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Muscle-invasive bladder cancer (MIBC) continues to pose a significant health challenge, as conventional
neoadjuvant chemotherapy (NAC) has shown limited improvements in efficacy outcomes. Recent
clinical trials suggest that combining NAC with immune checkpoint blockade (NAC.NICB) may enhance
therapeutic efficacy. This study aimed to explore the short-term therapeutic efficacy and outcomes of
NAC.NICB compared to NAC in real-world settings for the treatment of MIBC. A total of 100 patients
with MIBC who received either NAC or NAC.NICB were included in the study. The treatment efficacy of
the NAC and NAC.NICB groups was evaluated based on pathological complete response (pCR) and the
rate of pathological downstaging through post treatment pathological assessment. In the NAC.NICB
group, clinical characteristics were compared between patients who achieved pCR and those who did
not, using the independent samples t-test or the Mann-Whitney U test. Overall, 71 patients received
NAC and 29 patients received NAC.NICB. At baseline, the NAC.NICB group exhibited higher T and N
stages compared to the NAC group. However, 48.3% (14/29) of the patients in the NAC.NICB group
achieved pCR, which was significantly higher than that observed in the NAC group (18/71, 25.4%;
p=0.034). In addition, the pathological downstaging rate in the NAC.NICB group was higher than that
of the NAC group (75.9% vs. 47.9%; p=0.014). The disease control rate (DCR) in the NAC.NICB group
was higher than that observed in the NAC group (96.6% vs. 77.5%; p=0.020). Higher pretreatment
hemoglobin levels (p=0.018) or lower platelet levels (p=0.026) in patients undergoing NAC.NICB
therapy may serve as a potential predictor for achieving a higher pCR rate. Neoadjuvant chemotherapy
combined with immune checkpoint blockade improves pCR and pathological downstaging rates in
MIBC, highlighting the benefits of neoadjuvant chemoimmunotherapy for MIBC.
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Bladder cancer is one of the most common malignancies worldwide, particularly among men, ranking as the sixth
most common cancer in males. Muscle-invasive bladder cancer (MIBC) represents a particularly aggressive form
associated with a high risk of metastasis and mortality'2. Current treatment guidelines for MIBC recommend
receiving neoadjuvant therapy before radical cystectomy (RC). Studies have confirmed that platinum-based
neoadjuvant chemotherapy (NAC) can effectively downstage tumors and provide survival benefits to patients
with bladder cancer?. However, the pathological downstaging rate achieved by current NAC remains limited.
Even with standard NAC followed by RC, 40% of patients experience recurrence or death within 3 years®-S.
Therefore, the development of novel neoadjuvant treatment strategies is imperative to enhance pathological
response rates and improve overall survival (OS) in these patients. In recent years, immune checkpoint blockade
(ICB) has demonstrated remarkable efficacy in advanced urothelial carcinoma (UC). A phase III randomized
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controlled trial (RCT) found that pembrolizumab, as a second-line therapy, significantly improved OS, leading
to its approval for advanced UC, either as a second-line treatment or as a first-line option for patients who
are platinum-intolerant®. Encouraging results have emerged from clinical trials investigating neoadjuvant
immunotherapy (NICB). Powles et al. demonstrated the efficacy of NICB treatment with atezolizumab, finding
that 27 of 88 patients (31%) achieved a pathological complete response (pCR)'.

Subsequent clinical trials have focused on combining NAC with immune checkpoint blockade (NAC.NICB)
to further enhance efficacy. A phase II study involving gemcitabine with split-dose cisplatin and pembrolizumab
in patients with MIBC showed that 22 of 39 patients (56%) experienced pathological downstaging, and 14 of 39
patients (35.9%) achieved pCR'!. In a single-arm phase II clinical trial investigating gemcitabine and cisplatin
(GC) combined with tislelizumab as neoadjuvant therapy for MIBC, encouraging results were observed, with
29 of 57 patients (50.9%) achieving pCR, and 43 of 57 patients (75.4%) achieving pathologic downstaging'?. A
clinical trial of GC regimen chemotherapy combined with durvalumab immunotherapy found that NAC.NICB
enabled 33% of MIBC patients to achieve pCR, leading to greater survival benefits'>. These three clinical trials
demonstrated the efficacy of NAC.NICB, with pCR rates ranging from 33 to 50.9%. However, the response rates
may vary depending on the specific immunotherapy drugs used. In highly selective clinical trials, patients with
more advanced stages are often excluded. Therefore, the efficacy of neoadjuvant therapy in real-world settings,
particularly for patients with more advanced stages, requires further investigation. The choice of ICB therapy is
typically influenced by patient tolerance and financial considerations.

Therefore, we conducted a real-world study to compare the efficacy of NAC and NAC.NICB in patients with
MIBC and to explore potential factors influencing the therapeutic effects of NAC.NICB. Our findings indicate
that NAC.NICB significantly improves the pCR rate and pathological downstaging rate compared to NAC,
emphasizing the advantages of neoadjuvant chemoimmunotherapy in MIBC.

Methods

Study design, outcomes, and patient selection

This study retrospectively collected data from patients at Peking University First Hospital who received NAC or
NAC.NICB for bladder cancer between January 2022 and June 2024. We assessed the patients’ tumor staging
according to the Tumor, Node, Metastasis (TNM) Classification system (2017, 8th edition)*. The first research
outcome was the pCR rate (pTONOMO), while the second research outcome was the pathological downstaging
rate, defined as pT <T2 and pN=NO (pTis-TINOMO). All participants met the following inclusion criteria: (1)
confirmed diagnosis of MIBC; (2) completion of at least two cycles of neoadjuvant treatment; and (3) undergoing
RC with confirmed pathological staging after neoadjuvant treatment. The exclusion criteria were as follows:
(1) pathological diagnosis of cancers other than UC; (2) undergoing maximal transurethral resection of the
bladder tumor (TURBT) before neoadjuvant treatment; (3) incomplete perioperative pathological data. Variant
histological urothelial carcinoma (VH-UC) was defined according to the 2016 WHO classification, which
includes invasive urothelial tumors and infiltrating UC with divergent differentiation, including large nested,
microcystic, micropapillary, lymphoepithelioma-like, plasmacytoid/signet ring cell/diffuse, sarcomatoid, giant
cell, poorly differentiated, lipid rich, clear cell, tumors of Miillerian type, as well as tumors arising in a bladder
diverticulum!. All pathological diagnoses were independently performed by two pathologists.

Neoadjuvant therapy schedule

In the NAC cohort, the treatment regimen consisted of gemcitabine (CHIATAI TTANQING, China) administered
intravenously at a dose of 1000 mg/m” on days 1 and 8 and cisplatin (Qilu-pharmaceutical, China) administered
intravenously at a dose of 70 mg/m” on day 1, every 3 weeks (Q3W). In the NAC.NICB cohort, 21 patients
received tislelizumab (BeiGene Ltd, China) at a dose of 200 mg on day 1, 7 patients received pembrolizumab
(Merck Sharp & Dohme, MSD, U.S.) at a dose of 200 mg on day 1, and 1 patient received camrelizumab (Jiangsu
Hengrui Pharmaceuticals, China) at a dose of 200 mg on day 1 for immunotherapy, combined with gemcitabine
administered intravenously at a dose of 1000 mg/m” on days 1 and 8 and cisplatin at a dose of 70 mg/m®
administered intravenously on day 1, every 3 weeks (Q3W).

Clinical data collection

Baseline information before neoadjuvant treatment was collected from patient medical records and included
age, gender, smoking status, TNM staging, tumor grade, surgical approach, pathological response, pathological
characteristics, and pretreatment laboratory values such as red blood cell count, hemoglobin (Hb), platelet count,
neutrophil count, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), albumin, and
albumin-to-globulin ratio (ALG). A definitive histopathological diagnosis was established through diagnostic
TURBT.

Statistical methods

Data analysis was performed using SPSS software (version 26.0, SPSS Inc., Chicago, IL, USA). All quantitative
data were expressed as mean + standard deviation (SD) for normally distributed data or median with a range for
the non-normally distributed data. The Kolmogorov-Smirnov test was used to test the normality of clinical data.
For categorical variables (e.g., PCR and pathological downstaging rates), the appropriate statistical test (Chi-
square or Fisher’s exact test) was selected based on expected frequency criteria. Continuous variables underwent
normality assessment using the Kolmogorov-Smirnov test, with the independent samples t-test applied for
normally distributed measures (e.g., blood biochemical parameters), while non-normally distributed data were
analyzed using the nonparametric Mann-Whitney U test.
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Results

Characteristics of the neoadjuvant treatment patient cohort

As shown in Fig. 1, our real-world study included a total of 100 patients with MIBC, comprising 71 in the NAC
group and 29 in the NAC.NICB group. In the NAC group, 25 out of 71 patients (35.2%) exhibited a higher
pathological T stage (> T2). In the NAC.NICB group, 15 out of 29 patients (51.7%) exhibited a higher pathological
T stage. While there was no significant difference in the T stage between the two groups, a statistically significant
difference was observed in the N stage (p =0.024). There were no significant differences in age, gender, or smoking
history between the two groups (all p>0.05). The baseline characteristics were generally compared between the
NAC and NAC.NICB groups (Table 1). In terms of histopathology, the NAC group included 38 patients with
pure UC, accounting for 53.5%, while 33 patients (46.5%) had VH-UC. In the NAC.NICB group, 12 patients
(41.4%) had pure UC, and 17 patients (58.6%) had VH-UC. This shows that the proportion of patients with
VH-UC in the NAC.NICB group is higher than that in NAC group (58.6% vs 46.5%). However, there was no
statistically significant difference between the two groups.

Efficacy analysis of two neoadjuvant treatment regimens in real-world settings

Subsequently, we analyzed the pathological responses of the two neoadjuvant treatment regimens in a real-world
setting, with the results summarized in Table 2. All patients underwent thorough postoperative pathological
evaluations to accurately determine their pathological stage following neoadjuvant therapy. The two neoadjuvant
treatment regimens were compared within the same real-world context. Initially, we assessed the number of
neoadjuvant treatment cycles completed by patients in each group. The analysis revealed that a higher proportion
of patients in the NAC.NICB group completed all four cycles of neoadjuvant therapy (75.9%) compared to the
NAC group (62.0%).

Among 71 patients in the NAC group, 18 patients (25.4%) achieved pCR, while 16 patients (22.5%)
experienced partial pathological response (pPR), resulting in a pathological downstaging rate of 47.9% and a
DCR of 77.5%. Of the 29 patients in the NAC.NICB group, 14 (48.3%) achieved pCR, and 8 patients (27.6%) had
PPR, with a pathological downstaging rate of 75.9% and a DCR of 96.6%. The pCR rate in the NAC.NICB group
was significantly higher than in the NAC group (48.3% vs. 25.4%; p = 0.034). The rate of pathological downstaging
was notably higher in the NAC.NICB group compared to the NAC group (75.9% vs. 47.9%; p=0.014). To address
the imbalance between the NAC and NAC.NICB groups, we performed propensity score matching (PSM) to
adjust for baseline differences (Supplementary Table 1). After PSM, the patient characteristics between the two
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Fig. 1. The flow diagram of patient selection NAC.NICB: neoadjuvant chemotherapy combined with immune
checkpoint blockade; NAC: neoadjuvant chemotherapy; TURBT: transurethral resection of the bladder tumor.
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NAC(n=71) | NAC.NICB (n=29) | Pvalue
Age (years)t 62.56+10.56 | 65.41+8.97 0.205*
Sex 0.793°
Male 56(78.9%) | 22(75.9%)
Female 15(21.1%) 7(24.1%)
Smoking history 0.827°
Smoker 30(42.3%) 13(44.8%)
Nonsmoker 41(57.7%) 16(55.2%)
T stage 0.334¢
T2 46(64.8%) | 14(48.3%)
T3 20(28.2%) 12(41.4%)
T4 5(7.0%) 3(10.3%)
N stage 0.024*¢
NO 58(81.7%) 17(58.6%)
N1 9(12.7%) 8(27.6%)
N2 4(5.6%) 2(6.9%)
N3 0(0.0%) 2(6.9%)
Grade >0.999¢
Low grade 2(2.8%) 1(3.4%)
High grade 69(97.2%) | 28(96.6%)
Histology 0.378"
Pure UC 38(53.5%) 12(41.4%)
VH-UC 33(46.5%) 17(58.6%)

Table 1. Patients baseline characteristics. UC: urothelial carcinoma; VH: variation histological. tData are
presented as mean + SD. *Two-sample t-tests. "Chi-square test. “Fisher’s exact test. * P<0.05 was recognized as
statistically different.

NAC (N=71) [95% CI] | NAC.NICB (N=29) [95% CI] | P value | Adjust P value
Pathological response 0.034** | 0.034¢
complete response 18(25.4%) [16.7 —36.6%)] | 14(48.3%) [31.4 —65.6%])
partial response 16(22.5%) [14.4 —33.5%)] | 8(27.6%) [14.7 —45.7%]
stable disease 21(29.6%) [20.2 —41.0%] | 6(20.7%) [9.8 —38.4%]
progression disease 16(22.5%) [14.4 —33.5%)] | 1(3.4%) [0.6 —17.2%)]
pCR 0.034** | 0.034°
Yes 18(25.4%) [16.7 —36.6%)] | 14(48.3%) [31.4 —65.6%]
No 53(74.6%) [63.4 —83.3%] | 15(51.7%) [34.4 — 68.6%]
Pathological downstage 0.014** | 0.034¢
Yes 34(47.9%) [36.7 —59.3%] | 22(75.9%) [57.9 —87.8%]
No 37(52.1%) [40.7 —63.3%] | 7(24.1%) [12.2 —42.1%]
DCR 0.020** | 0.034
Yes 55(77.5%) [66.5 —85.6%] | 28(96.6%) [82.8 —99.4%]
No 16(22.5%) [14.4 —33.5%] | 1(3.4%) [0.6 — 17.2%]

Table 2. Pathologic response of two neoadjuvant cohort. pCR: Pathological complete response; DCR: disease
control rate; NAC.NICB: neoadjuvant chemotherapy combined with immune checkpoint blockade; NAC:
neoadjuvant chemotherapy. *Chi-square test. "Fisher’s exact test. “Benjamini-Hochberg(BH)adjustment.
*P<0.05 was recognized as statistically different.

groups were more comparable. Notably, the pCR rate in the NAC.NICB group after PSM, was significantly higher
than that observed in the NAC group (48.3% vs 17.2%; p=0.024) (Supplementary Table 2). This adjustment
strengthens the validity of our findings and provides clearer evidence of NAC.NICBs effectiveness in improving
treatment outcomes.

The DCR in the NAC.NICB group was higher than that observed in the NAC group (96.6% vs. 77.5%;
p=0.020) (Fig. 2A-B). To delineate stage-specific therapeutic efficacy, we conducted a stage-stratified analysis
evaluating pathological complete response (pCR) dynamics across tumor progression (Fig. 2C). The analysis
revealed superior pCR benefits with NAC combined with ICB therapy compared to NAC alone in both stage II
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Fig. 2. Comparative efficacy of neoadjuvant NAC.NICB and NAC treatment A-B. Comparative pathological
response rates between treatment arms: (A) pCR rates; (B) pathological downstaging success rates C. Stratified
PCR analysis demonstrating treatment outcomes in the overall cohort and disease stage subgroups. pCR:
pathological complete response.
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PCR (N=14) Non-pCR (N=15) | P value
Clinical stage >0.999¢
=T2NOMO 3(21.4%) 4(26.7%)
> T2NOMO 11(78.6%) 11(73.3%)
RBC (*10A12/L) 4.06+0.76 4.56+0.77 0.087¢
Hb (g/L)T+ 132.5(117.0-151.3) | 115.0(109.0-127.0) | 0.018*"
Platelet (*1079/L)++ 187.0(148.0-208.3) | 243.0(188.0-333.0) | 0.026*°
Neutrophil (*10A9/L)t+ 3.95(3.73-4.28) 3.82(3.27-6.21) | 0.983°
Lymphocyte (*10A9/L)+ 1.31£0.60 1.51£0.58 0.383%
NLR (%) 1+ 3.25(2.22-5.46) 3.02(2.13-4.24) | 0.652°
PLR (%)t 179.40+87.63 184.24+86.51 0.882°
Albumin (g/L)t 39.54+4.81 40.69+4.53 0.531*
ALG (%)t 1.33+£0.29 1.28+0.15 0.577*

Table 3. Comparisons of clinical indicators before NAC.NICB between the patients achieved pCR and the
non-pCR groups. NAC.NICB: neoadjuvant chemotherapy combined with immune checkpoint blockade; pCR:
pathological complete response; RBC: Red Blood Cell; Hb: hemoglobin; NLR: Neutrophil to Lymphocyte
Ratio; PLR: Platelet to Lymphocyte Ratio; ALG: Albumin/Globulin Ratio; ICB: Immune Checkpoint Blockade.
tData are presented as mean + SD. t1Data are presented as median (25th-75th percentile). *Two-sample t-tests.
"Mann-Whitney U-Test. ‘Fisher’s exact test. *P<0.05 was recognized as statistically different.

and III MIBC. Notably, in stage III disease, the NAC.NICB group exhibited a significantly higher pCR rate than
the NAC group (57.9% vs. 20.7%; p=0.009).

Comparison of clinical characteristics between patients who achieved pCR and Non-pCR
groups

Given the favorable pathological response achieved with NAC.NICB, we focused on this cohort to identify clinical
factors associated with pCR (Table 3). In the T2NOMO subgroup, 3 out of 7 patients (42.8%) achieved pCR,
compared to 50% (11 out of 22 patients) in the >T2NOMO subgroup, with no statistically significant difference
(p=0.742). Our analysis shows that patients who achieved pCR had lower platelet levels compared to those who
did not (non-pCR; p=0.026). Higher pretreatment Hb levels may indicate a higher likelihood of achieving pCR
(p=0.018). No significant differences in clinical stage or pretreatment levels of RBCs, neutrophils, lymphocytes,
NLR, PLR, albumin, or ALG were found between patients who achieved pCR and those who did not (non-pCR)
in the NAC.NICB group (all p>0.05).

Discussion

Cisplatin-based NAC for MIBC has been well-established for its efficacy in improving both pathological response
rates and overall survival*'®”. Inmune checkpoint blockade (PD-1/PD-L1) is currently approved for first-line
treatment of advanced UC in patients who are ineligible for platinum-based therapy, as well as for second-line
treatment in advanced UC'¥-21, Additionally, VH-UC is often excluded from these trials due to its relative rarity.
Therefore, there is a pressing need to further evaluate the effectiveness of neoadjuvant chemoimmunotherapy
for MIBC in real-world settings.

We conducted a head-to-head comparison of two neoadjuvant treatment regimens including NAC and NAC.
NICB within the same real-world setting. Baseline characteristics were comparable between the two treatment
groups. Achieving pCR after neoadjuvant therapy was positively associated with significant improvements in
survival outcomes®”. In our study, the pCR rate in the NAC.NICB cohort reached 48.3%, significantly higher
than the 25.4% pCR rate observed in the NAC cohort (p=0.034). In the analysis of treatment response across
different stages, we found that patients with more advanced stages (Stage III) had a significantly higher pCR rate
with NAC.NICB treatment compared to NAC treatment. This marked differential response suggests progressive
enhancement of treatment sensitivity with disease advancement, possibly mediated by stage-dependent tumor
immunogenicity modulation. Furthermore, these findings provide important clinical implications for treatment
stratification based on disease progression. Moreover, in our real-world study, the pCR rate in the NAC.NICB
cohort (48.3%) was slightly higher than the rates reported in two clinical trials (36-41%)'?* and lower than the
pCR rate observed in the clinical trial combining tislelizumab and GC chemo-immunotherapy (50.9%)'2. This
discrepancy may be attributed to the fact that, in our real-world setting, the choice of immunotherapy agents
is often individualized, considering the patient’s financial situation and tolerance levels. Therefore, these results
suggest that the NAC.NICB combination may provide greater survival benefits for patients.

Hypoxia and inflammation critically regulate the tumor immune microenvironment (TIME), serving as
pivotal determinants of neoadjuvant chemoimmunotherapy efficacy. Tumor-associated hypoxia stabilizes
hypoxia-inducible factors (HIFs), driving the recruitment of immunosuppressive cellular components such as
regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs) that collectively impair antitumor
immune surveillance?*26. Paradoxically, this hypoxic state concurrently upregulates immune checkpoint
molecules (e.g., PD-L1/CTLA-4), creating actionable therapeutic vulnerabilities that can be exploited through
checkpoint inhibitor co-administration to synergize with cytotoxic therapies?®®?’. Concurrently, tumor-
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propagated inflammation elevates pro-inflammatory mediators including IL-6 and TNF-a, which exhibit dualistic
roles: while fostering protumorigenic signaling cascades and conferring therapy resistance, these cytokines
paradoxically enhance immune activation through improved antigen-presenting cell (APC) maturation and
effector T-cell trafficking to tumor?®. The dynamic interplay between hypoxic gradients and inflammatory milieu
establishes a therapeutically pliable TIME landscape, wherein strategic immunomodulation may recalibrate
immune equilibrium to potentiate treatment responses.

Pathological downstaging is a crucial indicator for assessing the efficacy of neoadjuvant therapy in MIBC.
Current research has confirmed that a higher rate of pathological downstaging following neoadjuvant therapy is
associated with better survival outcomes**°. In our study, the pathological downstaging rate in the NAC.NICB
cohort reached 75.9%, significantly higher than the 47.9% observed in the NAC cohort (p =0.014). This rate also
exceeds those reported in other prospective clinical trials for neoadjuvant therapy, where downstaging rates
typically range from 45-50%'"1>3!. Consequently, our findings indicate that the NAC.NICB cohort exhibited
higher rates of both pCR and pathological downstaging compared to the NAC cohort. This suggests that patients
receiving NAC.NICB may achieve better survival outcomes, and those with pathological downstaging could
have a greater chance of benefitting from bladder-preserving treatments, thereby enhancing their quality of life.
Our study’s value lies in validating findings from clinical trials in a real-world setting, particularly by including
more advanced-stage patients. Unlike controlled trials, our study reflects a broader patient population, making
the results more applicable to clinical practice.

Previous studies have demonstrated that NAC.NICB can offer greater benefits for patients with MIBC.
However, to date, there are no definitive biomarkers to predict the efficacy of this treatment. Our analysis revealed
that patients who achieved pCR had lower platelet levels or higher Hb compared to non-pCR patients, aligning
with findings from previous research. Hematological markers associated with systemic inflammation have
been found to correlate with the efficacy of NAC.NICB. One possible mechanism involves platelets promoting
tumor progression by enhancing tumor growth, protecting tumor cells from immune system attacks, facilitating
metastasis, and stimulating angiogenesis®>3. Platelets are known to significantly contribute to tumorigenesis,
not only through direct support of tumor growth but also by shielding tumor cells from immune-mediated
destruction and aiding metastatic dissemination. Additionally, platelets can accelerate tumor progression by
inducing angiogenesis®2. Supporting this notion, research in UC patients has indicated that an interaction
between platelet count and tumor PD-L1 expression might regulate tumor progression®’. These studies
demonstrate the critical role of platelet levels in tumor progression and response to treatment, which supports
our findings on the association between hematological markers and the efficacy of NAC.NICB.

On the other hand, previous studies have shown that anemia can impair T-cell responses and contribute to
immune suppression in patients with advanced cancers®. Consistent with this, a study identified low hemoglobin
levels, an ECOG score of 21, and liver metastasis as independent prognostic factors associated with shorter
survival in metastatic UC patients who experienced platinum-based treatment failure, further supporting our
observations®.prognostic indicators for advanced non-small cell lung cancer(NSCLC) patients receiving ICI
therapy. Hemoglobin, therefore, represents an accessible and cost-effective biomarker with distinct advantages
in clinical measurability compared to other reported biomarkers®” .These findings highlight the crucial role of
hemoglobin as a prognostic biomarker in immunotherapy and systemic treatment outcomes, reinforcing our
conclusions on its potential predictive value in therapy efficacy. Elevated pretreatment NLR has been associated
with poorer prognosis in both localized and metastatic UC*. However, our study did not find a correlation
between NLR and response to NAC.NICB for bladder cancer. As suitable predictive biomarkers for NAC.NICB
in MIBC were not identified through pretreatment blood markers, it is essential to further develop molecular-
based biomarkers.

Our study addresses two key limitations of existing clinical trials. Firstly, in highly selective clinical trials,
patients with poor general health are often excluded, which may affect the assessment of treatment outcomes.
Real-world studies help overcome this limitation by including a broader patient population. We further analyzed
patients at different stages and found that in stage III patients, the difference in pCR rates between the NAC.
NICB and NAC groups was more pronounced than that in stage II. This provides new evidence supporting the
greater therapeutic benefit of combination therapy in more advanced-stage patients. Secondly, clinical trials
typically evaluate only a single ICI, whereas real-world treatment decisions are often influenced by patients’
financial status and drug accessibility, leading to the use of different ICIs. This suggests that various ICIs can
be widely applied in neoadjuvant treatment for bladder cancer. Future large-scale, head-to-head studies are
warranted to further compare the efficacy of different ICIs in treatment response.

Our study also has several limitations. First, one limitation is the small sample size, particularly patients
receiving the novel NAC.NICB treatment, which is relatively rare application in clinical practice. Large-scale
multicenter studies are needed to validate these findings. Second, another limitation is the lack of long-term
clinical outcomes, due to the short follow-up period of the NAC.NICB cohort. Extended follow-up will be
implemented in subsequent research to evaluate this novel treatment’s survival benefits. Third, additional
transcriptomic data should be gathered, as integrating multiomics analyses could provide deeper insights
into the mechanisms affecting prognosis. Addressing these limitations in future research will strengthen the
robustness of our findings and contribute to a better understanding of the underlying biological processes.

Conclusion

This study demonstrates that combining NAC with immunotherapy significantly enhances the pCR rate and
pathological downstaging in patients with MIBC compared to NAC alone. Given the superior efficacy of NAC.
NICB, it holds promise as a first-line neoadjuvant therapy for MIBC, providing greater benefits to patients.
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