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Background

The prognostic significance of Treg and Th17 cells, as well as their ratio (Th17/Treg), in cervical cancer remains a topic of debate. Our study aimed to clarify their association with patient survival and clinical outcomes in cervical cancer through a comprehensive meta-analysis.





Materials and methods

We conducted a comprehensive search in PubMed, Embase, and Web of Science to identify eligible studies. Studies related to cervical cancer and involving Treg cells or Th17 cells were included. For prognostic analysis, we collected Hazard Ratio values of patient survival. For studies focusing on clinical characteristics, we selected mean and standard deviation values for further analysis. This study was registered at PROSPERO (ID:CRD42024546507).





Results

Out of the 2949 records initially retrieved, we ultimately included 21 studies in our analysis. High levels of Treg cells were found to be correlated with shorter survival in patients with cervical cancer. Subgroup analysis revealed that the prognostic effect of Treg cells on cervical cancer was not influenced by their source or definition. However, analyses of different survival measures indicated that only Overall Survival showed a correlation with Treg cell levels. Additionally, Treg cells were associated with clinical staging. High-grade Th17 cells were associated with lymphatic metastases and advanced clinical stage. The Th17/Treg ratio was found to be elevated in both cervical intraepithelial neoplasia and cervical cancer patients compared to controls.





Discussion

Despite limitations such as heterogeneity among selected studies and inadequate subgroup analyses, our study contributes to a deeper understanding of the significance of Treg cells in the onset and progression of cervical cancer. It also provides valuable insights for future research in immunotherapy.





Systematic review registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42024546507.
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Introduction

Cervical cancer (CC) is the fourth most common cancer in the women and an important public health problem affecting middle-aged women, especially in under-developed sectors (1). Although various approaches, such as refraining from smoking, utilizing barrier contraception, and receiving vaccinations, can diminish the occurrence of cervical lesion (2), persistent human papillomavirus (HPV) infection is still considered the leading cause of CC (3). The progression from persistent HPV infection to cervical warts, benign cervical dysplasia, cervical intraepithelial neoplasia (CIN), and eventually invasive CC is a long-term process (4). The host’s immune system plays an important role in this process. Immune escape of CC cells is associated with downregulation of the immune system locally and evasion of detection, including changes in Treg cells, major histocompatibility complex (MHC), immune checkpoint molecules, etc. (5). Put succinctly, the current standard for treating precancerous conditions and early-stage cervical cancer predominantly involves surgical intervention. In contrast, high-grade or metastatic cervical cancer are predominantly addressed through hysterectomy combined with radiochemotherapy (6). Concurrently, immunotherapy is emerging as a significant therapeutic alternative, with an increasing array of clinical trials bolstering its potential use in clinical settings. In the realm of immunotherapy, the therapeutic efficacy is closely related to the function of the host’s immune system, especially the state of immune cells. Here, we would like to focus on the two type of immune cells, Treg and Th17, to unfold our subsequent discussion.

Treg cells are the Foxp3-expressing CD4+ T cells whose function include preventing autoimmunity and maintaining immune homeostasis. Mechanically, the HPV16 E7 protein can cause excessive proliferation of squamous epithelium of the cervix, modulate epithelial dendritic cells, suppress T helper type 1 immune responses, and simultaneously promote T cell differentiation into Tregs. The upregulation of Treg cell infiltration is considered an important obstacle to induce robust anti-tumor immunity, for suppressing effector T cells through their surface co-stimulatory signals (such as CD80/CD86-CD28 and ICOSLG-ICOS) (7–9). Several studies have suggested that a high frequency of tumor-infiltrating effector Treg cells is significantly associated with poor prognosis in a variety of solid tumors (10), including CC (11). Targeting Treg cells in tumor microenvironment (TME) reverses the immunosuppressive environment and allows immune cells to recognize CC cells, a strategy considered a viable immunotherapy for CC (5).

Th17 cells are recognized to have both anti-tumor and pro-tumor effects. On the one hand, Th17 cells may indirectly mediate their antitumor activity by promoting the recruitment of other effector immune cells (12), such as NK cells and tumor-infiltrating IFN-γ effector T cells (13). On the other hand, Th17 cells can be recruited to the tumor area by stromal cells or tumor cells through the secretion of chemokines such as IL-12 and IL-23 (14, 15). Subsequently, Th17 can cause resistance to radiotherapy and chemotherapy, recurrence, or distant metastasis of cervical cancer through the IL-17-AKT signaling pathway (16). Given its duality, the role of Th17 cells in the development of CC needs to be further explored.

In addition, both Treg and Th17 cells are considered to be malleable, adapting to different signal cues in a changing environment (17). Treg cells are able to reacquire characteristics of Th17 cells under influence of cytokines like IL-1β, IL-6 (17, 18). Th17 cells also have the ability to transdifferentiate into Treg cells (19). Studies on Treg/Th17 ratio in the peripheral blood of lung cancer have found that a higher ratio is correlated with a lower survival rate (20). Imbalances in the Th17/Treg ratio remain elusive in CC (21).

In 2023, the European Society of Medical Oncology (ESMO) reported on two clinical trials that could potentially change clinical practice in the treatment of cervical cancer. Among them, the CALLA study(NCT03830866) failed to demonstrate the efficacy of durvalumab in combination with chemoradiotherapy for locally advanced cervical cancer (22). Additionally, the KEYNOTE-A18 (NCT 04221945) trial focused on the efficacy of chemoradiation therapy combined with either placebo or pembrolizumab, with continued use of placebo or pembrolizumab for maintenance therapy post-treatment (23). The 24-month progression-free survival rates for the experimental and control groups were 67.8% and 57.5%, respectively, with a statistically significant difference (24). T cells are an important medium for the action of immune checkpoint inhibitors, and the inconsistent results of the two immunosuppressive agent-related clinical trials also suggest the importance of conducting in-depth research into the heterogeneity of T cells themselves or the intercellular communication that mediates the differences in the efficacy of immunotherapy. Therefore, in this meta-analysis, we further explored the prognostic significance of Treg and Th17 cells, as well as the imbalance of Th17/Treg ratio in CC patients.





Materials and methods

This meta-analysis was performed as the Preferred Reporting Items for Systematic Review and Meta-analyses (PRISMA) guidelines (Supplementary Table 1) and was registered at PROSPERO (ID:CRD42024546507).




Search strategy and information sources

A comprehensive literature search was performed in PubMed, Embase, and Web of science from inception to December 26, 2023, without restrictions in publication type or language. The search query was as follows: (“Th17 Cells” OR “T-Lymphocytes, Regulatory”) AND (“Uterine Cervical Neoplasms” OR “Uterine Cervical Dysplasia). The search terms actually used consist of Medical Subject Heading (MeSH) terms and their synonyms, more specific terms are presented in Supplementary Data Sheet 1. Two review authors screened the titles and abstracts of the retrieved articles independently. Then the full texts of the selected literatures were further reviewed for eligibility, and differences of opinion between reviewers are resolved by consensus.





Study selection and quality assessment

The inclusion criteria were: 1, original research; 2, studies evaluating human subjects; 3, full text available; 4, studies with titles or abstracts, including CC (CIN) and Treg cells (Th17 cell); 5, studies using flow cytometry or immunohistochemistry to assess the accessible proportion of circulating or tumor-infiltrating Treg cells (Th17 cell) in CC (CIN) patients; 6, studies that reported the Correlation of Treg cell(Th17 cell) with prognosis and clinical features; 7, for prognostic study selected the studies that presented hazard ratio (HR) for survival and its 95% confidence interval (95% CI) or Kaplan-Meier Graphs which can extract data. The exclusion criteria were: 1, Studies that are not published in English as their first language;2, Reviews, clinical case study, Meta-Analysis, meeting abstracts and letter; 3, secondary literature or duplicate published data; 4, Special types of CC, such as adenocarcinoma; 5, insufficient data can be extracted for later evaluation.

Different quality assessment methods were selected for different types of studies. For cohort studies on prognosis, the Newcastle-Ottawa Scale (NOS) (25) was selected for quality assessment. For cross-sectional studies on clinical features, quality assessment tool revised by Agency for Healthcare Research and Quality (AHRQ) (26) was used.





Data extraction

Two reviewers independently extracted basic characters and detailed information required for the research from the included studies. Disagreements were discussed and judged with the participation of the third reviewer. The table of basic Characteristics includes: first author, year, country, sample size, age of patients, cell, source of cells, method, index and follow-up period. Information about prognosis, including HR for survival and its 95% CI were also collected. For studies that did not provide HR directly, data were extracted from Kaplan–Meier (KM) plot using engauge digitizer (software downloaded from https://markummitchell.github.io/engauge-digitizer/), and obtain HR and 95% CI through the method recommend by Tierney etal (27). And preferentially extract HR from multivariate analysis, otherwise univariate analysis is chosen. Mean and standard deviation (SD) were extracted from the included studies to study the clinical characteristics of CC.





Assessment of risk of bias and sensitivity analysis

We used funnel plot, begg test and egger test to measure publication bias. Sensitivity analysis was performed using the one-by-one elimination method, which eliminated the included studies one by one, combined the other studies, and observed the changes in the pooled effect size before and after the exclusion. Publication bias and sensitivity analyses were performed using Stata/SE 12.0 for Window [32-bit].





Data synthesis

Meta-analysis was performed using Review Manager (RevMan) [Computer program]. Version 5.4. The Cochrane Collaboration, 2020. To study the relationship between the prognosis of CC patients and Treg cell (Th17 cell), the high Treg cell level was used as the experimental group and the low Treg cell level was used as the control group, and the HR and 95% CI of each study were merged. A two-tailed P-value <0.05 was considered statistically significant. If I2> 50% or p<0.10, the degree of heterogeneity was regarded as significant, and random-effects models were selected for analysis. Otherwise, data were merged using the fixed-effects model. Subgroup analyses were performed based on the source of the Treg cell (peripheral blood (PB) or tissue), the different prognostic index selected [Overall Survival (OS), Progression-Free Survival (PFS) or Disease Specific Survival (DSS)], and the different definitions of the Treg cell (foxp3 or other). For the prognostic studies of Th17 cell, no subgroup analyses were performed due to the small number of studies.

To investigate the relationship between Treg cell, Th17 cell, Th17/Treg cell and the clinical features of patients with CC, lymphatic metastasis, clinical stage, CIN, or CC were selected as study indicators. And it is carried out separately according to the cell (tumor-infiltrating or circulating). Mean and standard deviation (SD) of each study were merged to measure the differences of immune cells in patient with different clinical features.






Results




Study characteristics

A flowchart illustrating the study selection process is shown in Figure 1. Initially, 2949 records were identified through our search. After removing 1008 duplicate records, 1914 records remained. 1804 articles were excluded after reviewing the titles and abstracts, and 66 reports were selected for retrieval. We reviewed the full text of the remaining studies. There were 21 studies (21, 28–47) included in the review, 9 of which provided prognostic information. Main characteristics of the included studies were listed in Table 1. The included studies comprised 9 cohort studies and 12 cross-sectional studies, with a total of 2023 samples. Of these, 12 studies provided data on Treg cells, 3 studies provided data on Th17 cells, and the remaining 6 studies provided data on both Treg and Th17 cells. Twelve provided information on cells in tumor tissue and the remaining 9 studies provided information on cells in PBMC or PB. Eleven studies used immunofluorescence assay and 10 used flow cytometry.




Figure 1 | The flow chart of the article search and inclusion process following the PRISMA guidelines.




Table 1 | Characteristics of the included studies.



We utilized NOS and AHRQ tools for quality assessment. For the cohort studies, NOS scores showed: 1 article scored 8 points, 4 articles scored 7 points, and the remaining 4 articles scored 6 points. For cross-sectional studies, AHRQ scores showed: 1 article scored 8 points, 5 articles scored 7 points, and the remaining 6 articles scored 6 points. Although there is currently no uniform standard for the rating of NOS and AHRQ tools, we can still consider the quality of articles to be above medium.9 cohort studies used NOS for quality assessment, with an average score of 6.67. The remaining studies employed a quality assessment tool revised by AHRQ, with an average score of 6.58. Details of the quality assessment were provided in Supplementary Table 2.





The prognostic value of Treg and Th17 cells

We pooled HR and 95% CI of 9 studies about the significance of Treg cells on the survival of CC patients, regardless of the source of Treg cells and the survival index chosen. Result in Figure 2 revealed that high levels of Treg cells were associated with a poor prognosis, indicative of shortened survival, in CC patients. The merged HR was 3.16 (95% CI=1.73 to 5.78, P=0.0002). Due to significant heterogeneity among studies (I2 = 68%, P=0.002), the random-effects model was chosen.




Figure 2 | Forest plots assessing the role of Treg in CC patients’ prognosis.



Similarly, we tried to pool HR and 95% CI studies on the prognostic value of Th17 cells in CC patients. However, we only found two relevant studies that were suitable for inclusion. One study suggested that high levels of Th17 cells were associated with a poor prognosis (48), while the other indicated the opposite effect, that high levels of Th17 cell with an improved prognosis (49). Therefore, it is not yet possible to draw conclusions about the prognostic effect of Th17 cells on CC patients, and more relevant studies are required for further investigation.





Subgroup analysis

Subgroup analyses were performed based on different sources of Treg cells, different survival index selected, and different definitions of Treg cells, the results were shown in Figure 3. Through subgroup analysis of different sources of Treg cells, we found that high levels of Treg cells in PB or tumor tissue were associated with poor prognosis in CC patients, with no significant difference observed between the two subgroups. This meant that Treg cells, both in the circulation and in the tumor microenvironment, indicate poor prognosis in cervical cancer. Analysis of different survival index found that high levels of Treg cells were associated with shortened OS, not PFS and DSS, and there were statistically significant differences between different subgroups. This indicated that the effect of Treg cells on cervical cancer is more reflected in overall survival, and may be less related to the recurrence of cervical cancer. High levels of Treg cells with different definitions were associated with poor prognosis, and there was no statistically significant difference between different definitions. This further indicated that Foxp3 is a highly representative surface molecule of Treg cells.




Figure 3 | Forest plot presenting subgroup analyses for Treg. (A) Subgroup analyses according to different sources of Treg. (B) Subgroup analyses according to different survival index. (C) Subgroup analyses according to different definitions of Treg.







Publication bias and sensitivity analysis

The funnel plot (Figure 4A) showed that there was acceptable symmetry and heterogeneity. The begg test (Figure 4B) and egger test (Figure 4C) were generally consistent with the funnel plot, showing p value of 0.754 and 0.263, respectively, which were not statistically significant and did not have publication bias.




Figure 4 | Evaluation of potential publication bias and Sensitivity analysis of the included researches on Tregs. (A) Funnel plot. (B) Begg’s funnel plot. (C) Egger’s publication bias plot. (D) Sensitivity analysis.



Sensitivity analysis (Figure 4D) was performed using the one-by-one elimination method. No matter which study is excluded, the 95% CI of the combined effect size was above 1.50, which proved that our study results were robust.





The value of Treg and Th17 cells, and Th17/Treg ratio in clinical features of CC patients

To further explore the relationship between Treg cells, Th17 cells, and Th17/Treg ratio and the prognosis of CC patients, we investigated their effect on the clinical features of CC patients. We mainly studied lymphoid metastasis, clinical stage, CIN and CC differences, and conducted analysis separately according to the cell source. The results showed that the Treg cells in PB in patients with FIGO stage II CC was higher than that in patients with stage I cancer (P<0.00001, Figure 5A). Patients with lymphoid metastases and higher FIGO stage have more Th17 cells in PB (P<0.0001, Figure 5B; P=0.02, Figure 5C). CC patients had higher levels of Treg cells in tumor tissue than CIN patients (P=0.01, Figure 5D). Although no significant difference of Th17/Treg ratio in PB was found between CIN and CC patients (P=0.36 Figure 5G), Th17/Treg ratio was elevated in both CIN and CC patients compared with controls (P<0.00001, Figure 5E; P=0.005, Figure 5F). Higher levels of Th17/Treg ratio have been found to be associated with lymphatic metastases (38) and higher FIGO stage (47), but the number of studies is too small to perform meta-analysis. No statistically significant differences were found in the remaining analyses (Supplementary Figure 1).




Figure 5 | Forest plots assessing the association between Treg, Th17 and CC patients’ clinical features. (A) Relationship between Treg cells in PB and clinical stage. (B) Relationship between Th17 cells in PB and lymphoid metastases. (C) Relationship between Th17 cells in PB and clinical stage. (D) Differences of Treg cells in tumor tissue between CIN and CC patients. (E) Differences of Th17/Treg ratio between control and CIN patients. (F) Differences of Th17/Treg ratio between control and CC patients. (G) Differences of Th17/Treg ratio between CIN and CC patients.








Discussion

The prognostic value of Treg cells in cancer remains controversial, with high levels of Treg cells infiltration thought to be associated with a poor prognosis in most solid tumors, while opposite outcomes have been observed in head and neck cancers and colorectal cancers (50, 51). In CC, current research suggests that high levels of Treg cell are associated with a poor prognosis (52). However, the specific indicators of its impact, such as OS or DFS are still inconclusive. And most studies tend to focus on tumor-infiltrating Treg cells, with less attention paid to the impact of Treg cells in PB. We further determined the prognostic significance of Treg cell in CC patients through meta-analysis, and found that Treg cells in both tumor tissue and PB was negatively correlated with survival through subgroup analysis, and Treg cells has more of an impact on OS and is not statistically significant for metrics such as DFS. Foxp3, as a specific transcription factor for Treg cells, plays an important role in the development and functionality of Treg cells (53). Although Foxp3 was found to be expressed not only in Treg cells but also in some non-lymphocytes, including normal cells as well as cancer cells, we did not find a significant difference in the prognostic effect of Foxp3-defined Treg cell from other definitions (54).

The effect of Th17 cells on tumors is thought to be dual, but unfortunately the relationship between Th17 cells and survival in CC patients could not be meta-analyzed in our study due to the insufficient number of studies that could be included. However, in studies of the clinical characteristics of CC patients, we found that in CC patients with lymphatic metastases and higher FIGO stage, a higher density of Th17 cells was exhibited in PB. At the same time, we did not find a statistically significant association between Th17 cells infiltrating tumor tissue and the clinical stage of CC patients. It has been found that late plasticity makes mature Th17 cells have the characteristics of Th1, thereby exerting anti-tumor effects (55). Whether the difference in the results of our study of Th17 cells in PB and tumor tissues is related to the effect of TME on Th17 cells, which leads to a plasticity change in Th17 cells, is a question worth further exploring. In addition, Punt et al. found that IL-17 in tumor stroma is mainly expressed by neutrophils, mast cells, and innate lymphocytes, while Th17 cells are a secondary group of IL-17. Their study suggests that IL-17, which is predominantly expressed by neutrophils, primarily promotes tumor growth and is associated with poor prognosis in early disease (49). Whether this will have an impact on our findings needs to be further explored.

Although we did not find a difference in Th17/Treg ratio between CIN and CC in our study, it remains a mystery whether this ratio will be further imbalanced with tumor progression. Further exploration of the changes of Th17 and Treg cells in the process of tumor progression will not only help to understand the role they play in tumorigenesis and development, but also guide the immunotherapy of CC to a certain extent.

Although our research provides some useful information, there are still some limitations should be addressed. Firstly, we included studies that were highly heterogeneous and were described using a random-effects model. Possible sources of heterogeneity include differences in survival index selected, differences methods to detect cells and so on. High heterogeneity may affect the accuracy of the study results. Secondly, we were unable to obtain data on individual patients in the studies, and we extracted data from the Kaplan–Meier (KM) plot for calculation if HR values were not provided in the prognostic study, which may cause some error. Thirdly, for prognostic studies we only included studies that provided HR or extractable HR, and in studies of clinical features we only focused on SMD, so there may have been a lot of studies on prognosis and clinical features that were excluded. Fourthly, the prognostic role of Treg cell may vary due to clinical stage, molecular subtype, etc. (50), but limited by the number of studies we included and insufficient information, no relevant subgroup analyses were conducted. Inadequate subgroup analyses may compromise the full understanding of the relationship between Tregs and prognosis of cervical cancer and prevent the discovery of sources of heterogeneity. Fifthly, we also excluded the study of other types of cervical cancer (like adenocarcinoma), which also makes the study limited. Finally, although the funnel plot, Begg test, and Egger test indicate no significant publication bias, there is still the possibility of error due to the small number of studies and large heterogeneity. Sensitivity analysis and exclusion of low-quality studies were used to deal with publication bias.

Our study demonstrated that Treg cells have a negative impact on prognosis in CC, primarily reflected by a reduction in OS. Additionally, elevated levels of Treg cells in peripheral blood have been linked to more advanced clinical stages of the disease. Although we were unable to draw firm conclusions about the prognostic value of Th17 cells for CC, we found that patients with higher clinical stages and lymphatic metastases had higher levels of Th17 cell in their peripheral blood. In addition, we demonstrated that Th17/Treg ratio was higher than controls in both CIN and CC. But how Treg/Th17 specifically affect CC tumor cells still require more experiments, including in vivo and in vitro experiments, to transform this finding into clinical trials. In the future, co-cultured experiments of Treg/Th17 and cervical cancer cell are needed to be conduct. Based on robust in vitro experimental evidence and an understanding of the mechanisms of interaction between the two types of cells, animal experiments to elaborate on the deep mechanisms of their relationship with patient prognosis in vivo are indispensable. Therefore, our research findings do indeed have significant limitations when translated into clinical applications, which also motivates us to further refine our studies.

In the future, we hope to promote this study by conducting cohort study in multiple centers to expand the sample size, verifying the conclusion of this study in real world at the same time. Subsequently, starting from ample clinical evidence, we can guide the experimental design and practice of cellular and animal-based basic experiments. This will further prove or elucidate the role of Th17/Treg in mediating the efficacy of PD-1/PD-L1 at the cellular/animal level. At the same time, in both in vivo and in vitro experiments, we will continuously improve the methods for measuring the Treg, Th17 and their ratio, and ultimately use the existing clinical cohorts to conduct specific and effective tests. In a word, further study of Treg and Th17 cell, and Th17/Treg ratio on tumors is conducive to a better understanding of tumor development and can also better guide tumor immunotherapy.
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Study ID Age source

of patients
Jordanova 2008 (28) Ekaterina 2008 The 115 48.5 (24-87) treg Tissues IHC (e 60months
S Jordanova Netherlands
Shah 2010 (29) Walayat Shah | 2010 | China 40 47 (32-70) treg | Tissues IHC 0s 60months
Gorter 2015 (30) Arko Gorter 2015 The 58 45 (25-87) treg Tissues THC DSS 57months
Netherlands
Yang 2019 (31) Huijuan Yang | 2019 China 119 50(24-75) treg Tissues THC PES 36months
Lu 2020 (32) Zhimin Lu 2020 China 36 33.0+629 treg PBMC FC PFS 540 days
Li 2021 (33) LiLi 2021 China 130 NA treg Tissues IHC (e 40months
Zhang 2022 (34) Hangun 2022 China 55 53(25-74) treg Tissues THC oS 12months
Zhang
Ni 2022 (35) Huanhe Ni 2022 China 197 NA treg Tissues THC 0os NA
Yang 2023 (36) Chunfeng 2023 China 53 NA treg PBMC FC 0s 49.5months
Yang
Adurthi 2008 (37) Sreenivas 2008 India 60 CC56(40-76) CIN36 | treg Tissues THC - -
Adurthi (30-45)
Zhang 2011 (38) Yan Zhang 2011 China 74 CC44(34-70) CIN42 | th17 PB FC - -
(28-60) treg
Hou 2012 (39) Fei Hou 2012 China 74 CC45(28-79) CIN39 | th17 Tissues THC - -
(25-61) treg ‘
Chen 2013 (40) Zhifang Chen | 2013 China 107 CC45.50 + 6.12 th17 PB FC - -
CIN44.24 + 5.67 treg
Zhang 2015 (41) Wenjing 2015  China 99 CC48(24-60) CIN42 | th17 | PB FC - -
Zhang (27-61)
Yu 2015 (42) Qing Yu 2015 | China 35 58.2(38-72) th17 | Tissues FC - =
Xue 2018 (43) JiSen Xue 2018 China 57 CC48.6 +10.7 th17 PB FC - -
CIN422 £ 10.3
Lin 2019 (21) Wei Lin 2019 China 99 CC46.2 + 6.9 th17 PB FC - -
CIN414 £5.8 treg
Chen 2019 (44) Rui Chen 2019 China 96 48(24-71) treg Tissues THC - -
Lin 2020 (45) Wei Lin 2020 China 59 CC46.2 + 6.9 th17 PB FC -
CIN423 +3.9 treg
Ohno 2020 (46) Akiko Ohno 2020 Japan 55 NA treg Tissues THC - -
‘Wang 2023 (47) Chunyan 2023 China 92 1(4523 £ 4.71) 1 th17 PB FC - -
Wang (44.65 + 5.28) treg

Adurthi 2008 and subsequent studies were cross-sectional studies and did not include follow-up information. CC, cervical carcinoma; CIN, cervical intracpithelial neoplasia; NA, not available;
PBMC, peripheral blood mononuclear cell; PB, peripheral bloods IHC, Immunohistochemistry; FC, flow cytometry; OS, Overall survival; DSS, Disease specific survival; PFS, Progression-
free survival.
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Identification

2949 records identified from:
PubMed (n=253)
Embase(n=780)

Web of Science(n=1916)

Records screened
(n=1914)

Reports sought for retrieval
(n =66)

Reports assessed for eligibility
(n=21)

Studies included in review
(n=21)

Records removed before
screening:
Duplicate records
removed(n=1008)

Studies excluded after review of
title and abstract
(n=1848)

Studies excluded after review of
the full text (n=45):

1. No accessible proportion of
cells (n=23)
2. No information on prognosis or
investigative clinical features
(n=20)
3. Adenocarcinoma (n=1)
4. Non-tumor microenvironment or
circulation (n=1)






