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Abstract
Background
Localized prostate cancer is a heterogeneous entity, and new biomarkers are required for risk stratification.
This study aimed to characterize tumor-infiltrating lymphocytes (TILs) in localized prostate cancer and
assess their potential prognostic markers.

Methodology
Radical prostatectomy specimens were analyzed to determine infiltration levels of CD4+, CD8+, T cells, and
B cells (characterized by CD20+ cells) in the tumor tissue using immunohistochemistry and the
recommendations of the International TILs Working Group 2014. The clinical endpoint was biochemical
recurrence (BCR), and the study sample was divided into two cohorts (cohort 1: without BCR; cohort 2: with
BCR). Prognostic markers were assessed using Kaplan-Meier and univariate/multivariate Cox regression
analysis using SPSS version 25 (IBM Corp., Armonk, NY, USA).

Results
We included 96 patients in this study. BCR occurred in 51% of the patients. Normal TILs infiltration was
found in most of the patients (41/31, 87%/63%). T CD4+ infiltration was statistically superior in cohort 2.
This enrichment was associated with BCR (p < 0.05; log-rank test). After adjustment for routine clinical
variables and Gleason grade groups (grade group ≤2 and grade group ≥3), it remained an independent
prognostic variable of early BCR (p < 0.05; multivariate Cox regression).

Conclusions
This study showed that immune cell infiltration appears to be an important prognostic variable for early
recurrence in localized prostate cancer.
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Introduction
Prostate cancer (PC) is the second most frequent cancer worldwide. It was the fifth leading cause of cancer
death among men in 2020 [1]. In localized disease, patients can be treated with surgery or radiotherapy based
on stage, Gleason score (GS), and serum prostate-specific antigen (PSA) [2]. Unfortunately, in about 30% of
patients, biochemical recurrence (BCR) after local treatment occurs, with half of the patients progressing to
metastatic disease [3-5]. In addition to prostate-specific antigen doubling time (PSADT), which has been
shown to be a predictor of PC progression, metastases, and PC-specific mortality (PCSM), novel prognostic
markers are needed to improve risk stratification and guide more personalized treatment decisions [6]. At the
same time, because there are limited treatment options for metastatic and treatment-resistant diseases, new
treatment strategies are needed [7].

Recent studies have shown that tumor-infiltrating lymphocytes (TILs) and their microenvironment play an
important role in cancer progression and metastasis. It was demonstrated that a strong infiltration of
immune cells, especially T CD8+, was associated with a positive clinical outcome in melanoma, head and
neck, breast, ovarian, colorectal, and lung cancer [8]. Moreover, in the era of immunotherapy, TILs are
speculated to be a possible predictive marker of treatment efficacy [9,10]. However, the role of TILs in PC as
well as their composition remains controversial [11]. The prostate tumor microenvironment is considered
immunologically “cold” with fewer infiltration of immune cells when compared to “hot” cancer, such as
melanoma, lung, or bladder cancer [12]. Even so, the prostate tumor microenvironment is not devoid of
immune cell infiltrates, and the majority of studies have shown predominant infiltration by CD4+ T

1 2 1 3 1

 
Open Access Original
Article  DOI: 10.7759/cureus.34007

How to cite this article
Vilaça M, Correia Pinto J, Magalhães H, et al. (January 20, 2023) Tumor-Infiltrating Lymphocytes in Localized Prostate Cancer: Do They Play an
Important Role?. Cureus 15(1): e34007. DOI 10.7759/cureus.34007

https://www.cureus.com/users/346141-marta-vila-a
https://www.cureus.com/users/459043-jo-o-correia-pinto
https://www.cureus.com/users/459044-helena-magalh-es
https://www.cureus.com/users/281429-frederico-reis
https://www.cureus.com/users/346144-alexandra-mesquita


lymphocytes and only a limited influx of CD8+ T cells and B cells [13-17]. An association between the tumor-
infiltrating regulatory T cells and adverse outcomes after radical prostatectomy (RP) has been reported, with
shorter BCR-free survival and increased risk of metastasis [13,15,17]. The role of cytotoxic T cells as a
prognostic biomarker remains uncertain, with some studies showing adverse outcomes and others reporting
improved survival after RP with high CD8+ T cells [11,13,18]. Hence, the biological constitution of TILs, as
well as their implication in patient outcomes, needs further investigation.

This study aimed to characterize TILs in patients who underwent RP due to localized prostate cancer and
assess their importance as a prognostic biomarker in early recurrence.

Materials And Methods
The project was approved by the Ethics Committee of Pedro Hispano Hospital, Matosinhos, Portugal
(reference number: 65/CES/JAS). Due to its retrospective nature, without patients’ direct involvement and
no risks for them, as well as the potential benefit of this work, the investigators requested an informed
consent waiver which was approved by the local ethics committee. The flowchart of the study is shown in
Figure 1.

FIGURE 1: Flowchart of the study.
Gleason grade group (grade group ≤2 and ≥ 3), cribriform pattern, and pathological stage were included as
pathological variables

BCR = biochemical recurrence; TILs = tumor-infiltrating lymphocytes; HPF = high-power field; IHC =
immunohistochemistry

Study patients
A retrospective cohort of 96 patients who underwent RP at a secondary care hospital with 354 beds, between
January 2013 and December 2015, was studied. Clinical variables and outcomes were collected from the
patient database. BCR was defined as the time from RP until PSA increased. It was determined as
undetectable PSA after RP with subsequent increase to ≥0.2 ng/mL on two or more consecutive
determinations. Patients with persistent elevation of PSA after RP were excluded. According to the presence
or absence of BCR, the sample was divided into two cohorts. Patients without BCR were included in cohort 1
and those with BCR were included in cohort 2. The primary clinical outcome was BCR. Overall survival (OS)
was defined as the time from RP until death due to any cause or last follow-up. For this study, all RP
specimens were regraded according to the 2014 International Society of Urological Pathology Gleason
grading by a trained pathologist.
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Evaluation of tumor-infiltrating lymphocytes and
immunohistochemistry
All blocks from RP were evaluated by a trained pathologist. TIL evaluation was made according to the
International TILs Working Group 2014 methodology validated in breast cancer in the borders of invasive PC
[19]. TIL quantification was categorized, based on the area occupied by mononuclear inflammatory cells over
the total intratumoral stromal area, as normal if they were present in 0-9% per high-powered field, moderate
in 10-49%, and high in ≥50%. Using immunohistochemistry, we characterized the TIL sub-population,
identifying the expression of CD20, CD4, and CD8 receptors. A semi-quantitative evaluation was made, with
a ratio between the immune cells and all TILs present in the high-powered field.

Statistical analysis
Statistical analysis was performed using SPSS version 25 (IBM Corp., Armonk, NY, USA). Patients’
characteristics were reported using the median and interquartile range for continuous variables and relative
frequencies for categorical variables. Comparisons were made between the two cohorts (without BCR vs.
with BCR) using the Mann-Whitney and chi-square tests for continuous and categorical variables,
respectively. Correlation between TIL sub-population was made using the Spearman correlation rank test.
The time to BCR and OS was summarized using standard Kaplan-Meier methods, with estimates of the
median at 95% confidence intervals (CIs). Comparisons were made using the log-rank test. Cox regression
models were used to evaluate the association between clinical and pathological variables and TIL subtypes
and time to BCR. All analyses were completed with a significance level of 0.05.

Results
Patient demographic and clinicopathological characteristics
Between January 2013 and December 2015, 96 patients underwent RP due to prostate adenocarcinoma. Of
this, 49 (51%) patients had BCR during the follow-up, and the median time to this occurrence was 33 months
(range = 4-95 months). In total, 23 (47%) patients had early BCR (i.e., BCR in the first 33 months). Patient
demographic, clinical, and histopathological characteristics by BCR are presented in Table 1. In this study,
higher PSA levels before RP, higher GS, the presence of cribriform glands, and higher TIL scores were
statistically more frequent in cohort 2. The follow-up time was also longer in cohort 2 (88 months in cohort
2 versus 80 months in cohort 1; p = 0.003).

Variables Cohort 1 (no BCR) (n = 47) Cohort 2 (BCR) (n = 49) P-value (α = 0.05)

Age at RP (year), median (IQR) 62 (60-63) 66 (52-72) 0.607

ECOG at RP, n (%)

0.265
   0 16 (34%) 21 (43%)

   1 29 (62%) 28 (57%)

   2 2 (4%) 0 (0%)

Comorbidities, n (%)

   Hypertension 23 (49%) 23 (47%) 0.838

   Diabetes 9 (19%) 8 (16%) 0.793

   Smoker 12 (26%) 14 (28%) 0.921

Body mass index (kg/m2), n (%)

0.277

   <18.5 0 (0%) 1 (2%)

   18.5–24.9 13 (28%) 15 (31%)

   25–29.9 24 (51%) 24 (49%)

   30–34.9 10 (21%) 6 (12%)

   ≥40 0 (0%) 3 (6%)

Pre-RP PSA, ng/mL, median (IQR) 7 (6.5-7.7) 11 (10.4-15) <0.001

RP Gleason score, n (%)

   6 13 (28%) 5 (10%)
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   7 (3+4) 30 (64%) 14 (29%) <0.001

   7 (4+3) 4 (9%) 24 (49%)

   >7 0 (0%) 6 (12%)

Pathological T-stage, n (%)

0.74   ≤pT2 35 (74%) 28 (57%)

   ≥pT3 12 (26%) 21 (43%)

Presence of cribriform pattern, n (%) 6 (13%) 29 (59%) <0.001

Surgical margins, n (%)

0.077   Negative 39 (83%) 33 (67%)

   Positive 8 (17%) 16 (33%)

Adjuvant radiotherapy, n (%) 4 (9%) 10 (20%) 0.038

TILs score, n (%)

0.007
   0–9% 41 (87%) 31 (63%)

   10–49% 6 (13%) 18 (37%)

   ≥50% 0 (0%) 0 (0%)

Follow-up (months), median (IQR) 80 (70-83) 88 (85-92) 0.003

Died during the follow-up, n (%) 4 (9%) 3 (6%) 0.527

TABLE 1: Patient characteristics.
BCR = biochemical recurrence; ECOG = Eastern Cooperative Oncology Group; IQR = interquartile range; n = number; PSA = prostate-specific antigen;
RP = radical prostatectomy; T = tumor; TILs = tumor-infiltrating lymphocytes

Only three (7%) patients in cohort 2 developed metastatic disease during the follow-up. The median time
between BCR and metastatic disease was 33 months (range = 19-48 months). The median disease-free
survival was 81 months (95% CI = 74.4-87.5). The median OS was not reached at the time of follow-up. Only
two patients in cohort 2 died from PC, while the others died from other causes.

Evaluation of tumor-infiltrating lymphocyte density and sub-
classification by immunohistochemistry
To investigate the distribution and level of TILs in localized PC, we performed immunohistochemistry to
CD20, CD4, and CD8 in intratumoral tissue. T-helper cells (CD4+) represented the most frequent sub-
population of lymphocytes present in more than 60% of the sample. Table 2 shows the results of the TIL
analysis in this population. A negative correlation between T CD4+ lymphocytes and T CD8+ (p < 0.001) was
found in both groups on the Spearman correlation.
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TILs sub-classification Cohort 1 (no BCR) (n = 47) Cohort 2 (BCR) (n = 49) P-value (α = 0.05)

B cells (CD20+) % TILs

0.911

   <5% 8 (17%) 9 (18%)

   5–25% 34 (72%) 36 (73%)

   26–75% 5 (11%) 4 (8%)

   >75% 0 (0%) 0 (0%)

T CD4+ % TILs

<0.001

   <5% 1 (2%) 0 (0%)

   5–25% 29 (62%) 0 (0%)

   26–75% 7 (15%) 5 (10%)

   >75% 10 (21%) 44 (90%)

T CD8+ % TILs

<0.001

   <5% of TILs 0 (0%) 4 (8%)

   5–25% 10 (21%) 40 (82%)

   26–75% 7 (15%) 5 (10%)

   >75% 30 (64%) 0 (0%)

TABLE 2: TIL characteristics.
n = number; BCR = biochemical recurrence; TILs = tumor-infiltrating lymphocytes

Predictors of biochemical recurrence
In this study, high levels of infiltrating T CD4+ lymphocytes were associated with BCR on the Kaplan-Meier
assessment (p < 0.001, log-rank test). On Cox regression univariate analysis, high levels of T CD4+, lower
levels of T CD8+, high preoperative PSA, high GS, the presence of cribriform glands, and higher levels of TILs
were predictors of BCR (Table 3).

Univariate analysis Multivariate analysis

Variables HR (95% CI) P-value HR (95% CI) P-value

TILs

   T CD4+ 5.8 (2.74-12.19) <0.001 5.53 (1.17-27.39) 0.036

   T CD8+ 0.33 (0.22-0.48) <0.001 1.1 (0.31-3.95) 0.882

   B Cells (CD20+) 0.9 (0.53-1.49) 0.651   

Pre-RP PSA 1.07 (1.04-1.10) <0.001 1.05 (1.01-1.09) 0.011

RP Gleason score 2.5 (1.8-3.6) <0.001 1.6 (1.01-2.5) 0.044

Presence of cribriform pattern 3.5 (1.9-6.2) <0.001 2.2 (1.2-4.3) 0.016

TIL score 2.6 (1.43-4.67) 0.002 1.6 (0.85-2.98) 0.147

TABLE 3: Univariate and multivariate Cox regression of BCR.
BCR = biochemical recurrence; HR = hazard ratio; PSA = prostate-specific antigen; RP = radical prostatectomy; T = tumor; TILs = tumor-infiltrating
lymphocytes
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After adjusting for routine clinical variables in multivariate Cox regression analysis, a high level of
infiltrating T CD4+ cells remained independent predictors of BCR (hazards ratio = 5.53, 95% CI = 1.17-27.39;
p = 0.036).

Discussion
In this retrospective study, we characterized the immune cell composition of TILs in early PC using
immunohistochemistry and correlated them with BCR. We found that, besides being a tumor with limited
lymphocyte infiltration, there was a selective enrichment for CD4+ T lymphocytes, while CD8+ T cells and B
cells were selectively depleted, indicating a complex biological role for infiltrating immune cells in PC
development and/or progression. Furthermore, we found that higher levels of T CD4+ lymphocyte
infiltration were significant adverse predictors of postoperative BCR. These results can be used to improve
risk stratification groups in localized PC and guide more personalized treatment decisions, for instance, by
identifying patients who have a higher risk of disease recurrence and can benefit from treatment
intensification. At the same time, it can identify an important therapeutic target that can be explored for the
treatment of metastatic disease.

In this study, we found that more than 50% of patients had BCR which is higher than what is described in the
literature [3,4]. We cannot fully account for this clinical outcome in our study cohort; it may be due to late
presentation, or some unknown characteristics of our patient population such as enrichment for Gleason
groups 3, 4, and 5. Nevertheless, in the study by Andersen et al., in cohort 1, almost 50% of the patients had
BCR, which included 470 patients [17]. Hence, the real BCR is not yet well established.

Overall, we found that PC is not an immune cell-enriched tumor, with only limited TIL infiltration, which
follows what has been described in the literature [13]. In addition to that, we found selective enrichment in
the prostate cancer epithelium of T CD4+ cells with sparse infiltration of T CD8+ and B cells. This
corroborates five earlier studies that reported lower cytotoxic lymphocyte levels in PC epithelium and CD4+
T lymphocyte enrichment in the prostate [12,17,19-21]. In contrast to our study, Anderson et al. have shown
significant enrichment in B cells and T regulator (Treg) cells, with no significant change in T-helper (Th) cell
levels. In this study, Th cell was defined as CD3+CD8-FoxP3- cells and Treg as CD3+CD8-FoxP3+, which can
explain the different classifications of T cells. At the same time, they compared B cells in benign versus
malignant prostate tissue which could explain the B-cell enrichment in malignant tissue [17]. Because we
only evaluated malignant tissue, we could not make this comparison.

Our results identified and validated infiltrating T CD4+ as an adverse prognosis factor for PC patient
outcomes, with an increased risk of BCR. This result is in accordance with previous studies that reported an
association between high levels of infiltrating Tregs and poor prognosis of PC [12,17,22-24]. It has been
reported that Tregs exert an immune-suppressive environment, which can promote tumor development and
progression in PC. Thus, the manipulation of Treg cells is a promising anticancer therapeutic strategy [25].
Unfortunately, in our study, we did not categorize the CD4+ population into Th or Tregs so we cannot make
this assumption.

It has been demonstrated that, in colon cancer, an internationally validated immune score is predictive of
time to disease recurrence independent of existing prognostic factors, such as age, sex, tumor stage, node
stage, and MSI. Of all clinical parameters, the immune score had the highest relative contribution to the risk
of recurrence [9]. In this study, we showed that higher TIL infiltration was associated with a worse prognosis
in patients with localized PC.

TIL cells, in particular T cells, represent the cellular support to immunotherapy treatment in cancer, and a
better understanding of immune cells in the tumor microenvironmental is essential for the development of
novel therapeutic targets, as well as new biomarkers of prognosis and response to treatments. Therefore, a
systematic overview of the characteristics of TILs in different cancers is needed to elucidate the differences
in immune response among different cancer types [26]. The so-called “cold” tumors are distinguished by a
lack of infiltration for T cells, thus representing low responses to the programmed cell death-1/Programmed
cell death ligand-1 blockade. An important investigation line is a chance of transforming a tumor from a
non-inflamed into an inflamed immune contexture by combining therapeutic options, which will render it
more sensitive to immunotherapy [27]. We saw a lack of TIL infiltration, with the most amount of CD4+ T
cells in patients with localized PC. Therefore, an important investigation line in PC will be a combination of
immunotherapy with other therapeutic options, such as chemotherapy and radiotherapy, to convert this
“cold” tumor into immunogenic cancer.

The major strengths of our study were (1) the use of a validated methodology to evaluate TILs in PC, (2) a
systematic method for characterization of immune cell landscape in the PC microenvironment, and (3)
establishing a correlation between TILs and clinical and biomarkers used in clinical practice.

However, our study has some limitations. First, we used paraffin-fixed samples, which can modify the tumor
microenvironment through the fixation process. Second, we only analyzed TILs, and it is important to use a
control group with benign pathology to compare. Third, we only identified CD8+ and CD4+ T cells. It was
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important to correlate this with CD3+ and FoxP3+ so we could differentiate TILs in Th, Tregs, and T
cytotoxic cells. Fourth, the assessment was semi-quantitative with manual counts of lymphocytes versus
glandular prostate epithelium. more detailed analyses such as artificial intelligence-aided image analysis
with whole-slide images can be performed in the future. Finally, we used BCR as the primary endpoint for
prognostic evaluation due to the limited follow-up time, which is only a surrogate for PC aggressiveness.
Hence, future studies of TILs as a prognostic biomarker in the metastatic setting as well as the assessment of
treatment response correlated with TIL infiltration should be conducted.

Conclusions
We demonstrate that besides the prostate being a “cold” tumor, immune cell characterization is important
as a prognostic biomarker for BCR. Our results may be used to improve risk stratification for localized PC as
well as patient selection for immune therapeutic approaches, with new treatment strategies.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Ethics Committee of
Pedro Hispano Hospital, Matosinhos issued approval 65/CES/JAS. The project was approved by the Ethics
Committee of Pedro Hispano Hospital, Matosinhos, Portugal. Due to its retrospective nature, without
patients’ direct involvement and no risks for them, as well as the potential benefit from this work, the
investigators requested an informed consent excuse which was approved by the local ethics committee.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F: Global cancer statistics 2020:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2021, 71:209-49. 10.3322/caac.21660

2. Heidenreich A, Bastian PJ, Bellmunt J, et al.: EAU guidelines on prostate cancer. Part 1: screening, diagnosis,
and local treatment with curative intent-update 2013. Eur Urol. 2014, 65:124-37.
10.1016/j.eururo.2013.09.046

3. Farkas A, Marcella S, Rhoads GG: Ethnic and racial differences in prostate cancer incidence and mortality .
Ethn Dis. 2000, 10:69-75.

4. Siegel DA, O'Neil ME, Richards TB, Dowling NF, Weir HK: Prostate cancer incidence and survival, by stage
and race/ethnicity - United States, 2001-2017. MMWR Morb Mortal Wkly Rep. 2020, 69:1473-80.
10.15585/mmwr.mm6941a1

5. Heidenreich A, Bastian PJ, Bellmunt J, et al.: EAU guidelines on prostate cancer. Part II: treatment of
advanced, relapsing, and castration-resistant prostate cancer. Eur Urol. 2014, 65:467-79.
10.1016/j.eururo.2013.11.002

6. Huang E, Tran J, Huynh LM, Skarecky D, Wilson RH, Ahlering T: Prostate-specific antigen doubling time
kinetics following radical prostatectomy to guide need for treatment intervention: validation of low-risk
recurrences. Cancers (Basel). 2022, 14:4087. 10.3390/cancers14174087

7. Vitkin N, Nersesian S, Siemens DR, Koti M: The tumor immune contexture of prostate cancer . Front
Immunol. 2019, 10:603. 10.3389/fimmu.2019.00603

8. Fridman WH, Pagès F, Sautès-Fridman C, Galon J: The immune contexture in human tumours: impact on
clinical outcome. Nat Rev Cancer. 2012, 12:298-306. 10.1038/nrc3245

9. Paijens ST, Vledder A, de Bruyn M, Nijman HW: Tumor-infiltrating lymphocytes in the immunotherapy era .
Cell Mol Immunol. 2021, 18:842-59. 10.1038/s41423-020-00565-9

10. Hwang HW, Jung H, Hyeon J, et al.: A nomogram to predict pathologic complete response (pCR) and the
value of tumor-infiltrating lymphocytes (TILs) for prediction of response to neoadjuvant chemotherapy
(NAC) in breast cancer patients. Breast Cancer Res Treat. 2019, 173:255-66. 10.1007/s10549-018-4981-x

11. Yang Y, Attwood K, Bshara W, et al.: High intratumoral CD8(+) T-cell infiltration is associated with
improved survival in prostate cancer patients undergoing radical prostatectomy. Prostate. 2021, 81:20-8.
10.1002/pros.24068

12. Stultz J, Fong L: How to turn up the heat on the cold immune microenvironment of metastatic prostate
cancer. Prostate Cancer Prostatic Dis. 2021, 24:697-717. 10.1038/s41391-021-00340-5

13. Davidsson S, Ohlson AL, Andersson SO, et al.: CD4 helper T cells, CD8 cytotoxic T cells, and FOXP3(+)
regulatory T cells with respect to lethal prostate cancer. Mod Pathol. 2013, 26:448-55.
10.1038/modpathol.2012.164

14. Erlandsson A, Carlsson J, Lundholm M, Fält A, Andersson SO, Andrén O, Davidsson S: M2 macrophages and
regulatory T cells in lethal prostate cancer. Prostate. 2019, 79:363-9. 10.1002/pros.23742

15. Kaur HB, Guedes LB, Lu J, et al.: Association of tumor-infiltrating T-cell density with molecular subtype,
racial ancestry and clinical outcomes in prostate cancer. Mod Pathol. 2018, 31:1539-52. 10.1038/s41379-
018-0083-x

16. Weiner AB, Vidotto T, Liu Y, et al.: Plasma cells are enriched in localized prostate cancer in Black men and

2023 Vilaça et al. Cureus 15(1): e34007. DOI 10.7759/cureus.34007 7 of 8

https://dx.doi.org/10.3322/caac.21660
https://dx.doi.org/10.3322/caac.21660
https://dx.doi.org/10.1016/j.eururo.2013.09.046
https://dx.doi.org/10.1016/j.eururo.2013.09.046
https://pubmed.ncbi.nlm.nih.gov/10764132/
https://dx.doi.org/10.15585/mmwr.mm6941a1
https://dx.doi.org/10.15585/mmwr.mm6941a1
https://dx.doi.org/10.1016/j.eururo.2013.11.002
https://dx.doi.org/10.1016/j.eururo.2013.11.002
https://dx.doi.org/10.3390/cancers14174087
https://dx.doi.org/10.3390/cancers14174087
https://dx.doi.org/10.3389/fimmu.2019.00603
https://dx.doi.org/10.3389/fimmu.2019.00603
https://dx.doi.org/10.1038/nrc3245
https://dx.doi.org/10.1038/nrc3245
https://dx.doi.org/10.1038/s41423-020-00565-9
https://dx.doi.org/10.1038/s41423-020-00565-9
https://dx.doi.org/10.1007/s10549-018-4981-x
https://dx.doi.org/10.1007/s10549-018-4981-x
https://dx.doi.org/10.1002/pros.24068
https://dx.doi.org/10.1002/pros.24068
https://dx.doi.org/10.1038/s41391-021-00340-5
https://dx.doi.org/10.1038/s41391-021-00340-5
https://dx.doi.org/10.1038/modpathol.2012.164
https://dx.doi.org/10.1038/modpathol.2012.164
https://dx.doi.org/10.1002/pros.23742
https://dx.doi.org/10.1002/pros.23742
https://dx.doi.org/10.1038/s41379-018-0083-x
https://dx.doi.org/10.1038/s41379-018-0083-x
https://dx.doi.org/10.1038/s41467-021-21245-w


are associated with improved outcomes. Nat Commun. 2021, 12:935. 10.1038/s41467-021-21245-w
17. Andersen LB, Nørgaard M, Rasmussen M, Fredsøe J, Borre M, Ulhøi BP, Sørensen KD: Immune cell analyses

of the tumor microenvironment in prostate cancer highlight infiltrating regulatory T cells and macrophages
as adverse prognostic factors. J Pathol. 2021, 255:155-65. 10.1002/path.5757

18. Ness N, Andersen S, Valkov A, et al.: Infiltration of CD8+ lymphocytes is an independent prognostic factor
of biochemical failure-free survival in prostate cancer. Prostate. 2014, 74:1452-61. 10.1002/pros.22862

19. Salgado R, Denkert C, Demaria S, et al.: The evaluation of tumor-infiltrating lymphocytes (TILs) in breast
cancer: recommendations by an International TILs Working Group 2014. Ann Oncol. 2015, 26:259-71.
10.1093/annonc/mdu450

20. Ebelt K, Babaryka G, Figel AM, et al.: Dominance of CD4+ lymphocytic infiltrates with disturbed effector cell
characteristics in the tumor microenvironment of prostate carcinoma. Prostate. 2008, 68:1-10.
10.1002/pros.20661

21. Gannot G, Richardson AM, Rodriguez-Canales J, et al.: Decrease in CD8+ lymphocyte number and altered
cytokine profile in human prostate cancer. Am J Cancer Res. 2011, 1:120-7.

22. Watanabe M, Kanao K, Suzuki S, et al.: Increased infiltration of CCR4-positive regulatory T cells in prostate
cancer tissue is associated with a poor prognosis. Prostate. 2019, 79:1658-65. 10.1002/pros.23890

23. Nardone V, Botta C, Caraglia M, et al.: Tumor infiltrating T lymphocytes expressing FoxP3, CCR7 or PD-1
predict the outcome of prostate cancer patients subjected to salvage radiotherapy after biochemical relapse.
Cancer Biol Ther. 2016, 17:1213-20. 10.1080/15384047.2016.1235666

24. Majidpoor J, Mortezaee K: The efficacy of PD-1/PD-L1 blockade in cold cancers and future perspectives . Clin
Immunol. 2021, 226:108707. 10.1016/j.clim.2021.108707

25. Flammiger A, Weisbach L, Huland H, et al.: High tissue density of FOXP3+ T cells is associated with clinical
outcome in prostate cancer. Eur J Cancer. 2013, 49:1273-9. 10.1016/j.ejca.2012.11.035

26. Togashi Y, Shitara K, Nishikawa H: Regulatory T cells in cancer immunosuppression - implications for
anticancer therapy. Nat Rev Clin Oncol. 2019, 16:356-71. 10.1038/s41571-019-0175-7

27. Zhang Y, Zhang Z: The history and advances in cancer immunotherapy: understanding the characteristics
of tumor-infiltrating immune cells and their therapeutic implications. Cell Mol Immunol. 2020, 17:807-21.
10.1038/s41423-020-0488-6

2023 Vilaça et al. Cureus 15(1): e34007. DOI 10.7759/cureus.34007 8 of 8

https://dx.doi.org/10.1038/s41467-021-21245-w
https://dx.doi.org/10.1002/path.5757
https://dx.doi.org/10.1002/path.5757
https://dx.doi.org/10.1002/pros.22862
https://dx.doi.org/10.1002/pros.22862
https://dx.doi.org/10.1093/annonc/mdu450
https://dx.doi.org/10.1093/annonc/mdu450
https://dx.doi.org/10.1002/pros.20661
https://dx.doi.org/10.1002/pros.20661
https://pubmed.ncbi.nlm.nih.gov/21969236/
https://dx.doi.org/10.1002/pros.23890
https://dx.doi.org/10.1002/pros.23890
https://dx.doi.org/10.1080/15384047.2016.1235666
https://dx.doi.org/10.1080/15384047.2016.1235666
https://dx.doi.org/10.1016/j.clim.2021.108707
https://dx.doi.org/10.1016/j.clim.2021.108707
https://dx.doi.org/10.1016/j.ejca.2012.11.035
https://dx.doi.org/10.1016/j.ejca.2012.11.035
https://dx.doi.org/10.1038/s41571-019-0175-7
https://dx.doi.org/10.1038/s41571-019-0175-7
https://dx.doi.org/10.1038/s41423-020-0488-6
https://dx.doi.org/10.1038/s41423-020-0488-6

	Tumor-Infiltrating Lymphocytes in Localized Prostate Cancer: Do They Play an Important Role?
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	FIGURE 1: Flowchart of the study.
	Study patients
	Evaluation of tumor-infiltrating lymphocytes and immunohistochemistry
	Statistical analysis

	Results
	Patient demographic and clinicopathological characteristics
	TABLE 1: Patient characteristics.

	Evaluation of tumor-infiltrating lymphocyte density and sub-classification by immunohistochemistry
	TABLE 2: TIL characteristics.

	Predictors of biochemical recurrence
	TABLE 3: Univariate and multivariate Cox regression of BCR.


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


