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Abstract. – OBJECTIVE: This study focused 
on investigating the relationship between the 
level of regulatory T cells (Tregs) infiltration and 
the prognosis of pancreatic cancer patients by 
using meta-analysis to identify new clinical di-
agnostic markers.

MATERIALS AND METHODS: We looked 
through PubMed, Embase, and the Cochrane 
Library for studies published between the da-
tabase’s inception and September 2021. We in-
cluded studies that looked at the relationship 
between Tregs and pancreatic cancer progno-
sis. We exempted duplicate publications, stud-
ies without full text, insufficient information, or 
inability to conduct data extraction, animal ex-
periments, reviews, and systematic reviews. The 
data were analyzed using STATA 15.1.

RESULTS: The pooled results show that high 
infiltrating Treg is highly correlated with low-
er OS of pancreatic cancer patients (HR=1.56, 
95% CI: 1.23-1.990.000), but not with DFS of pa-
tients with pancreatic cancer (HR=1.29, 95% CI: 
0.88-1.89, p=0.184). On the other hand, the re-
sults show that high infiltrating Treg is signifi-
cantly associated with lower OS (HR=2.13, 95% 
CI: 1.70-2.67, p=0.000) and DFS (HR=1.79, 95% 
CI: 1.12-2.86, p=0.015) in patients from Asia, 
whereas it is not significantly associated with 
OS and DFS in patients from Europe and Amer-
ica.

CONCLUSIONS: This meta-analysis suggests 
that the assessment of Tregs may help to pre-
dict the prognosis in pancreatic cancer patients. 
Advanced histological techniques for obtain-
ing more detailed information about Treg activi-
ty may assist in the identification of novel treat-
ment strategies.

Key Words:
Prognostic value, Regulatory T cells, Pancreatic 

cancer, Systematic review and meta-analysis.

Introduction

Pancreatic cancer is one of the deadliest can-
cers, with less than 8% of the patients having a 
5-year survival rate1. Pancreatic cancer incidence 
has risen in recent decades and is expected to 
rise further2,3. Therefore, there is a substantial 
opportunity to develop precision approaches to 
pancreatic cancer treatment. Pancreatic cancer 
genetic analysis reveals that there are currently 
few operable therapeutic targets4-6. The use of 
immunotherapy is a promising treatment that has 
produced long-term clinical benefits in the treat-
ment of challenging cancers in the earlier days7-9.

Immune cells from the adaptive and innate 
immune systems can infiltrate and fight cancer 
after recognizing a malignant tumor. CD8+T cells 
and regulatory T cells (Tregs) in tumor-infiltrat-
ing lymphocytes play an important role in tumor 
progression and immune escape10. Tregs have the 
ability to suppress the activation and formation of 
CD4+ T helper cells and CD8+ cytotoxic T cells, 
as well as shape the suppressive immune microen-
vironment, resulting in tumor immune escape11. In 
addition, Treg levels have been linked to clinical 
outcomes in a variety of cancers12. Besides, the ex-
istence of tumor-infiltrating lymphocytes and the 
proportions of the tumor microenvironment can 
be used to predict cancer prognosis and immuno-
therapy response13,14. Investigating the prognostic 
value of Tregs in pancreatic cancer can assist in 
improving prognosis and developing personalized 
treatment. The level of Tregs has been correlated 
with the clinical outcome in several malignan-
cies12. Exploring the prognostic value of Tregs in 
pancreatic cancer can help improve the prognosis 
and formulate personalized treatment. 
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There are currently no reliable clinical tri-
als and sufficient basic studies that can clearly 
demonstrate the relationship between Tregs and 
pancreatic cancer prognosis. Even multiple papers 
have shown apparently opposite results. However, 
clarifying the relationship between pancreatic 
cancer prognosis and Tregs is particularly im-
portant for the exploration of precision therapy 
and immunotherapy for pancreatic cancer. There-
fore, we conducted this analysis in order to obtain 
higher evidence-based medical evidence and to 
further explore new options for immunotherapy 
of pancreatic cancer.

This study conducted a meta-analysis by in-
cluding articles reporting the prognostic value 
of Tregs in pancreatic cancer, with the goal of 
investigating the relationship between the level of 
Tregs infiltration and the prognosis of pancreatic 
cancer patients to identify new clinical diagnostic 
markers.

Materials and Methods 

Literature Inclusion and 
Exclusion Criteria

The following were inclusion criteria: the study 
design was a cohort study, the study reported a 
correlation between Tregs and pancreatic can-
cer prognosis, and the language was limited to 
English and Chinese. Exclusion criteria included 
duplicate publication, research without full text, 
incomplete information, or inability to conduct 
data extraction, animal experiments, reviews, 
and systematic reviews.

Search Strategy
We searched PubMed, Embase, and the Co-

chrane Library from the database’s inception to 
September 20, 2021, for this meta-analysis. The 
following search terms were used: “Treg”, “reg-
ulatory T cell” and “pancreatic cancer”, “pan-
creatic Neoplasm” and “prognosis” “prognostic” 
“indicator”.

Literature Screening and 
Data Extraction

Two researchers worked independently on the 
literature search, screening, and information ex-
traction. If there were any doubts or disagree-
ments, the decision was made after consulting 
with a third party. The author, year, study area, 
research type, number of cases, and outcome 

indicators, such as overall survival (OS) and 
disease-free survival, were all extracted from the 
data. 

Literature Quality Assessment
The Newcastle-Ottawa Scale (NOS) for cohort 

studies was used by two researchers independent-
ly to assess the quality of the literature15. NOS 
includes 4 items (4 points) for “Research Subject 
Selection”, 1 item (2 points) for “Comparability 
between Groups” and 3 items (3 points) for “Re-
sult Measurement”, for a total score of 9 points, 
with ≥7 points considered high-quality literature 
and <7 points classified as lower-quality litera-
ture. When the opinions are in disagreement, it is 
decided through discussion or consultation with a 
third party. The meta-analysis was conducted us-
ing the Preferred Reporting Items for Systematic 
Reviews and Meta-analysis statement (PRISMA 
statement) and its related items16.

Data Synthesis and Statistical Analysis
The data were analyzed using STATA version 

15.1 (Stata Corporation, College Station, TX, 
USA). OS and DFS were evaluated using HR 
(95% CI). I2 was used to evaluate the hetero-
geneity. If the heterogeneity test resulted p≥0.1 
and I2≤50%, this indicated that the studies were 
homogenous, and the fixed effects model was 
utilized for combined analysis; p<0.1 and I2>50% 
indicated that the study was heterogeneous, and 
sensitivity analysis was performed to determine 
the source of heterogeneity. If the heterogeneity 
remained high, the random effects model was 
utilized, or the combination of results was aban-
doned in favor of descriptive analysis. To inves-
tigate publication bias, funnel plots and Egger’s 
tests were performed. 

Results

Literature Search Results 
497 studies were retrieved from the database 

for this study. After removing duplicate studies, 
273 studies were included, and 191 studies were 
identified after reviewing the titles and abstracts. 
Finally, the meta-analysis included sixteen arti-
cles (Figure 1).

Baseline Characteristics and Quality 
Assessment of the Included Studies

This meta-analysis included sixteen cohort 
studies17-32 with patient sample sizes ranging from 
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90 to 241, for a total of 2,345 patients. There 
were 1,261 Asian patients in eight of the stud-
ies17,19,20,24,27-29,32, and 1,084 European and Amer-
ican patients in eight of the studies18,21-23,25,26,30,31, 
with most of the patients being middle-aged and 
elderly. Our study aggregated OS and DFS to 
reflect the prognostic value of Treg in predicting 
pancreatic cancer patients. The NOS score used 
for quality assessment is all above 7 and meets 
the requirements (Table I). 

Results

Overall Survival 
There were sixteen studies17-32 involving 2345 

patients that report a connection between Treg 
levels and OS. Since there is significant heteroge-
neity (I2=79.0%, p=0.000), a meta-analysis was 
conducted through a random effects model. The 
pooled results show that high infiltrating Treg 
levels are significantly associated with lower OS 
of pancreatic cancer patients (HR=1.56, 95% CI: 
1.23-1.99, p=0.000) (Figure 2).

Disease-free survival
There are seven studies18,20,26-28,31,32 with a total 

of 1,086 patients that report a link between Treg 

levels and DFS. Meta-analysis was performed 
using a random effects model, since the data 
are highly heterogeneous (I2=84.2%, p=0.000). 
The pooled results show that the infiltrating lev-
el of Treg is not significantly correlated with 
DFS of patients with pancreatic cancer (HR=1.29, 
95%CI: 0.88-1.89, p=0.184) (Figure 3).

Subgroup Analysis
Due to the heterogeneity of the research results, 

we performed a subgroup analysis for different 
regions. We started by looking at the differences 
in operating systems between Asia, Europe, and 
America. There are eight studies17,19,20,24,27-29,32 with 
a total of 1,261 patients from Asia. Since there is 
significant heterogeneity (I2=54.5%, p=0.030), a 
meta-analysis was conducted through a random 
effects model. The combined findings show that 
high infiltrating Treg levels are significantly re-
lated to lower OS in Asian patients (HR=2.13, 
95% CI: 1.70-2.67, p=0.000). Whereas the infil-
trating level of Treg is not significantly correlated 
with OS of patients from Europe and America 
(HR=1.11, 95% CI: 0.83-1.48, p=0.489; I2=67.9%, 
p=0.003; enrolling 8 studies) (Figure 4).

Then, we examined the differences in DFS 
between Asia, Europe, and America. There are 
four studies20,27,28,32, with 625 Asian patients. A 

Figure 1. Flow diagram for selection 
of studies.
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random effects model was used for the meta-anal-
ysis because the results are having a significant 
heterogeneity (I2=81.5%, p=0.001). The merged 
results of the study show that a high infiltrating 
Treg level is significantly correlated with lower 
DFS in Asian patients (HR=1.79, 95% CI: 1.12-
2.86, p=0.015), but not in the European and 

American patients (HR=0.82, 95% CI: 0.60-1.10, 
p=0.183; I2=36.7%, p=0.206 enrolling 3 studies) 
(Figure 5).

Sensitivity Analysis
We performed sensitivity analysis by remov-

ing each included study one at a time and per-

Figure 2. Forest plots 
on the level of Treg and 
overall survival (OS).

Figure 3. Forest plots 
on the level of Treg and 
disease-free survival 
(DFS).
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forming a summary analysis on the remaining 
studies. Our research results revealed that none 
of the studies had a significant impact on the 

meta-analysis results, implying that the research 
results of this meta-analysis are stable and reli-
able (Figures 6 and 7).

Figure 4. Subgroup 
analysis of the correla-
tion between Treg and 
OS in patients in dif-
ferent regions.

Figure 5. Subgroup 
analysis of the correla-
tion between Treg and 
DFS in patients in dif-
ferent regions.
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Publication Bias
Figure 8 depicts the funnel plot for this re-

search. It can be observed that the funnel plot 
shows an asymmetric result, and the p-value of 

Egger’s test is 0.583, suggesting that this study 
appears to contain a publication bias. One pos-
sible explanation for this publication bias is that 
some negative results were not published.

Figure 6. Sensitivity on the level of Treg and OS.

Figure 7. Sensitivity on the level of Treg and DFS.
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Discussion

The presence of immune cell infiltrating in the 
microenvironment of various cancers does not 
always result in favorable treatment outcomes. In 
particular, Tregs have been demonstrated to have 
anti-inflammatory functions, as well as to inhibit 
anti-tumor immunity, thereby promoting tumor 
cell survival33,34. 

The primary function of Tregs in the body is 
to maintain homeostasis of the immune system 
and to prevent over-immune responses to self-an-
tigens. Tregs are involved in the immunosuppres-
sive population of CD4+ T cells that constitute 
the transcription factor FOXP3, while FOXP3 
is essential for the development and function of 
Tregs35,36. Tregs also have a pivotal role in tumor-
igenesis and progression, mainly in the suppres-
sion of antitumor immunity. Intratumoral Tregs 
levels have been shown to be much higher in 
many cancers than in peripheral blood or healthy 
tissue. Also, increased amounts of FOXP3+ Tregs 
in the tumor microenvironment are often associ-
ated with adverse effects37,38. 

Since 1995, after Sakaguchi et al39 linked the 
composition and high expression of CD25 to 
Tregs, research in the field of Treg cell function 
was revitalized and thus provided a new refer-
ence for Treg-based cell therapy39. Among many 
studies, Sakaguchi et al39 identified FOXP3 as 
the master gene regulator of Treg cells and that 
FOXP3 is involved in regulating various cellular 
functions. This view was generally accepted40-42. 
The suppressive nature of Treg is not limited to 
T cells but extends to other immune cell such 
as NK cells and neutrophils and group II innate 

lymphocytes (ILC2)43. As an important player in 
the tumor microenvironment, Tregs directly or 
indirectly inhibit the anti-tumor capacity. In the 
tumor microenvironment, Tregs interfere with 
the anti-tumor capacity by working with some 
specific chemokines and their receptors44,45. In 
breast cancer, Tregs have a significant prognostic 
value in different subtypes of breast cancer46. The 
role Tregs played in the treatment of pancreatic 
cancer piques our interest. Tregs are abundant 
in human Pancreatic Intraepithelial Neoplasia 
(PanIN) and pancreatic cancer, according to a 
recent study published in 2020 by Zhang et al47 
Treg depletion accelerates pancreatic cancer and 
alters fibroblast populations in PanIN lesions. 
After Treg depletion, multiple CCR1 ligands are 
upregulated in epithelial cells and fibroblasts. 
CCR1 inhibition prevents PanIN progression in-
duced by Treg depletion. The specific mecha-
nisms are summarized comprehensively in a new 
review. Treg cells secrete TGFβ and promote 
differentiation of fibroblasts into tumor-restrain-
ing smooth muscle actin-expressing cancer-asso-
ciated fibroblasts (myCAF). Furthermore, Treg 
cell depletion leads to lower TGF levels and an 
increase in tumor-promoting fibroblasts, which 
attract pro-tumorigenic myeloid cells via CCR1. 
Depletion of Treg cells also produces a pathologic 
Th2 response, which co-orchestrates pancreat-
ic carcinogenesis48. Investigating the prognostic 
value of Tregs in pancreatic cancer can assist in 
improving prognosis and developing personal-
ized treatment.

This meta-analysis included 16 articles and 
2,345 patients to investigate the relationship 
between the level of Treg infiltration and the 
OS and DFS of pancreatic cancer patients. The 
pooled results show that high infiltrating Treg is 
significantly correlated with lower OS in pan-
creatic cancer patients (HR=1.56, 95% CI: 1.23-
1.99, p=0.000), but not with DFS in pancreatic 
cancer patients (HR=1.29, 95% CI: 0.88-1.89, 
p=0.184). This result first shows that the level 
of Treg invasion is significantly related to the 
survival of patients with pancreatic cancer, and 
the higher the level of Treg invasion, the worse 
the survival of patients. Single-cell RNA-seq 
reveals Treg infiltration levels increase signifi-
cantly throughout the pancreatic cancer develop-
ment49. Immunotherapy, including PD-1/PD-L1 
agonists, was found to have limited efficacy 
in pancreatic cancer, according to the current 
study50. As we all know, the combination of 
PDL1 on the surface of tumor cells and PD1 on 

Figure 8. Funnel plot for evaluating the publication bias of 
this meta-analysis
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CD8+T cells can promote the CD8+T apoptosis, 
allowing tumor immune escape. The role of PD1/
PDL1 inhibitors is to block this process. Howev-
er, the latest research has found that the expres-
sion of PD1 on Treg can enhance the inhibitory 
ability of Treg and promote the proliferation of 
Treg51. This indicates that the high infiltration of 
Treg may be the reason for the limited efficacy 
of PD1/PDL1 inhibitors in cancer, and also the 
possible reason for the short survival time of 
patients with pancreatic cancer. However, we 
note that the pooled results indicate that there is 
no correlation between Treg and the degree of 
disease progression in patients with pancreatic 
cancer. One of the possible reasons is that Treg 
is not directly involved in the evolution of the 
disease. Additionally, considering that there is a 
large heterogeneity in the research, it may lead 
to unobjective results. Therefore, we conducted 
a subgroup analysis for different regions. 

The pooled results show that high infiltrating 
Treg is significantly associated with lower OS 
and DFS of patients from Asia, while the infil-
trating level of Treg is not significantly correlated 
with OS and DFS of patients from Europe and 
America. After conducting subgroup analysis, 
we found that the heterogeneity had decreased 
to a certain extent, implying that the source of 
the patient may be the cause of the heterogeneity. 
This finding explains, to some extent, why there 
is no significant correlation between the degree 
of Treg infiltration and the DFS of patients with 
pancreatic cancer, as mentioned in the previous 
studies18,20,26-28,31,32. In addition, our study found 
that the level of Treg invasion cannot predict the 
prognosis of pancreatic cancer patients from Eu-
rope and America. This situation may be caused 
by genetic differences between different races. 
It has been well documented that there are large 
differences in the immune systems of Europe-
an and African populations, which may have 
biological, geographic and social causes52,53. Al-
though there is no clear literature analyzing the 
immune system disparities between Asian and 
European populations, we believe that there must 
be some immune system disparities between the 
two populations based on the origin of the two 
races and social geography. However, the detailed 
mechanism is still unclear, and we need to further 
explore it.

Our study also has certain limitations: al-
though our subgroup analysis of patient source 
reduced heterogeneity to some extent, it did not 
completely rule out heterogeneity, indicating that 

other possible causes exist. However, since the 
included articles did not specifically describe 
other basic patient information, we were unable 
to carry out other subgroup analyses.

Conclusions

The observations of this meta-analysis suggest 
that assessing Tregs may help predicting prog-
nosis for pancreatic cancer patients. Advanced 
histological methods for obtaining more detailed 
information about Treg activity may facilitate the 
identification of novel treatment strategies.
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