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importance. It has been reported that some fac-
tors, such as gender, age, circulating tumor cell,
and treatment, may be related to the survival of
metastatic BCa.®% However, the effects of these
factors on the site of metastasis are unknown.

In recent years, some studies on epidemiology
and translational research have fully revealed the
gender differences in the incidence and outcome
of BCa.1%-12 Although the incidence of BCa is
higher in men, women are more likely to be diag-
nosed with advanced disease and are more likely
to disease recurrence, progression, and poorer
outcomes than men.!314 In addition, the 5-year
survival difference between men and women in
patients with stage IV BCa has been reported to
be estimated at 12%.1516 There are multiple theo-
retical explanations for this gender difference,
including genetic risk factors, different carcino-
gen exposures, differences in sex hormone regula-
tion, and changes in treatment.!317 To the best of
our knowledge, the difference in prognosis
between genders with distant metastasis patterns
in BCa patients is currently unknown.

In this study, we used clinical and demographic
factors from the Surveillance, Epidemiology, and
End Results (SEER) Program. Our study found
that in patients with metastasis BCa, the progno-
sis of women is worse than that of men, especially
in patients with lymph node metastasis (LNM),
but not in visceral metastasis. In addition, to fur-
ther explore the reasons for the worse prognosis
of LNM of female, we analyzed the gender-differ-
entially expressed genes (gDEGs) in the LNM
population and constructed a gender-associated
signature using The Cancer Genome Atlas
(TCGA) database. The gender-associated signa-
ture can independently predict the drug suscepti-
bility and prognosis of BCa patients. Moreover,
the radiomics signature from our center was con-
structed to predict gender-associated signature to
more easily identify drug sensitivity and prognosis
in BCa patients. Therefore, this study is focused
on raising the awareness on gender differences in
the prognosis of BCa patients, and could provide
a new perspective for research and for proposing
gender-based options for treatment of BCa.

Materials and methods
Database and patient selection

The SEER database is a basic cancer registry that
covers approximately 28% of the population of

the United States, recording basic demographic
and clinicopathological features of cancer
patients. In all, 1829 patients were screened
through the flow chart (Figure S1).

The original counts and corresponding clinical
information from RNA sequencing data for 408
BCa were obtained from TCGA dataset, which
included 129 pathologically proven BCa tissues
with  LNM (97 males and 32 females).
Transcriptome data from the IMvigor210 trial,
including patients with metastatic urothelial car-
cinoma treated with atezolizumab (programmed
cell death-Ligand 1 [PD-L1] inhibitor), were
downloaded from was downloaded from the R
package ‘IMvigor210CoreBiologies’ (version
1.0.0).

The studies involving human participants were
reviewed and approved by the Ethics Committee
of Shanghai Tenth People’s Hospital (approval
number 2021KN108). Informed consent of
patients was waived due to its retrospective
nature. BCa patients who visited the Shanghai
Tenth People’s Hospital between November
2019 and July 2021were collected through the
flow chart (Figure S2). The protocols of magnetic
resonance imaging (MRI) acquisition, total RNA
extraction, paired-end libraries generation, and
RNA-sequence can be obtained from our previ-
ous studies.!819

Specific methods of bioinformatics analysis, radi-
oomics feature extraction and construction, and
immunohistochemistry are described in the sup-
plemental methods.

Statistical analysis

The chi-square test was used to compare categori-
cal variables between men and women and the
Student’s ¢-test was used for continuous variables.
We used the Kaplan—Meier method to generate
survival curves and performed log-rank test to
compare the cancer-specific survival (CSS) and
overall survival (OS) of each group. Multivariate
Cox proportional risk regression models were
used to assess the factors associated with CSS and
OS, respectively, and to compare the association
between gender and metastases sites and survival
by adjusting for potential confounders. The haz-
ard ratio (HR) and 95% confidence interval (CI)
were estimated. Log rank was used to test Kaplan—
Meier survival analysis to compare the survival
differences between the two groups, and
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Figure 1. Workflow schematic.

time-dependent receiver-operating characteristic
(ROC) analysis was performed to compare the
risk scores. All statistical tests were bilateral and p
values <0.05 were considered statistically signifi-
cant. The GraphPad Prism version 7.0, SPSS ver-
sion 25.0, and R software (version v4.0.3) were
used for statistical analysis and graphical work.
The workflow schematic is shown in Figure 1.

Results

Patient characteristics

A total of 79,312 eligible BCa patients were
obtained from the SEER database, and 22% of
these patients were women (Table S1).
Furthermore, we selected 1829 BCa patients with
a single metastasis, including 1314 male patients
(72%) and 515 female patients (28%) (Table 1).
Women were more likely than men to be divorced/
widowed (44.3% wversus 24.5%; p<<0.01), Black
(14% wersus 8.8%; p<<0.01), and more likely
Grade I to Grade II (6.4% versus 3.8%; p=0.042)
and non-transitional urothelial carcinoma (TUC;
26.2% wersus 17.7%; p<<0.01). Females were less
likely than males to receive chemotherapy (47.2%
versus 57.1%; p<<0.01). There was also no differ-
ence in distant metastasis between male and
female patients. However, among the sites of
metastasis, we found that bone remained the
most common site of metastasis for male BCa
patients (34.9%), followed by lung (29.4%),
lymph nodes (21.2%), liver (12.9%), and brain
(1.6%), while in female patients, the

Differential expression of nentrophils

The role of neutrophils on the proguosis of BCa

most common site of metastasis was lung (33%),
followed by bone (28.3%), lymph nodes (22.5%),
liver (15.1%), and brain (1.0%). Table 1 sum-
marizes the differences in demographic character-
istics between the sexes.

Gender differences in the association of single
metastatic sites with risk of mortality

In analyzing the effect of gender on the prognosis
of BCa, we found that female patients had worse
CSS and OS (p<0.05; Figure S3A, B), and a
similar phenomenon was observed in patients
with metastatic BCa (p<0.05; Figure S3C, D).
Next, we explored the impact of different sites of
metastasis on the prognosis. Kaplan—Meier analy-
sis showed that patients with LNM had a better
prognosis than those with visceral metastasis
(p<0.05; Figure 2(a) and (b)). Furthermore,
through multivariate cox regression analysis, we
found that metastatic sites, together with age,
tumor T stage, surgery, and chemoradiotherapy,
were all independent prognostic predictors of OS
and CSS (p<<0.05; Table 2). Moreover, com-
pared with LNM, patients with visceral metasta-
sis (bone, lung, liver, and brain) had worse
prognosis (p<<0.05). Furthermore, we explored
whether there were gender differences in the
prognostic implications of different metastasis
sites. Then the data stratified by gender, and
Kaplan—Meier survival curve showed that among
male patients, the prognosis of patients with
LNM was better than that of patients with vis-
ceral metastasis (p<0.05; Figure 2(c) and (d)).

journals.sagepub.com/home/tam



https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 14
Table 1. Sex comparisons of demographic and clinical features in patients with metastatic BCa.
Characteristics, n (%) Total Male Female p Value
n=1829 n=1314 n=515
Age, years, SD 69.7+12.3 68.9+11.9 71.6 = 13.1 <0.001
Marital status, no. (%) <0.001
Married 864 (47.2) 692 (52.7) 172 (33.4)
Divorced/widowed 550 (30.1) 322 (24.5) 228 (44.3)
Single 338(18.5) 244.(18.6) 94(18.3)
Unknown 77 (4.2) 56 (4.3] 21 (4.1
Race, no. (%) 0.004
White 1544 (84.4) 1128 (85.8) 416 (80.8)
Black 187 (10.2) 115 (8.8) 72 (14.0)
Other 98 (5.4) 71 (5.4) 27 (5.2
Grade, no. (%) 0.042
Grade I-II 83 (4.5) 50 (3.8 33 (6.4)
Grade Il 379 (20.7) 106 (20.6) 273 (20.8)
Grade IV 980 (53.6) 722 (54.9) 258 (50.1)
Unknown 387(21.2) 269 (20.5) 118 (22.9)
TUC, no. (%) <0.001
Yes 1461 (79.9) 1081 (82.3) 380 (73.8)
No 368 (20.1) 233 (17.7) 135 (26.2)
Derived AJCC T stage, no. (%) 0.484
T1 287 (15.7) 204 (15.5) 83(16.1)
T2 765 (41.8) 566 (43.1) 199 (38.6)
T3 159 (8.7 109 (8.3 50 (9.7)
T4 334 (18.3) 233 (17.7) 101 (19.6)
X 284 (15.5) 204 (15.4) 80 (15.9)
Derived AJCC N stage, no. (%) 0.624
NO 919 (50.2) 650 (49.5) 269 (52.2)
N1 193 (10.6) 143 (10.9) 50 (9.7)
N2 361 (19.7) 268 (20.4) 93(18.1)
N3 146 (8.0 101 (7.7) 45(8.7)
Nx 210(11.5) 152 (11.6) 58 (11.3]
(Continued]
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Table 1. (Continued)

Characteristics, n (%) Total Male Female p Value
n=1829 n=1314 n=515

Surgery, no. (%) 0.055
No 630 (34.4) 431(32.8) 199 (38.6)
TURBT 1093 (59.8) 807 (61.4) 286 (55.5)
Radical cystectomy 106 (5.8) 76 (5.8) 30(5.8)

Radiotherapy, no. (%) 0.546
No 1427 (78.0) 1030 (78.4) 397 (77.1)
Yes 402 (22.0) 284 (21.6) 118 (22.9)

Chemotherapy, no. (%) <0.001
No 836 (45.7) 564 (42.9) 272 (52.8)
Yes 993 (54.3) 750 (57.1) 243 (47.2)

Metastasis sites, no. (%) 0.058
Lymph nodes only 394 (21.5) 278 (21.2) 116 (22.5)
Bone only 605 (33.1) 459 (34.9) 146 (28.3)
Lung only 556 (30.4) 386 (29.4) 170 (33.0)
Liver only 248 (13.6) 170(12.9) 78 (15.1)
Brain only 26 (1.4) 21 (1.6) 5(1.0)

BCa, bladder cancer; TUC, transitional urothelial carcinoma; TURBT, transurethral resection of bladder tumor.

However, a similar phenomenon was not observed
in female patients (p > 0.05; Figure 2(e) and (f)).
Subsequently, multivariate cox analysis revealed
that in male patients, metastatic sites, together
with age, tumor T-stage, and chemotherapy, were
independent prognostic predictors of CSS and
OS (p<<0.05; Table 3). Moreover, the prognosis
of visceral metastasis is worse than that of LNM,
and the prognosis of patients with brain metasta-
sis is the worst (p<<0.05). In contrast, in female
patients, only tumor T-stage, surgery, and chem-
otherapy were independent prognostic predictors
of CSS and OS (p<<0.05; Table 3).

Differences in metastatic sites between sex and
risk of mortality

The above results show that the prognosis of
LNM in male patients is better than that of vis-
ceral metastasis, but there is no significant differ-
ence in female patients. On this basis, we further

explore whether LNM and visceral metastasis can
affect the prognosis of gender. Then we stratified
according to the metastasis site, and Kaplan—
Meier survival curve showed that the prognosis of
male patients with LNM was better than that of
female patients (p<0.05; Figure 3(a) and (b)),
whereas in patients with visceral metastasis a sim-
ilar phenomenon was not observed (p>0.05;
Figure 3(c) and (d)). Subsequently, multivariate
cox regression analysis revealed that in patients
with LNM, gender, together with age, tumor
T-stage, surgery, and chemotherapy, were inde-
pendent prognostic predictors of OS and CSS
(p<0.05; Table 4). The prognosis of female
patients was worse than that of male patients
(p<0.05). In addition, the survival of female
patients receiving radical cystectomy (RC) and
chemotherapy can be significantly prolonged,
while that of male patients only receiving chemo-
therapy (Tables S2 and S3). In contrast, in
patients with visceral metastasis, only age, tumor
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Figure 2. Kaplan-Meier curves for 0S and CSS, by site of metastasis in the overall population (a, b), and for

males (c, d) and females (e, f).
CSS, cancer-specific survival; OS, overall survival.

T-stage, grade, surgery, and chemotherapy were
independent prognostic predictors of OS
(p<0.05; Table 4); Besides, chemotherapy and
grade were independent prognostic factors of
CSS (p<0.05; Table 4). There is also no differ-
ence in prognosis between male and female
patients. Moreover, OS could be significantly
prolonged after transurethral resection of bladder
tumor (TURBT) and chemotherapy in male
patients, while that of female patients only receiv-
ing chemotherapy (Tables S4 and S5).

Identification of DEGs between sexes in

patients with LNM

Based on the above findings, the prognosis of
women with LNM is worse than that of men. To
further explore the potential mechanism, the
‘Assistant of Clinical Bioinformatics’ was used to
conduct DEGs analysis on mRNA expression
profile data of LNM BCa tissues of men and

women in the TCGA database. A total of 30
DEGs were identified, of which 21 genes were
highly expressed in male patients and 9 genes
were highly expressed in female patients (Figure
S4A-B). And then, GO enrichment analysis was
performed on DEGs. Cell junction assembly,
zinc homeostasis, and neutrophil migration were
highly abundant terms for GO in biological pro-
cesses (Figure 4(a)). Furthermore, in LNM BCa
tissues, the expression of neutrophil infiltration in
women was relatively high (Figure 4(c)), although
there was no statistical difference, possibly due to
the small sample size. The overall population was
then analyzed and found to have higher neutro-
phil infiltration in women than in men (Figure
4(d)). Similarly, samples stained by IHC from
our center also showed consistent findings (Figure
4(e) and (f)). In addition, both the TIMER data-
base and the IMvigor210 database show that BCa
patients with high neutrophil expression have
poor prognosis (Figure 4(g) and (h)). The results
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Table 2. Multivariate cox regression analysis based on demographic factors.

Characteristics 0S CSss
HR (95% Cl) p Value HR (95% Cl) p Value

Age 1.00 (1.00-1.01) 0.001 1.00 (1.00-1.01) 0.003
Grading 0.048

Grade I-lI - 1.00 (ref.)

Grade Il - 1.24 (0.92-1.66) 0.161

Grade IV - 1.01(0.76-1.35) 0.922

Unknown - 1.09 (0.80-1.47) 0.6
Derived AJCC T stage <0.001 0.024

T1 1.00 (ref.) 1.00 (ref.)

T2 1.17 (1.01-1.37) 0.037 1.26 (1.06-1.49) 0.008

T3 1.02 (0.81-1.28) 0.872 1.11(0.87-1.42) 0.414

T4 1.45(1.21-1.73) <0.001 1.35(1.11-1.67) 0.003

X 1.25(1.03-1.51) 0.023 1.12(0.88-1.41) 0.355
Derived AJCC N stage 0.048

NO - 1.00 (ref.)

N1 - 1.20 (1.06-1.49) 0.069

N2 - 1.24 (1.06-1.45) 0.008

N3 - 1.09 (0.85-1.28) 0.545

Nx - 0.96 (0.79-1.17) 0.686
Surgery <0.001 0.004

No 1.00 (ref.) 1.00 (ref.)

TURBT 0.88 (0.78-0.99) 0.038 0.93(0.81-1.07) 0.33

Radical cystectomy 0.59 (0.46-0.76) <0.001 0.62 (0.47-0.82) 0.001
Chemotherapy

No 1.00 (ref.) 1.00 (ref.]

Yes 0.45 (0.40-0.50) <0.001 0.45 (0.40-0.51) <0.001
Metastasis sites 0.012 <0.001

Lymph nodes only 1.00 (ref.) 1.00 (ref.)

Bone only 1.28 (1.10-1.48) 0.001 1.48 (1.25-1.76) <0.001

Lung only 1.21 (1.04-1.40) 0.013 1.36 (1.14-1.63) 0.001

Liver only 1.20 (-1.00-1.44) 0.046 1.29 (1.04-1.59) 0.019

Brain only 1.57 (1.02-2.43) 0.041 1.82(1.12-2.97) 0.016

Cl, confidence interval; CSS, cancer-specific survival; HR, hazard ratio; OS, overall survival; TUC, transitional urothelial carcinoma; TURBT,

transurethral resection of bladder tumor.
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Figure 3. Kaplan-Meier curves for 0S and CSS, stratified by sex in patients with LNM (a, b, and patients with

visceral metastasis (c, d).

CSS, cancer-specific survival; 0S, overall survival; LNM, lymph node metastasis.

of the KEGG enrichment analysis indicated that
PI3K-Akt signaling pathway and extracellular
matrix (ECM)-receptor interaction were highly
enriched KEGG terms (Figure 4(b)).

Construction and evaluation of BCa risk model
based on gender difference in patients with

LNM

LASSO-penalized Cox analysis was used to
reduce the number of 30 DEGs. Finally, seven
genes (PRKY, AKR1B15, ALDH3B2, KRT23,
PLA2G2F, SAA1, and LAMB3) were used to
construct a gender-associated signature (Figure
5(a) and (b)). The risk score for each sample was
calculated using the following method: Riskscore =
(-0.0955) * PRKY + (0.1546) * AKR1B15 +
(=4 X 107%) * ALDH3B2 + (0.0496) *
KRT23 + (-0.078) *PLA2G2F + (—0.0048) *
SAA1 + (—0.0478) *LAMB3.

BCa samples were divided into low-risk or high-
risk group according to the median risk score
(Figure 5(c)). The survival state and survival time
of patients in the low-risk or high-risk group, and
the relative expression criteria of the seven

gender-related genes in each patient (Figure
5(d)). Results from the Kaplan—Meier survival
curve showed that the OS was shorter in the high-
risk group than in the low-risk group (p<<0.05;
Figure 5(e)). Next, the IMvigor210 database was
used to validate the accuracy of gender-associated
signature and found that patients treated with
PD-L1 inhibitors were divided into low-risk and
high-risk groups according to the optimal cutoff
value (—0.076). Kaplan—Meier survival analysis
showed significantly lower OS in high-risk
patients than in low-risk patients (p < 0.05; Figure
5(f)). To evaluate the efficiency of risk scoring in
predicting 1-, 3-, and 5-year survival, we per-
formed a ROC curve using data from the TCGA
dataset. The AUC was 0.658 at 1year, 0.687 at
3years, and 0.69 at 5years, indicating a high pre-
diction (Figure 5(g)).

Relationship between BCa risk score and

clinical features and drug sensitivity

Furthermore, we analyzed the distribution of the
corresponding samples for risk scores by age, gen-
der, smoking history, subtype, tumor TNM stage,
clinical stage, and gene mutation landscape.
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Figure 4. The function of DEGs between sexes in LNM patients. (a) Functional enrichment: the enrichment result of differential gene
KEGG pathway. (b] Enrichment results of DEGs GO term; among them, different colors represented the significance of differential
enrichment results, and a larger value represented the smaller FDR value. p <0.05 or FDR < 0.05 for enrichment results. The sex
difference in neutrophils from TCGA for the LNM population (c) and the overall population (d). Immunohistochemistry showed that
the sex difference in neutrophils from our central population (e, f). The effect of neutrophils on the prognosis of BCa from TIMER (g]
and in the validation set IMvigor210 trial (h).

BCa, bladder cancer; DEGs, differentially expressed genes; FDR, false discovery rate; LNM, lymph node metastasis; TCGA, The Cancer Genome Atlas.
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and survival time and survival state in the TCGA dataset. The Riskscore was shown as a scatter chart from
low to high, and different colors represented different expression groups (cJ; scatter diagram of survival time
and survival state corresponding to Riskscore of different samples, and heat diagram of gene expression in
this signature (d). (e] The Kaplan-Meier survival curve distribution of this risk model in the training set TCGA
database; median time represented the time (median survival time] in unit year corresponding to the survival
rate of 50% in the high-expression group and the low-expression group. (f) The Kaplan-Meier overall survival
curves for the two risk groups in the validation set IMvigor210 trial. (g) ROC curve and AUC of the risk model at
different times, wherein the higher the AUC value, the stronger the prediction ability of the model.

AUC, area under the curve; BCa, bladder cancer; ROC, receiver-operating characteristic; TCGA, The Cancer Genome Atlas.

Although the association of risk scores with age, (Figure 5(a), S5A, B), a higher risk score is more
smoking history, tumor NM stage, and gene likely for females and basal squamous cell sub-
mutation landscape was not significantly different types and is associated with higher T-staging and
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advanced pathological staging (p<<0.05; Figure
6(a)). In addition, the inhibitory concentration
(IC)50 values for cisplatin, docetaxel, camptoth-
ecin, and paclitaxel were significantly lower in
high-risk patients (Figure 6(b)—(e)), while there
was no significant difference in IC50 values for
gemcitabine and FGFR3 inhibitors (Figure 6(f)
and (g)). To assess whether the risk score was an
independent prognostic feature of BCa, univariate
Cox regression analysis found that the gender-
associated score was significantly associated with
poorer OS, and other variables associated with
poorer survival included age, clinical stage, and
(TNM)-staging (p<0.05; Figure 6(h)). In multi-
variate Cox regression analysis, only the risk score
[p<<0.001; hazard ratio (HR): 4.62; 95% confi-
dence interval (CI), 2.76-7.76) and clinical stage
(»p=0.005, HR: 1.56, 95% CI, 1.14-2.13) were
independent predictors of OS (Figure 6(i)).

Construction and evaluation of prognostic
nomograms

A nomogram containing clinical staging and risk
scores was constructed for OS prediction in BCa
samples. The gender-associated signature, com-
bined with clinical staging, shows significant pre-
dictive power in nomograms (Figure 7(a)). The
graphs show that the observed and predicted OS
at 1, 3, and 5years show ideal agreement (Figure
7(b)—(d)). In addition, the AUC favored OS for
lyear (AUC=0.656), 3years (AUC=0.689),
and 5years (AUC=0.703) (Figure 7(e)).

Construction and performance of the

radiomics signature

The above results have shown that gender-associ-
ated signature can significantly predict the drug
sensitivity and prognosis of BCa. However, not
every patient can conduct genome sequencing to
construct a gender-associated signature. At pre-
sent, most patients with BCa will undergo MRI
examination. Next, we will predict the gender-
associated scores through radiomics signature to
more conveniently identify the drug sensitivity
and prognosis of BCa patients.

There were 111 BCa patients with RNA-sequence
data and preoperative MRI in our center. The
number of BCa patients in the training and valida-
tion sets were 77 and 34, respectively. Table S6
demonstrated the clinical characteristics of BCa
patients. No statistical differences were found
between training and validation sets. The

intraclass correlations between two radiologists
ranged from 0.762 to 0.908, suggesting a high
inter- and intra-observer reproducibility. The top
10 features were selected by Max-Relevance and
Min-Redundancy (mRMR) before radiomics sig-
nature construction. A LASSO model based on
10 radiomics features was constructed (Figure
8(a) and (b)). The coefficients of these 10 features
are shown in Figure S6A. These 10 features were
not highly correlated with each other (Figure S6B;
mean absolute Spearman, p=0.138). The AUCs
of the LASSO model were 0.854 and 0.838 in the
training and validation sets, respectively (Figure
8(c)). The accuracies of the LASSO model were
79.2% and 70.6% in the training and validation
sets, respectively (Figure 8(d)). Patients in high-
risk group had significantly higher radiomics
scores than patients in low-risk group in both
training and validation sets (Figure 8(e) and (f),
both p<<0.001). The waterfall plot showed that
patients with high radiomics scores had a strong
tendency for high-risk group in the combined
training and validation sets (Figure 8(g)).

Discussion

Gender dimorphism shows significant differences
in the incidence and mortality of BCa. In general,
the incidence is higher in males, but the prognosis
is more severe in females.!320 Genetic and envi-
ronmental factors as well as clinical management
issues have been widely associated with gender-
related differences in BCa outcomes.!13:17:21,22
Metastatic BCa is the end stage of this malig-
nancy and the survival after diagnosis is quite low.
Despite a good initial response to chemotherapy,
few patients achieved long-term OS.2:23 Previous
studies have shown that some factors such as sur-
gery, histological subtype, and sociodemographic
disparities, etc. have been considered to be asso-
ciated with the prognosis of metastatic BCa.2426
However, the effect of a combination of gender
dimorphism and BCa metastasis sites on the risk
of death is currently unknown. Therefore, explor-
ing the effect of gender dimorphism on metastatic
BCa will help provide insight into the progression
of BCa and thus have important guiding signifi-
cance for a novel, gender-based approach to BCa
management and clinical decision-making.

Our study found that in patients with metastatic
BCa, the diagnosis was older in women than in
men. This may be due to the fact that women
have a delayed diagnosis due to hematuria and
urinary tract infections, and are more likely to
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BCa, bladder cancer; IC50, inhibitory concentration 50; TCGA, The Cancer Genome Atlas.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Y Guo, Z Zheng et al.

() OFE =
0 10 20 30 4 5 60 70 80 100 _',J_ffr-
Points F
-
© | }.—'—’
riskscore : . : . . : . v . , o o
14 42 -1 08 08 04 02 0 02 04 08 j__f»fﬁr -
2 4 3 rl
stage T © i P
1 3 S =
2
g a
Total Points . , 2 f
0 20 40 60 80 100 120 140 160 §
-
o .
1-Yeas 08 : s ———y Ar
005 085 080 070 06 05 04 03 r“ Type
o | 4 F{ 1-Yaurs AUCS0 656, 9591 (0.557-0.728)
3-Year OS T T T T =]
085 080 070 06 05 04 03 02 01 3-Years AUC=0/688, 87%4C1 (0.623-0.7
[ $-Yaess AUC=0.703, 95%C1 (0.624-0.781)
5-YearOS v T T T —
085 080 070 06 05 04 03 02 01 2 ¥
I ! 1 1 T 1
1.0 08 06 04 0.2 0.0
Specificity
(© (d) (e)
o [T a T T A o [T
P i
5 3 [/ - 5 S ‘ 24 |
© © : o
E e -
i / 3 " /k i
1 ,/ & / “ /
- = | - | - |
‘! -] ! o g -1
2 3 ) //
ER ] - |-
T T T T T T T T T T = T T T T
0z 04 08 08 10 02 04 06 08 10 02 04 06 08 10

Nomogram Predicted 1 Years Survival

Nomogram Predicted 3 Years Survival

Nomogram Predicted 5 Years Survival

Figure 7. Predictive value of gender-related scoring model combined with clinical pathological characteristics
for OS of patients with BCa. (a) Nomograms predict 0S from TCGA cohort of BCa patients. (b) ROC curve and
AUC of the nomogram at different times, wherein the higher the AUC value, the stronger the prediction ability
of the model. (c-e) Calibration diagram for nomogram; the x-axis is the survival predicted by the nomogram,

and the y-axis is the actual survival.

AUC, area under the curve; BCa, bladder cancer; 0S, overall survival; ROC, receiver-operating characteristic; TCGA, The

Cancer Genome Atlas.

have an advanced disease at the time of diagno-
sis.2728 Moreover, women are more often Black
and in a non-TUC and divorced/widowed state.
Some studies have shown that women and Black
are more likely to suffer from the basal subtype of
BCa, and the prognosis of BCa with the basal
subtype is worse.21:2° In addition, women are less
likely to receive chemotherapy than men. This is
consistent with the study by Rose er al.°® The
above results may partly explain the low survival
of female patients. Interestingly, in patients with
metastatic BCa, the most common site of metas-
tasis is bone in men and lung in women. Some
studies have found that some biological processes
such as hemodynamics and the ‘seed and soil’
hypothesis may affect the occurrence of bone
metastasis.?® However, there are a few studies
on the mechanism that is responsible for lung
metastasis to be more frequent in females, so

elucidating the mechanism of lung metastasis in
female patients with BCa remains a challenge.

To date, this is the first study to investigate the
effect of a combination of gender dimorphism and
BCa metastasis on the risk of death. First, our study
has proved the gender difference associated with
the risk of death in the single metastatic site.
Compared with LNM, the prognosis of visceral
metastasis is worse, especially that of brain metasta-
sis. However, a similar phenomenon was not
observed in female patients. Dong er al3! also
found a better prognosis in LNM than in visceral
metastasis in the general population, but did not
perform sex stratification. Furthermore, chemo-
therapy can significantly improve the survival of
BCa patients regardless of gender and metastatic
site. In addition, RC can significantly improve the
prognosis of women with LNM, while TURBT
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ROC: receiver-operating characteristic.
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cannot. And TURBT can significantly improve the
prognosis of men with visceral metastasis, while RC
cannot. Therefore, it is essential for patients with
BCa to choose the appropriate treatment. Second,
to explore the effect of gender on the prognosis of
BCa in different metastatic sites, we found that
gender was an independent prognostic factor in
patients with LNM through multivariate cox
regression analysis. Furthermore, female patients
have a poorer prognosis than male patients. A simi-
lar phenomenon was not observed in patients with
visceral metastasis. Based on the above results, the
prognosis of female patients with LNM is worse
than that of male patients, and there is no gender
dimorphism in patients with visceral metastasis.

Next, to further explore the underlying mechanism
of a worse prognosis in women than in men with
LNM, we performed DEGs on the expression pro-
files of LNM BCa in men and women in the TCGA
database. And then, GO enrichment analysis was
performed on DEGs, and it was found that the
highly enriched terms were mainly cell junction
assembly, zinc ion homeostasis, neutrophil chemot-
axis, and neutrophil migration. Studies have shown
that cell junction assembly is related to tumor inva-
sion and metastasis,?? and zinc homeostasis may
play an important role in maintaining T-cell func-
tion and cell-mediated immune function.?? In addi-
tion, studies have found that tumor-associated
neutrophils can play a pro-tumor role by promoting
metastasis, angiogenesis, and tumor cell survival.3*
This study showed that neutrophil infiltration was
relatively higher in women than in men in BCa
patients with ILNM, although there was no statisti-
cal difference, probably due to the small sample size
in this population. Furthermore, in the general pop-
ulation, we found that neutrophil infiltration was
significantly higher in women than in men, and BCa
patients with high neutrophil infiltration had a
worse prognosis. These results further prove that
high neutrophil infiltration may be an important
reason for the poor prognosis in women. Markman
et al.*> also found tumor metastasis burden in female
and castrated male mice is higher than in sham male
mice, which partially explains the possibility of loss
of testosterone impairing neutrophil maturation
and function to promote tumor progression.
Furthermore, the results of the KEGG enrichment
analysis indicated that the highly enriched terms
mainly include PI3K-Akt signaling pathway and
ECM-receptor interaction. These two pathways
also play an important role in tumor progression.36-37
The above results further explain the gender differ-
ence in prognosis of patients with LNM.

In this study, LASSO Cox regression analysis was
used to reduce the number of DEGs, and we fur-
ther established a gender-associated signature with
seven DEGs. The signature was used to predict
OS in patients with BCa to better understand the
role of these genes. Among them, studies have
shown that PRKY only plays an important role in
the male reproductive system,?® and AKR1B15
has a unique effect on the higher activity of steroids
and ketones.3® Subsequently, we found that com-
pared with the low-risk group, patients in the high-
risk group had a worse prognosis and higher
sensitivity to cisplatin, docetaxel, camptothecin,
and paclitaxel. Analysis of the ROC curve and
nomogram showed that the model had greater
prognostic accuracy at 1, 3, and 5years. In addi-
tion, the gender-associated scores predicted by
radiomics signature were quite accurate. Due to
the clinical limitation that not every patient can
perform genome sequencing, the radiomics signa-
ture can more conveniently help clinicians to iden-
tify the drug sensitivity and prognosis of BCa
patients by predicting the gender-associated scores.

This study has a number of limitations. First, we
evaluated a single distant metastasis, but lacked
detailed information on metastases such as the size
of a specific organ and the exact number of meta-
static lesions. Second, the database includes infor-
mation about the use of surgery and chemotherapy,
but does not record detailed protocols for these
treatments. Third, we focus only on gene expression
levels and ignore other events such as gene muta-
tions, methylation, and copy number amplification,
which are also important in tumor progression.
Finally, the gender-associated scores were not vali-
dated with our center data. Therefore, we will col-
lect clinical samples from our center and conduct
external verification for the accuracy of the model.

Conclusions

In summary, our study found that there is a com-
bination of gender-related factors affecting the
prognosis of BCa metastatic pattern. Specifically,
(1) male patients with LNM had a better progno-
sis than visceral metastasis, but similar phenom-
ena were not observed in female patients and (2)
in patients with LNM, the prognosis is better in
men than in women, while no similar phenome-
non was observed in visceral metastasis. (3)
Enrichment of DEGs between sexes in patients
with LNM may be related to metastasis and
tumor immunity, especially the role of neutro-
phils. (4) Gender-associated signature is related
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to the clinicopathological characteristics of
patients, and the prognosis of the high-risk group
is worse, and higher susceptibility to cisplatin,
docetaxel, camptothecin, and paclitaxel. (5)
Patients with high radiomics scores had a strong
tendency for high-risk group. Therefore, the gen-
der-associated signature can be used as an accu-
rate and efficient prediction model to guide
clinical practice. These results may provide addi-
tional evidence for differences in tumor biology
between sexes and for individualized treatment.
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