lille) 9 (7.7%)

France: HEGP (Paris) 20 (17.1%)

France: IMM (Paris) 49 (41.9%)

France: Diaconnesses and St Jean o

de Dieu (Paris) 27 (23.1%)

Greece: Alexandra 12 (10.3%)
Gender

Male 91 (77.8%)

Female 26 (22.2%)
Professional toxic exposure

No 75 (64.1%)

Yes 10 (8.5%)

Not available 32 (27.4%)
Tobacco use

No 27 (23.1%)

Yes 78 (66.7%)

Not available 12 (10.3%)
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Table 1. Cont.

Clinical Characteristics (§0=hf ;;)

Previous cancer with chemotherapy or pelvic radiotherapy

No 106 (90.6%)

Yes 6 (5.1%)

Not available 5 (4.3%)
Site of primary tumor

Bladder 115 (98.3%)

Bladder + upper tract 1 (0.9%)

Upper tract 1 (0.9%)
Histologic variant

Urothelial carcinoma 99 (84.6%)

Variant 17 (14.5%)

Not Available 1 (0.9%)
T stage

T2 106 (90.6%)

T34 7 (6%)

Not available 4 (3.4%)
N stage

NO 31 (26.5%)

N+ 77 (65.8%)

Not Available 9 (7.7%)
Prior BCG therapy

No 93 (79.5%)

Yes 24 (20.5%)
Creatinine clearance (MDRD)

n 44 (37.6%)

Mean (SD) 81.8 (20.2)

Range 49-150

Not Available 73 (62.4%)
Neoadjuvant chemotherapy type

MVAC 66 (56.4%)

GC 44 (37.6%)

Carboplatin based 3 (2.5%)

Other platinum-based 4 (3.4%)
pCR

No 66 (56.4%)

Yes 35 (29.9%)

Not Available 16 (13.7%)

HEGP: Hopital Européen Georges Pompidou, IMM: Institut Mutualiste Montsouris, BCG: Bacille Calmette et
Guérin, MDRD: Modification of Diet in Renal Diseases, MVAC: Methotrexate, Vinblastine, Adriamycine, and
Cisplatin; GC: Gemcitabine and Cisplatin; pCR: pathologic complete response.

A pCR was found in 35 patients (29.9%) after the neoadjuvant chemotherapy, whereas
66 patients (56.4%) had a persistent viable tumor and this information was lacking in
pathology reports for 16 patients (13.7%).

3.2. Immune Densities and Immunoscore Distributions in Terms of the Clinical Characteristics

Thirty-eight patients (32.5%) were classified into the IS-0 group, 21 patients (17.9%)
into IS-1, 25 patients (21.4%) into IS-2, 11 patients (9.4%) into IS-3, 8 patients (6.8%) into
I-4, and 14 patients were not classified due to a lack of IM. Therefore, an optimal ISb
using only core tumor densities was created, which involved three groups: ISb-0 with
43 patients (36.8%), ISb-1 with 26 patients (22.2%), and ISb-2 with 47 patients (40.2%).
There was no association between IS or ISb and the patient characteristics. No significant
association was found regarding the T or N stages, neither with the Immunoscore nor with
the immune densities.
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Notably, tumors with variant histologies (n = 17/117) were less infiltrated by lympho-

cytes in the IM for both lymphocyte populations (¢-test, p-value < 0.05). There were only
typical UC histology tumors in the high IS groups (IS3—4) (Figure 1A,B).

10000 —
] *kk
. K *
1000 ; i : ¢
E — 1 5 N . T
1 /2 1 i i ;
E z : H g : : B
% . : — : H [ Urinary Carcinoma
.~ 7 L
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: 3 2
J 0 1 Center
100 o : . o HEGP (Paris, France)
] 3 . ’ e IMM (Paris, France)
e Diaconnesses and St Jean de Dieu (Paris, France)
o La Louviére (Lille, France)
o Alexandra (Greece)
10 -~
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Urinary Carcinoma

Histological Variant

Figure 1. The immune infiltrate and histological variants: (A) patient groups comparing the immune densities in classical
urothelial carcinoma to other variants and (B) distribution of the Immunoscore in urothelial carcinoma and other variants. *

p-value < 0.05, *** p-value < 0.005.

3.3. Comparative Outcomes of Immunoscore Groups in Terms of the Response to Treatment

The Immunoscore was significantly associated with obtaining a pCR after neoadjuvant
chemotherapy. IS-3-4 was found in 35.7% of patients with a pCR, whereas it was found in
only 11.3% of patients without a pCR. In contrast, an IS-0 Immunoscore was observed in
48.4% of patients with no pCR, and in only 21.4% of patients with a pCR (Fisher’s exact
test, p-value = 0.0096; Table 2). Likewise, ISb efficiently stratified patients for response to
neoadjuvant chemotherapy (Fisher’s exact test, p-value = 0.0035; Table 2). Patients without
a pCR had an ISb-0 in 51.5% (1 = 34) of cases and ISb-2 in 31.8% (n = 21) of cases. In
contrast, patients with a pCR had an ISb-0 in 17.6% (1 = 6) of cases and ISb-2 in 55.9%

(n = 19) of cases.
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Table 2. Pathological complete response distribution according to the Immunoscore categories.

No. of Patients No. of Patients

Immunoscore without a pCR (%) with a pCR (%) p-Value *
Total 66 34
ISb 3 groups 0.0035
ISb-0 34 (51.5%) 6 (17.6%)
ISb-1 11 (16.7%) 9 (26.5%)
ISb-2 21 (31.8%) 19 (55.9%)
ISb 2 groups 0.0012
ISb-0 34 (51.5%) 6 (17.6%)
ISb-1-2 32 (48.5%) 28 (82.4%)
Total # 62 28
IS 3 groups 0.0096
IS-0 30 (48.4%) 6 (21.4%)
IS-1-2 25 (40.3%) 12 (42.9%)
IS-3-4 7 (11.3%) 10 (35.7%)
IS 2 groups 0.0093
IS-0-2 55 (88.7%) 18 (64.3%)
1S-3-4 7 (11.3%) 10 (35.7%)

* Fisher’s exact p-value, IS: Immunoscore, ISb: Immunoscore adapted to biopsies, # 14 patients were not classified due to missing

invasive margins.

3.4. Recurrence and Time to Recurrence

During follow-up, 65 patients (55.6%) exhibited recurrence, while this data was miss-
ing for 7 patients (6%). The median TTR of the whole cohort was 58.3 months (95% CI =
20.9-not reached (NR)). The N stage was significantly associated with the TTR (stratified
Wald p-value = 0.0363; Table 3, Figure S3): the median TTR was 11.4 months versus NR
with and without nodal involvement (HR = 4.21; 95% CI = 1.1-16.16). Patients without
a pCR had a significantly shorter median TTR of 14.5 months versus NR. The five-year
recurrence-free rate was of 23.2% vs. 82.9% in the no-pCR and pCR groups, respectively
(HR =0.12, 95% CI = 0.04-0.34, stratified Wald p-value < 0.0001).

Regarding the immune infiltration, the CD8 density in the tumor center was associated
with an improved TTR (stratified Wald p-value = 0.0063): the high CD8-ct infiltration group
had a median TTR of NR versus 17.7 months in the CD8-ct low group (HR = 0.41; 95%
CI = 0.22-0.78). The IS-0 group had a significantly shorter median TTR of 16.4 months
versus NR in the IS-3—4 group. The five-year recurrence-free rates were 37.2, 36.5, and
72.6% in the IS-0, IS-1-2, and IS-3—4 groups, respectively. Comparing the IS-3—4 group and
the IS-0 group, the HR was 0.14 (95% CI = 0.03-0.64, stratified Wald p-value = 0.011; Table 3,
Figures 2, 52 and S3).
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Table 3. Bivariable analysis for the clinical parameters for the time to recurrence.

Variable Number of Median Months Unadjusted Stratified by Center Restricted Mean Survival Time
Patients (%) (95% CI) 3 yr % (95% CI) 5 yr % (95% CI) HR (95% CI) p-Value * C-Index (95% CI) Rel. Months (95% CI) p-Value **

Gender 0.52 (0.46-0.57)

Male 87 (79.1) 61.6 (20-NR) 58.4 (47.5-71.6) 51 (38.6-67.5) 1.0 (reference) 0.0 (reference)

Female 23 (20.9) 29.2 (9.4-64.5) 42.6 (23-78.8) 28.4 (10.3-77.9) 1.47 (0.73-2.95) 0.2845 —8.9(—22.2t0 4.5) 0.1920
Previous cancer with chemotherapy or pelvic radiotherapy 0.5 (0.47-0.54)

No 99 (94.3) 58.3 (20-NR) 57.2 (47-69.5) 48 (36.3-63.6) 1.0 (reference) 0.0 (reference)

Yes 6(5.7) 29.2 (3.4-NR) 33.3 (7.5-100) NR (NR-NR) 1.29 (0.39-4.3) 0.6774 —5.3(—23.8t013.1) 0.5697
Professional toxic exposure 0.54 (0.48-0.6)

No 74 (91.4) 449 (14.5-64.5) 51.9 (40.3-66.9) 48.7 (36.7-64.6) 1.0 (reference) 0.0 (reference)

Yes 7 (8.6) NR 85.7 (63.3-100) 64.3 (33.8-100) 0.4 (0.09-1.7) 0.2128 22.1 (0.6-43.6) 0.0435
Tobacco use 0.49 (0.41-0.58)

No 27 (27.3) 29.2 (14.2-NR) 50 (33.1-75.6) 43.7 (26.8-71.4) 1.0 (reference) 0.0 (reference)

Yes 72 (72.7) NR 57.6 (45.6-72.8) 50.4 (35.5-71.6) 0.93 (0.48-1.81) 0.8289 6.2 (—10.3 t0 22.7) 0.4642
Histologic variant 0.5 (0.43-0.57)

ucC 92 (84.4) 46.5 (20-NR) 54.6 (43.8-68.1) 48.9 (37.3-63.9) 1.0 (reference) 0.0 (reference)

Variant 17 (15.6) 58.3 (7.3-NR) 57.8 (37-90.3) 38.5 (15.4-96.3) 1.19 (0.54-2.66) 0.6656 0(—15.5t015.4) 0.9964
T stage 0.51 (0.48-0.53)

T2 99 (90) 61.6 (16.4-NR) 59.3 (48.9-71.8) 53.6 (42.3-68) 1.0 (reference) 0.0 (reference)

T34 7 (6.4) 20.9 (6.3-NR) NR (NR-NR) NR (NR-NR) 1.93 (0.71-5.27) 0.1979 —0.4 (—5.7 t0 4.8) 0.8664
N stage 0.6 (0.46-0.74)

NO 31 (79.5) NR 69.3 (52.1-92.1) 69.3 (52.1-92.1) 1.0 (reference) 0.0 (reference)

N+ 8 (20.5) 11.4 (2.3-29.2) 15 (2.5-90.6) NR (NR-NR) 4.21 (1.1-16.16) 0.0363 —17.4 (—30.7 to —4.1) 0.0103
IS biopsy (2 groups) 0.63 (0.55-0.72)

ISb-0 40 (36.7) 14.5 (10.4-58.3) 45.6 (31.4-66.1) 34.2 (17.4-67.3) 1.0 (reference) 0.0 (reference)

ISb-1-2 69 (63.3) 61.6 (24.4-NR) 61.1 (48.6-76.8) 53.9 (40.5-71.9) 0.42 (0.23-0.79) 0.0072 14.6 (0.7-28.4) 0.0391
IS biopsy (3 groups) 0.63 (0.55-0.72)

ISb-0 40 (36.7) 14.5 (10.4-58.3) 45.6 (31.4-66.1) 34.2 (17.4-67.3) 1.0 (reference) 0.0 (reference)

ISb-1 24 (22) NR 62.8 (43.2-91.3) 53.8 (33.3-87.1) 0.38 (0.16-0.91) 0.0299 16.3 (—1.6 to 34.2) 0.0751

ISb-2 45 (41.3) 61.6 (20-NR) 59.6 (44.4-80.1) 53.7 (37.4-77) 0.44 (0.22-0.88) 0.0203 13.5 (—1.8 to 28.8) 0.0839
Immunoscore (2 groups) 0.6 (0.53-0.66)

1S-0-2 77 (80.2) 29.2 (13.7-58.3) 46.1 (34.3-62.1) 37 (24-56.9) 1.0 (reference) 0.0 (reference)

1S-3-4 19 (19.8) NR 87.2 (71.9-100) 72.6 (48.4-100) 0.16 (0.04-0.69) 0.0135 29.7 (11.5-47.9) 0.0014
Immunoscore (3 groups) 0.65 (0.56-0.75)

1S-0 35 (36.5) 16.4 (10.4-64.5) 49.6 (34.3-71.9) 37.2 (18.9-73.2) 1.0 (reference) 0.0 (reference)

IS-1-2 42 (43.7) 29.2 (13.7-61.6) 42.6 (26.7-67.9) 36.5 (20.9-63.7) 0.81 (0.41-1.59) 0.5377 0.4 (—15.7 to 16.5) 0.9610

1S-3-4 19 (19.8) NR 87.2 (71.9-100) 72.6 (48.4-100) 0.14 (0.03-0.64) 0.0107 26.4 (8.4-44.3) 0.0040

* Wald p Value stratified by participating center. ** Restricted Mean Survival Time p value. IS: Inmunoscore; ISb Immunoscore biopsy like.
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Figure 2. The impact of Inmunoscore on patient outcome. Kaplan-Meier curves for the Immunoscores are shown for time

to recurrence (TTR) (A,C) and overall survival (OS) (B,D). The pie chart indicates the contribution of x> proportion of ISb
and IS to other variables for influencing the survival in the multivariate analysis. (A,B) Two Immunoscore categories for the
biopsy Immunoscores: ISb-0 (black) and ISb-1-2 (red). (C,D) Two Immunoscore categories for Immunoscore: IS-0-2 (black)
and IS 3—4 (red). * p < 0.05, ** p < 0.01.

The optimized biopsy ISb scoring system allowed for stratifying patients efficiently for
the TTR: 34.2% of patients were recurrence-free at five years in the ISb-0 group compared to
53.9% in the ISb-1-2 group (HR = 0.42, 95% CI = 0.23-0.79, stratified Wald p-value = 0.007;
Table 3, Figures 2, S2 and S3). ISb-0 and ISb-1-2 had median TTRs of 14.5 months and
61.6 months.

3.5. Overall Survival

The median OS of the whole cohort was 55.3 months (95% CI = 32.9-74.8); this
information was missing for eight patients. Notably, patients with nodal involvement had
a median OS of 25.8 months compared to 36.8 months for the NO patients (stratified Wald
p-value = 0.47; Table S1). Patients with no pCR had a significantly shorter median OS of
46.5 months versus NR in the pCR group (HR = 0.28, 95% CI = 0.11-0.68, stratified Wald
p-value = 0.005).

CD8-ct infiltration was significantly associated with OS (stratified Wald p-value = 0.002):
the high CD8-ct infiltration group had a median OS of 64.7 months versus 27.4 months in the
low CD8-ct group. Likewise, the high CD3-ct group had a median OS of 64.7 months versus
36.8 months in the low CD3-ct group (stratified Wald p-value = 0.013).

The IS-0 group had a significantly shorter median OS of 27.4 months versus NR
in the IS-3-4 group. Comparing the IS-3—4 group and the IS-0 group, the HR was 0.22
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(95% CI =0.06-0.78, p-value = 0.02; Table S1, Figures 2 and S2). The modified biopsy
scoring system was also very efficient at stratifying patients for OS with ISb-0 and ISb-1-2
having median OSs of 27.4 months and 60.5 months, respectively. Moreover, the ISb-0
and ISb-1-2 group had a five-year OS rate of 39.7% and 53.2%, respectively (HR = 0.3, 95%
CI = 0.15-0.59, stratified Wald p-value = 0.0005; Table S1, Figures 2 and S2). Other subgroup
analysis results displayed a non-significant beneficial effect of a higher Imnmunoscore on OS.

3.6. Multivariable Analysis

In the multivariable analysis stratified by center, IS-3—4 groups were significantly and
independently associated with an improved TTR with an HR of 0.14 (95% CI = 0.03-0.67,
Wald p-value = 0.013; Table S2). Likewise, the IS groups were significantly and inde-
pendently associated with an improved OS. The IS-3—4 groups had a HR for OS of 0.17
compared to IS-0 (95% CI = 0.04-0.66, Wald p-value = 0.011; Table S2). The Immunoscore
showed the strongest contribution of x? proportion among all other variables for influenc-
ing survival (TTR and OS; Figure 2 and Figure S2).

The modified ISb scoring system was significantly and independently associated with
both TTR and OS. ISb-2 had an HR of 0.38 (95% CI = 0.18-0.81, Wald p-value = 0.012; Table 4)
for TTR compared to ISb-0, and an HR of 0.21 (95% CI = 0.08-0.51, Wald p-value = 0.0006;
Table 4) for OS compared to ISb-0.

Table 4. Multivariable analysis immunoscore biopsy vs. clinical parameters for time to recurrence and overall survival.

TTR Model (45/109) * OS Model (39/108) *

. Hazard Ratio C-Index Hazard Ratio C-Index
Variable (95% CI) pValue® oo ) (95% CI) pValue® oo ey
Multivariable Cox model
stratified by center 07 0.73
(0.61-0.8) (0.64-0.82)
Immunoscore (3 groups)
ISb-1 vs. ISb-0 0.24 (0.08-0.7) 0.0087 0.25 (0.09-0.71) 0.0087
ISb-2 vs. ISb-0 0.38 (0.18-0.81) 0.0123 0.21 (0.08-0.51) 0.0006
Gender
Female vs. male 1.37 (0.65-2.89) 0.4108 0.72 (0.29-1.77) 0.4716
Professional toxic exposure
Yes vs. no 0.34 (0.07-1.63) 0.1754 0.79 (0.2-3.07) 0.7326
Unkown vs. no 0.69 (0.21-2.21) 0.5296 0.62 (0.17-2.32) 0.4815
Histologic variant
Variant vs. UC 0.6 (0.22-1.66) 0.3278 1.12 (0.42-2.97) 0.8251
Unkown vs. UC 0 (0-Inf) 0.9977 - -
T stage
T34 vs. T2 2.8 (0.89-8.81) 0.0786 4.31 (1.04-17.76) 0.0434
Unknown vs. T2 3.08 (0.68-13.94) 0.1444 0.69 (0.12-4) 0.6750
N stage
N+ vs. NO 4.14 (0.95-18.07) 0.0587 1.91 (0.31-11.76) 0.4839
Unknown vs. NO 1.48 (0.29-7.55) 0.6344 2.1 (0.37-12.06) 0.4044

* Events/total; ! stratified covariate Wald p-value by center.

4. Discussion

This study investigated the potential prognostic and predictive role of the Immunoscore
in 117 patients with localized MIBC undergoing neoadjuvant chemotherapy before local
treatment. We found that the Immunoscore was associated with the pCR, TTR, and OS.

The Immunoscore is a validated strong prognostic factor in colorectal cancer [25] and a
predictor for the response to chemotherapy in this setting [20,21]. The immune contexture of
tumors and the Immunoscore have been demonstrated to be strong predictors in malignant
tumors and have been proposed as new tools to classify tumors [15,26-29]. In localized
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colorectal cancer, the Inmunoscore was found to be a more precise prognostic tool than
TNM staging [26] and microsatellite instability [25].

Although our study is retrospective and is limited by missing clinical data, such as
N-stage data, this is a real-life multicentric large cohort report on standard-of-care treat-
ment with neoadjuvant platinum-based chemotherapy for MIBC. In concert with previous
reports, we found that clinical N+ and higher T stages were significantly associated with a
worse TTR [5,30], while the pCR rate reported in the literature being roughly 30% and cor-
related with the OS and TTR is also consistent with our data [6]. A higher clinical stage was
not statistically significant in the multivariable analysis, which is probably due to the diffi-
culty in achieving correct staging using radiological evaluation. Although this represents
routine standard-of-care daily practice, it likely underestimates some patients’ staging.

The importance of immune infiltration, particularly CD8+ T lymphocytes, has been
consistently found to be a prognostic tool for advanced UC [31]. In non-muscle-invasive
UC, CD3 and CD8 lymphocytic infiltrates, stratified by localization in the tumor, have been
recently associated with prognosis [32]. The prognostic impact of immune parameters in
localized MIBC has been reported in other studies, with a positive association between
lymphocyte infiltration and survival [33,34]. Immunoscore, CD3-im, CD3-ct, CD8-im, and
CD8-ct lymphocytes have been previously evaluated in MIBC on cystectomy blocks [35].
The authors reported on the prognostic impact of CD3 and CD8 lymphocytes at the IM,
whereas we found a more pronounced prognostic role of lymphocytes in the core tumor.
This difference could be explained by the neoadjuvant treatment effect on the immune
microenvironment and difficulties encountered when studying IM in a transurethral resec-
tion of the bladder samples. Differences in the patient selection (we only included MIBC
patients treated with neoadjuvant chemotherapy), as well as methodological differences
(we performed the standardized Immunoscore assay) may account for these discrepancies.

We report a difference in immune densities and the Immunoscore between classical
UC and variant histologies, which has already been suggested [36,37]. The tumor microen-
vironment, the Immunoscore, and immune contexture vary according to UC subtypes
and variants, and their prognostic and predictive value in these specific settings warrants
further assessment [38]. Interestingly, the CD3 and CD8 infiltration has also been associated
with the tumor histologic grade [32]. The aforementioned reports point toward heterogene-
ity in the distribution of CD3 and CD8 lymphocyte densities across subtypes and settings.
However, each separate study shows a specific predominant prognostic impact of one of
the individual densities of either CD3-ct, CD3-im, CD8-ct, or CD8-im. As these variants are
rare, specific studies of these histological subtypes should be proposed in order to properly
assess their impact. A combined consensus reproducible assay, such as the Immunoscore,
could be more robust when performing across subtypes and clinical stages.

As new trials are testing immunotherapy with or without chemotherapy in the same
setting [39-41], the role of the Immunoscore to efficiently predict responses to standard-of-
care treatment seems interesting. The ultimate goal will be to stratify patients who will
benefit most from the combination therapy, or from a monotherapy of either checkpoint
inhibitors or chemotherapy. Assessing the benefits and risks of each modality treatment in
this curative setting is essential. Notably, some trials in the advanced setting were negative,
in part due to a statistical analysis based on PDL1 expression only [42]. This underscores
the importance of finding efficient predictive immune biomarkers in this disease.

5. Conclusions

The Immunoscore efficiently allows for patient risk stratification and prediction of
responses to neoadjuvant chemotherapy. These results warrant further evaluation, which
is underway in prospective trials before being implemented in routine clinical practice.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-6
694/13/3/494/s1: Figure S1—The localized UC study design. Biomarker exclusion and clinical
data exclusion prior to analysis. Figure S2—The impact of the Immunoscore on the patient outcome.
Figure S3—Forest plot for the impact of clinical parameters and the Immunoscore on the patient
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outcome. Figure S4—Pathology slides for the Immunoscore determination. Table S1—Bivariable
analysis for clinical parameters for OS. Table S2—Multivariable analysis immune score vs clinical
parameters for TTR and OS.

Author Contributions: Conceptualization, EEN., BM., C.T,, S.O., and ].G.; data curation, EEN.,
D.B., A.C. (Aurelie Catteau), R.Z., X.B., and V.V,; formal analysis, E.EN. and E.C.; funding acquisition,
E.EN. and S.O,; investigation, E.EN., C.T., M.A., X.B., and V.V,; methodology, EEN., BM., C.T.,
and S.O.; project administration, E.EN. and S.O.; resources, A.C. (Alexandre Colau), E.C., A.F, P.C.
(Philippe Camparo), P.C. (Pierre Colin), R.Z.,, M.B., X.B., B.D., M.L,, and V.V,; supervision, S.0. and
J.G.; visualization, G.B.; writing—original draft, EEN., BM., S.O,, and J.G.; writing—review and
editing, E.C., A.B. (Aristotelis Bamias), A.C. (Aurelie Catteau), .B.,, M.M., FA., AM,, and V.V. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by a “FONCER Contre le Cancer” grant.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. The data collection was declared at the French national commission (CNIL,
declaration 5G52360236q). Permission was granted by a French ethics review board (CEREES, dossier
no. 27756).

Informed Consent Statement: Written consent for the use of the patients” data for analysis was
encouraged but was not mandatory. Patients who could not provide written consent received
relevant information by post in order to enable denial on their behalf. Since data were anonymized,
a waiver of consent was granted in the case of death, but families were informed and could deny
participation.

Data Availability Statement: Data will be given through an anonymized Excel file in the supple-
mentary data.

Acknowledgments: The work was supported by INSERM, AP-HP, University Paris Descartes, the
Cancéropole Ile-de-France, the Cancer Research for Personalized Medicine (CARPEM), Paris Alliance
of Cancer Research Institutes (PACRI), the LabEx Immunooncology, the National Cancer Institute
of France (INCa; ref 2012-218), HalioDx for Immunoscore®, La Ligue Contre le Cancer, Association
pour la Recherche contre le Cancer (ARC). Elise Nassif acknowledges having received grant support
from Fondation pour la recherche médicale (FRM) and Fondation Nuovo-Soldati.

Conflicts of Interest: ].G. and B.M. have patents associated with the immune prognostic biomarkers.
J.G. is co-founder of the HalioDx biotech company. The Immunoscore® a registered trademark from
the National Institute of Health and Medical Research (INSERM) licensed to HalioDx.

References

1.  Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2015. CA Cancer |. Clin. 2015, 65, 5-29. [CrossRef] [PubMed]

2. Bellmunt, J.; Orsola, A.; Leow, ].J.; Wiegel, T.; De Santis, M.; Horwich, A. Bladder cancer: ESMO Practice Guidelines for diagnosis,
treatment and follow-up. Ann. Oncol. 2014, 25, iii40-iii48. [CrossRef] [PubMed]

3. Alfred Witjes, J.; Lebret, T.; Compérat, EM.; Cowan, N.C.; De Santis, M.; Bruins, H.M.; Hernandez, V.; Espinés, E.L.; Dunn,
J.; Rouanne, M.; et al. Updated 2016 EAU Guidelines on Muscle-invasive and Metastatic Bladder Cancer. Eur. Urol. 2017,
71, 462-475. [CrossRef] [PubMed]

4. Vale, C.L. Neoadjuvant Chemotherapy in Invasive Bladder Cancer: Update of a Systematic Review and Meta-Analysis of
Individual Patient Data. Eur. Urol. 2005, 48, 202-206. [CrossRef]

5. Vieweg, ].; Gschwend, ].E.; Herr, H.W,; Fair, W.R. The Impact of Primary Stage on Survival in Patients with Lymph Node Positive
Bladder Cancer. J. Urol. 1999, 161, 72-76. [CrossRef]

6.  Sonpavde, G.; Goldman, B.H.; Speights, V.O.; Lerner, S.P.; Wood, D.P.; Vogelzang, N.J.; Trump, D.L.; Natale, R.B.; Grossman, H.B.;
Crawford, E.D. Quality of pathologic response and surgery correlate with survival for patients with completely resected bladder
cancer after neoadjuvant chemotherapy. Cancer 2009, 115, 4104—4109. [CrossRef]

7. BOHle, A.; Brandau, S. Inmune Mechanisms in Bacillus Calmette-Guerin Immunotherapy for Superficial Bladder Cancer. J. Urol.
2003, 170, 964-969. [CrossRef]

8.  Galsky, M.D.; Arija, ].A.A. ; Bamias, A.; Davis, L.D.; De Santis, M.; Kikuchi, E.; Garcia-del-Muro, X.; De Giorgi, U.; Mencinger,
M.; Izumi, K,; et al. Atezolizumab with or without chemotherapy in metastatic urothelial cancer (IMvigor130): A multicentre,
randomised, placebo-controlled phase 3 trial. Lancet 2020, 395, 1547-1557. [CrossRef]

9. Apolo, A.B;; Infante, ].R.; Balmanoukian, A.; Patel, M.R.; Wang, D.; Kelly, K.; Mega, A.E.; Britten, C.D.; Ravaud, A.; Mita, A.C,;
et al. Avelumab, an Anti-Programmed Death-Ligand 1 Antibody, in Patients with Refractory Metastatic Urothelial Carcinoma:
Results from a Multicenter, Phase Ib Study. J. Clin. Oncol. 2017, 35, 2117-2124. [CrossRef]


http://doi.org/10.3322/caac.21254
http://www.ncbi.nlm.nih.gov/pubmed/25559415
http://doi.org/10.1093/annonc/mdu223
http://www.ncbi.nlm.nih.gov/pubmed/25096609
http://doi.org/10.1016/j.eururo.2016.06.020
http://www.ncbi.nlm.nih.gov/pubmed/27375033
http://doi.org/10.1016/j.eururo.2005.04.006
http://doi.org/10.1016/S0022-5347(01)62067-6
http://doi.org/10.1002/cncr.24466
http://doi.org/10.1097/01.ju.0000073852.24341.4a
http://doi.org/10.1016/S0140-6736(20)30230-0
http://doi.org/10.1200/JCO.2016.71.6795

Cancers 2021, 13, 494 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Powles, T.; O'Donnell, PH.; Massard, C.; Arkenau, H.-T.; Friedlander, T.W.; Hoimes, C.J.; Lee, ].L.; Ong, M.; Sridhar, S.S.;
Vogelzang, N.J.; et al. Efficacy and Safety of Durvalumab in Locally Advanced or Metastatic Urothelial Carcinoma. JAMA Oncol.
2017, 3, €172411. [CrossRef]

Sharma, P; Shen, Y.; Wen, S.; Yamada, S.; Jungbluth, A.A.; Gnjatic, S.; Bajorin, D.F,; Reuter, V.E.; Herr, H.; Old, L.J.; et al. CD8
tumor-infiltrating lymphocytes are predictive of survival in muscle-invasive urothelial carcinoma. Proc. Natl. Acad. Sci. USA
2007, 104, 3967-3972. [CrossRef] [PubMed]

Bellmunt, J.; de Wit, R.; Vaughn, D.J.; Fradet, Y.; Lee, ].-L.; Fong, L.; Vogelzang, N.J.; Climent, M.A.; Petrylak, D.P.; Choueiri,
T.K,; et al. Pembrolizumab as Second-Line Therapy for Advanced Urothelial Carcinoma. N. Engl. |. Med. 2017, 376, 1015-1026.
[CrossRef] [PubMed]

Powles, T.; Park, S.H.; Voog, E.; Caserta, C.; Valderrama, B.; Gurney, H.; Kalofonos, H.; Radulovic, S.; Demey, W.; Ullén, A.
Maintenance avelumab+ best supportive care (BSC) versus BSC alone after platinum-based first-line (1L) chemotherapy in
advanced urothelial carcinoma (UC): JAVELIN Bladder 100 phase III interim analysis. J. Clin. Oncol. 2020. [CrossRef]

Koebel, C.M.; Vermi, W.; Swann, ].B.; Zerafa, N.; Rodig, S.J.; Old, L.J.; Smyth, M.].; Schreiber, R.D. Adaptive immunity maintains
occult cancer in an equilibrium state. Nature 2007, 450, 903-907. [CrossRef] [PubMed]

Bruni, D.; Angell, HK.; Galon, J. The immune contexture and Immunoscore in cancer prognosis and therapeutic efficacy. Nat.
Rev. Cancer 2020, 20, 662-680. [CrossRef]

Pages, F.; Mlecnik, B.; Marliot, F.; Bindea, G.; Ou, E-S,; Bifulco, C.; Lugli, A; Zlobec, I.; Rau, T.T.; Berger, M.D,; et al. International
validation of the consensus Immunoscore for the classification of colon cancer: A prognostic and accuracy study. Lancet 2018,
391, 2128-2139. [CrossRef]

Bindea, G.; Mlecnik, B.; Fridman, W.-H.; Galon, J. The prognostic impact of anti-cancer immune response: A novel classification
of cancer patients. Semin. Immunopathol. 2011, 33, 335-340. [CrossRef]

Bindea, G.; Mlecnik, B.; Angell, HK.; Galon, ]J. The immune landscape of human tumors. Oncolmmunology 2014,
3, €27456. [CrossRef]

Mlecnik, B.; Tosolini, M.; Kirilovsky, A.; Berger, A.; Bindea, G.; Meatchi, T.; Bruneval, P.; Trajanoski, Z.; Fridman, W.-H.; Pages,
F.; et al. Histopathologic-Based Prognostic Factors of Colorectal Cancers Are Associated With the State of the Local Immune
Reaction. J. Clin. Oncol. 2011, 29, 610-618. [CrossRef]

Mlecnik, B.; Bifulco, C.; Bindea, G.; Marliot, F.; Lugli, A.; Lee, ].J.; Zlobec, I.; Rau, T.T.; Berger, M.D.; Nagtegaal, 1.D.; et al.
Multicenter International Society for Inmunotherapy of Cancer Study of the Consensus Immunoscore for the Prediction of
Survival and Response to Chemotherapy in Stage III Colon Cancer. J. Clin. Oncol. 2020, 38, 3638-3651. [CrossRef]

Pages, F.; André, T.; Taieb, J.; Vernerey, D.; Henriques, J.; Borg, C.; Marliot, E; Ben Jannet, R.; Louvet, C.; Mineur, L.; et al.
Prognostic and predictive value of the Immunoscore in stage III colon cancer patients treated with oxaliplatin in the prospective
IDEA France PRODIGE-GERCOR cohort study. Ann. Oncol. 2020, 31, 921-929. [CrossRef] [PubMed]

Alberts, S.R.; Galon, J.; Smyrk, T.C.; Shields, A.F,; Nair, S.G.; Kahlenberg, M.S.; Goldberg, RM.; Gill, S.; Benson, A.B.; Mlecnik, B.;
et al. Contribution of Immunoscore and Molecular Features to Survival Prediction in Stage III Colon Cancer. [NCI Cancer Spectr.
2020, 4. [CrossRef]

Ascierto, P.A.; Marincola, FM.; Fox, B.A.; Galon, J. No time to die: The consensus immunoscore for predicting survival and
response to chemotherapy of locally advanced colon cancer patients in a multicenter international study. Oncolmmunology 2020,
9, 1826132. [CrossRef]

Amin, M.B.; Greene, FL.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R.;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA Cancer |. Clin. 2017, 67, 93-99. [CrossRef]

Mlecnik, B.; Bindea, G.; Angell, H.K.; Maby, P.; Angelova, M.; Tougeron, D.; Church, S.E.; Lafontaine, L.; Fischer, M.; Fredriksen, T.;
et al. Integrative Analyses of Colorectal Cancer Show Immunoscore Is a Stronger Predictor of Patient Survival Than Microsatellite
Instability. Immunity 2016, 44, 698-711. [CrossRef] [PubMed]

Galon, J.; Costes, A.; Sanchez-Cabo, F,; Kirilovsky, A.; Mlecnik, B.; Lagorce-Pages, C.; Tosolini, M.; Camus, M.; Berger, A.; Wind,
P; et al. Type, Density, and Location of Immune Cells Within Human Colorectal Tumors Predict Clinical Outcome. Science 2006,
313, 1960-1964. [CrossRef] [PubMed]

Galon, J.; Mlecnik, B.; Bindea, G.; Angell, HK.; Berger, A.; Lagorce, C.; Lugli, A.; Zlobec, I.; Hartmann, A.; Bifulco, C,;
et al. Towards the introduction of the ‘Immunoscore’ in the classification of malignant tumours. J. Pathol. 2013, 232, 199-209.
[CrossRef] [PubMed]

Galon, J.; Pages, E; Marincola, EM.; Thurin, M.; Trinchieri, G.; Fox, B.A.; Gajewski, T.E; Ascierto, P.A. The immune score as a new
possible approach for the classification of cancer. J. Transl. Med. 2012, 10. [CrossRef]

Galon, J.; Bruni, D. Tumor Immunology and Tumor Evolution: Intertwined Histories. Immunity 2020, 52, 55-81. [CrossRef]
Grossman, H.B.; Natale, R.B.; Tangen, C.M.; Speights, V.O.; Vogelzang, N.J.; Trump, D.L.; White, R W.d.; Sarosdy, M.E.; Wood,
D.P; Raghavan, D.; et al. Neoadjuvant Chemotherapy plus Cystectomy Compared with Cystectomy Alone for Locally Advanced
Bladder Cancer. N. Engl. J. Med. 2003, 349, 859-866. [CrossRef]

Sharma, P.; Retz, M.; Siefker-Radtke, A.; Baron, A.; Necchi, A.; Bedke, J.; Plimack, E.R.; Vaena, D.; Grimm, M.-O.; Bracarda, S.;
et al. Nivolumab in metastatic urothelial carcinoma after platinum therapy (CheckMate 275): A multicentre, single-arm, phase 2
trial. Lancet Oncol. 2017, 18, 312-322. [CrossRef]


http://doi.org/10.1001/jamaoncol.2017.2411
http://doi.org/10.1073/pnas.0611618104
http://www.ncbi.nlm.nih.gov/pubmed/17360461
http://doi.org/10.1056/NEJMoa1613683
http://www.ncbi.nlm.nih.gov/pubmed/28212060
http://doi.org/10.1200/JCO.2020.38.18_suppl.LBA1
http://doi.org/10.1038/nature06309
http://www.ncbi.nlm.nih.gov/pubmed/18026089
http://doi.org/10.1038/s41568-020-0285-7
http://doi.org/10.1016/S0140-6736(18)30789-X
http://doi.org/10.1007/s00281-011-0264-x
http://doi.org/10.4161/onci.27456
http://doi.org/10.1200/JCO.2010.30.5425
http://doi.org/10.1200/JCO.19.03205
http://doi.org/10.1016/j.annonc.2020.03.310
http://www.ncbi.nlm.nih.gov/pubmed/32294529
http://doi.org/10.1093/jncics/pkaa023
http://doi.org/10.1080/2162402X.2020.1826132
http://doi.org/10.3322/caac.21388
http://doi.org/10.1016/j.immuni.2016.02.025
http://www.ncbi.nlm.nih.gov/pubmed/26982367
http://doi.org/10.1126/science.1129139
http://www.ncbi.nlm.nih.gov/pubmed/17008531
http://doi.org/10.1002/path.4287
http://www.ncbi.nlm.nih.gov/pubmed/24122236
http://doi.org/10.1186/1479-5876-10-1
http://doi.org/10.1016/j.immuni.2019.12.018
http://doi.org/10.1056/NEJMoa022148
http://doi.org/10.1016/S1470-2045(17)30065-7

Cancers 2021, 13, 494 14 of 14

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hiilsen, S.; Lippolis, E.; Ferrazzi, F.; Otto, W.; Distel, L.; Fietkau, R.; Denzinger, S.; Breyer, J.; Burger, M.; Bertz, S.; et al. High
Stroma T-Cell Infiltration is Associated with Better Survival in Stage pT1 Bladder Cancer. Int. ]. Mol. Sci. 2020, 21, 8407. [CrossRef]
Eckstein, M.; Strissel, P; Strick, R.; Weyerer, V.; Wirtz, R.; Pfannstiel, C.; Wullweber, A.; Lange, E; Erben, P,; Stoehr, R.; et al.
Cytotoxic T-cell-related gene expression signature predicts improved survival in muscle-invasive urothelial bladder cancer
patients after radical cystectomy and adjuvant chemotherapy. J. Immunother. Cancer 2020, 8, €000162. [CrossRef] [PubMed]
Efstathiou, ]J.A.; Mouw, K.W.; Gibb, E.A_; Liu, Y.; Wu, C.-L.; Drumm, M.R.; da Costa, ].B.; du Plessis, M.; Wang, N.Q.; Davicioni,
E.; et al. Impact of Immune and Stromal Infiltration on Outcomes Following Bladder-Sparing Trimodality Therapy for Muscle-
Invasive Bladder Cancer. Eur. Urol. 2019, 76, 59-68. [CrossRef] [PubMed]

Real, EX.; Yu, A.; Mansure, J.J.; Solanki, S.; Siemens, D.R.; Koti, M.; Dias, A.B.T.; Burnier, M.M.; Brimo, F.; Kassouf, W. Presence of
lymphocytic infiltrate cytotoxic T lymphocyte CD3+, CD8+, and immunoscore as prognostic marker in patients after radical
cystectomy. PLoS ONE 2018, 13, e0205746. [CrossRef]

Li, H.; Zhang, Q.; Shuman, L.; Kaag, M.; Raman, ].D.; Merrill, S.; DeGraff, D.J.; Warrick, J.I.; Chen, G. Evaluation of PD-L1
and other immune markers in bladder urothelial carcinoma stratified by histologic variants and molecular subtypes. Sci. Rep.
2020, 10. [CrossRef]

Sjodahl, G.; Lovgren, K.; Lauss, M.; Chebil, G.; Patschan, O.; Gudjonsson, S.; Mansson, W.; Ferno, M.; Leandersson, K.;
Lindgren, D.; et al. Infiltration of CD3+ and CD68+ cells in bladder cancer is subtype specific and affects the outcome of patients
with muscle-invasive tumors11Grant support: The Swedish Cancer Society, the Swedish research council, the Nilsson Cancer
foundation, the BioCARE Strategic Cancer Research program, the Lund Medical Faculty, and FoU Landstinget Kronoberg and
Sodra Regionvardnamnden. Urol. Oncol. Semin. Orig. Investig. 2014, 32, 791-797. [CrossRef]

Pfannstiel, C.; Strissel, P.L.; Chiappinelli, K.B.; Sikic, D.; Wach, S.; Wirtz, RM.; Wullweber, A.; Taubert, H.; Breyer, J.; Otto, W.; et al.
The Tumor Immune Microenvironment Drives a Prognostic Relevance That Correlates with Bladder Cancer Subtypes. Cancer
Immunol. Res. 2019, 7,923-938. [CrossRef]

Thibault, C.; Elaidi, R.; Vano, Y.-A.; Rouabah, M.; Braychenko, E.; Helali, I.; Audenet, E; Oudard, S. Open-label phase II to
evaluate the efficacy of NEoadjuvant dose-dense MVAC In cOmbination with durvalumab and tremelimumab in muscle-invasive
urothelial carcinoma: NEMIO. Bull. Cancer 2020, 107, eS8-eS15. [CrossRef]

Necchi, A; Raggi, D.; Gallina, A.; Madison, R.; Colecchia, M.; Luciano, R.; Montironi, R.; Giannatempo, P.; Fare, E.; Pederzoli, F;
et al. Updated Results of PURE-01 with Preliminary Activity of Neoadjuvant Pembrolizumab in Patients with Muscle-invasive
Bladder Carcinoma with Variant Histologies. Eur. Urol. 2020, 77, 439-446. [CrossRef]

Gao, J.; Navai, N.; Alhalabi, O.; Siefker-Radtke, A.; Campbell, M.T.; Tidwell, R.S.; Guo, C.C.; Kamat, A.M.; Matin, S.E,; Araujo,
J.C.; et al. Neoadjuvant PD-L1 plus CTLA-4 blockade in patients with cisplatin-ineligible operable high-risk urothelial carcinoma.
Nat. Med. 2020. [CrossRef] [PubMed]

Powles, T.; Duran, I.; van der Heijden, M.S.; Loriot, Y.; Vogelzang, N.]J.; De Giorgi, U.; Oudard, S.; Retz, M.M.; Castellano, D.;
Bamias, A.; et al. Atezolizumab versus chemotherapy in patients with platinum-treated locally advanced or metastatic urothelial
carcinoma (IMvigor211): A multicentre, open-label, phase 3 randomised controlled trial. Lancet 2018, 391, 748-757. [CrossRef]


http://doi.org/10.3390/ijms21218407
http://doi.org/10.1136/jitc-2019-000162
http://www.ncbi.nlm.nih.gov/pubmed/32448798
http://doi.org/10.1016/j.eururo.2019.01.011
http://www.ncbi.nlm.nih.gov/pubmed/30712971
http://doi.org/10.1371/journal.pone.0205746
http://doi.org/10.1038/s41598-020-58351-6
http://doi.org/10.1016/j.urolonc.2014.02.007
http://doi.org/10.1158/2326-6066.CIR-18-0758
http://doi.org/10.1016/S0007-4551(20)30281-2
http://doi.org/10.1016/j.eururo.2019.10.026
http://doi.org/10.1038/s41591-020-1086-y
http://www.ncbi.nlm.nih.gov/pubmed/33046869
http://doi.org/10.1016/S0140-6736(17)33297-X

	Introduction 
	Materials and Methods 
	Results 
	Patients and Tumor Characteristics 
	Immune Densities and Immunoscore Distributions in Terms of the Clinical Characteristics 
	Comparative Outcomes of Immunoscore Groups in Terms of the Response to Treatment 
	Recurrence and Time to Recurrence 
	Overall Survival 
	Multivariable Analysis 

	Discussion 
	Conclusions 
	References

