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Abstract
Background

Tertiary lymphoid structures (TLSs) are key players in the tumor microenvironment, yet their role in penile
squamous cell carcinoma (PSCC) is unexplored. This study investigates TLS presence, prognostic value,
and correlation with anti-PD-1 efficacy in PSCC.

Methods

An immune atlas was constructed from transcriptomic data (56 PSCC, 7 normal tissues). TLSs were
assessed via HE and multiplex immunohistochemistry in a SYSUCC cohort (n = 156) and an external
validation set (n = 107). A four-tier TLS score-related (TSR) classification was established based on TLS
density in tumor nest (TN) and tumor periphery (TS). Correlation with immunotherapy was tested in 30
anti-PD-1-treated patients. Pathway enrichment analysis was performed.

Results

Significant B-cell infiltration was noted in PSCC. TLSs were identified in TN (44.2%) and TS (54.5%). TSR
classification revealed distinct prognostic patterns: high TLS scores in both TN and TS (class k)
correlated with longest progression-free and overall survival (P<.05). Multivariate analysis confirmed
high tnTLS (P=.001), high tpTLS (P=.010), and lymph node metastasis (P<.001) as independent
prognostic factors. Notably, class IV patients showed a favorable response rate (100% in this exploratory
cohort). Androgen response pathway correlated with high TLS scores in both compartments.

Conclusions

TSR classification, reflecting TLS spatial distribution and abundance, may serve as a potential predictor
for prognosis and immunotherapy response, pending further validation in PSCC. Androgen response
pathway was identified as a potential correlated pathway in transcriptomic analysis, warranting further
functional investigation.

1. Introduction

Penile squamous cell carcinoma (PSCC) is a rare malignancy with a relatively low incidence in the
general population but demonstrates a higher prevalence in specific developing regions [1]. In 2018,
approximately 26,700 newly diagnosed cases of penile cancer were reported worldwide [2]. The 10-year
survival rate for early-stage penile cancer is approximately 85%, whereas the 2-year survival rate for
advanced disease or distant metastasis is approximately 21% [3]. Despite the implementation of diverse
therapeutic approaches, the prognosis for advanced PSCC remains poor. Given the limited efficacy of

Page 3/23



conventional therapies, there is a critical need to explore alternative strategies as promising treatment
options for PSCC [4].

Numerous studies have consistently supported the critical role of immune cell infiltration within the
tumor microenvironment as a reliable predictor of the response to immunotherapy and patient survival
outcomes [5—-9]. Several studies have elucidated the clinical significance of immune cell subpopulations
within the tumor microenvironment [10—12]. Despite advancements in studies, the clinical
consequences of additional immune cells infiltrating the tumor microenvironment in PSCC remain
unclear, necessitating further investigation.

Tertiary lymphoid structures (TLSs) emerge as structured lymphoid aggregates in inflamed
microenvironments closely associated with autoimmune diseases, cancer, and infectious conditions
[13-15]. TLSs are crucial in modulating the recruitment and activation of diverse immune cell
populations comprising T cells, B cells, and dendritic cells within the localized tumor microenvironment
[16—-20]. Additionally, TLSs play a critical role in initiating tumor-specific immune responses by
enhancing the generation of tumor-specific antibodies and triggering the activation of cytotoxic T
lymphocytes [21-23].

The presence and characteristics of TLSs exhibit a positive correlation with favourable clinical outcomes
in particular cancer subtypes [24—-28]. Additionally, other studies have demonstrated a positive
correlation between augmented TLS density and functionality with improved patient prognosis and
increased efficacy of immunotherapy [29-31]. Therefore, a comprehensive understanding of the
significance of TLSs in tumors facilitates the development of novel therapeutic strategies and improves
patient prognosis.

In this study, we aimed to assess the spatial distribution, abundance, and composition of TLSs in
patients with PSCC to reveal the divergent prognostic roles of TLSs in the tumor nest and periphery.

2. Materials and Methods
2.1. Patients and samples

This study included 293 patients with PSCC from three cohorts (cohorts 1, 2, and 3). Cohort 1 was the
primary cohort of 156 patients with PSCCs who underwent curative surgery at Sun Yat-sen University
Cancer Center from September 2008 to December 2020. Cohort 2 was used for validation and
comprised 107 patients with PSCC from Affiliated Cancer Hospital and Institute of Guangzhou Medical
University, Xiangya Hospital and Shenzhen People’s Hospital from March 2011 to February 2022.
Patients with a medical history of autoimmune diseases and those who had received
immunosuppressive chemotherapy or molecular-targeted therapies were excluded.

Cohort 3 comprised 30 patients with PSCC who received anti-programmed cell death protein 1 (PD-1)
antibody treatment at Sun Yat-sen University Cancer Center from June 2014 to March 2021. According
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to the Response Evaluation Criteria in Solid Tumors (RECIST), version 1, immune checkpoint inhibitor
therapy responses were assessed as the best overall response.

Clinical characteristics were extracted from medical records, including age, smoking history, phimosis
history, human papillomavirus (HPV) status, clinical stage, histological grade, perioperative treatment
details, date of disease progression, and survival status. Tumor staging was determined according to the
8th American Joint Committee on Cancer (AJCC) of tumor-node-metastasis (TNM) classification
staging system. This study was approved by our institutional review board.

2.2. Estimation of the immune microenvironment
composition

Transcriptomic data from 56 PSCC tissues in Cohort 1 and 7 normal tissues were normalized and
transformed after quality control and mapping of raw sequencing data. The immune microenvironment
(IME) of each sample was assessed using the MCP-counter tool, which provides abundance scores for
immune cells (T cells, CD8 + T cells, cytotoxic lymphocytes, natural killer [NK] cells, monocytic lineage,
myeloid dendritic cells, and cancer-associated fibroblasts). The cell composition score is based on
analyzing specific transcriptomic markers stably and precisely expressed in a unique cell population by
TIMER 2.0 [32]

2.3. Gene expression profiling

Estimation of the presence of TLSs could be evaluated by gene expression signature, as previously
described, including CCL2, CCL3, CCL4, CCL5, CCL8, CCL18, CCL19, CCL21, CXCL9, CXCL10, CXCL11,
and CXCL12 et al [33]. The gene expression profile data obtained from the PSCC samples was
consistent with that of the sample collected in the preceding step. The differential expression levels of
chemokines were determined by analyzing the transcription levels present in the sample.

2.4. Pathological evaluation of TLS

TLSs were morphologically assessed on haematoxylin and eosin (H&E)-stained slides and scanned into
whole-slide images (WSIs) using Axio Scan (Zeiss). All WSIs were divided into tumor nest (tumor tissue)
and periphery (adjacent nontumor tissue) separately. The tumor periphery refers to the region
surrounding and close to the tumor nest (Fig. 1A) [34, 35]. The abundance of TLS within the tumor nest
and periphery was scored as 0, 1, 2, and 3 as following [36]: (A) a score of 0 indicates no TLS, (B) a score
of 1 indicates a tumor with one or two TLS, (C) a score of 2 represents at least three TLS in the tumor but
does not meet score 3 criteria, and (D) a score of 3 represents a large number of TLS distributed
throughout the tumor region and converging with each other (Fig. 1B). Two experienced pathologists
blinded to the clinical data assessed each slide independently. In case of inconsistent diagnostic scores,
consensus was reached through joint reading and discussion.

2.5. mIHC and data analysis
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PANO 5-plex IHC kit (Panovue, Beijing, China) was used in multiplex immunofluorescence staining.
Nuclei were stained with 4’-6'-diamidino-2-phenylindole (DAPI, SIGMA-ALDRICH, D9542) after labelling all
the human antigens. Immune markers assessed included CD21, CD8, CD20, and CD4; tumor cells were
identified with pan-cytokeratin (Pan-CK) antibodies, and nuclei were stained with DAPI (PerkinElmer).
Then, slides were incubated with corresponding HRP-conjugated secondary antibodies and fluorescent
dyes in the following order: PPD570, PPD480, PPD520, PPD650, and PPD780 (PerkinElmer). The stained
slides were scanned with a Mantra System (PerkinElmer), and images were analysed using InForm
image analysis software (V.2.4.2, PerkinElmer). Subsequently, the slides were scanned and imaged using
the Mantra Quantitative Pathology Workstation (PerkinElmer).

2.6. Statistical analysis

Statistical analysis was performed using SPSS software V.23.0. Categorical variables were assessed
with the chi-square or Fisher’s exact test. Continuous variables were evaluated using Student'’s t-test or
Mann-Whitney U test and summarized as the mean with standard deviation or median and interquartile
range.

Progression-free survival (PFS) was defined as the time from initiating treatment to the date of disease
progression or death from any cause. Overall survival (0S) was defined as the time from initiating
treatment to death for any reason. PFS and OS were estimated using the Kaplan-Meier method. The log-
rank test was used for subgroup comparisons, and the Cox proportional hazards regression model was
used for computing the hazard ratio (HR) and univariate/multivariate analyses. The multivariate Cox
regression model included variables with a P-value < .05 in the univariate analyses. A two-sided P value
< .05 was considered statistically significant.

3. Results

3.1. Active immune microenvironment (IME) composition of PSCC

The MCP counter was used to evaluate the immune cell composition in 56 PSCC tissues and 7 normal
tissues to assess the IME composition using gene expression profiles. The heatmap showed significant
discrepancies in the composition of IME between PSCC and normal tissues (Figure 1A). Within the PSCC
group, most samples displayed enrichment in monocytic lineage, NK cells, CD8+ T-cells, cytotoxic
lymphocytes, myeloid dendritic cells, T cells, B cells, and cancer-associated fibroblast (Figure 2A). It is
worth mentioning that a significant infiltration of B cells was observed in many cases, indicating the
possible existence of TLSs in PSCC (Figure 3). To conduct a more comprehensive investigation into the
impact of TLSs on PSCC, we analysed the transcriptomic data of known molecular markers of TLS
formation, including CCL2, CCL3, CCL4, CCL8, CXCL9 et al [37,38]. These markers were all upregulated in
tumor tissue compared to normal tissue (all p<0.05, Figure 2B). The collective findings from the
investigations above showed a significant infiltration of immune cells in the tumor microenvironment,
suggesting the likely existence of TLSs within the immune microenvironment of PSCC.
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Enhance, we further confirmed the presence of TLSs in PSCC by H&E staining (Figure 1). We classified
them into low-tnTLS (score 0 and 1 in tumor nest) and high-tnTLS (score 2 and 3 in tumor nest), low-
tpTLS (score 0 and 1 in tumor periphery), and high-tpTLS (score 2 and 3 in tumor periphery). Out of the
156 patients in cohort 1, 87 individuals (55.8%) exhibited low-tnTLS, while high-tnTLS was observed in 69
patients (44.2%). Additionally, 71 patients (44.5%) displayed low tpTLS, whereas high tpTLS was present
in 85 individuals (54.5%).

To confirm the tumor immune environment of TLSs in PSCC, we performed mIHC staining on 20 PSCC
samples from cohort 1 (Figure 2C). The results showed that TLSs were frequently observed as clusters
of CD20+ B-cell zones, CD21 follicular dendritic cells, CD4+ T cells, and CD8+ T-cells in the tumor nest
and periphery. Noteworthy, B cells organized in the follicular architecture were the prevailing constituents
of TLSs. The low-tnTLS group and low-tpTLS group exhibited lower CD4+ T cells, CD8+ T cells, CD20+ B
cells, and CD21 follicular dendritic cells than the high-tnTLS group and high-tpTLS group (Figure 4, all
p<0.01).

3.2. Relationship between TLSs expression and clinicopathological and prognosis of PSCC

We investigated the correlation between the various TLS groups and the clinicopathological
characteristics of PSCC in cohort 1, which comprised individuals with a median (IQR) age of 54 (26—86)
years. Until September 2023, the median follow-up time was 51.367 (38.905-63.829) months. Compared
with high tnTLS, low tnTLS was significantly associated with advanced T stage(=T2) 66.7% vs. 33.3%,
p=0.008), lymph node metastasis (LNM) (69.4% vs. 30.6%, p=0.006), and advanced clinical stage IlI-IV)
(70.8% vs. 29.2%, p=0.001). Additionally, low tpTLS was significantly associated with LNM (69.4% vs.
30.6%, p<0.001), distant metastasis (100% vs. 0%, p=0.041), and advanced clinical stage (llI-IV) (70.8%
vs. 29.2%, p<0.001) compared with high tsTLS (Table S1).

Figure 5 presents the survival curves of PFS and OS. The high-tnTLS group (median PFS: not reached
[NR]; median OS: NR) showed significantly longer PFS and OS than the low-tnTLS group (median PFS:
43.867,95%Cl: 24.213-NR; median OS: NR) (PFS: HR= 0.202, 95%Cl: 0.095-0.429, p<0.001; 0OS: HR=
0.057,95%Cl: 0.014-0.238, p<0.001) (Figure 5A). The high-tpTLS group (median PFS: NR; median OS: NR)
was positively associated with longer PFS and OS compared with the low-tpTLS group (median PFS:
13.233, 95%Cl: 4.830-21.637; median 0S: 23.833, 95%Cl: 14.441-33.225) (PFS: HR=0.113, 95%Cl: 0.057-
0.222; 0S: HR=0.123,95%CI: 0.058-0.262, p<0.001) (Figure 5B).

Univariate analysis revealed that PFS was significantly associated with HPV status, T stage, LNM, M
stage, histological grade, tnTLS group, and tpTLS group (p<0.05, Table 1). Multivariate analysis showed
that PFS was significantly associated with high tnTLS (HR=0.352, 95%CI: 0.158-0.786, p=0.011), high
tpTLS (HR=0.243 95%CI: 0.115-0.511, p<0.001), and LNM (HR=8.521, 95%Cl: 3.601-20.163, p<0.001)
(Table 1)

Univariate analysis revealed that OS was significantly associated with HPV status, T stage, LNM, M
stage, histological grade, tnTLS, and tpTLS (p<0.05, Table 1). Multivariate analysis showed that OS was
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significantly associated with high tnTLS (HR=0.080, 95%CI: 0.019-0.344, p=0.001), high tpTLS
(HR=0.343, 95%Cl: 0.152-0.775, p=0.010), and LNM (HR=10.666, 95% CI: 3.923-29.001, p<0.001) (Table

1).

To further investigate the difference between different TLS groups, we performed RNA-seq in 14 low-
tnTLS and 23 high-tnTLS cases and 18 low-tpTLS and 19 high-tpTLS cases from cohort 1.

We identified 37 downregulated and 45 upregulated genes in high tnTLS cases than low tnTLS (p<.05)
(Figure 5C). Those genes were subjected to GSVA pathway enrichment analysis. The analysis
demonstrated that these differential genes (DEGs) were mainly involved in androgen response, fatty acid
metabolism, apoptosis, protein secretion, adipogenesis, and coagulation (Figure 5D). For the tpTLS
group, we identified 105 downregulated and 59 upregulated genes in high cases than low cases (P<.05)
(Figure 5E). Those genes were subjected to GSVA pathway enrichment analysis. The analysis
demonstrated that these DEGs were mainly involved in apoptosis androgen response, IL2-STAT5-
signaling, complement, protein secretion, epithelial-mesenchymal transition, IL6-JAK-STAT3-signaling,
and coagulation (Figure 5F). It is important to note that these findings are derived solely from gene set
variation analysis (GSVA) of bulk RNA-sequencing data. Whether the androgen signaling pathway
directly promotes or inhibits TLS formation in PSCC remains unknown and requires rigorous in vitro and
in vivo functional studies.

3.3. An immune class combining the tnTLS and tsTLS

The GSVA showed that the high tnTLS and high tpTLS groups might play an important role in anti-tumor
function. So, we combined the two groups to further investigate the synergistic roles of tnTLS and tpTLS
in predicting PSCC prognosis. Based on these two protective factors, patients with PSCC were
categorized into four TLS-related classes (TSR classes): class | (low-tnTLS and low-tpTLS), class Il (low-
tnTLS and high-tpTLS), class Ill (high-tnTLS and low-tpTLS), and class IV (high-tnTLS and high-tpTLS),
representing the distribution and abundance of TLSs.

Patients with PSCC in the four TSR classes showed significant differences in PFS and OS (all p<0.05,
Figure 6A, 6B). Patients in the TSR class IV cohort demonstrated markedly improved PFS and 0S
outcomes in comparison to patients in the remaining cohorts, and TSR class IV was at a significantly
lowest risk (p<0.05) (Figure 6A, 6B). The results indicate that varying groups exhibited distinct
prognoses.

To verify the diagnostic accuracy of the TSR class in predicting the PFS and OS of patients with PSCC,
the C-indices of the tnTLS, tpTLS, and TSR classes were assessed. The C-index of the TSR class for PFS
prediction was 0.768 (95% Cl, 0.719-0.817), which was higher than that of tnTLS (0.662) (95% Cl,
0.605-0.719) and tpTLS (0.642) (95% Cl, 0.592-0.791). For OS prediction, the C-index of the TSR class
was 0.768 (95% Cl, 0.715-0.820), which was higher than that of tnTLS (0.618) (95% Cl, 0.575-0.761)
and tpTLS (0.642) (95% Cl, 0.592-0.792).
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Additionally, we verified the distinct prognoses of the four classes in an external cohort (cohort 2).
External cohort data also indicate that the TSR class significantly predicts survival outcomes for PFS
and OS. (Figure 6C, 6D)

3.4. Predictive value of TSR class for treatment response and prognosis of anti-PD-1 antibody therapy in
PSCC patients

To further validate the role of TLS in predicting immunotherapeutic benefits, we examined the predictive
values of the TSR class in a different cohort of PSCC patients treated with anti-PD-1 antibody
monotherapy (cohort 3).

TSR class was significantly correlated with the clinical response to anti-PD-1 antibody therapy (p<0.05).
Regarding the CR/PR patients, the distributions of the four classes were as follows: 50%, 66.7%, 80.0%,
and 100.0% for classes |, I, lll, and IV, respectively (Figure 7A). Survival analysis in this cohort revealed
that class IV was associated with significantly better PFS and OS (PFS: HR=0.265, 95% CI=0.028-0.413,
p=0.044; 0S: HR=0.312, 95% CI=0.039-0.451, p=0.002) (Figure 7B, 7C). These results confirmed that the
TLS-related score might be a new predictor of PD-1 inhibitor therapy response in PSCC.

4. Discussion

To our knowledge, this study recruited the largest cohort of patients that analysed the TLS in PSCC. We
examined TLS expression and its association with patient characteristics and prognosis. High TLS
expression in the tumor nest and periphery correlated with OS or PFS benefits. We established a TSR
class (four classes) based on TLS expression in the tumor nest and periphery. The four TSR classes
identified in this study exhibited different immune infiltrates, which could offer valuable insights into
predicting the clinical response to anti-PD-1 antibodies and patient survival. To the best of our
knowledge, this is the first study to illustrate the clinical significance of TLSs in predicting the prognosis
and effectiveness of anti-PD-1 antibody treatment in a large cohort of patients with PSCC.

Vassallo et al. verified the infiltration of CD3, CD4, CD8, CD20, CD68, CD138, and FOXP3 by
immunohistochemical in PSCC [10]. In line with the findings of Vassallo, we also found a higher level of
immune cell infiltration in PSCC compared to normal tissues by RNA-sequencing. Besides this, we also
found the up-regulation of chemokines, which suggests the involvement of TLS neogenesis [39-41].
These findings suggest the presence of TLSs in PSCC, and the high infiltration of B cells indicates a
potential role of adaptive immune response in antitumor immunity.

The formation of TLS has the potential to impede tumor growth through the upregulation of tumor
antigen-specific or activated cytotoxic lymphocytes, [40] thereby enhancing the anti-tumor immune
response and conferring a favourable prognostic outcome [24, 42-45]. In our study, TLS in the tumor
nest and periphery were associated with a favourable clinical outcome in patients. We further compared
the differentially expressed genes between different tnTLS and tpTLS groups, and the results showed
that high TLS in both the tumor nest and the tumor periphery contributed to the formation and shaping of
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the immune context in an anti-tumor direction. Diverse distribution patterns of TLS contribute to forming
distinct microanatomical sites, facilitating anti-tumor immune responses [42, 46-50].

To further understand the role of TLS in PSCC, we integrate the TLS expression both in intratumor and
peritumor. A TSR class was established to stratify patients into four distinct subclasses with significantly
varied prognoses. Class IV denotes patients with significant tumor nest and periphery infiltration. Class |
represents the opposite combination, with the least effective anti-tumor response and the poorest
prognosis. Immune class Il and Il represent patients with distribution and abundance of TLSs in tumor
nest or tumor periphery. This classification based on immune-related factors has been granted clinical
validation for practical application in colorectal cancer and intrahepatic cholangiocarcinoma [36, 51-54].
Similarly, our TSR class has demonstrated a robust and reliable prognostic value for PSCC patients in
internal and external cohorts, highlighting our immune classification system's exceptional reliability and
discriminatory ability.

To further confirm the practicality of the TSR class, a cohort of 30 patients who underwent PD-1
blockade therapy was included to assess its predictive capability for immunotherapy response. The
results indicated that the TSR class could be an indicator for PD-1 blockade application in PSCC.

This study has several limitations. First, the predictive power of the TRS class for immunotherapy
response and its prognostic value as a biomarker in PSCC should be further validated through a more
extensive cohort study. Second, the mechanisms underlying TLS formation and distribution in PSCC
remain unclear. Third, investigating the dynamic alterations in tumor-infiltrating lymphocyte composition
within tumor-associated TLS during tumor progression and exploring the potential modulatory effects of
emerging clinical interventions on these alterations holds significant implications for future scientific
inquiry. Fourth, the immunotherapy cohort (Cohort 3) comprised a relatively small sample size (n = 30).
Therefore, the observed predictive value of the TSR class for anti-PD-1 efficacy is exploratory and
requires confirmation in larger prospective studies.

5. Conclusions

In summary, we demonstrated that the spatial arrangement and abundance of TLSs are significantly
correlated with prognosis and present a novel TSR classification for predicting survival in PSCC patients.
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Glossary

AJCC: American Joint Committee on Cancer;
H&E: hematoxylin and eosin;

HPV: human papillomavirus;

IHC: immunohistochemical,

IME: immune microenvironment;

LNM: lymph node metastasis;

mIHC: multiplex immunohistochemical staining;
NK: natural killer;

OS: overall survival;

PFS: progression-free survival;

PSCC: penile squamous cell carcinoma;
TLSs: tertiary lymphoid structures;

TN: tumor nest;

TNM: tumor-node-metastasis;

TS: tumor periphery;

Tables

Tables 1 & 2 are available in the Supplementary Files section.
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Figure 1

Representative whole slide images of H&E staining for TLS scoring system (TN and TP scores).
Representative images of TLS in tumor nest and tumor periphery (A). Representative TLS score images
in the intratumor and periphery region were shown in (B), and TLS was marked in red.
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Figure 2

Immune microenvironment (IME) compositions of PSCC and normal tissues. (A) IME compositions
between tumor and normal tissues defined by the MCP-counter. (B) Differential expressions of TLS-
related chemokines in tumor and normal groups. (*P < .05, ** P < .01, ***P< .001). Comparisons were
made using the Mann-Whitney U test. (C) Evaluation of tertiary lymphoid structures (TLSs) using
multiplex immunofluorescence in 20 PSCC patients. Representative image of low-tnTLS, high-tnTLS, low-
tpTLS, and high-tpTLS, showing B cells (CD20, green), follicular DCs (CD21, yellow), CD8 T cells (CD8,
blue), CD4 T cells (CD4, red), panCK (tumor cell, purple). Scale bars = 100 pm.
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The boxplot shows the MCPcounter enrichment scores of immune cell fractions between normal and

tumor groups. Comparisons were made by Mann—Whitney U test.
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Evaluation of tertiary lymphoid structures (TLSs) using multiplex immunofluorescence in PSCC patients.
Composition of CD20, CD21, CD4, and CD8 cells subsets in low-tnTLS, high-tnTLS, low-tpTLS, and high-
tpTLS groups. Comparisons were made using the Mann-Whitney U test. (** P < .01, ***P < .001)
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Figure 5

Prognostic value and discrepancy of tnTLS and tpTLS in PSCC. Kaplan-Meier curves showing
progression-free survival (PFS) and overall survival (OS) of PSCC patients stratified by tnTLS (A) and

tpTLS (B) in Cohort 1, respectively. Difference analysis of low-tnTLS and high-tnTLS in PSCC. Heatmap of

DEGs between samples in PSCC with low-tnTLS and high-tnTLS group (C); Functional enrichment

analysis of low-tnTLS and high-tnTLS group in PSCC (D). Difference analysis of low-tpTLS and high-
tpTLS in PSCC. Heatmap of DEGs between samples in PSCC with low-tpTLS and high-tpTLS group (E);

Functional enrichment analysis of low-tpTLS and high-tpTLS group in PSCC (F).
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and overall survival (OS) of PSCC patients with different TSR classes in cohort 1(A, B) and cohort 2 (C,
D), respectively.
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Figure 7

The prognostic meaning of TSR class in patients who received immunotherapy. The immunotherapy
response in different TSR classes (A). Prognostic value of TSR class in PSCC received immunotherapy.
Kaplan-Meier curves showing progression-free survival (PFS) (B) and overall survival (OS) (C) of PSCC
patients with different TSR classes, respectively.
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