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Background: Oral squamous cell carcinoma (OSCC) is one of the most prevalent malignancies in the head and neck region, with
a high morbidity rate and a poor prognosis. As a result, the search for effective biomarkers to assess OSCC’s prognosis has
become a research hotspot. Given that the impact of Forkhead box protein P3 (FOXP3) as a significant marker of regulatory T
cells (Tregs) on OSCC’s prognosis remains a subject of debate, the current study was carried out to elucidate FOXP3 importance
in the prognostic assessment of OSCC patients.
Methods: Four major databases, i.e., Web of Science, Embase, Cochrane Library, and PubMed, were searched for relevant
articles up to 10 February 2025. The 95% confidence intervals (95% CIs) and hazard ratios (HRs) reported in the selected
articles were extracted and combined for analysis. The primary outcome was overall survival (OS), while the secondary outcomes
encompassed recurrence-free survival (RFS), disease-specific survival (DSS), and disease-free survival (DFS). These outcomes
were pooled and analyzed using Stata 15.
Results: 19 articles were included, comprising a total of 2136 patients. The findings revealed that high FOXP3 did not have
a significant association with OS under the random-effects model analysis (HR = 0.96, 95% CI = 0.60–1.54, p = 0.88) but had
a significant association with DSS under the fixed-effects model analysis (HR = 0.55, 95% CI = 0.44–0.67, p < 0.001). The
heterogeneity was within an acceptable range (I2 = 29.3%, p = 0.175). High FOXP3 was not significantly correlated with either
DFS or RFS.
Conclusions: High expression of FOXP3 is significantly associated with improved DSS in OSCC. However, due to inconsistent
relationships with other survival outcomes, its clinical application potential requires further validation.
Systematic Review Registration PROSPERO (CRD420250651264).
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Introduction

Oral cavity cancer (OCC) is prevalent in the head and
neck region, with more than 90% stemming from squamous
tissues, which makes it widely known as oral squamous cell
carcinoma (OSCC) [1]. According to the 2022 global can-
cer statistics, OCC ranks 15th in terms of mortality and 16th
in terms of incidence. However, the rate of secondary tu-
mor formation for OCC is 3%–7% per year. The incidence
is high, with a high rate of recurrence and poor prognosis
[2]. Currently, there is no accurate biomarker to predict the
prognosis of OSCC, making the study of potential OSCC
biomarkers a critical focus.

Forkhead box protein P3 (FOXP3), a key transcrip-
tion factor regulating the function and development of reg-
ulatory T cells (Tregs), ensures immune homeostasis by
suppressing effector T cells, dendritic cells (DCs), and

other immune cells [3]. In OSCC, the distribution, den-
sity, and functional status of FOXP3+ Tregs are closely
linked to the immunosuppressive properties of the tumor
microenvironment (TME). However, studies on the prog-
nostic value of FOXP3 in OSCC have yielded conflict-
ing results. In some studies, individual marker survival
analyses were performed in OSCC patients, and the results
showed that higher FOXP3 expression is linked to poorer
survival [4–6]. Conversely, other studies demonstrated that
low FOXP3 density in the tumor stroma and interstitium is
linked to worse overall survival (OS), disease-free survival
(DFS), and disease-specific survival (DSS) [7,8]. There-
fore, the current study performed a systematic review and
meta-analysis of existing studies to assess the prognostic
value of FOXP3 in OSCC patients.
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Methods

The Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) guidelines were
strictly followed in the implementation of the current study.
PRISMAChecklist is outlined in SupplementaryMaterial
1. The protocol was recorded in the International Prospec-
tive Register of Systematic Reviews (PROSPERO), under
the registration number CRD420250651264.

Retrieval Strategy
Two researchers independently conducted article

searches across four major databases: the Cochrane Li-
brary, Web of Science, Embase, and PubMed. The search
covered a timeframe from database establishment to Febru-
ary 2025. The strategy combined MeSH/Emtree controlled
vocabulary terms with free-text keywords, using Boolean
operators (AND/OR/NOT) to create nested search strings.
An example strategy is: (buccal mucosa tumo*r) OR (Can-
cer of Mouth) OR (intraoral cancer) OR (intraoral tumo*r)
OR (mouth cancer*) OR (mouth neoplasm*) OR (mouth
tumo*r) OR (oral cancer*) OR (Oral Neoplasm*) OR (oral
tumo*r) AND (forkhead box P3 protein) OR (forkhead box
protein P3) OR (FOXP3) OR (IPEX protein) OR (protein
FOXP 3) OR (scurfin) OR (SCURFIN protein). Complete
search strategies for each database are outlined in Supple-
mentary Material 2. Additionally, the references of the
included articles were manually searched to identify poten-
tially missed studies.

Eligibility Criteria
In accordance with the PECOS principle, the fol-

lowing criteria were adopted to determine the inclusion
of articles: Population: patients with histopathologically
confirmed OSCC (irrespective of stage); Exposure: high
expression of FOXP3+; Comparison: low expression of
FOXP3+ or FOXP3-; Outcome: OS, DSS, DFS, etc.; Study
design: cohort studies (prospective or retrospective).

The following criteria were employed to exclude ar-
ticles: (1) Studies involving animal experiments, reviews,
conference abstracts, etc.; (2) Inconsistencies in study dis-
eases, objectives, and types; (3) Lack of 95% confidence
interval (CI) and hazard ratio (HR); (4) Non-English arti-
cles

Screening Process
Duplicates were removed and the initial screening was

performed using EndNote X9 software (Thomson Com-
pany, Philadelphia, PA, USA). The study selection was in-
dependently conducted by two researchers (Qianyu Liu and
Ke Liao). First, the titles and abstracts were screened. Sub-
sequently, the full texts were read to determine their eligi-
bility. For articles whose eligibility was unclear, a consen-
suswas reached through consultationwith a third researcher
(Yinyu Shang).

Data Extraction and Processing
A standardized data extraction form was developed,

and the following data were extracted independently by two
researchers (Qianyu Liu and Ke Liao): (a) Basic informa-
tion (first author, publication year, country); (b) Charac-
teristics of study population (sample size, age distribution,
and tumor stage); (c) Prognostic data (HR and 95%CI, with
priority given to extracting the results of multivariate anal-
yses); (d) Details of test method; (e) In the meta-analysis,
relative risk (RR) was regarded as an approximation of HR
if the study findings were assessed as RR. Uniform con-
version criteria were used for survival data. When only
Kaplan-Meier (KM) curves were provided, Engauge Dig-
itizer 11.1 (Andrew Makhorin, Australia) software was uti-
lized for data extraction. All discrepancies were addressed
by group discussion.

Quality Assessment
Methodological quality assessment was performed via

the Newcastle-Ottawa Scale (NOS) [9], which provides a 9-
star rating across three domains: outcome measurements (3
points), intragroup comparability (2 points), and subject se-
lection (4 points). The quality of the included studies was
rated as follows: 7–9 stars for high quality, 4–6 stars for
moderate quality, and 1–3 stars for low quality. The as-
sessment was performed by two independent researchers.
Any discrepancies were addressed by referring to the orig-
inal study protocol and discussing with a third researcher.

Statistical Analysis
Stata 15.0 software (StataCorp LP, College Station,

TX, USA) was utilized for statistical analysis. The HRs and
the 95% CIs were combined. The heterogeneity was evalu-
ated via the Q-test with an I2 statistic. A fixed-effects model
was adopted if I2 ≤ 50%. When I2 > 50%, a random-effects
model was used, and the source of heterogeneity was inves-
tigated. Subgroup analyses were performed on the basis of
sample size (≥100 vs. <100), study design (prospective
and retrospective), and geographic distribution (Asia, Eu-
rope, and the USA). The stability of results was verified by
excluding studies one by one for a sensitivity analysis. A
variety of methods were used to comprehensively evaluate
publication bias, including funnel plots, the Egger test (p<
0.05 was considered a significant bias), and the trim and fill
method. Two-sided tests were performed, and results were
considered statistically significant if the p-value was below
0.05.

Results

Screening Results
A systematic search of four databases identified 801

articles (123 from PubMed, 415 from EMBASE, 240 from
Web of Science, and 23 fromCochrane Library). Following
the removal of duplicates via EndNote software, 585 arti-
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Fig. 1. Selection of studies for inclusion in meta-analysis.

cles were retained. Following a thorough evaluation of the
titles and abstracts, 520 ineligible articles were excluded.
After a thorough review of the full texts of the 64 remain-
ing articles, 45 studies were removed for ineligible study
design (n = 23) and missing data (n = 22). Finally, 19 arti-
cles were selected for inclusion. The PRISMA flowchart is
presented in Fig. 1.

Baseline Information
Nineteen studies were included. Of these, three stud-

ies were from China, five were from Japan, and the remain-
ing 11 were from other countries. A total of 2136 patients
were involved, and the age range was 49 to 68 years. A
summary of the basic characteristics of the included stud-
ies is provided in Table 1 (Ref. [4–8,10–23]). The detailed
detection methods of FOXP3 is shown in Table 2 (Ref. [4–
8,10–23]).

Methodological Quality Assessment
The observational studies were evaluated for quality

using the NOS. All nineteen studies had a score of≥7, indi-
cating a high quality. The analysis did not include any low-
quality studies (score <5). The specific scores are shown
in Table 3 (Ref. [4–8,10–23]).

Meta-Analysis Results
Primary Outcome: OS

Fourteen studies with a total of 1619 patients reported
OS. The combined results of the random-effects model
demonstrated that high FOXP3 had no significant associ-
ation with OS (HR = 0.96, 95% CI = 0.60–1.54, p = 0.88).
Furthermore, high heterogeneity (I2 = 81.2%, p < 0.001)
was observed, as illustrated in Fig. 2A. Subgroup analyses
were performed to address potential sources of heterogene-
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Table 1. Baseline characteristics of included studies.

Author Year Region Design
Sample
size

Age
Percentage
of males

Source Follow-up time Outcome Stage Percentage of
advanced

Preoperative
chemoradiotherapy

Primary
treatment

Takahashi [10] 2019 Japan Retrospective
cohort study

77 68.13 ±
12.27

64.94% NR NR OS I–IV 35.06% NR Surgery

Boxberg [7] 2019 Germany Retrospective
cohort study

66 63.44 ± 8.94 61.80% Epithelium,
stroma

Median follow-up
time: 50 M (8–97 M)

OS, DFS,
DSS

I–IV 63.60% No preoperative
neoadjuvant therapy

Surgery

Zhang [11] 2019 China Retrospective
cohort study

45 60.63 ± 9.99 53.34% Epithelium,
stroma

NR OS I–IV 64.40% No preoperative
neoadjuvant therapy

Surgery

Ramalingam [4] 2024 India Retrospective
cohort study

260 54.97 ±
10.82

74.43% NR NR OS I–IV 37.31% NR Unspecified

Song [5] 2016 China Retrospective
cohort study

273 59.69 ±
10.76

68.86% NR NR RFS, 5-year
OS

I–II, III–IV 47.98% NR Unspecified

Kindt [12] 2017 Belgium Retrospective
cohort study

110 58.47 ±
10.07

73.64% Epithelium,
stroma

NR RFS, OS In situ, I–II,
III–IV

NR NR Surgery

Ikeuchi [13] 2023 Japan Retrospective
cohort study

69 66.36 ±
12.05

63.77% Epithelium,
stroma

Median follow-up
time: 45 M (2–156 M)

DSS I–IV IV 73.9% Concurrent
chemoradiotherapy in

partial patients

Chemoradiotherapy
+ surgery

Peña-Cardelles [14] 2022 Spain Retrospective
cohort study

65 65 62% Epithelium,
stroma

71.23 ± 38.67; median
follow-up time (OS):

73 M

DSS, DFS,
OS

I–IV 66.67% No preoperative
neoadjuvant therapy

Unspecified

De Meulenaere [15] 2017 Belgium Retrospective
cohort study

78 65 17% Epithelium,
stroma

NR OS, DFS I–IV 86% Concurrent
chemoradiotherapy (n
= 27) or radiotherapy

alone (n = 12)

Surgery in most
patients

Lequerica-
Fernández [8]

2021 Spain Retrospective
cohort study

125 58.69 ±
14.34

65.60% Epithelium,
stroma

6–230 M, median
follow-up time: 61 M

DSS I–IV 58% No preoperative
neoadjuvant therapy

Surgery

Hori [6] 2021 Japan Retrospective
cohort study

62 60.69 ±
12.04

69% Epithelium,
stroma

73.59 ± 41.51 DFS, 5-year
RC

I–II 0% No preoperative
neoadjuvant therapy

Surgery

Wongpattaraworakul
[16]

2024 The United
States

Retrospective
cohort study

231 61.99 ±
14.0284

58.90% Tumor cells and
immune cells in

the tumor
microenvironment

Early stage: Mean
follow-up time: 133 M,
advanced stage: Mean
follow-up time: 141 M

OS NR 60.4% (Clinical
stage: T3–4)

NR Surgery

Chen [17] 2018 China Retrospective
cohort study

93 49.23 ±
10.11

82.80% Tumor cells and
immune cells in

TME

Median follow-up
time: 31.4 M (0.2–99.8

M)

RFS I–VI 44.1% (Clinical
stage: T3–4)

No preoperative
neoadjuvant therapy

Surgery

Bron [18] 2013 Switzerland Prospective
cohort study

35 Epithelium,
stroma

47.59 ± 19.26 OS I–IV 66% NR Surgery

Koike [19] 2020 Japan Retrospective
cohort study

137 67.54 ±
11.50

55.50% Epithelium,
stroma

79 M (range: 4–164 M) OS, DSS,
RFS, MFS

I–IV 24.80% No preoperative
neoadjuvant therapy

Surgery

Piersiala [20] 2024 Germany Prospective
cohort study

49 62.32 ±
14.31

38.80% Epithelial, lymph
node metastasis

NR DFS, 3 OS I–IV 36.7% (Clinical
stage: T3–4)

No preoperative
neoadjuvant therapy

Surgery
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Table 1. Continued.

Author Year Region Design
Sample
size

Age
Percentage
of males

Source Follow-up time Outcome Stage Percentage of
advanced

Preoperative
chemoradiotherapy

Primary treatment

Ljokjel [21] 2022 Norway Retrospective
cohort study

168 62.1 ± 11.0 76.19% Epithelium,
stroma

NR DSS NR 54.93% (Clinical
stage: T3–4)

Yes Radiotherapy
(preoperative) +

surgery
Hayashi [22] 2022 Japan Retrospective

cohort study
106 62.03 ±

14.49
56% Epithelium NR OS I–IV 64% NR Surgery +

chemoradiotherapy
in most patients

Watanabe [23] 2010 Japan Retrospective
cohort study

87 64.38 ±
13.07

59.77% NR NR OS I–IV 37% No preoperative
neoadjuvant therapy

Surgery

The percentage of advanced patients refers to the ratio of the number of patients in stage iii–iv or T3–4 to the total number of patients. Abbreviations: OS, overall survival; RFS, recurrence-free survival; DFS,
disease-free survival; DSS, disease-specific survival; MFS, metastasis-free survival; NR, non-reported.

Table 2. The detailed detection methods of FOXP3.

Author Year High and Low FOXP3 Expression Criteria
FOXP3 Detection

Methods

Takahashi [10] 2019
A semi-quantitative scoring system was applied: Score 0: no infiltration; Score 1: FOXP3+ cells present around <30% of tumor cells; Score
2: 30–60%; Score 3: >60%

IHC

High expression was defined as Score 3 (>60% infiltration), while all other scores were classified as low expression.
Boxberg [7] 2019 Intraepithelial FOXP3+ TILs (FOXP3i): quantified as the number of FOXP3+ cells per 100 tumor cells. Stromal FOXP3+ TILs (FOXP3s):

assessed as the percentage of FOXP3+ cells within the tumor stromal area. Samples were stratified into low, intermediate, and high groups
based on the 33rd and 66th percentiles, and subsequently consolidated into low vs. high categories for survival analysis.

IHC

Zhang [11] 2019 FOXP3+ cells were manually counted in five high-power fields (×400, 0.0625 mm2), and cases were classified into high and low groups using
the median value as the cutoff.

IHC

Ramalingam [4] 2024 Expression intensity was evaluated using the H-score system: (1) Staining intensity was graded as 1+ (weak), 2+ (moderate), or 3+ (strong).
(2) The optimal cut-off value was determined using a ROC curve, and an H-score ≥37.5 for FOXP3 was defined as high expression, whereas
lower values were classified as low expression.

IHC

Song [5] 2016 Tumor-cell expression of FOXP3 was evaluated by immunohistochemistry (IHC) using the IRS (Immunoreactive Score) system: Staining
intensity (1–3) × percentage of positive cells (1–3). Cases were categorized into three groups: low (score 1), intermediate (score 2), and high
(score 3). For survival analyses, the high-expression group (score 3) was used as the reference, while the low and intermediate groups were
combined as the comparison group.

IHC

Kindt [12] 2017 FOXP3+ cells were manually counted in five high-power fields (×400), and the median value (114 cells) was used as the cutoff. IHC

https://www.discovmed.com/
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Table 2. Continued.

Author Year High and Low FOXP3 Expression Criteria
FOXP3 Detection

Methods

Ikeuchi [13] 2023 The optimal cut-off value was determined based on the ROC curve. The proportion of FOXP3+ cells among every 250 stromal cells was
manually quantified. A proportion ≥10% was defined as “positive (high)”, whereas <10% was classified as “negative (low)”.

IHC

Peña-Cardelles [14] 2022 The percentage of positive expression was categorized into four groups: 1–5%, 5–10%, 10–20%, and 20–100%. IHC
De Meulenaere [15] 2017 A semi-quantitative scoring system was applied: 1+ (absent/scattered), 2+ (moderate), and 3+ (abundant). The median score of 2+ was used as

the cutoff, classifying cases into low (1+) versus high (2+ or 3+) expression. Scoring was performed separately in the stromal and intraepithelial
compartments, and only stromal FOXP3 expression was included in the survival analyses.

IHC

Lequerica-Fernández [8] 2021 Positive cells were quantified separately in tumor nests and stroma as the number of positive cells per mm2. The median value was used as the
cutoff. Tissue microarrays (TMAs) were analyzed and independently evaluated by multiple blinded observers.

IHC

Hori [6] 2021 Cell density was quantified using a computer-assisted image analysis system (Patholoscope), and the mean value of the two regions with the
highest density was used. High density was defined as a FOXP3-positive cell count ≥the median value (153 intratumoral; 251 stromal), and
low density as <the median.

IHC

Wongpattaraworakul [16] 2024 High expression (+) was defined as an immunoscore of 2 or 3, and low expression (–) as a score of 0 or 1. The scoring system (0–3) was based
on the density of positive inflammatory cells: 0: absent or minimal positive cells; 1: single cells or clusters of 2–4 cells; 2: clusters of more
than 2–4 cells; 3: band-like or continuous cellular aggregates.

IHC

Chen [17] 2018 Under a 20× objective, the percentage of positive cells was determined, and the median value served as the cutoff. High expression was defined
as a FOXP3-positive cell percentage ≥the median (70%), and low expression as <the median.

IHC

Bron [18] 2013 Using the median as the cutoff: High expression: cell count ≥median; Low expression: cell count <median IHC
Koike [19] 2020 Cell counts per high-power field were obtained in four tumor regions, using region-specific median values as cutoffs: Tumor center (TCe),

epithelium: median = 2; Invasive front (IF), epithelium: median = 2; Tumor center (TCe), stroma: median = 16; Invasive front (IF), stroma:
median = 28.

IHC

Piersiala [20] 2024 The median percentage of FOXP3+CD4+ cells was used as the threshold: High expression: percentage≥median; Low expression: percentage
<median.

flow cytometry

Ljokjel [21] 2022 Based on quartile distribution, the high-expression group included cases within the top 25% of cell counts. Five adjacent fields (630× magnifi-
cation) were assessed, and the mean value was used.

IHC

Hayashi [22] 2022 An area containing>50 positive cells per 0.09 mm² was defined as “high expression”, whereas<50 positive cells was considered “low expres-
sion”. Counts were performed manually in the region with the highest positive-cell density.

IHC

Watanabe [23] 2010 Fifteen tumor nests and fifteen stromal regions were evaluated, and the mean value was calculated. Cases were classified into high- or low-
expression groups according to the median value.

IHC

Abbreviations: IHC, immunohistochemical method; FOXP3, forkhead box protein P3; ROC, receiver operating characteristics.
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Table 3. NOS assessment.

Study
Selection Comparability Outcome

Quality scores
Representativeness

of exposed
cohort (*)

Selection of
nonexposed
cohort (*)

Ascertainment
of exposure (*)

Demonstration
that outcome of
interest was not
present at the

start of study (*)

Comparability
of cohorts on
the basis of the

design or
analysis (**)

Assessment of
outcome (*)

Follow-up was
long enough for
outcomes to
occur (*)

Adequacy of
follow-up of
cohorts (*)

Takahashi 2019 [10] * * * * * * * * 8
Boxberg 2019 [7] * * * * ** * * * 9
Zhang 2019 [11] * * * * * * * * 8
Ramalingam 2024 [4] * * * * * * * * 8
Song 2016 [5] * * * * ** * * * 9
Kindt 2017 [12] * * * * ** * * - 8
Ikeuchi 2023 [13] * * * * ** * * * 9
Peña-Cardelles 2022 [14] * * * * * * * * 8
Lequerica-Fernández 2021 [8] * * * * * * * * 8
De Meulenare 2017 [15] * * * * ** * * * 9
Hori 2021 [6] * * * * * * * * 8
Wongpattaraworakul 2024 [16] * * * * ** * * * 9
Chen 2018 [17] * * * * ** * * * 9
Bron 2013 [18] * * * * * * * * 8
Koike 2020 [19] * * * * * * * * 8
Piersiala 2024 [20] * * * * ** * * * 9
Ljokjel 2022 [21] * * * * ** * * * 9
Hayashi 2022 [22] * * * * * * * * 8
Watanabe 2010 [23] * * * * * * * * 8
Regarding the quality assessment criteria for cohort studies using the Newcastle-Ottawa Scale (NOS), a score of “*” indicates achievement of the criterion, while a score of “-” indicates non -
achievement.

https://www.discovmed.com/
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ity on the basis of sample size (Fig. 2B), region (Fig. 2C),
and study design (Fig. 2D). The sample size-based group-
ing resulted in two categories: 0–100 and >100. The HR
was 0.83 (95% CI = 0.45–1.53, p = 0.55) and 1.09 (95% CI
= 0.57–2.10, p = 0.793) in the 0–100 group and the >100
group, respectively. The grouping based on respective ge-
ographical origins, resulted in three categories: Asia, Eu-
rope, and the US. The HR was 1.27 (95% CI = 0.70–2.30, p
= 0.426), 0.61 (95%CI = 0.31–1.21, p = 0.156), and 1 (95%
CI = 0.60–1.67, p = 1) in the Asia group, the Europe group,
and the US group, respectively. Finally, the study design-
based group yielded two categories: prospective and retro-
spective. The HRwas 0.93 (95%CI = 0.12–7.33, p = 0.943)
and 0.97 (95% CI = 0.59–1.59, p = 0.913) in the prospec-
tive group and the retrospective group, respectively. None
of the above analyses identified possible sources of hetero-
geneity.

Secondary Outcomes: DSS, DFS, RFS
Twelve studies reported DSS, DFS, and RFS, of which

six provided DSS, five provided DFS, and four provided
RFS. These studies explored the correlation between high
and low FOXP3 expression and DSS, DFS, and RFS, re-
spectively. The fixed-effects model analysis revealed a sig-
nificant association between high FOXP3 and DSS (HR =
0.55, 95% CI = 0.44–0.67, p < 0.001) with acceptable het-
erogeneity (I2 = 29.3%, p = 0.175), as illustrated in Fig. 3A.
High FOXP3 did not significantly correlate with either DFS
or RFS. For DFS, the overall effect size was HR = 1.05
(95% CI = 0.39–2.84, p = 0.917), with considerable hetero-
geneity (I2 = 80.5%, p < 0.001), as illustrated in Fig. 3B.
For RFS, the effect size was HR = 0.99 (95% CI = 0.55–
1.79, p = 0.969), also with considerable heterogeneity (I2 =
76.9%, p < 0.001), as illustrated in Fig. 3C.

Meta-Regression Analysis
The relationship between FOXP3 expression levels

and OS, DFS, and RFS exhibited significant heterogene-
ity. To investigate its sources, regression analysis was con-
ducted, as shown in Table 4. In the meta-regression for
OS, the following factors were evaluated: proportion of
advanced-stage cases, age, sex ratio, sample size, and pub-
lication year. Results indicate that patient age is a signifi-
cant moderator of the relationship between FOXP3 expres-
sion and OS (coefficient = –0.15, p = 0.031), suggesting
that in elderly populations, high FOXP3 expression may
not indicate poor prognosis and may even exhibit a pro-
tective trend. None of other variables (gender ratio, pro-
portion of advanced cases, sample size, publication year)
showed significant moderating effects (all p> 0.05). In the
meta-regression for RFS, the model nearly fully explained
inter-study heterogeneity. We identified advanced disease
proportion, sample size, publication year, and patient age as
sources of heterogeneity, while sex ratio was not a source
of heterogeneity. In contrast, no sources of heterogeneity
were identified in the meta-analysis for DFS.

Sensitivity Analysis and Publication Bias
Sensitivity Analysis

A sensitivity analysis was performed by sequentially
excluding individual studies. The HRs and 95% CIs for OS
(Fig. 4A), DSS (Fig. 4B), DFS (Fig. 4C), and RFS (Fig. 4D)
did not change significantly, indicating stable results.

Publication Bias
The Egger test and funnel plots were employed to as-

sess the potential publication bias of OS. The funnel plot
indicated no publication bias in OS (Fig. 5A). However,
the Egger test for OS yielded a p-value of 0.017, indicating
the presence of publication bias. To determine whether the
bias affected the results, a trim and fill method was adopted.
The method demonstrated that the significance of the ef-
fect value remained unchanged, and the result was robust,
with a minimal impact on the meta-analysis results. Funnel
plots and an Egger test were used to assess publication bias
in DSS, DFS, and RFS. The funnel plots demonstrated no
publication bias in the DSS, DFS, and RFS (Fig. 5B–D).
The p values of the Egger test for DSS, DFS, and RFS were
0.161, 0.44, and 0.340, respectively.

Discussion

The current study systematically assessed the prog-
nostic significance of FOXP3 in OSCC by including 19
studies involving 2136 patients with malignancies. The re-
sults showed that high FOXP3 expression had no signifi-
cant correlation with OS, but was significantly associated
with DSS, with higher FOXP3 expression corresponding to
longer DSS. These findings suggest that FOXP3 expression
levels are associated with OSCC prognosis and may serve
as a potential biomarker.

Sun et al. [24], in their study, suggested that higher
levels of FOXP3 TILs in HER2-positive and triple-negative
breast cancers were linked to better pathological com-
plete response (pCR) and OS. Similarly, Idos et al. [25]
posited that in colorectal cancer, higher overall infiltration
of FOXP3 tumor-infiltrating inflammatory cells was linked
to improved OS and DFS. However, these claims were
contradicted by another study [26], which showed that a
higher density of FOXP3 T cells in gastric cancer was not
associated with poorer outcomes (HR = 1.382, 95% CI =
0.944–2.025). In pancreatic cancer, higher FOXP3 expres-
sion has been linked to poorer OS (HR = 1.48, 95% CI
= 1.20–1.83) [27]. Similarly, gallbladder cancer patients
with higher FoxP3+ Tregs have been shown to have dimin-
ished OS (HR = 1.55, 95% CI = 1.11–2.00; p< 0.001) [28].
Furthermore, a subgroup analysis demonstrated an associ-
ation between higher FOXP3 expression and unfavorable
outcomes in gallbladder cancer, although this association
was not statistically significant in bile duct cancer. Another
study [29] suggested that patients with non-small-cell lung
cancer who presented with TIL infiltration had significantly
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Fig. 2. The prognostic effect of FOXP3 on OS (A); the prognostic effect of FOXP3 on OS according to sample size (B); the
prognostic effect of FOXP3 on OS according to region (C); the prognostic effect of FOXP3 on OS according to study design (D).
HR, hazard ratio; CI, confidence interval; FOXP3, forkhead box protein P3; OS, overall survival.

better OS (HR = 0.67, 95% CI = 0.55–0.81). Neverthe-
less, FOXP3+ was linked to poorer OS (HR = 1.35, 95%
CI = 0.87–2.11). These findings indicate that FOXP3 ex-
erts a multifaceted influence on tumors. Its paradoxical ef-
fects are potentially associated with its immunosuppressive
function, anti-inflammatory protective effects, and cellular
subpopulation heterogeneity [3].

Specifically, the mechanism of action of FOXP3, a
pivotal transcription factor that regulates Tregs develop-
ment and function, is inextricably linked to Tregs biol-
ogy. Tregs possess both immunosuppressive and anti-
inflammatory protective functions, which may favorably
affect the organism. The collective effect of these processes
depends on the primary function of either process in tumor
development [28,30,31]. FOXP3 is essential for Tregs in
terms of immunosuppressive function. It does so by di-
rectly inhibiting the expression of the IL-2 gene and en-
hancing CTLA4 gene transcription [28]. An association be-
tween increased levels of CD8 T cells and increased levels
of FOXP3 Tregs has also been suggested [32]. This indi-
cates that the favorable prognostic impact of FOXP3 Tregs
might result from immunosuppressive negative feedback.

In another study [33], they posited that due to the different
roles of the Treg subpopulations, there might be conflict-
ing impacts on tumor invasion and on the response of oral
tumors to treatment. For OSCC patients, both the potential
anti-inflammatory effects of Tregs and the role of other anti-
infective medications (e.g., antifungal and antibacterial) in
the immune response should be taken into account [34].

This study, despite showing substantial heterogene-
ity (I2 = 81.2%, p < 0.001), found no significant associ-
ation between higher FOXP3 expression and overall sur-
vival (OS). Although subgroup analyses by country, study
design, and sample size failed to clearly identify all the po-
tential sources of heterogeneity, further regression analysis
provided clues to explain this variability: The mean age of
patients may have served as a significant moderating factor
(coef = –0.15, p = 0.031), suggesting that among older pop-
ulations, those with higher FOXP3 expression may demon-
strate improved overall survival. This potentially reflects
the complexity of Treg function interacting with host im-
mune status within the context of immune senescence [35].
However, the mean patient age explained only 26% of the
heterogeneity. Other clinical variables, such as gender ra-
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Fig. 3. The prognostic effect of FOXP3 on DSS (A); the prognostic effect of FOXP3 on DFS (B); the prognostic effect of FOXP3
on RFS (C). HR, hazard ratio; CI, confidence interval; DSS, disease-specific survival; DFS, disease-free survival; RFS, recurrence-free
survival.

Table 4. Meta-regression analysis.
Meta-regression coefficient p 95% CI

OS Adj R2 = 26.17%, I2_res = 76.32%
Total 0.005 0.154 –0.002 to 0.011
Year –0.015 0.817 –0.154 to 0.124
Age –0.152 0.031 –0.288 to –0.0162
Percentage of males –2.093 0.263 –5.955 to 1.769
Percentage of advanced 0.658 0.634 –2.238 to 3.555

RFS Adj R2 = 96.86%, I2_res = 0%
Total 0.190 0.033 0.003 to 0.035
Year 0.904 0.049 0.009 to 1.798
Age –0.272 0.033 –0.503 to –0.041
Percentage of males 4.475 0.252 –4.406 to 13.357
Percentage of advanced 5.832 0.043 0.312 to 11.353

DFS Adj R2 = 83.16%, I2_res = 57.47%
Total –0.117 0.126 –0.316 to 0.081
Year 0.376 0.133 –0.283 to 1.036
Age –0.523 0.481 –3.143 to 2.096
Percentage of males –7.501 0.505 –47.526 to 32.524
Percentage of advanced –2.061 0.283 –8.166 to 4.042

The age represents the median age; the percentage of advanced patients refers to the ratio
of the number of patients in stage iii–iv or T3–4 to the total number of patients.
Abbreviations: OS, overall survival; RFS, recurrence-free survival; DFS, disease-free sur-
vival.
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Fig. 4. Sensitivity analyses on OS (A), DSS (B), DFS (C), and RFS (D). OS, overall survival; DSS, disease-specific survival; DFS,
disease-free survival; RFS, recurrence-free survival.

tio and proportion of advanced-stage cases, did not demon-
strate significant explanatory power.

Moreover, recurrence-free survival (RFS) and
disease-free survival (DFS) similarly exhibited high het-
erogeneity. The meta-regression model for RFS accounted
for nearly all of the observed between-study heterogeneity
(Adj R2 = 96.86%). Analysis revealed that patient mean
age, study sample size, publication year, and proportion of
advanced-stage cases were potential sources of RFS hetero-
geneity. In contrast, no clear source of DFS heterogeneity
was identified through regression analysis, suggesting the
possible presence of unmeasured confounding factors.

Concurrently, this study indicates that higher FOXP3
expression may correlate with longer disease-specific sur-
vival (DSS). The lack of association between FOXP3 and
overall survival (OS) while showing a link to DSS under-
scores the critical importance of endpoint selection in clin-
ical research. As an endpoint event, DSS excludes non-
tumor-related competing mortality risks (such as cardiovas-
cular events or accidents), thereby providing a purer re-
flection of tumor aggressiveness and treatment response.

Chronic inflammation serves as a key driver in the de-
velopment and progression of OSCC. The potent anti-
inflammatory function of FOXP3+ Tregs may directly re-
duce cancer-related mortality by suppressing excessive,
pro-tumorigenic tumor-associated inflammation. These
findings demonstrate an association between FOXP3 ex-
pression and OSCC prognosis, positioning FOXP3 as a po-
tential prognostic biomarker.

This study, however, is subject to several limita-
tions. The lack of significant correlation between higher
FOXP3 expression and overall survival (OS), disease-free
survival (DFS), or recurrence-free survival (RFS) may have
stemmed from several factors: First, the populations in
the included studies were of different races, and the sig-
nificant differences in genetic backgrounds may have af-
fected the Treg functional phenotype. Second, in terms
of microenvironmental dynamics, FOXP3+ cells are pre-
dominantly anti-inflammatory and protective in early-stage
tumors, whereas they shift to immunosuppressive domi-
nance in advanced-stage tumors. Third, the OS is vulner-
able to non-tumor mortality factors (e.g., cardiovascular
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Fig. 5. Funnel plots forOS (A), DSS (B), DFS (C), andRFS (D).OS, overall survival; DSS, disease-specific survival; DFS, disease-free
survival; RFS, recurrence-free survival.

events), while the DSS more accurately reflects tumor bi-
ological behavior [36]. Fourth, the thresholds for the posi-
tivity of FOXP3 varied significantly among studies due to
the absence of a standardized test. The site (tumor cen-
ter vs. invasive front) directly influenced the interpreta-
tion of results [19]. Notably, FOXP3 is not exclusively
expressed in Tregs but may also be present in certain tu-
mor cells. The inconsistent detection methods employed
across included studies—some using dual-stained immuno-
histochemistry (e.g., CD4+FOXP3+) to localize Tregs, oth-
ers relying solely on FOXP3 monostaining—may lead to
misclassification of cell types (incorporating tumor cell ex-
pression), thereby confounding the results. This repre-
sents a key technical reason for inter-study heterogeneity
and conflicting conclusions. Therefore, future research
urgently requires the establishment of detailed, consistent
evaluation methods. Fifth, there were additional treatment-
related confounding effects, with 31% of studies not speci-
fying whether they controlled for the effect of preoperative
chemotherapy and radiotherapy on Treg. Notably, highly
toxic radiotherapeutic or chemotherapeutic agents may lead
to the induction of Tregs recruitment or activity [37,38].
One of the important growth factors that infiltrate Tregs in

OSCC release is TGF-β [39]. The exposure of Tregs to cer-
tain anticancer drugs or ionizing radiation might lead to the
release of more TGF-β from Tregs [40]. Similarly, the use
of combination therapy or some specific inhibitors in can-
cer treatment might help to deplete Tregs and reduce the
molecules secreted by them [41]. These findings suggest
that preoperative chemoradiotherapy is a significant influ-
encing factor that needs to be controlled. Moreover, the
current study’s sample size was limited, with only six stud-
ies included in the DSS subgroup (n = 630), and 21.4% of
studies in the OS subgroup included fewer than 50 subjects.
Additionally, 89.4% of the studies adopted a retrospective
design, which could easily lead to biased results.

To further promote the clinical application of FOXP3,
a multicenter prospective cohort study is warranted, with
a target sample size of ≥3000 cases, and a standardized
process for FOXP3 detection should be established. Also,
it is essential to conduct additional high-quality studies on
the mechanism of FOXP3 in OSCC. Spatial transcriptome
technology can be utilized to analyze the spatial distribu-
tion characteristics of the subpopulation of FOXP3+ cells,
so as to explore its specific mechanism of action. In the
clinical context, the regulatory factors identified through
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regression analysis provide key variables for constructing
more precise prognostic models in the future. Future mod-
els should focus on integrating FOXP3 expression levels
with these clinical characteristics rather than using them as
isolated indicators. Additionally, they can incorporate ex-
isting prognostic models for immune-related genes in head
and neck squamous cell carcinoma [42], to further substan-
tiate the evidence supporting clinical treatment.

Conclusions

This study represents the first systematic evaluation of
the prognostic value of FOXP3 in oral squamous cell car-
cinoma through meta-analysis. Results indicate that higher
FOXP3 expression is significantly associated with longer
disease-specific survival, supporting its potential as a prog-
nostic biomarker for OSCC. However, its association with
overall survival, disease-free survival, and recurrence-free
survival did not reach statistical significance. This suggests
that its prognostic value may be influenced by factors such
as age, introducing uncertainty in clinical interpretation. In
summary, this study highlights the relevance of FOXP3
in the prognostic assessment of OSCC. Future large-scale,
multicenter prospective studies, combined with standard-
ized detection protocols and mechanistic investigations, are
needed to further validate the prognostic role of FOXP3 and
its potential significance in precision immunotherapy.

Availability of Data and Materials

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on
reasonable request.

Author Contributions

QYL and XPH designed this study; QYL, KL, XPS,
YYS, and XPH jointly carried out the data acquisition, data
analysis, and result interpretation. QYL participated in the
drafting of the manuscript. All authors have been involved
in revising it critically for important intellectual content.
All authors gave final approval of the version to be pub-
lished. All authors have participated sufficiently in the
work to take public responsibility for appropriate portions
of the content and agreed to be accountable for all aspects
of the work in ensuring that questions related to its accuracy
or integrity.

Ethics Approval and Consent to Participate

Not applicable.

Acknowledgment

Not applicable.

Funding

This work was supported by the National Natural Sci-
ence Foundation of China (82360187); and the Sub-project
of the National Key Research and Development Program of
China “Diagnosis and Treatment Equipment and Biomate-
rials”, Key Special Project “Application Demonstration Re-
search on NewGeneration of High-Activity Artificial Bone
Materials and Devices”.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
24976/Discov.Med.202638204.23.

References

[1] Tan Y, Wang Z, Xu M, Li B, Huang Z, Qin S, et al. Oral
squamous cell carcinomas: State of the field and emerging di-
rections. International Journal of Oral Science. 2023; 15: 44.
https://doi.org/10.1038/s41368-023-00249-w.

[2] Chamoli A, Gosavi AS, Shirwadkar UP, Wangdale KV, Behera
SK, Kurrey NK, et al. Overview of oral cavity squamous cell
carcinoma: Risk factors, mechanisms, and diagnostics. Oral On-
cology. 2021; 121: 105451. https://doi.org/10.1016/j.oraloncolo
gy.2021.105451.

[3] Wing JB, Tanaka A, Sakaguchi S. Human FOXP3+ Regulatory
T Cell Heterogeneity and Function in Autoimmunity and Can-
cer. Immunity. 2019; 50: 302–316. https://doi.org/10.1016/j.im
muni.2019.01.020.

[4] Ramalingam S, Shantha S, Srinivasan CP, Priyathersini N, Mu-
ralitharan S, Sudhakar U, et al. Expression of mTOR, CD163,
α-SMA, FOXp3 as survival predictors and its significance in
patients with oral squamous cell carcinoma. BMC Oral Health.
2024; 24: 1487. https://doi.org/10.1186/s12903-024-05245-y.

[5] Song JJ, Zhao SJ, Fang J, Ma D, Liu XQ, Chen XB, et al.
Foxp3 overexpression in tumor cells predicts poor survival in
oral squamous cell carcinoma. BMC Cancer. 2016; 16: 530.
https://doi.org/10.1186/s12885-016-2419-6.

[6] Hori Y, Kubota A, Yokose T, Furukawa M, Matsushita T, Kat-
sumata N, et al. Prognostic Role of Tumor-Infiltrating Lympho-
cytes and Tumor Budding in Early Oral Tongue Carcinoma. The
Laryngoscope. 2021; 131: 2512–2518. https://doi.org/10.1002/
lary.29589.

[7] Boxberg M, Leising L, Steiger K, Jesinghaus M, Alkhamas
A, Mielke M, et al. Composition and Clinical Impact of
the Immunologic Tumor Microenvironment in Oral Squamous
Cell Carcinoma. Journal of Immunology (Baltimore, Md.:
1950). 2019; 202: 278–291. https://doi.org/10.4049/jimmunol
.1800242.

[8] Lequerica-Fernández P, Suárez-Canto J, Rodriguez-Santamarta
T, Rodrigo JP, Suárez-Sánchez FJ, Blanco-Lorenzo V, et al.
Prognostic Relevance of CD4+, CD8+ and FOXP3+ TILs in
Oral Squamous Cell Carcinoma and Correlations with PD-L1
and Cancer Stem Cell Markers. Biomedicines. 2021; 9: 653.
https://doi.org/10.3390/biomedicines9060653.

[9] Lo CKL, Mertz D, Loeb M. Newcastle-Ottawa Scale: Com-
paring reviewers’ to authors’ assessments. BMC Medical Re-

https://www.discovmed.com/
https://doi.org/10.24976/Discov.Med.202638204.23
https://doi.org/10.24976/Discov.Med.202638204.23
https://doi.org/10.1038/s41368-023-00249-w
https://doi.org/10.1016/j.oraloncology.2021.105451
https://doi.org/10.1016/j.oraloncology.2021.105451
https://doi.org/10.1016/j.immuni.2019.01.020
https://doi.org/10.1016/j.immuni.2019.01.020
https://doi.org/10.1186/s12903-024-05245-y
https://doi.org/10.1186/s12885-016-2419-6
https://doi.org/10.1002/lary.29589
https://doi.org/10.1002/lary.29589
https://doi.org/10.4049/jimmunol.1800242
https://doi.org/10.4049/jimmunol.1800242
https://doi.org/10.3390/biomedicines9060653


303

search Methodology. 2014; 14: 45. https://doi.org/10.1186/
1471-2288-14-45.

[10] Takahashi H, Sakakura K, Arisaka Y, Tokue A, Kaira K, Tada
H, et al. Clinical and Biological Significance of PD-L1 Expres-
sion Within the Tumor Microenvironment of Oral Squamous
Cell Carcinoma. Anticancer Research. 2019; 39: 3039–3046.
https://doi.org/10.21873/anticanres.13437.

[11] Zhang B, Wu C, Zhang Z, Yan K, Li C, Li Y, et al. CXCL12
is associated with FoxP3+ tumor-infiltrating lymphocytes and
affects the survival of patients with oral squamous cell carci-
noma. Oncology Letters. 2019; 18: 1099–1106. https://doi.org/
10.3892/ol.2019.10415.

[12] Kindt N, Descamps G, Seminerio I, Bellier J, Lechien JR, Mat
Q, et al. High stromal Foxp3-positive T cell number combined
to tumor stage improved prognosis in head and neck squamous
cell carcinoma. Oral Oncology. 2017; 67: 183–191. https://doi.
org/10.1016/j.oraloncology.2017.02.023.

[13] Ikeuchi Y, Someya M, Hasegawa T, Saito M, Mafune S,
Tsuchiya T, et al. Immunohistological evaluation of patients
treated with intra-arterial chemoradiotherapy and surgery for
oral cancer. Medical Molecular Morphology. 2023; 56: 288–
296. https://doi.org/10.1007/s00795-023-00367-8.

[14] Peña-Cardelles JF, Pozo-Kreilinger JJ, Roncador G, Esteban-
Hernández J, Moro-Rodríguez JE, Sastre-Perona A, et al.
Prognosis Value of Immunoregulatory Molecules in Oral
Cancer Microenvironment: An Immunohistochemical Study.
Biomedicines. 2022; 10: 710. https://doi.org/10.3390/biomedic
ines10030710.

[15] De Meulenaere A, Vermassen T, Aspeslagh S, Zwaenepoel K,
Deron P, Duprez F, et al. Prognostic markers in oropharyn-
geal squamous cell carcinoma: Focus on CD70 and tumour in-
filtrating lymphocytes. Pathology. 2017; 49: 397–404. https:
//doi.org/10.1016/j.pathol.2017.02.002.

[16] Wongpattaraworakul W, Choi A, Buchakjian MR, Lanzel EA,
KdAR, Simons AL. Prognostic Role of Tumor-Infiltrating Lym-
phocytes in Oral Squamous Cell Carcinoma. BMC Cancer.
2024; 24: 766. https://doi.org/10.1186/s12885-024-12539-5.

[17] Chen WY, Wu CT, Wang CW, Lan KH, Liang HK, Huang
BS, et al. Prognostic significance of tumor-infiltrating lympho-
cytes in patients with operable tongue cancer. Radiation Oncol-
ogy (London, England). 2018; 13: 157. https://doi.org/10.1186/
s13014-018-1099-6.

[18] Bron L, Jandus C, Andrejevic-Blant S, Speiser DE, Monnier P,
Romero P, et al. Prognostic value of arginase-II expression and
regulatory T-cell infiltration in head and neck squamous cell car-
cinoma. International Journal of Cancer. 2013; 132: E85–E93.
https://doi.org/10.1002/ijc.27728.

[19] Koike K, Dehari H, Ogi K, Shimizu S, Nishiyama K, Sonoda
T, et al. Prognostic value of FoxP3 and CTLA-4 expression in
patients with oral squamous cell carcinoma. PloS One. 2020; 15:
e0237465. https://doi.org/10.1371/journal.pone.0237465.

[20] Piersiala K, Hjalmarsson E, Lagebro V, Farrajota Neves da Silva
P, Bark R, Elliot A, et al. Prognostic value of T regulatory cells
and immune checkpoints expression in tumor-draining lymph
nodes for oral squamous cell carcinoma. Frontiers in Immunol-
ogy. 2024; 15: 1455426. https://doi.org/10.3389/fimmu.2024.
1455426.

[21] Ljokjel B, Haave H, Lybak S, Vintermyr OK, Helgeland L,
Aarstad HJ. Tumor Infiltration Levels of CD3, Foxp3 (+) Lym-
phocytes and CD68 Macrophages at Diagnosis Predict 5-Year
Disease-Specific Survival in Patients with Oropharynx Squa-
mous Cell Carcinoma. Cancers. 2022; 14: 1508. https://doi.or
g/10.3390/cancers14061508.

[22] Hayashi T, Yoshikawa K, Suzuki S, Gosho M, Ueda R, Kazaoka
Y. Tumor-infiltrating FoxP3+ T cells are associated with poor
prognosis in oral squamous cell carcinoma. Clinical and Exper-

imental Dental Research. 2022; 8: 152–159. https://doi.org/10.
1002/cre2.477.

[23] Watanabe Y, Katou F, Ohtani H, Nakayama T, Yoshie O,
Hashimoto K. Tumor-infiltrating lymphocytes, particularly the
balance between CD8(+) T cells and CCR4(+) regulatory T
cells, affect the survival of patients with oral squamous cell car-
cinoma. Oral Surgery, Oral Medicine, Oral Pathology, Oral Ra-
diology, and Endodontics. 2010; 109: 744–752. https://doi.org/
10.1016/j.tripleo.2009.12.015.

[24] Sun Y, Wang Y, Lu F, Zhao X, Nie Z, He B. The prognos-
tic values of FOXP3+ tumor-infiltrating T cells in breast can-
cer: a systematic review and meta-analysis. Clinical & Trans-
lational Oncology: Official Publication of the Federation of
Spanish Oncology Societies and of the National Cancer Insti-
tute of Mexico. 2023; 25: 1830–1843. https://doi.org/10.1007/
s12094-023-03080-1.

[25] Idos GE, Kwok J, Bonthala N, Kysh L, Gruber SB, Qu C. The
Prognostic Implications of Tumor Infiltrating Lymphocytes in
Colorectal Cancer: A Systematic Review and Meta-Analysis.
Scientific Reports. 2020; 10: 3360. https://doi.org/10.1038/
s41598-020-60255-4.

[26] Zhang N, Cao M, Duan Y, Bai H, Li X, Wang Y. Prognostic
role of tumor-infiltrating lymphocytes in gastric cancer: Ameta-
analysis and experimental validation. Archives of Medical Sci-
ence: AMS. 2019; 16: 1092–1103. https://doi.org/10.5114/ao
ms.2019.86101.

[27] Orhan A, Vogelsang RP, Andersen MB, Madsen MT, Hölmich
ER, Raskov H, et al. The prognostic value of tumour-infiltrating
lymphocytes in pancreatic cancer: A systematic review and
meta-analysis. European Journal of Cancer (Oxford, England:
1990). 2020; 132: 71–84. https://doi.org/10.1016/j.ejca.2020.
03.013.

[28] Cai P, Wu Z, Yang X, Wang N, Yang Y. The prognostic value
of Forkhead box P3 regulatory T cells in biliary tract cancer:
A systematic review and meta-analysis. Medicine. 2023; 102:
e36608. https://doi.org/10.1097/MD.0000000000036608.

[29] Yan Q, Li S, He L, Chen N. Prognostic implications of tumor-
infiltrating lymphocytes in non-small cell lung cancer: A
systematic review and meta-analysis. Frontiers in Immunol-
ogy. 2024; 15: 1476365. https://doi.org/10.3389/fimmu.2024.
1476365.

[30] Zhang Y, Huang Y, Qin M. Tumour-infiltrating FoxP3+ and
IL-17-producing T cells affect the progression and prognosis
of gallbladder carcinoma after surgery. Scandinavian Journal
of Immunology. 2013; 78: 516–522. https://doi.org/10.1111/sji.
12109.

[31] Rhoge M, Younis N, Azzi J. Regulatory T Cells and the Evolu-
tion of Immune Tolerance: FromThymic Selection to CAR-Treg
Therapies. Discovery Medicine. 2025, 37: 2488–2496 https:
//doi.org/10.24976/Discov.Med.202537202.209.

[32] Zheng X, Song X, Shao Y, Xu B, Hu W, Zhou Q, et al. Prog-
nostic Role of Tumor-Infiltrating Lymphocytes in Esophagus
Cancer: A Meta-Analysis. Cellular Physiology and Biochem-
istry: International Journal of Experimental Cellular Physiol-
ogy, Biochemistry, and Pharmacology. 2018; 45: 720–732.
https://doi.org/10.1159/000487164.

[33] Budi HS, Farhood B. Targeting oral tumor microenvironment
for effective therapy. Cancer Cell International. 2023; 23: 101.
https://doi.org/10.1186/s12935-023-02943-5.

[34] Liu S, Liu D, Li J, Zhang D, Chen Q. Regulatory T cells in
oral squamous cell carcinoma. Journal of Oral Pathology &
Medicine: Official Publication of the International Association
of Oral Pathologists and the American Academy of Oral Pathol-
ogy. 2016; 45: 635–639. https://doi.org/10.1111/jop.12445.

[35] McTaggart T, Lim JX, Smith KJ, Heaney B, McDonald D,
Hulme G, et al. Deciphering Novel Communication Patterns in

https://www.discovmed.com/
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.21873/anticanres.13437
https://doi.org/10.3892/ol.2019.10415
https://doi.org/10.3892/ol.2019.10415
https://doi.org/10.1016/j.oraloncology.2017.02.023
https://doi.org/10.1016/j.oraloncology.2017.02.023
https://doi.org/10.1007/s00795-023-00367-8
https://doi.org/10.3390/biomedicines10030710
https://doi.org/10.3390/biomedicines10030710
https://doi.org/10.1016/j.pathol.2017.02.002
https://doi.org/10.1016/j.pathol.2017.02.002
https://doi.org/10.1186/s12885-024-12539-5
https://doi.org/10.1186/s13014-018-1099-6
https://doi.org/10.1186/s13014-018-1099-6
https://doi.org/10.1002/ijc.27728
https://doi.org/10.1371/journal.pone.0237465
https://doi.org/10.3389/fimmu.2024.1455426
https://doi.org/10.3389/fimmu.2024.1455426
https://doi.org/10.3390/cancers14061508
https://doi.org/10.3390/cancers14061508
https://doi.org/10.1002/cre2.477
https://doi.org/10.1002/cre2.477
https://doi.org/10.1016/j.tripleo.2009.12.015
https://doi.org/10.1016/j.tripleo.2009.12.015
https://doi.org/10.1007/s12094-023-03080-1
https://doi.org/10.1007/s12094-023-03080-1
https://doi.org/10.1038/s41598-020-60255-4
https://doi.org/10.1038/s41598-020-60255-4
https://doi.org/10.5114/aoms.2019.86101
https://doi.org/10.5114/aoms.2019.86101
https://doi.org/10.1016/j.ejca.2020.03.013
https://doi.org/10.1016/j.ejca.2020.03.013
https://doi.org/10.1097/MD.0000000000036608
https://doi.org/10.3389/fimmu.2024.1476365
https://doi.org/10.3389/fimmu.2024.1476365
https://doi.org/10.1111/sji.12109
https://doi.org/10.1111/sji.12109
https://doi.org/10.24976/Discov.Med.202537202.209
https://doi.org/10.24976/Discov.Med.202537202.209
https://doi.org/10.1159/000487164
https://doi.org/10.1186/s12935-023-02943-5
https://doi.org/10.1111/jop.12445


304

T Regulatory Cells From Very Old Adults. Aging Cell. 2025;
24: e70044. https://doi.org/10.1111/acel.70044.

[36] Liu J, Lichtenberg T, Hoadley KA, Poisson LM, Lazar AJ,
Cherniack AD, et al. An Integrated TCGA Pan-Cancer Clinical
Data Resource to Drive High-Quality Survival Outcome Ana-
lytics. Cell. 2018; 173: 400–416.e11. https://doi.org/10.1016/j.
cell.2018.02.052.

[37] Ashrafizadeh M, Farhood B, Eleojo Musa A, Taeb S, Rezaeyan
A, Najafi M. Abscopal effect in radioimmunotherapy. Interna-
tional Immunopharmacology. 2020; 85: 106663. https://doi.or
g/10.1016/j.intimp.2020.106663.

[38] Yu WD, Sun G, Li J, Xu J, Wang X. Mechanisms and thera-
peutic potentials of cancer immunotherapy in combination with
radiotherapy and/or chemotherapy. Cancer Letters. 2019; 452:
66–70. https://doi.org/10.1016/j.canlet.2019.02.048.

[39] Kujan O, Agag M, Smaga M, Vaishnaw Y, Idrees M, Shearston
K, et al. PD-1/PD-L1, Treg-related proteins, and tumour-

infiltrating lymphocytes are associated with the development of
oral squamous cell carcinoma. Pathology. 2022; 54: 409–416.
https://doi.org/10.1016/j.pathol.2021.09.013.

[40] Cao M, Cabrera R, Xu Y, Liu C, Nelson D. Gamma irradiation
alters the phenotype and function of CD4+CD25+ regulatory T
cells. Cell Biology International. 2009; 33: 565–571. https://do
i.org/10.1016/j.cellbi.2009.02.007.

[41] Keam S, Gill S, Ebert MA, Nowak AK, Cook AM. Enhancing
the efficacy of immunotherapy using radiotherapy. Clinical &
Translational Immunology. 2020; 9: e1169. https://doi.org/10.
1002/cti2.1169.

[42] Chen Y, Li ZY, Zhou GQ, Sun Y. An Immune-Related Gene
Prognostic Index for Head and Neck Squamous Cell Carcinoma.
Clinical Cancer Research: An Official Journal of the Ameri-
can Association for Cancer Research. 2021; 27: 330–341. https:
//doi.org/10.1158/1078-0432.CCR-20-2166.

https://www.discovmed.com/
https://doi.org/10.1111/acel.70044
https://doi.org/10.1016/j.cell.2018.02.052
https://doi.org/10.1016/j.cell.2018.02.052
https://doi.org/10.1016/j.intimp.2020.106663
https://doi.org/10.1016/j.intimp.2020.106663
https://doi.org/10.1016/j.canlet.2019.02.048
https://doi.org/10.1016/j.pathol.2021.09.013
https://doi.org/10.1016/j.cellbi.2009.02.007
https://doi.org/10.1016/j.cellbi.2009.02.007
https://doi.org/10.1002/cti2.1169
https://doi.org/10.1002/cti2.1169
https://doi.org/10.1158/1078-0432.CCR-20-2166
https://doi.org/10.1158/1078-0432.CCR-20-2166

	Introduction
	Methods
	Retrieval Strategy
	Eligibility Criteria
	Screening Process
	Data Extraction and Processing
	Quality Assessment
	Statistical Analysis

	Results
	Screening Results
	Baseline Information
	Methodological Quality Assessment
	Meta-Analysis Results
	Primary Outcome: OS
	Secondary Outcomes: DSS, DFS, RFS
	Meta-Regression Analysis

	Sensitivity Analysis and Publication Bias
	Sensitivity Analysis
	Publication Bias


	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

