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SUMMARY

To parallelly compare the efficacy of neoadjuvant immunotherapy (tislelizumab), neoadjuvant chemotherapy
(gemcitabine and cisplatin), and neoadjuvant combination therapy (tislelizumab + GC) in patients with mus-
cle-invasive bladder cancer (MIBC) and explore the efficacy predictors, we perform a multi-center, real-world
cohort study that enrolls 253 patients treated with neoadjuvant treatments (combination therapy: 98, chemo-
therapy: 107, and immunotherapy: 48) from 15 tertiary hospitals. We demonstrate that neoadjuvant combi-
nation therapy achieves the highest complete response rate and pathological downstaging rate compared
with neoadjuvant immunotherapy or chemotherapy. We develop and validate an efficacy prediction model
consisting of pretreatment clinical characteristics, which can pinpoint candidates to receive neoadjuvant
combination therapy. We also preliminarily reveal that patients who achieve pathological complete response
after neoadjuvant treatments plus maximal transurethral resection of the bladder tumor may be safe to
receive bladder preservation therapy. Overall, this study highlights the benefit of neoadjuvant combination
therapy based on tislelizumab for MIBC.

INTRODUCTION

Neoadjuvant chemotherapy (NAC) followed by radical cystec-
tomy (RC) is the standard treatment for muscle-invasive bladder
cancer (MIBC). Despite receiving aggressive treatments (NAC +
RC), more than 40% of MIBC patients still underwent recurrence
or death within 3 years.'™ Moreover, NAC remains underutilized
in most patients because of cisplatin-ineligible or chemotherapy-
related toxicity.*° There is an urgent need for developing new
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treatment options for patients with MIBC. Recently, immune
checkpoint blockade (ICB), including anti-PD-1/PD-L1, showed
promising survival benefits and revolutionized the treatment sta-
tus for patients with advanced MIBC.®” The safety and efficacy
of neoadjuvant ICB (NICB) in MIBC has been confirmed by two
prospective clinical trials, including PURE-01 and ABACUS
studies.®>® Similarly, Rose et al. recently reported the safety
and efficacy of the combination therapy (NAC.NICB) of NAC
and NICB in MIBC."° These clinical trials preliminarily laid the
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transurethral resection of the bladder tumor.

foundation for the clinical application of neoadjuvant treatments
based on anti-PD-1/PD-L1 in MIBC.

However, several major issues need to be further explored for
the neoadjuvant settings of anti-PD-1/PD-L1 in MIBC. First, the
tumor control efficacy of NAC, NICB, or NAC.NICB seems com-
parable based on results of existing clinical trials,® ' causing our
difficulties for the treatment choices in real-world clinical
practice. Until now, there has been no head-to-head study
comparing the efficacy and safety of NAC, NICB, and
NAC.NICB in the same real-world clinical setting. Moreover,
the role of combination therapy in patients with unresectable or
metastatic MIBC remains uncertain.'®'® A multi-center random-
ized phase lll trial (IMvigor130) demonstrated that addition of
atezolizumab to platinum-based chemotherapy as first-line
treatment significantly prolonged survival of patients when
compared with chemotherapy alone.’® In contrast, another ran-
domized phase lll trial (KEYNOTE-361) suggested that addition
of pembrolizumab to first-line platinum-based chemotherapy
did not significantly improve efficacy or survival, and it indicated
that the combination therapy should not be widely adopted for
advanced MIBC.'? These ununified results further highlight the
need for performing a real-world cohort study to explore the su-
periority of combination therapy compared with chemotherapy
or immunotherapy alone. Second, robust biomarkers to predict
treatment efficacy of neoadjuvant treatments are still lacking
for MIBC. Third, the role of those emerging anti-PD-1/PD-L1
drugs, like tislelizumab, remains to be further investigated in
the neoadjuvant settings, especially for the Chinese populations.
Tislelizumab is a humanized monoclonal antibody with higher
binding affinity to the PD-1 receptor than the common anti-PD-
1 drugs, such as pembrolizumab and nivolumab.'*'® The sec-
ond advantage of tislelizumab is the ability to minimize its binding
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to the Fcy receptor on macrophages and avoid antibody-depen-
dent phagocytosis, which is a mechanism of T cell clearance and
potential resistance to anti-PD-1 therapy.'*'® Another signifi-
cant advantage of tislelizumab was the lower price compared
with other anti-PD-L1/PD-1 drugs.

Current clinical trials demonstrated that tislelizumab signifi-
cantly improved the prognosis of several advanced malig-
nancies, including MIBC.'®'® Moreover, the combination of
tislelizumab and chemotherapy resulted in superior survival ben-
efits with similar side effects compared with chemotherapy
alone.’®?" Based on these promising results, tislelizumab has
been approved in China.'®

Here, we performed this real-world study in fifteen territory
medicine centers to parallelly compare the efficacy and safety
of NAC, NICB, and NAC.NICB in patients with MIBC, and we
also explored the potential treatment efficacy predictors. This
study assessed the efficacy and safety of tislelizumab in the
neoadjuvant settings (NICB or NAC.NICB) for patients with
MIBC.

RESULTS

Neoadjuvant treatment cohorts

As shown in Figure 1, we included patients from two stages,
including discovery stage (n = 104; NAC.NICB: 30, NAC: 53,
NICB: 21) and validation stage (n = 149; NAC.NICB: 68, NAC:
54, NICB: 27). Overall, 253 eligible patients with MIBC were
included in our real-world cohorts, including NAC.NICB cohort
(n =98), NAC cohort (n = 107), and NICB cohort (n = 48). Over-
all, the baseline characteristics between these three cohorts
were comparable, except for the age and Scr clearance rate
(Table 1). Notably, the proportion of advanced clinical stage
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Table 1. Patients baseline characteristics

Overall (N = 253) NAC.NICB (N = 98) NAC (N =107) NICB (N = 48) p value
Age (years) 0.001
Mean (SD) 62.5 (10.1) 60.5 (9.43) 62.4 (9.76) 67.0 (10.7)
Scr clearance rate 0.019
Median (IQR) 68.3 (54.3, 83.9) 65.9 (56.1, 81.4) 74.9 (54.9, 89.5) 63.5 (45.4, 74.3)
Sex 0.521
Female 43 (17.0%) 18 (18.4%) 15 (14.0%) 10 (20.8%)
Male 210 (83.0%) 80 (81.6%) 92 (86.0%) 38 (79.2%)
BMI 0.138
Mean (SD) 23.2 (3.13) 23.6 (3.33) 23.0 (3.05) 22.6 (2.81)
Previous NMIBC 0.392
No 207 (81.8%) 84 (85.7%) 86 (80.4%) 37 (77.1%)
Yes 46 (18.2%) 14 (14.3%) 21 (19.6%) 11 (22.9%)
Previous BCG instillations 0.263
No 238 (94.1%) 95 (96.9%) 98 (91.6%) 45 (93.8%)
Yes 15 (56.9%) 3 (3.1%) 9 (8.4%) 3 (6.3%)
Smoking status 0.968
Nonsmoker 144 (56.9%) 55 (56.1%) 61 (57.0%) 28 (58.3%)
Smoker 109 (43.1%) 43 (43.9%) 46 (43.0%) 20 (41.7%)
Hydronephrosis 0.889
No 186 (73.5%) 73 (74.5%) 77 (72.0%) 36 (75.0%)
Yes 67 (26.5%) 25 (25.5%) 30 (28.0%) 12 (25.0%)
Grade 0.486
High grade 205 (81.0%) 82 (83.7%) 83 (77.6%) 40 (83.3%)
Low grade 48 (19.0%) 16 (16.3%) 24 (22.4%) 8 (16.7%)
Histology variants 0.387
uc 224 (88.5%) 85 (86.7%) 95 (88.8%) 44 (91.7%)
SCC 19 (7.5%) 6 (6.1%) 10 (9.3%) 3 (6.3%)
Sarcomatoid 4 (1.6%) 4 (4.1%) 0 (0%) 0 (0%)
Neuroendocrine 6 (2.4%) 3(3.1%) 2 (1.9%) 1(2.1%)
Clinical Stage 0.784
T2NOMO 141 (55.7%) 53 (54.1%) 61 (57.0%) 27 (56.3%)
T3NOMO 61 (24.1%) 23 (23.5%) 24 (22.4%) 14 (29.2%)
>T3NOMO 51 (20.2%) 22 (22.4%) 22 (20.6%) 7 (14.6%)
Surgery 0.699
Partial cystectomy 2 (0.8%) 1(1.0%) 1(0.9%) 0 (0%)
RC + ileal conduit 108 (42.7%) 43 (43.9%) 49 (45.8%) 16 (33.3%)
RC + orthotopic neobladder 9 (3.6%) 4 (4.1%) 4 (3.7%) 1(2.1%)
RC + ureterocutaneostomy 101 (39.9%) 35 (35.7%) 43 (40.2%) 23 (47.9%)
TURBT 33 (13.0%) 15 (15.3%) 10 (9.3%) 8 (16.7%)

BMI: body mass index; TURBT: transurethral resection of the bladder tumor; NMIBC: non-muscle-invasive bladder cancer; BCG: Bacillus Calmette-
Guerin; UC: urothelial carcinoma; SCC: squamous cell carcinoma; RC: radical cystectomy; SD: standard deviation; IQR: inter-quartile range; Scr:

serum creatinine.

(>T3NOMO) in the whole real-world cohort (n = 253) reached
20.2%, which was significantly higher than that of previous clin-
ical trials.®%?>?% 33 patients refused RC and then received
maximal TURBT because of strong personal preference for
high quality of life, and two patients underwent partial cystec-
tomy because of radiological progression and metastasis after
two treatment cycles.

Efficacy and safety of three neoadjuvant treatments in
our real-world settings

All 253 patients were evaluable for pathological staging, and
the efficacy outcomes are summarized in Table 2. Among
the overall cohort (n = 253), 50 patients (19.8%) achieved com-
plete response (CR: pTONOMO), and 72 (28.5%) patients
achieved partial response (PR: pTis, Ta, T1, NOMO). The overall
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Table 2. Pathologic response of three neoadjuvant schedules

Overall (N = 253) NAC.NICB (N = 98) NAC (N = 107) NICB (N = 48) p value

Pathological response 0.002
CR 50 (19.8%) 31 (31.6%) 12 (11.2%) 7 (14.6%)

PR 72 (28.5%) 28 (28.6%) 34 (31.8%) 10 (20.8%)

SD 100 (39.5%) 31 (31.6%) 43 (40.2%) 26 (54.2%)

PD 31 (12.3%) 8 (8.2%) 18 (16.8%) 5(10.4%)

CR response 0.001
CR 50 (19.8%) 31 (31.6%) 12 (11.2%) 7 (14.6%)

Non-CR 203 (80.2%) 67 (68.4%) 95 (88.8%) 41 (85.4%)

Binary response 0.007
Responder (CR + PR) 122 (48.2%) 59 (60.2%) 46 (43.0%) 17 (35.4%)

Nonresponder (SD + PD) 131 (51.8%) 39 (39.8%) 61 (57.0%) 31 (64.6%)

DCR response 0.153
DCR 222 (87.7%) 90 (91.8%) 89 (83.2%) 43 (89.6%)

Non-DCR 31 (12.3%) 8 (8.2%) 18 (16.8%) 5(10.4%)

NAC.NICB: combination of neoadjuvant chemotherapy and immunotherapy; NAC: neoadjuvant chemotherapy; NICB: neoadjuvant immunotherapy;

CR: complete response; PR: partial response; SD: stable disease; PD: progression di

DCR: di control rate.

pathologic downstaging rate (<pT2NOMO: responder) and
disease control rate (DCR) were 48.2% and 87.7%, respec-
tively. 31 patients (12.3%) presented with progression diseases
(PD).

Three different neoadjuvant treatments were carried out at the
same real-world setting and had comparable baseline charac-
teristics, which allowed us to head-to-head compare their
efficacy and safety. Obviously, patients in NAC.NICB cohort
achieved significantly higher CR rate than another two co-
horts (31.6% vs. 11.2% and 14.6% respectively, p = 0.001).
Similarly, the pathological downstaging rate of NAC.NICB
(60.2%) was significantly higher than that of NAC cohort
(43.0%) and NICB cohort (35.4%) (p = 0.007). As for the DCR,
there was no difference between these three neoadjuvant
schedules (p = 0.153).

During the discovery stage, a total of 84 patients could be
followed up with well. Overall, patients achieving pathological
downstaging (responders) had significantly higher overall sur-
vival (OS) rates compared with non-responders (Figure S1A).
A similar result was observed in the NAC subgroup (Fig-
ure S1B). It is worth noting that the median OS had not been
reached in the NAC.NICB cohort and the NICB cohort.
Although the death events of non-responders were more than
that of responders, the difference was not statistically signifi-
cant (Figures S1C and S1D). Overall, we demonstrated that
the pathological response might be a surrogate marker for
OS. The treatment-related adverse events (TRAEs) were able
to be analyzed in 21 patients from NAC.NICB and nine patients
from NICB cohorts (Table S1). Obviously, the frequencies of
TRAEs were higher in NAC.NICB cohort compared with NICB
cohort. In NAC.NICB cohort, the most common TRAEs were
nausea (47.6%) and pruritus (42.9%). Grade 3 TRAEs included
anemia, decreased neutrophil count, decreased platelet count,
nausea, and hypothyroidism. In NICB cohort, the TRAE fre-
quencies were low. But a grade 4 TRAE (hypothyroidism)
occurred in one patient.

4 Cell Reports Medicine 3, 100785, November 15, 2022

Associations between clinicopathological
characteristics and pathological response

We focused on NAC.NICB cohort to screen biomarkers for pre-
dicting treatment response because of the highest CR and path-
ological response rates in this cohort. A total of 28 patients had
enough pretreatment clinicopathological features to be analyzed
during the discovery stage. Univariable analyses of all available
clinicopathological variables between responders and non-re-
sponders are presented in Table S2 (variables with p > 0.1)
and Table 3 (variables with p < 0.1). 9 of 11 patients (81.81%)
achieved pathologic response in T2NOMO subgroup, while this
rate was only 29.41% (5 of 17 patients) in >T2NOMO subgroup
(p = 0.018). Patients with pure urothelial carcinoma (UC)
possessed significantly higher pathological response rates
than patients with histology variants (63.64% vs. zero). In addi-
tion, patients in the pathological response group had higher
levels of hemoglobin but lower levels of platelet, globulin, and
platelet-to-lymphocyte ratio (PLR). However, the neoadjuvant
treatment sequence (p = 0.077) was not related to pathological
response. In summary, lower clinical stage (p = 0.018), pure
UC histology (p = 0.016), higher hemoglobin (p = 0.019), lower
platelet (p = 0.044), lower globulin (p = 0.034), and lower PLR
(p = 0.016) were significantly associated with higher pathological
response rates.

Development and validation of a pathological response
prediction model based on pure pretreatment clinical
characteristics in the NAC.NICB cohort

Five pure pretreatment clinical characteristics, including clinical
stage and four hematologic characteristics, were significantly
associated with pathological response. However, because of
the small sample size during the discovery stage, we had to
reduce the number of variables to avoid model overfitting. Inter-
estingly, there were obvious linear relationships between four
hematologic characteristics (Figure 2A). Based on the relation-
ships between these four indicators and pathological response,
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Table 3. Univariate analysis of pathological response-related factors of NAC.NICB cohort during the discovery stage

Overall (N = 28) Nonresponder (N = 14) Responder (N = 14) p value
Clinical stage 0.018
T2NOMO 11 (39.3%) 2 (14.3%) 9 (64.3%)
>T2NOMO 17 (60.7%) 12 (85.7%) 5 (35.7%)
Histology variants 0.016
Pure UC 22 (78.6%) 8 (57.1%) 14 (100%)
UC with SCC (>10%) 5(17.9%) 5 (35.7%) 0 (0%)
Sarcomatoid 1 (3.6%) 1(7.1%) 0 (0%)
Neoadjuvant treatment sequence 0.077
NAC-before-NICB 4 (14.3%) 4 (28.6%) 0 (0%)
NICB-before-NAC 7 (25.0%) 2 (14.3%) 5 (35.7%)
NICB-concur-NAC 17 (60.7%) 8 (57.1%) 9 (64.3%)
Erythrocyte 0.081
Median [IQR] 4.12 [3.79, 4.54] 3.91[3.78, 4.28] 4.36 [4.03, 4.80]
Hemoglobin 0.019
Mean (SD) 128 (19.2) 120 (19.1) 137 (15.6)
Platelet 0.044
Median [IQR] 210.00 [179.00, 265.00] 212.50 [195.50, 334.00] 185.00 [160.00, 232.00]
Globulin 0.034
Mean (SD) 28.1 (4.70) 29.9 (5.02) 26.1 (3.55)
NSE 0.054
Mean (SD) 5.03 (3.79) 6.62 (4.48) 2.99 (0.742)
PLR 0.016
Mean (SD) 146 (62.1) 173 (69.3) 117 (37.4)
ALG 0.057
Mean (SD) 1.40 (0.263) 1.31 (0.267) 1.50 (0.228)

UC: urothelial carcinoma; SCC: squamous cell carcinoma; PLR: platelet-to-lymphocyte ratio; ALG: albumin-to-globulin ratio: NAC.NICB: combination
of neoadjuvant chemotherapy and immunotherapy; NAC: neoadjuvant chemotherapy; NICB: neoadjuvant immunotherapy.

we integrated them into a new indicator, named PLR.GHR
(PLR*Globulin/Hemoglobin). As expected, the PLR.GHR was
significantly higher in non-responders than responders
(Figure 2B). Moreover, PLR.GHR possessed the highest predic-
tive accuracy for pathological response (AUC = 0.80) compared
with four indicators alone (Figure 2C). These results were suc-
cessfully tested during the validation stage (Figures S2A-S2C).
We then incorporated the clinical stage and PLR.GHR into a
multivariate logistic regression model and developed a nomo-
gram (Figure 2D). The response scores of all patients calculated
by the nomogram are listed in Figures 2E and S2D. The boot-
strapped AUC of the nomogram was 0.95, which was higher
than those of the clinical stage (AUC = 0.77) and PLR.GHR
(AUC = 0.80) (Figure 2F). The calibration curve analysis showed
that the predicted response sensitivity was consistent with the
actual response sensitivity (Figure 2G). Finally, decision curve
analysis demonstrated that the net benefit of the nomogram
was obviously higher than those of the “treat-all” scheme,
“treat-none” scheme, PLR.GHR, and clinical stage (Figure 2H).

Then, we tested the statistical performance of the nomogram
during the validation stage. As expected, the predictive accuracy
of the nomogram reached 0.83, which was acceptable and was
higher than those of the clinical stage (AUC = 0.65) and
PLR.GHR (AUC = 0.80) (Figure 2l). In addition, the calibration

curve analysis and decision curve analysis were well validated
(Figures 2J and 2K).

Pathological response prediction with routine contrast-
enhanced computed tomography after two neoadjuvant
treatment cycles

In the NICB and NAC.NICB cohorts during the discovery stage,
28 patients had baseline computed tomography (CT) before neo-
adjuvant treatment and comparable CT with the same parame-
ters after two neoadjuvant treatment cycles. We evaluated the
radiographic response after two treatment cycles according to
the RECIST-criteria (response evaluation criteria in solid tumors).
Meanwhile, we evaluated the pathologic-clinic response and
divided patients into CR (pTONOMO), PR (patients with lower
pathological stage than clinical stage), stable disease (SD; pa-
tients with equal pathological stage and clinical stage), and PD
(patients with higher pathological stage than clinical stage)
groups.”

Figures S3A-S3F show the one-to-one correspondence of
radiographic response, pathological response, and pathologic-
clinic response. Obviously, a considerable part of patients
with radiographic PR were confirmed as pathological SD
or PD, especially in the NAC.NICB cohort. Overall, the radio-
graphic response and pathologic-clinic response were notably
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overestimated compared with the pathological response. As
shown in Figure S3G, a considerable part of patients with path-
ological SD or PD had a decrease in the longest diameters. Over-
all, radiographic response after two treatment cycles could not
accurately predict the pathological response in the NICB cohort
(AUC = 0.75) or NAC.NICB cohort (AUC = 0.67) (Figure S3H).

Bladder preservation therapy in our real-world cohorts
Overall, 33 patients received bladder preservation therapy
(maximal TURBT). All patients were followed up with well. The
baseline characteristics of these 33 patients receiving bladder
preservation therapy are listed in Table S3. Among them, 10
patients (30.3%) received NAC.NICB, 15 patients (45.5%)
received NAC, and 8 patients (24.2%) received NICB. After a me-
dian follow-up of 13 months, 93.94% of patients (31 of 33)
achieved disease-free survival. These patients benefited from
a significantly improved quality of life after bladder preservation
therapy without any recurrence or metastasis. The remaining
two patients underwent intravesical recurrence: one of
them (pT2NOMO) underwent recurrence at 11 months after
NAC.NICB plus maximal TURBT and ICB maintenance treat-
ment, and the other patient (pT1NOMO) had a recurrence at
12 months and died at 19 months after receiving NAC plus
maximal TURBT and chemoradiotherapy maintenance treat-
ment. We did not identify any risk factors for intravesical recur-
rence after bladder preservation therapy (Table S3). However,
it was worth noting that both patients with recurrence were
non-CR (p = 0.055).

Biomarker analysis for the efficacy of neoadjuvant
treatments based on tislelizumab in BLCA

In NAC.NICB cohort, we filtered out 308 differentially expressed
genes (DEGs) between response and resistance samples
(Table S4), and these DEGs were mainly enriched in extracellular
matrix in gene ontology (GO) analysis (Figure 3A and Table S5).
Several KEGG pathways, including MAPK signaling, TNF
signaling, and IL-17 signaling pathway were enriched based on
these DEGs (Figure 3B and Table S5). As shown in Figure 3C,
the cytokine-cytokine receptor interaction pathway (a signature
associated with ICB resistance) was obviously enriched in the
resistance samples.”® Consistently, another 17 signatures asso-
ciated with ICB response were obviously enriched in the
response samples. However, there was no significant difference
between response and resistance samples regarding the infiltra-
tion level of tumor-associated immune cells and the expression
of PD-L1 and PD-1 (Figure S4). The enrichment scores of four
stromal signatures were higher in resistance samples, though
the differences did not reach statistical significance (Figure 3D).
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Interestingly, the enrichment score of the NAC response signa-
ture was significantly higher in response group than that in resis-
tance group (Figure 3E).

In NICB cohort, we further explored the potential efficacy bio-
markers from the single-cell RNA-seq level. As shown in Fig-
ure S5A, a total of 16,298 qualified single cells were classified
into 17 clusters. These clusters were further defined into seven
cell types, including bladder cancer epithelial cell, endothelial
cell, T/NK cell, myeloid cell, B cell, fibroblast cell, and others
(Figures S5B-S5I). Obviously, there was high heterogeneity be-
tween NICB response and resistance samples (Figures S5J-
S5K). We compared the differences on the counts and propor-
tions of all cell types between NICB response and resistance
samples (Figures S5L-S5M). The results indicated that cancer
cells and T/NK cells may be determinants for NICB response in
BLCA. Therefore, we further classified the T/NK cells into three
subgroups, including CD8 T cells, CD4 T cells, and NK cells
(Figures S6A-S6J). As expected, the number of T/NK cells of
NICB resistance group was smaller than that of NICB response
group (Figure S6K). Especially, the proportions of CD8 T cells
and NK cells were lower in NICB resistance group (Figure S6L),
which highlighted the critical role of CD8 T cells and NK cells
for NICB response.

As for the bladder cancer cells, we further classified them into
five clusters (Figure 4A). Then, we explored the functions of these
clusters based on their over-expressed genes. As shown in Fig-
ure 4B, the functions of Cluster 0 mainly enriched in neutrophil-
related pathways. The functions of Cluster 1 enriched in RNA
catabolic-related pathways (Figure 4C). The functions of Cluster
2 and Cluster 3 enriched in RNA splicing-related pathways
(Figures 4D and 4E). The functions of Cluster 4 enriched in cell
cycle-related pathways (Figure 4F). Therefore, these five clusters
were annotated into four subtypes, including neutrophil subtype
(Cluster 0), RNA catabolic subtype (Cluster 1), RNA splicing sub-
type (Cluster 2 and Cluster 3), and cell cycle subtype (Cluster 4)
(Figure 4G). Obviously, the cell cycle subtype is a unique cell
subtype in the NICB response group (Figure 4H). There was no
difference in the other three subtypes between NICB resistance
and response groups. Meanwhile, the results of gene set enrich-
ment analysis (GSEA) analysis further validated the robustness
of this cell cycle subtype (Figure S7A). Furthermore, we demon-
strated that several critical immune-related pathways, such as
antigen processing and presentation, chemokine-related
pathway, and T cell-related pathway, were significantly enriched
in cell cycle subtypes (Figure S7B). More importantly, 18 signa-
tures associated with ICB response were obviously enriched in
the cell cycle subtypes, while the pathway associated with ICB
resistance (cytokine-cytokine receptor interaction pathway)

B) The PLR.GHR level in responders and non-responders during the discovery stage.
C) Receiver operating characteristic (ROC) curves of five hematological indicators for predicting pathological response during the discovery stage.

D) The pathological response prediction nomogram during the discovery stage.

E) Bar plots show the distribution of response scores calculated by the nomogram in different response groups during the discovery stage.

G) The calibration curves show that the predicted response sensitivity was consistent with the actual sensitivity during the discovery stage.
H) The decision curves highlight the highest net benefit of response score compared with clinical stage and PLR.GHR during the discovery stage.
1) ROC curves of clinical stage, PLR.GHR, and response score for predicting pathological response during the validation stage.

(
(
(
(
(F) ROC curves of clinical stage, PLR.GHR, and response scores for predicting pathological response during the discovery stage.
(
(
(
(

J) The calibration curves show that the predicted response sensitivity was consistent with the actual sensitivity during the validation stage.
(K) The decision curves highlight the highest net benefit of response score compared with clinical stage and PLR.GHR during the validation stage.
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Figure 3. Biomarker analysis of pathological response in the NAC.NICB cohort
(A) GO and (B) KEGG analysis of differentially expressed genes between response and resistance samples. The enrichment score distribution patterns of (C) 19
immunotherapy efficacy associated signatures, (D) four stromal signatures, and (E) two NAC efficacy associated signatures between response and resistance

samples.

was significantly enriched in other cancer cells (Figure S7C).
Consistently, previous studies have shown that abnormal
changes in cell cycle-related pathways may increase the level
of tumor mutation burden (TMB) and neoantigen in the tumor
microenvironment, thereby increasing tumor immunogenicity
and sensitivity to immunotherapy.?>~® In summary, we identified
a cluster of special cancer cells, called cell cycle subtype, that
were critical for the NICB response in BLCA.

DISCUSSION

Although the efficacy of neoadjuvant chemotherapy has been
well confirmed, only a few prospective clinical trials have demon-
strated the efficacy and safety of neoadjuvant immunotherapy or
neoadjuvant immunochemotherapy.®"' More importantly, the
generalizability of findings derived from these well-selected clin-
ical trials to real-world settings remains unclear.?**° The current
study compared the efficacy of three neoadjuvant treatments
head to head in the same real-world clinical practice setting.
Meanwhile, we assessed the role of tislelizumab in the neoadju-
vant settings (NICB or NAC.NICB) for patients with MIBC. The
overall pathological downstaging rate (48.2%) in our real-world
cohort was comparable to that of previous clinical trials.'"*"
The overall CR rate (19.8%) was lower than previous trials
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(28%-42%)."%112231 This lower CR rate was attributed to the
higher proportion of patients with advanced stage (>T3NOMO)
(20.2%), which has been proved to be a negative factor for path-
ological response.®'®®?> The proportion of patients with
advanced stage ranged from 1.8% to 5% in previous prospec-
tive clinical trials, including PRE-01, BLASST-1, and ABACUS
studies.®'"?%3%

The comparable baseline characteristics between three neo-
adjuvant treatments allowed us to head-to-head compare their
efficacy and safety. The CR rate (31.6%) and pathological down-
staging rate (60.2%) in our real-world NAC.NICB cohort were
comparable to that of prior prospective clinical trials of
NAC.NICB (30%-36% for CR; 50%—-66% for pathological down-
staging rate) in patients with MIBC,'%?%® despite a significantly
higher proportion of patients with advanced stage in our cohort
(>T3NOMOQ). However, the CR rate (14.6%) and pathological
downstaging rate (35.4%) were lower in our real-world NICB
cohort when compared with prior NICB clinical trials (31%-
37.5% for CR; 58% for pathological downstaging rate).?°-°2:33
Similarly, the CR rate of our real-world NAC cohort (11.2%)
was lower than CR (30%-36%) of previous trials, despite that
the pathological downstaging rates were comparable
(40%-49%).""*" Although the TRAEs frequencies were higher
in the NAC.NICB cohort compared with the NICB cohort, there
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Figure 4. Reclustering of bladder cancer cells in the NICB cohort
(A) UMAP plot of subgroups of bladder cancer cells.
(B-F) The most enriched functions of clusters 0-5.

(G) UMAP plot of four bladder cancer subtypes.
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(H) Histogram indicating the proportions of four bladder cancer subtypes of NICB resistance and response groups.
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was no grade 4 TRAE in the NAC.NICB cohort. In summary,
NAC.NICB, composed of GC and tislelizumab, achieved the
highest CR rate and pathological downstaging rate, compared
with NICB and NAC alone in the same real-world clinical practice
setting. However, the advantages of combination therapy over
chemotherapy alone for metastatic MIBC have not been recog-
nized. Two phase lll trials, including IMvigor130 and KEYNOTE-
361, revealed contrasting conclusions despite a similarity in
hazard ratios.'®'® IMvigor130 study demonstrated that combi-
nation therapy significantly improved the progression-free sur-
vival of patients with metastatic MIBC, while KEYNOTE-361 trial
did not meet the primary endpoints of superior progression-free
survival or overall survival with combination therapy versus
chemotherapy alone. The differences between these studies
and our real-world cohort study may be attributed to several rea-
sons, such as the type of study design, different statistical as-
sumptions, and different immunotherapy drugs.

So far, there was no robust biomarker to predict the treatment
efficacy of NAC.NICB. Our study explored the potential predic-
tors for the efficacy of NAC.NICB in a real-world setting. Consis-
tent with previous trials, the clinical stage was an efficacy predic-
tor in our real-world NAC.NICB cohort.®'%3? In addition, several
hematological indicators reflecting the systematic inflammation,
including hemoglobin, platelet, globulin, and PLR, were associ-
ated with NAC.NICB efficacy.®**° These pretreatment hemato-
logical indicators were more accessible, economical, and
repeatable than biomarkers derived from cancer tissues. In order
to develop an efficacy prediction model without overfitting, we
defined a new comprehensive indicator, named PLR.GHR,
based on four hematological indicators. The PLR.GHR had the
highest accuracy to predict NAC.NICB efficacy compared with
four baseline hematological indicators. Finally, we developed
and validated a nomogram with superior statistical perfor-
mances by incorporating two pure clinical variables: clinical
stage and PLR.GHR. More importantly, the clinical value and
statistical performance of this nomogram were well validated.

The administration of antibiotics during NICB compromised
therapeutic efficacy in the PURE-01 study.®® But in our
NAC.NICB and NICB cohorts, we did not find any relationship
between the usage of concomitant antibiotics and efficacy.
Chemotherapy could increase the immunogenicity of tumor
microenvironment (TME) by inducing more immunogenic cell
death and releasing more cytokines.®” Consistently, Xing et al.
demonstrated that the application of anti-PD-1 antibody
2 days after chemotherapy (NAC-before-NICB) achieved a
higher CR rate than that on the same day (NAC-concur-
NICB).*® The current NAC.NICB clinical trials for MIBC, including
BLASST-1 and SAKK 06/17 studies, applied the NAC-before-
NICB mode.?*?>** However, we found that the neoadjuvant
treatment sequence was not related to the response rate. There-
fore, the optimal sequence of immunotherapy and chemo-
therapy in the neoadjuvant setting remains to be further explored
in future clinical trials. Recently, Patel et al. reported that three
cycles (short course) of neoadjuvant treatment achieved similar
pathologic response rates and comparable short-term survival
compared with four cycles (long course).” In contrast, D’Andrea
et al. demonstrated that a long course achieved better patholog-
ical response rate and prolonged survival compared with a short
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course. In our real-world cohorts, there was no association be-
tween the treatment cycles and outcomes regardless of treat-
ment regimens (Table S6). It is worth noting that a long course
will delay RC; whether this will impair the long-term survival
needs further evaluation. PD-L1 was proven to be an efficacy
predictor for adjuvant immunotherapy or NICB in patients with
MIBC.%?> However, the previous NAC.NICB trials suggested
that baseline PD-L1 was not related to the pathological
response,'>?? which was confirmed in our NAC.NICB cohort.
As for the NICB, we identified a cluster of “cell cycle subtype”
bladder cancer cells, which were positive determinants for
NICB efficacy, from the single-cell RNA-seq level.

The addition of NAC to conventional trimodality therapy
extended the clinical application of bladder preservation therapy
for selected patients with MIBC.****! Compared with NAC, NICB
and NAC.NICB might significantly reactivate and increase the
anti-cancer immunity of peripheral blood and tumor microenvi-
ronment, thereby eliminating the micro-metastatic tumor and
circulating tumor cells that could result in postoperative recur-
rence.*>*® Theoretically, NICB and NAC.NICB may be more suit-
able for bladder preservation therapy than NAC. In our real-world
cohorts, 33 patients received bladder preservation therapy due
to strong personal preference for high quality of life and were fol-
lowed up with well. Overall, 93.94% of patients (31 of 33)
achieved disease-free survival during a median follow-up of
13 months. Especially for 18 patients receiving NAC.NICB or
NICB followed by bladder preservation therapy, the rate of intact
bladder preservation without recurrence reached 94.44%, which
was superior to other trials.*>*"**%> Two points are worth high-
lighting concerning the high rate of intact bladder preservation in
our real-world cohorts. First, the follow-up period was short.
Second, all patients received maximal TURBT after completing
neoadjuvant treatments, regardless of the radiographic
response. The maximal TURBT could resect the micro-residual
cancer tissues in patients misdiagnosed as clinical CR.

We found that pathological non-CR seems to be correlated
with intravesical recurrence (p = 0.055). Patients who achieved
CR had more favorable survival outcomes after bladder preser-
vation therapy.®® Therefore, it was critical to predict CR before
receiving bladder preservation therapy. In our real-world clinical
practice setting, contrast-enhanced CT was the most commonly
used method for predicting pathological response. Unfortu-
nately, we found that CT could not accurately predict the patho-
logical response. Many patients with pathological SD or PD were
defined as radiographic PR. A similar phenomenon was reported
in several previous studies.*®*’” Therefore, routine control CT
could not be used to select patients to receive bladder preserva-
tion therapy; instead, multiparametric magnetic resonance im-
aging may be an alternative method.*® Compared with these
subjective radiographic methods, more objective biomarkers
are needed to pinpoint the candidates who can safely receive
bladder preservation therapy; several biomarkers-guided trials
selecting patients with DNA repair genes defection to receive
bladder preservation therapy, including the RETAIN and the
HCRN GU 16-257 studies, are ongoing.***

In conclusion, neoadjuvant chemoimmunotherapy, composed
of GC and tislelizumab, achieved the highest CR rate and
pathological downstaging rate, compared with neoadjuvant
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chemotherapy and neoadjuvant immunotherapy alone in the
same real-world clinical practice setting; Neoadjuvant chemoim-
munotherapy could be safely administered in patients with
MIBC. An efficacy prediction model was developed and vali-
dated to aid in pinpointing candidates to receive neoadjuvant
chemoimmunotherapy. During a short-term follow-up period,
patients who achieved pathological CR after neoadjuvant treat-
ments plus maximal TURBT may be safe to receive bladder pres-
ervation therapy.

Limitations of the study

Several limitations existed in our real-world study. First, this is a
real-world retrospective cohort study with some inevitable bias.
Fortunately, the baseline characteristics between three cohorts
were comparable, which indicated the patient selection bias
was acceptable. Second, the follow-up periods of the
NAC.NICB and NICB cohorts were short. Third, the sample
size of the discovery stage was small. Fourth, the sample size
of biomarker analysis should be further expanded.
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Academy of Sciences that are publicly accessible at https://ngdc.cncb.ac.cn/gsa.

This paper does not report original code.

Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Ethics statement

This study was approved by the Ethics Committees of all centers (ethical number: 202,112,241). The authors are accountable for all
aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investi-
gated and resolved. Written informed consents were obtained from participants or their immediate families.

Human subjects

Chinese adults, both male and female, with histologically confirmed MIBC, receiving at least two cycles of standardized neoadjuvant
treatment and subsequent surgery, were enrolled in the study. Demographic information (i.e., age and gender) was reported in Table 1.
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METHOD DETAILS

Study design, outcomes and patient selection
This is a multi-center real-world retrospective cohort study evaluating the efficacy and safety of NAC, NICB, and NAC.NICB in pa-
tients with MIBC. The first research outcome was pathologic downstaging, including complete pathological response (CR:
pTONOMO) and partial response (PR: pTis, Ta, T1 NOMO). pT2-4NOMO with an enlarged tumor volume, pN+ and pM+ were defined
as progression diseases (PD), and the remaining status were defined as stable diseases (SD). The secondary outcome was the recur-
rence status for patients who received bladder preservation treatment.

Inclusion criteria: 1) patients with confirmed MIBC; 2) patients receiving at least two cycles of standardized neoadjuvant treatment;
3) patients receiving RC, maximal transurethral resection of the bladder tumor (TURBT) or partial cystectomy after neoadjuvant treat-
ment for precise pathologic staging. Exclusion criteria: 1) patients were pathologically diagnosed as other metastatic cancers instead
of MIBC; 2) patients receiving complete TURBT before neoadjuvant treatment, because the complete pre-TURBT might influence the
efficacy evaluation of neoadjuvant treatments.

Neoadjuvant treatment schedules
NICB: Tislelizumab 200 mg administered intravenously (IV) Q3W.
NAC: Cisplatin (70 mg/m?) IV on day 1, gemcitabine (1000 mg/m?) on day 1 and day 8, Q3W.
NAC.NICB: Based on the neoadjuvant treatments sequence, this schedule included three subgroups. NAC-before-NICB:
Cisplatin (70 mg/m?) IV on day 1, Tislelizumab 200mg on day 2, gemcitabine (1000 mg/m?) on day 1 and day 8, Q3W; NICB-
before-NAC: Tislelizumab 200mg on day 1, cisplatin (70 mg/m?) IV on day 2, gemcitabine (1000 mg/m?) on day 2 and day 8,
Q3W,; NICB-concur-NAC: Tislelizumab 200 mg IV on day 1, cisplatin (70 mg/m?) IV on day 1, gemcitabine (1000 mg/m?) on
day 1 and day 8, Q3W.

Clinicopathological characteristics collection and definition

We collected the clinical characteristics recorded at the initiation of neoadjuvant treatments. Treatment related adverse events
(TRAE) were assessed per National Cancer Institute Common Terminology Criteria for Adverse Events v4.03. Concomitant antibiotic
therapy was defined as any antibiotics administration within one month before the first neoadjuvant treatment dose or during treat-
ments. All hematologic parameters were assessed within one day before the first neoadjuvant treatment dose. Then, we defined
several comprehensive indexes with potential predicting value forimmunotherapy response, such as neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR).>>*°~>" All pathologic sections from fifteen centers were centrally reviewed by two in-
dependent pathologists. Pathological characteristics included the grade and histology of TURBT biopsy samples before neoadjuvant
treatment, in addition to the postoperative pathological stage.

Biomarker analysis

Four response samples and six resistance samples from NAC.NICB cohort were collected before treatments and were immediately
stored in liquid nitrogen. Total RNA of these samples was extracted using TRIzol (Invitrogen, Carlsbad, CA, USA). Subsequently,
NanoDrop and Agilent 2100 bioanalyzer (Thermo Fisher Scientific, MA, USA) were used to quantify total RNA. Then, we constructed
the mRNA library. All of the total RNA were purified and fragmented into small pieces. Then, first-strand cDNA and second-strand
cDNA were synthesized. After incubating with A-tailing mix and RNA Adapter Index for end repair, the cDNA fragments were further
amplified by using PCR. We constructed the final library (single-stranded circular DNA) based on the qualified double-stranded PCR
products. Finally, we performed RNA sequencing (BGISEQ-500 platform, Shenzhen, China) on these samples, and calculated the
gene expression levels by using RSEM (v1.2.12). Then, we filtered differentially expressed genes (DE-Gs) between these two groups
using the “DESeq2” R package with criteria of adjusted p < 0.05 and |log fold change (FC)| > 1.5. GO and KEGG analysis were per-
formed based on these DE-Gs using the “Clusterprofile” R package. We collected 19 ICB efficacy related signatures, 2 NAC efficacy
related signatures, and four stroma signatures from previous studies and summarized them in Table S7.%°:°5 We then calculated
the enrichment scores of these pathways using the ssGSEA algorithm.

We performed single cell RNA sequencing (OE Biotech Co, Ltd, Shanghai, China) on two response samples and one resistance
sample from NICB cohort. The detailed sequencing procedures, data preprocessing, and analysis methods have been reported
in our previous study.®* Briefly, the tumor samples were prepared into single-cell suspension, which was subsequently loaded on
a Chromium Single Cell Controller instrument (10x Genomics, Pleasanton, CA, USA) to generate the single-cell gel beads in emul-
sions. The Cell Ranger (version 2.2.0) was used to process the raw data. demultiplex cellular barcodes, map reads to the transcrip-
tome, and down-sample reads. Then, a raw unique molecular identifier (UMI) count matrix was produced. The raw count matrixes
were used to create Seurat object using “Seurat” R package and the inclusion criteria for high quality cells were set as: numbers
of unique molecular identifier (UMI) more than 1000, genes more than 200, log10GenesPerUMI more than 0.70 and mitochondrial
percent less than 20%. After quality control, we performed principal component analysis (PCA) on all single cells and identified cells
clusters by using FindClusters function. Conventional markers described in our previous study were used to categorize cells into a
known biological cell type.>* We applied the InferCNV package to detect the CNVs of all cells and confirmed the epithelial cells as the
malignant bladder cancer cells.”* The Seurat Findallmarker function was used to identify preferentially expressed genes in each
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cluster. GSEA analysis was performed based on the preferentially expressed genes of each cluster. As for bladder cancer cell clus-
ters, we explored their functions by using the “Clusterprofile” R package. Then, we annotated bladder cancer cell clusters according
to their most significant functions.

QUANTIFICATION AND STATISTICAL ANALYSIS

For categorical variables, comparisons between patient subgroups were performed by using the chi-square test or Fisher exact test.
For comparisons of continuous variables fitting normal distribution, we conducted a t-test or one-way ANOVA analysis; otherwise,
the Mann-Whitney U or Kruskal-Wallis H test was conducted. Especially for NAC.NICB cohort, we developed and validated a clinical
nomogram to calculate treatment response score using the “rms” R package. Receiver operating characteristic (ROC) curves were
plotted using the “pROC” R package. We compared the AUCs by using de-Long test. Decision curve analysis (DCA) was performed
using the “dca” R package. All data visualization and statistical analyses were performed in R software (Version: 4.0.5). Analyses with
two-sided p < 0.05 were considered statistically significant.
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