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Introduction: Prostate cancer (PCa) ranks as the second most common
malignancy in men worldwide. While serum prostate-specific antigen (PSA) is
routinely monitored, its low specificity frequently leads to overdiagnosis.
Cytokines within the tumor microenvironment (TME) demonstrate strong
tumor-progression associations, but their combined predictive utility with PSA
for metastasis and chemotherapy response remains undetermined. This study
aimed to quantify cross-sectional differences in pre-treatment cytokine levels
based on metastatic status, assess their prognostic value for biochemical
progression-free survival in metastatic patients, and characterize cytokine
profiles from baseline to biochemical recurrence.

Methods: We retrospectively analyzed 328 PCa patients (175 metastatic, 153
non-metastatic), collecting data on age, smoking history, Gleason score, total
PSA (TPSA), and cytokines. Metastasis-associated factors were identified by
Spearman correlation and logistic regression. Prognostic models were
evaluated using ROC curves/AUC analysis. Multi index combination was used
to find the best prognostic group.Survival analysis employed Kaplan-Meier
methodology, while Cox regression assessed post-chemotherapy PSA
rebound predictors.

Introduction: We find that smoking, TPSA, and IL-8 emerged as independent
metastasis risk factors. Prognostic indices PRE1 (smoking, TPSA, IL-8) and PRE2
(all significant factors) achieved AUCs of 0.788 and 0.787 respectively, with PRE1
demonstrating superior calibration. The AUC of TPSA+IL-6+IL-8+IL-10 four
factor combination was 0.753, and this combination yielded high prognostic
performance, and the proportion of metastasis group was significantly higher
than that of non-metastasis group. Univariate Cox analysis associated age, TPSA,
IL-6, IL-8, and TNF-o with PSA rebound, though multivariate analysis identified
no independent predictors.
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Discussion: These results underscore the immunological relevance of specific
cytokines in PCa progression and their potential as complementary biomarkers
to PSA for improving risk stratification.

prostate cancer, metastasis, cytokines, serum biomarkers, chemotherapy response,
predictive prognostic modeling

1 Introduction

According to GLOBOCAN 2022 data from the International
Agency for Research on Cancer (IARC), prostate cancer ranks as
the second most frequently diagnosed malignancy and the fifth
leading cause of cancer-related death among men worldwide (1).
Prostate-specific antigen (PSA) is widely used to screen for and
monitor prostate disease because it is highly sensitive, but it is not
very specific (2, 3). Levels rise with age, infection, certain drugs, and
larger glands, often producing false positives and prompting
unnecessary treatment (4-7). This limits PSA’s ability to predict
clinically significant cancer. Consequently, identifying novel
biomarkers that complement PSA to enhance diagnostic accuracy
remains critically important.

The tumor microenvironment (TME) is the immediate
surroundings of cancer cells (8). It contains both cellular and
non-cellular elements (9). Cellular partners include tumor-
infiltrating lymphocytes, regulatory T cells, tumor-associated
macrophages, cancer-associated fibroblasts, and endothelial cells;
The non-cellular fraction comprises the extracellular matrix along
with cytokines, chemokines, and growth factors (10, 11). Research
suggests that tumor cells, immune cells, and stromal cells within the
TME collectively secrete cytokines. These cytokines play a
important role in the TME by modulating immune responses and
influencing various facets of tumor biology. They help maintain the
delicate balance between immune surveillance and immune
evasion, while also regulating key processes such as tumor
proliferation, survival, invasion, and metastasis (12). IL-6 is a key
pro-inflammatory cytokine produced by tumor cells, fibroblasts,
and immune cells. It triggers signaling cascades, including the JAK/
STAT3 pathway, via the IL-6R/gpl30 receptor complex, which
supports tumor cell survival, proliferation, migration, and
invasion. This signaling upregulates anti-apoptotic genes (e.g.,
Bcl-2 family members), downregulates pro-apoptotic genes, and
enhances the expression of immunosuppressive molecules such as
PD-L1, IDO, and IL-10, collectively promoting immune evasion.
IL-6 also contributes to angiogenesis, cancer-associated fibroblast
(CAF) activation, extracellular matrix remodeling, immune cell
infiltration, and metabolic reprogramming. For instance, IL-6
stimulates VEGF secretion to foster angiogenesis and activates
CAFs to produce matrix metalloproteinases (MMPs) and
collagenases, which degrade the basement membrane and
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facilitate tumor cell migration (13). In prostate cancer, IL-6 drives
biochemical alterations—such as upregulation of survival genes,
suppression of apoptotic genes, and increased invasiveness—and is
linked to poor clinical outcomes (14).

IL-8 enhances prostate cancer cell proliferation, migration,
invasion, epithelial-mesenchymal transition (EMT), and
angiogenesis by signaling through CXCR1/2 receptors. The IL-8/
CXCR1/2 axis promotes the accumulation of tumor-associated
neutrophils, macrophages, and myeloid-derived suppressor cells
(MDSCs) within the tumor microenvironment (TME), thereby
amplifying immunosuppression (15). In castration-resistant and
metastatic prostate cancer, IL-8 expression is elevated and correlates
with therapeutic resistance and heightened invasiveness. Moreover,
prostate cancer-derived exosomes can deliver IL-8, impairing CD8+
T cell function and facilitating tumor metastasis and immune
escape (16).

TNF-o is mainly secreted by immune cells such as macrophages
and T cells. It activates NF-xB and MAPK signaling pathways to
suppress apoptosis, promote proliferation and survival, and induce
EMT—mediated by transcription factors including Snail and ZEB1
—thereby enhancing the migratory, invasive, and metastatic
capacity of prostate cancer cells. TNF-o. also stimulates vascular
endothelial growth factor (VEGF) secretion, supporting tumor
growth and metastasis, while recruiting MDSCs and regulatory T
cells (Tregs) and promoting M2 macrophage polarization. These
actions collectively impair effector immune cell function and foster
an immunosuppressive TME (17). Evidence suggests that TNF-o
signaling contributes to resistance against chemotherapy and
endocrine therapies in prostate cancer. Its downstream effectors,
such as NF-kB, interact with androgen receptor signaling, enabling
tumor cell survival and proliferation even under androgen-deprived
conditions, thereby advancing the development of castration-
resistant prostate cancer (18).

Given PSA’s limitations and the functional significance of
cytokines, this study investigates the clinical value of combining
serum PSA with cytokine profiling in prostate cancer patients. We
will examine how these biomarkers relate to the onset, growth,
spread, and outcome of prostate cancer, test whether their
combined use improves prediction of disease progression, and
assess whether cytokine levels forecast a post-chemotherapy rise
in PSA. It is hoped that our research can provide new ideas for the
prediction and monitoring of the development of prostate cancer.
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2 Materials and methods
2.1 Patients and data collection

This retrospective study received approval from the Ethics
Committee of The First Affiliated Hospital of Wenzhou Medical
University (No: KY2025-R224), with ethics approval reference, and
was conducted in accordance with the World Medical Association
Declaration of Helsinki. Written informed consent was obtained
from all participants. We retrospectively analyzed medical records
from 2023 to 2025, enrolling 328 eligible prostate cancer patients
(153 non-metastatic, mean age 70.83 years; 175 metastatic, mean
age 72.69 years). All non-metastatic patients are in the TII stage,
while all metastatic patients are in the TIV stage because they have
pelvic lymphnode or bone metastases. All patients received
standard androgen deprivation therapy (ADT) and a proportion
of those in the metastatic group also received docetaxel-based
chemotherapy as part of their treatment regimen. All patients did
not receive surgical treatment during cytokine testing and all
diagnoses were histologically confirmed through ultrasound-
guided transperineally prostate biopsy. Metastasis status was
independently evaluated by two radiologists using MRI and/or
PET-CT. To ensure data reliability, we excluded patients with
comorbidities including acute/chronic inflammation, additional
malignancies, autoimmune disorders, major organ dysfunction,
infectious diseases, or severe neuropsychiatric conditions.
Collected baseline data comprised age, smoking history and
Gleason score, and collect TPSA and cytokine data in blood tests
of patients. The levels of five cytokines (IL-6, IL-8, IL-10, IL-1f, and
TNF-0)) were assessed by ELISA at distinct clinical timepoints: at

‘We enrolled 328 patients with histologically
confirmed prostate malignancies at our
institution (January 2023 - May 2025)

Exclusion criteria:

L |
175 cases with |
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FIGURE 1
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the initial cancer diagnosis for non-metastatic patients and upon
the initial radiological detection of metastasis for those in the
metastatic group. The complete list of cytokines (including
detection methods, reference ranges, and reasons for selection) is
shown in Supplementary Table SI.

Among metastatic patients, 80 received chemotherapy (mean
age 70.65 years), with 23 developing post-chemotherapy TPSA
rebound (mean age 72.22 years). TPSA rebound is defined as the
re-elevation of TPSA levels following chemotherapy, in the absence
of radiographic evidence of disease progression. Therapeutic
response was defined as time from chemotherapy initiation to
TPSA rebound or last follow-up for non-rebound cases. Figure 1
presents the study flowchart.

2.2 Statistical analysis

All analyses were conducted using SPSS version 27.0 (IBM
Corp., Armonk, NY, USA) and R version 4.5.0 (R Foundation for
Statistical Computing, Vienna, Austria). Missing data (4.8%) were
imputed using SPSS Multiple Imputation Method. The
“methodological sensitivity analysis” (including “Linear regression
for continuous variables”, “Predictive Mean Matching (PMM)” and
“Bayesian Linear Regression”) was conducted after imputation to
assess the sensitivity of the results. The findings indicate that the
direction of the coefficients was consistent, the conclusions
regarding statistical significance remained unchanged, the
differences in coefficient values were small, and there was
substantial overlap in the 95% confidence intervals across all
methods. This suggests that our main conclusions are not

(1) Incomplete medical records

(2) Prior curative surgery before observation period

(3) Acute/chronic inflammation, additional malignancies,
autoimmune disorders, major organic dysfunction, infectious
diseases, or severe neuropsychiatric conditions

metastasis confirmed by e

153 non-metastatic
cases

95 patients did not
receive chemotherapy

57 cases maintained
stable PSA levels

Research flowchart. Between January 2023 and May 2025, a total of 328 patients diagnosed with prostate malignancy after prostate biopsy were

screened.
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sensitive to the choice of imputation method. The comparative
results are presented in Supplementary Table S2. Normality was
assessed using Kolmogorov-Smirnov tests. Normally distributed
continuous variables underwent independent t-tests, categorical
variables chi-square tests, and non-parametric data Mann-
Whitney U tests. Univariate and multivariate logistic regression
calculated odds ratios (ORs) with 95% confidence intervals (CIs) for
metastasis associations. Prognostic performance was quantified via
receiver operating characteristic (ROC) curves and area under the
curve (AUC) using R packages such as “rms”, “ggplot2”, “caret” and
“dplyr”. Optimal cutoffs were determined for continuous variables
(survminer, survival packages) prior to dichotomization. Kaplan-
Meier curves with log-rank tests and Cox proportional-hazards
regression identified OS-associated factors. A prognostic

10.3389/fimmu.2025.1686570

nomogram was developed in R. All analyses employed two-tailed
tests with statistical significance defined at P < 0.05.

3 Results
3.1 Participant characteristics

Our cohort comprised 328 prostate cancer patients: 175 (53.4%)
with metastasis and 153 (46.6%) without metastasis. Significant
intergroup differences emerged in baseline characteristics and
serum biomarker profiles. As detailed in Table 1, metastatic
patients demonstrated statistically significant variations in age (P
= 0.026), smoking history (P < 0.001), Gleason score (P < 0.001),

TABLE 1 Comparison of baseline characteristics between metastatic and non-metastatic prostate cancer patients.

Characteristic Metastatic Non-metastatic Total P-value
Age (years)
mean(sd) 72.7(8.4) 70.8(7.6) 71.8(8.1) 0.026
median(ql, q3) 74.0(67.0,77.0) 71.0(65.0,76.0) 72.0(66.0,77.0)
Smoking, n(%)
Yes 56(32.0) 33(21.6) 89(27.1) <0.001
No 119(68.0) 120(78.4) 239(72.9) 0.768
TPSA(ng/ml)
mean(sd) 235.7(352.9) 65.5(190.2) 156.3(100.5) <0.001
median(ql, q3) 64.2(9.1,302.8) 8.8(4.8,23.5) 19.1(5.3,115.2)
IL-6(pg/mL)
mean(sd) 127.8(863.8) 97.4(596.6) 113.6(750.1) 0.026
median(ql, q3) 18.1(5.1,37.2) 28.2(6.8,52.8) 19.9(5.5,48.6)
IL-8(pg/mL)
mean(sd) 43.3(77.1) 25.9(62.7) 352(71.2) <0.001
median(ql, q3) 16.6(6.6,43.3) 11.9(7.7,21.3) 14.0(6.9,34.6)
IL-10(pg/mL)
mean(sd) 6.5(9.9) 7.1(9.2) 6.8(9.6) 0.021
median(ql, q3) 3.2(2.5,5.6) 4.1(2.5,8.7) 3.8(2.5,7.5)
IL-1B(pg/mL)
mean(sd) 2.6(1.0) 2.9(3.6) 2.8(2.5) 0.808
median(q1, q3) 2.5(2.5,2.5) 2.5(2.5,2.5) 2.5(2.5,2.5)
TNF-a(pg/mL)
mean(sd) 3.1(6.1) 2.6(0.3) 2.8(4.4) 0.003
median(ql, q3) 2.5(2.5,2.5) 2.5(2.5,2.5) 2.5(2.5,2.5)
Gleason,n(%)
<6 3(1.7) 13(8.5) 16(4.9) <0.001
7 14(8.0) 64(41.8) 78(23.8) <0.001
>38 158(90.3) 76(49.7) 234(71.3) <0.001
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TPSA (P < 0.001), IL-6 (P = 0.026), IL-8 (P < 0.001), IL-10 (P =
0.021), and TNF-o. (P = 0.003). No significant difference was
observed in IL-1J levels (P = 0.808).

3.2 Analysis of metastasis-associated factors

Spearman correlation analysis of Table 1 variables identified
significant associations with metastasis for age (P = 0.026), smoking
(P <0.001), TPSA (P < 0.001), IL-6 (P = 0.026), IL-8 (P < 0.001), IL-
10 (P = 0.021), TNF-o (P = 0.003), and Gleason score (P < 0.001).
Subsequent univariate logistic regression (excluding Gleason score)
revealed significant effects for age (OR = 1.029, 95% CI: 1.002-1.058;
P = 0.038), smoking (OR = 1.041, 95% CI: 1.027-1.055;P < 0.001),
TPSA (OR = 1.003, 95% CI: 1.002-1.004; P < 0.001), and IL-8 (OR =
1.007, 95% CI: 1.002-1.013; P = 0.008). Multivariate analysis
confirmed smoking (OR = 1.038, 95% CI: 1.023-1.053; P < 0.001),
TPSA (OR = 1.003, 95% CI: 1.001-1.004; P < 0.001), and IL-8 (OR =
1.006, 95% CI: 1.000-1.012; P = 0.039) as independent risk factors
for metastasis.

Using multivariate logistic regression results (Table 2), we
developed two prognostic indices: PRE1 (incorporating all
Spearman-significant factors) and PRE2 (utilizing only
independent risk factors: smoking, TPSA and IL-8).To evaluate
diagnostic performance, we constructed receiver operating
characteristic (ROC) curves and calculated area under the curve
(AUC) values, comparing models against individual risk factors.
PRE1 demonstrated superior performance (AUC = 0.788;
Figure 2A) with excellent calibration (Figure 2C), while PRE2
showed comparable discrimination (AUC = 0.787; Figure 2B) but
suboptimal calibration (Figure 2D). To compare the prognostic
performance between PRE1 and PRE2, we conducted a DeLong test
for their receiver operating characteristic (ROC) curves. The area
under the curve (AUC) was 0.751 for PRE1 and 0.749 for PRE2,
resulting in a negligible difference of 0.002. The DeLong test
revealed no statistically significant difference in discriminative
ability (Z = 0.222, p = 0.824), with a 95% confidence interval for
the AUC difference ranging from -0.020 to 0.025.

10.3389/fimmu.2025.1686570

We systematically evaluated 57 serum biomarker combinations
(2-6 factors) for their association with metastasis risk (Tables 3, 4).

TPSA demonstrated consistent significance across
combinations, conﬁrming its strong metastasis association and
central prognostic role. IL-8 showed significant contributions in
multiple combinations (Group a, Group b and Group c), suggesting
critical involvement in metastasis and synergistic enhancement of
prognostic accuracy. IL-10, IL-1B and TNF-o. exhibited context-
dependent significance, indicating combinational specificity for
prognostic value. Progressive AUC improvements were observed:
TPSA + IL-8 (Group a: AUC = 0.736) — TPSA + IL-6 + IL-8
(Group b: AUC = 0.737) — TPSA + IL-6 + IL-8 + IL-10 (Group i:
AUC = 0.753) — TPSA + IL-6 + IL-8 + IL-10 + IL-1B (Group j:
AUC = 0.754), demonstrating synergistic prognostic enhancement.
Six-factor combinations (Group q: AUC = 0.753) showed no
additional gain, suggesting biomarker redundancy. TPSA-
independent panels (e.g., Group f: IL-6 + IL-8 + IL-10, AUC =
0.635) demonstrated substantially lower prognostic capacity.

We further validated high-performance combinations by
analyzing their valence in patient horses. TPSA+IL-8 positivity
was significantly elevated in static patients (42.9% vs. 28.8%;
Table 4). Similarity, TPSA+IL-6+IL-8 valence was higher in
metastasis (34.9% vs. 25.5%; Table 4). These distribution patterns
broadly align with the findings presented in Table 3, suggesting that
these combinations hold potential as predictive tools for metastasis.
However, Table 4 only details the proportion of cases with elevated
values for each combination in the metastasis and non-metastasis
groups. While this information may aid in further refining the
model, it offers limited insight into predictive performance, require
a consideration of additional factors.

3.3 Analysis of post-chemotherapy PSA
rebound in metastatic PCa

In the chemotherapy-treated metastatic subgroup, we analyzed
biomarker associations with post-chemotherapy TPSA rebound.
Univariate Cox regression (Table 5) identified significant

TABLE 2 Univariate and multivariate logistic regression analysis of prostate cancer metastasis (OR: odds ratio; Cl: confidence interval).

Univariate analysis

Multivariate analysis

Variable OR(95%Cl) P value OR(95%Cl) P value
Age (y) 1.029(1.002-1.058) 0.038 1.011(0.981-1.043) 0.473
Smoking 1.041(1.027-1.055) <0.001 1.038(1.023-1.053) <0.001
TPSA(ng/ml) 1.003(1.002-1.004) <0.001 1.003(1.001-1.004) <0.001
IL-6(pg/mL) 1.000(1.000-1.000) 0.689 -
IL-8(pg/mL) 1.007(1.002-1.013) 0.013 1.006(1.000-1.012) 0.039
IL-10(pg/mL) 0.993(0.971-1.016) 0.544 -
IL-1B(pg/mL) 0.923(0.780-1.093) 0354 -
TNF-0/(pg/mL) 1.034(0.961-1.113) 0365 -
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Receiver operating characteristic (ROC) curves and calibration plots. (A) ROC curves comparing PRE1, TPSA, IL-8, and smoking status with
corresponding AUC values (95% CI). (B) ROC curves for PRE2, TPSA, IL-8, and smoking status with AUC values (95% CI). (C) Calibration curve for

PRE1. (D) Calibration curve for PRE2.

associations with earlier rebound for age (HR = 2.768, 95% CI:
1.061-7.222; P = 0.031), TPSA (HR = 6.924, 95% CI: 0.925-51.820; P
=0.029), IL-6 (HR = 4.972, 95% CI: 1.130-21.880; P = 0.020), IL-8
(HR = 7.446, 95% CI: 0.968-57.258; P = 0.026), and TNF-a (HR =
3.944, 95% CI: 0.907-17.139; P = 0.049). Multivariate analysis
revealed no independent prognostic factors (Table 5).
Kaplan-Meier curves illustrate survival differences stratified by
these parameters (Figure 3). The nomogram in Figure 4 was

constructed based on a Cox proportional hazards model,
incorporating variables that reached significance (P<0.05) or a
borderline level (P<0.1) in univariable analyses (age, TPSA, IL-6,
IL-8, IL-1B and TNF-a), continuous biomarkers were dichotomized
using the optimal cut-off identified by the Youden index in ROC
analysis. The model’s regression coefficients were converted to a
points scale, and the summation of these points is mapped to the
predicted probabilities of survival at pre-defined time horizons. The

TABLE 3 Biomarker combinations and their prognostic performance (Groups a-q).

| Il 1] v \'% Vi vk vl IX X Xl Xi o Xiur X Xv XVI XVl
TPSA | <0.001 <0.001 <0.001 <0.001 <0.001 - - - <0.001 = <0.001  <0.001 - - <0.001 = <0.001 ~<0.001 | <0.001
IL-6 - 0651 | - - - 0999 - - 0717 - - 0.769 | 0989 0552 0728 - 0558
IL-8 0.047 | 0044 | 0006 | 0024 0046  0.009 0004 0007 0011 0005 | 0006 | 0007 0009 0009 0010 0005 | 0.009
IL-10 - - 0030 | - - 0057 0068 0043 0032 0049 0032 0070 0060 0040 0034 0052 | 0.043
-1 - - 0270 | - - 0344 | - - 0422 | - 0331 | - 0400 - 0420 | 0396
TNE-
" - - - - 0342 | - - 0377 | - - 0.368 0377 | - 0369 | 0367 | 0369
AUC | 0736 0737 0749 | 0743 | 0724 0635 0637 | 0629 0753 0754 0745 0638 0628 0754 0749 | 0749 | 0753

*The complete definition of each Biomarker Signature Group (a) to (q) is provided in Supplementary Supplementary Table S3. *

«»

Dashes “-” indicate excluded variables; numerical values represent P-values; AUC values denote prognostic accuracy.
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TABLE 4 Prevalence of biomarker signatures in metastatic versus non-metastatic cohorts.

Group Team members Metastatic Non-metastatic
L, n(%) TPSA + 1L - 8 75(42.9%) 44(28.8%)
11, n(%) TPSA +IL-6+1-8 61(34.9%) 39(25.5%)
11, n(%) TPSA + 1L -8+ L- 10 22(12.8%) 22(14.4%)
1V, n(%) TPSA +IL - 8 + IL - 1B 0(0%) 1(0.7%)
V, n(%) TPSA + IL - 8 + TNF-a. 2(1.1%) 0(0%)

VI, n(%) IL-6+1IL-8+L-10 27(15.4%) 30(19.6%)
VII, n(%) IL-8+L-10+1IL- 1B 0(0%) 1(0.7%)
VIIL, n(%) IL-8+L- 10+ TNF-o. 0(0%) 0(0%)

IX, n(%) TPSA +1IL-6+IL-8 +L-10 20(11.4%) 22(14.4%)
X, n(%) TPSA +IL -8 + IL- 10 + IL - 1B 0(0%) 1(0.7%)
XI, n(%) TPSA + 1L - 8 + IL - 10 + TNF-a, 0(0%) 0(0%)
XII, n(%) IL-6+1L-8+1IL-10+IL- 1B 0(0%) 1(0.7%)
XIIL, n(%) IL-6+1IL-8+IL- 10 + TNF-0. 0(0%) 0(0%)
XIV, n(%) TPSA +1L-6+1IL-8 +IL- 10 + IL - 1B 0(0%) 1(0.7%)
XV, n(%) TPSA +IL - 6 + IL - 8 + IL - 10 + TNF-0, 0(0%) 0(0%)
XV, n(%) TPSA +IL - 8 + IL - 10 + IL - 1B + TNF-o. 0(0%) 0(0%)
XVII, n(%) TPSA +IL- 6+ 1L -8 +IL- 10 + IL - 1B + TNF-0. | 0(0%) 0(0%)

nomogram indicates poorer outcomes with elevated TPSA and
cytokine levels, consistent with univariate findings despite the
absence of independent prognostic factors in multivariate analysis.

4 Discussion

Prostate cancer ranks as the second most diagnosed malignancy
and fifth leading cause of cancer-related mortality among men
globally (19). The tumor microenvironment (TME) critically
regulates oncogenesis, progression, and metastasis (20).

Cytokines, particularly IL-6 and IL-8, serve pivotal roles in
prostate carcinogenesis, where tumor-secreted factors remodel the
TME to accelerate disease progression (21, 22).

Our study included 12 cytokines, but based on the key drivers of
malignancy-related cycles, we selected IL-6, IL-8, IL-10, IL-1fB, and
TNF-o as our primary factors for investigation. This selection was
based on their central roles in the mature pro-metastatic signaling
network: IL-1B activates key pathways such as NF-kB, which
strongly upregulates the expression of IL-6, TNF-o, and IL-8,
initiating a malignant feedback loop. The core of this loop, driven
by IL-6, TNF-0, and IL-8, directly promotes tumor cell survival,

TABLE 5 Univariate and multivariate cox regression analysis of factors affecting chemotherapy efficacy in metastatic prostate cancer patients (n=80).

Univariate analysis

Multivariate analysis

Variable HR(95%CI) P value HR(95%Cl) P value

Age(y) 2.768(1.061-7.222) 0.031 2.102(0.776-5.696) 0.144
Smoking 0.559(0.237-1.315) 0.180 -

TPSA(ng/ml) 6.924(0.925-51.820) 0.029 4.335(0.544-34.537) 0.166
IL-6(pg/mL) 4.972(1.130-21.880) 0.020 2.574(0.559-11.843) 0.225
IL-8(pg/mL) 7.446(0.968-57.258) 0.026 3.087(0.374-25.466) 0.295
IL-10(pg/mL) 0.884(0.374-2.088) 0.780 -

IL-1B(pg/mL) 3.997(0.891-17.940) 0.054 -

TNF-o(pg/mL) 3.944(0.907-17.139) 0.049 2.302(0.510-10.385) 0.278
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FIGURE 3

Kaplan-Meier survival curves stratified by clinical parameters. (A) Advanced vs. younger age. (B) Smokers vs. non-smokers. (C) High vs. low TPSA. (D)
High vs. low IL-6. (E) High vs. low IL-8. (F) High vs. low IL-10. (G) High vs. low IL-1B. (H) High vs. low TNF-a. P-values denote log-rank test significance.
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Prognostic nomogram for survival probability in prostate cancer patients. ‘1" represents low, 2’ represents high.
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proliferation, and invasion, while also inducing angiogenesis,
thereby facilitating tumor metastasis. Concurrently, the immune-
suppressive microenvironment shaped by this process secretes high
levels of IL-10, which suppresses T cell function and antigen
presentation, providing a barrier for immune evasion by tumor
cells (23). Analysis of these cytokines and other risk factors, such as
TPSA, revealed that smoking, elevated serum TPSA, and high IL-8
levels are independent risk factors for metastasis. The established
associations between elevated TPSA, smoking history, and
metastasis have been well-documented in previous studies (24-28).

Using multivariate-identified risk factors (smoking, TPSA, IL-
8) for PREI and all significantly correlated factors (age, smoking,
TPSA, IL-6, IL-8, IL-10, TNF-c) for PRE2, we developed prognostic
models. PRE1 demonstrated superior calibration (AUC = 0.788)
versus PRE2 (AUC = 0.787), potentially due to PRE2’s exclusion of
outcome-associated variables. PRE1’s robust calibration supports
combined TPSA-cytokine profiling as a promising biomarker
strategy for disease progression monitoring. The DeLong test
indicated no statistically significant difference in discriminatory
ability between PRE1 and PRE2. Given that no significant
difference in discrimination was found between PRE1 and PRE2,
and given the practical value of model parsimony, we propose PRE1
as a simplified model that offers a favorable balance of prognostic
accuracy and calibration. But its clinical utility should be confirmed
through validation in independent, larger-scale cohorts.

To further analyze whether cytokine combined with TPSA
detection can help predict prostate cancer metastasis more
accurately, we examined 57 marker combinations ranging from two
to six variables. We find that the group of TPSA+IL-6+IL-8+IL-10
offers the best trade-off between prognostic power and clinical clarity.
Most other panels that included PSA and/or IL-8 also performed well.
These results show that although TPSA often causes over diagnosis due
to its low specificity, it still has a good reference value for predicting
prostate cancer metastasis, and cytokines combined with TPSA can
provide more accurate auxiliary diagnostic value for the assessment of
prostate cancer metastasis risk than TPSA alone, but its clinical
application still needs larger samples and in-depth research.
Interestingly, in our study, the addition of IL-10 resulted in a
decrease in the model's AUC from 0.788 to 0.753, highlighting the
dual role of IL-10 in immune responses. As an immunosuppressive
cytokine, IL-10 may suppress the activity of immune cells such as T
cells and macrophages, leading to reduced expression of key
biomarkers and subsequently weakening the model’s diagnostic
performance. Additionally, IL-10 might promote immune tolerance
or interact with other immune factors, such as IL-6 and TNF-o, further
compromising immune response efficacy. These findings suggest that
IL-10’s effects are complex and context-dependent in different immune
microenvironments (29). Future research should further investigate the
mechanisms of IL-10 in various disease contexts to better understand
its impact on immune diagnostics.

In a subgroup of 80 men with metastatic prostate cancer
receiving chemotherapy, we simply explored how age, serum
PSA, and cytokines influence the time to PSA rebound after
treatment. Univariate analysis associated advanced age, elevated
TPSA, IL-6, IL-8, and TNF-o with shorter rebound intervals. But
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multivariate analysis identified no independent predictors. This
suggests that these factors interact or overlap when analyzed
together. Potential explanations include: cytokine pathway
interactions (IL-6 proliferation, IL-8 migration/angiogenesis,
TNF-o protumor signaling), age-related inflammatory/TPSA
correlations, and limited statistical power.

It should be explained that Gleason score was not included in
the regression analysis model of this study. Gleason score is the core
histological basis for the diagnosis, risk stratification and treatment
of prostate cancer (30). About 50% of high-risk patients (> 8 points)
have micro metastasis at the time of diagnosis, suggesting high
invasiveness and metastasis tendency, which may interfere with the
prediction model based on serum markers (31). The high
correlation between Gleason score and prostate cancer may
further lead to overfitting. In addition, Gleason score depends on
invasive prostate biopsy (32). Therefore, in view of its potential
strong interference and invasive access, this study chose to exclude
this variable to focus on the evaluation of serum markers.

This work offers an option toward early detection of metastasis
and assessment of chemotherapy response in prostate cancer, yet
several limitations remain. The cohort was small and from a single
center, which may introduce selection bias. Although the ROC/
AUC results are statistically significant, larger prospective studies
and external validation across hospitals and ethnicities are required
before clinical use. PRE1 calibration may only reflect the
characteristics of the training data and needs to be validated in an
independent population. Multivariable Cox analysis did not show
any independent predictors, validation in a larger cohort is
therefore essential. However, due to the limited number of
studies, the multivariable Cox regression analysis of factors
associated with TPSA rebound in the chemotherapy subgroup
was underpowered and carried an increased risk of overfitting.
Therefore, future studies should aim to expand the sample size or
employ penalized regression techniques to strengthen the analysis.
Future research should test these findings in broader and well-
characterized cohorts, clarify how cytokines interact and combine,
create more accurate prediction tools, and evaluate individual
cytokines as therapeutic targets while recalibrating models as
populations and assays evolve.

5 Conclusion

Our study establishes that combined serum TPSA and cytokine
profiling enhances metastasis prediction in prostate cancer. The PREI
model (smoking, TPSA and IL-8) showed good prognostic
performance (AUC = 0.788) and superior calibration. The
combination of TPSA+IL-6+IL-8+IL-10 has excellent prediction
efficiency (AUC = 0.753). These results suggest that cytokines
combined with TPSA detection can provide more accurate auxiliary
diagnostic value for the assessment of prostate cancer metastasis risk. In
metastatic patients receiving chemotherapy, age, TPSA, IL-6, IL-8, and
TNF-o. showed univariate associations with PSA rebound, though
multivariate analysis revealed no independent predictors, likely
reflecting cytokine pathway crosstalk and variable collinearity.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1686570
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Mao et al.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by The First
Affiliated Hospital of Wenzhou Medical University. The studies
were conducted in accordance with the local legislation and
institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed consent
for participation from the participants or the participants’ legal
guardians/next of kin because The subsidiary is not required to
provide an informed consent form for this research methodology.
Written informed consent was obtained from the individual(s) for
the publication of any potentially identifiable images or data
included in this article.

Author contributions

K-FM: Writing - original draft. JS: Writing — original draft. CS:
Data curation, Formal Analysis, Writing — review & editing. B-BS:
Data curation, Formal Analysis, Validation, Writing - review &
editing. Z-GW: Conceptualization, Methodology, Writing — review
& editing. JC: Resources, Supervision, Writing - review & editing.
C-FZ: Methodology, Supervision, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. This work was partially
funded by the The First Affiliated Hospital of Wenzhou Medical

References

1. Bray F, Laversanne M, Sung H, Ferlay ], Siegel RL, Soerjomataram 1, et al. Global
cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer | Clin. (2024) 74:229-63. doi: 10.3322/
caac.21834

2. Crocetto F, Musone M, Chianese S, Conforti P, Selvaggio GD, Caputo VF, et al.
Blood and urine-based biomarkers in prostate cancer: Current advances, clinical
applications, and future directions. J Lig Biopsy. (2025) 9:100305. doi: 10.1016/
1j1b.2025.100305

3. Nguyen-Nielsen M, Borre M. Diagnostic and therapeutic strategies for prostate
cancer. Semin Nucl Med. (2016) 46:484-90. doi: 10.1053/j.semnuclmed.2016.07.002

4. Lakes ], Arsov C. PSA screening and molecular markers. Urologe A. (2019)
58:486-93. doi: 10.1007/s00120-019-0900-y

5. William Y, Sugiono M, Prasetiyo PD, Erico A, Octavius GS A case report and
literature review of prostatic tuberculosis masquerading as prostate cancer: A

Frontiers in Immunology

10.3389/fimmu.2025.1686570

University. The funding project is the "Special Disease Construction
Project for Male Sexual Dysfunction".

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1686570/
full#supplementary-material

diagnostic challenge in a tuberculosis-endemic region. Trop Med Infect Dis. (2025)
10:145. doi: 10.3390/tropicalmed10050145

6. Wang Y, Li X, Yang H, Yin C, Wu Y, Chen X Predictive factors of incidental
prostate cancer in patients undergoing surgery for presumed benign prostatic
hyperplasia: an updated systematic review and meta-analysis. Front Oncol. (2025)
15:1561675. doi: 10.3389/fonc.2025.1561675

7. Ma CQ, Xiong J, Li HJ. Advances in the studies of special biomarkers for the
experimental diagnosis of CP/CPPS. Zhonghua Nan Ke Xue. (2020) 26:660-5.

8. Cheng K, Cai N, Zhu J, Yang X, Liang H, Zhang W Tumor-associated
macrophages in liver cancer: From mechanisms to therapy. Cancer Commun (Lond).
(2022) 42:1112-40. doi: 10.1002/cac2.12345

9. Shah DD, Chorawala MR, Raghani NR, Patel R, Fareed M, Kashid VA, et al. Tumor

microenvironment: recent advances in understanding and its role in modulating cancer
therapies. Med Oncol. (2025) 42:117. doi: 10.1007/s12032-025-02641-4

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1686570/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1686570/full#supplementary-material
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.jlb.2025.100305
https://doi.org/10.1016/j.jlb.2025.100305
https://doi.org/10.1053/j.semnuclmed.2016.07.002
https://doi.org/10.1007/s00120-019-0900-y
https://doi.org/10.3390/tropicalmed10050145
https://doi.org/10.3389/fonc.2025.1561675
https://doi.org/10.1002/cac2.12345
https://doi.org/10.1007/s12032-025-02641-4
https://doi.org/10.3389/fimmu.2025.1686570
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Mao et al.

10. Su X, Yan X, Zhang H. The tumor microenvironment in hepatocellular
carcinoma: mechanistic insights and therapeutic potential of traditional Chinese
medicine. Mol Cancer. (2025) 24:173. doi: 10.1186/s12943-025-02378-8

11. Khan SU, Fatima K, Malik F, Kalkavan H, Wani A Cancer metastasis: Molecular
mechanisms and clinical perspectives. Pharmacol Ther. (2023) 250:108522.
doi: 10.1016/j.pharmthera.2023.108522

12. Jin MZ, Jin WL. The updated landscape of tumor microenvironment and drug
repurposing. Signal Transduct Target Ther. (2020) 5:166. doi: 10.1038/s41392-020-
00280-x

13. Heinrich PC, Behrmann I, Haan S, Hermanns HM, Miiller-Newen G, Schaper F,
et al. Principles of interleukin (IL)-6-type cytokine signalling and its regulation.
Biochem J. (2003) 374:1-20. doi: 10.1042/bj20030407

14. Qu R, Zhao Y, Zhang Y. The mechanism of cytokine regulation of cancer
occurrence and development in the tumor microenvironment and its application in
cancer treatment: a narrative review. Transl Cancer Res. (2024) 13:5649-63.
doi: 10.21037/tcr-24-679

15. Lopez-Bujanda ZA, Haffner MC, Chaimowitz MG, Chowdhury N, Venturini NJ,
Patel RA, et al. Castration-mediated IL-8 promotes myeloid infiltration and prostate
cancer progression. Nat Cancer. (2021) 2:803-18. doi: 10.1038/s43018-021-00227-3

16. Matsushima K, Yang D, Oppenheim JJ. Interleukin-8: An evolving chemokine.
Cytokine. (2022) 153:155828. doi: 10.1016/j.cyt0.2022.155828

17. Ben-Baruch A. Tumor necrosis factor o taking a personalized road in cancer
therapy. Front Immunol. (2022) 13:903679. doi: 10.3389/fimmu.2022.903679

18. O'Kane HF, Watson CJ, Johnston SR, Petak I, Watson RWG, Williamson KE,
et al. Targeting death receptors in bladder, prostate and renal cancer. J Urol. (2006)
175:432-8. doi: 10.1016/S0022-5347(05)00160-6

19. Al-Ghazawi M, Salameh H, Amo-Afful S, Khasawneh S, Ghanem R An in-depth
look into the epidemiological and etiological aspects of prostate cancer: A literature
review. Cureus. (2023) 15:e48252. doi: 10.7759/cureus.48252

20. Wang Y, Chen Y, Wang J. Role of tumor microenvironment in prostate cancer
immunometabolism. Biomolecules. (2025) 15:826. doi: 10.3390/biom 15060826

21. Garrido MM, Ribeiro RM, Kriiger K, Pinheiro LC, Guimaraes JT, Holdenrieder S
Are proinflammatory cytokines relevant for the diagnosis of prostate cancer?
Anticancer Res. (2021) 41:3067-73. doi: 10.21873/anticanres.15090

Frontiers in Immunology

11

10.3389/fimmu.2025.1686570

22. Katongole P, Sande O], Nabweyambo S, Joloba M, Kajumbula H, Kalungi S, et al.
IL-6 and IL-8 cytokines are associated with elevated prostate-specific antigen levels
among patients with adenocarcinoma of the prostate at the Uganda Cancer Institute.
Future Oncol. (2022) 18:661-7. doi: 10.2217/fon-2021-0683

23. Lawrence T. The nuclear factor NF-kappaB pathway in inflammation. Cold
Spring Harb Perspect Biol. (2009) 1:a001651. doi: 10.1101/cshperspect.a001651

24. Fiala O, Hogek P, Korunkova H, Tkadlecova M, Hora M, Sikova D, et al.
Prognostic role of prostate-specific antigen isoforms and their early kinetics in
patients with metastatic castration-resistant prostate cancer receiving new
generation androgen receptor targeted agents. In Vivo. (2025) 39:859-69.
doi: 10.21873/invivo.13889

25. Wang Y, Sun G, Pan JG, Guo ZJ, Li T. Performance of tPSA and f/tPSA for
prostate cancer in Chinese. A systematic Rev meta-analysis. Prostate Cancer Prostatic
Dis. (2006) 9:374-8. doi: 10.1038/sj.pcan.4500906

26. Ferraro S, Biganzoli EM. Association between total prostate-specific antigen
(tPSA), free/tPSA, and prostate cancer mortality. BJU Int. (2022) 129:418. doi: 10.1111/
bju.15611

27. Gandaglia G, Leni R, Bray F, Fleshner N, Freedland SJ, Kibel A, et al.
Epidemiology and prevention of prostate cancer. Eur Urol Oncol. (2021) 4:877-92.
doi: 10.1016/j.eu0.2021.09.006

28. Schwartz SM. Epidemiology of cancer. Clin Chem. (2024) 70:140-9.
doi: 10.1093/clinchem/hvad202

29. Saxton RA, Tsutsumi N, Su LL, Abhiraman GC, Mohan K, Henneberg LT, et al.
Structure-based decoupling of the pro- and anti-inflammatory functions of interleukin-
10. Science. (2021) 371:eabc8433. doi: 10.1126/science.abc8433

30. Lotan TL, Epstein JI. Clinical implications of changing definitions within the
Gleason grading system. Nat Rev Urol. (2010) 7:136-42. doi: 10.1038/nrurol.2010.9

31. Wenzel M, Wiirnschimmel C, Chierigo F, Mori K, Tian Z, Terrone C, et al.
Pattern of Biopsy Gleason Grade Group 5 (4+5 vs 5+4 vs 5+5) Predicts Survival After
Radical Prostatectomy or External Beam Radiation Therapy. Eur Urol Focus. (2022)
8:710-7. doi: 10.1016/j.euf.2021.04.011

32. Awang A, Md Isa N, Yunus R, Azhar Shah S, Md Pauzi SH. Gleason scores in
prostate needle biopsy and prostatectomy specimens in prostatic adenocarcinoma: A
correlation study. Malays J Pathol. (2019) 41:253-7.

frontiersin.org


https://doi.org/10.1186/s12943-025-02378-8
https://doi.org/10.1016/j.pharmthera.2023.108522
https://doi.org/10.1038/s41392-020-00280-x
https://doi.org/10.1038/s41392-020-00280-x
https://doi.org/10.1042/bj20030407
https://doi.org/10.21037/tcr-24-679
https://doi.org/10.1038/s43018-021-00227-3
https://doi.org/10.1016/j.cyto.2022.155828
https://doi.org/10.3389/fimmu.2022.903679
https://doi.org/10.1016/S0022-5347(05)00160-6
https://doi.org/10.7759/cureus.48252
https://doi.org/10.3390/biom15060826
https://doi.org/10.21873/anticanres.15090
https://doi.org/10.2217/fon-2021-0683
https://doi.org/10.1101/cshperspect.a001651
https://doi.org/10.21873/invivo.13889
https://doi.org/10.1038/sj.pcan.4500906
https://doi.org/10.1111/bju.15611
https://doi.org/10.1111/bju.15611
https://doi.org/10.1016/j.euo.2021.09.006
https://doi.org/10.1093/clinchem/hvad202
https://doi.org/10.1126/science.abc8433
https://doi.org/10.1038/nrurol.2010.9
https://doi.org/10.1016/j.euf.2021.04.011
https://doi.org/10.3389/fimmu.2025.1686570
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Pre&minus;treatment cytokines plus TPSA predict biochemical progression&minus;free survival in prostate cancer metastasis and discriminate metastatic status: a retrospective study
	1 Introduction
	2 Materials and methods
	2.1 Patients and data collection
	2.2 Statistical analysis

	3 Results
	3.1 Participant characteristics
	3.2 Analysis of metastasis-associated factors
	3.3 Analysis of post-chemotherapy PSA rebound in metastatic PCa

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


