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With a 5-year survival of ˂ 10%, pancreatic cancer is one of the leading causes of cancer-related deaths. 
Given the role of the distribution of tumor-infiltrating lymphocyte (TILs) subtypes in the tumor and its 
microenvironment in predicting prognosis, the development of new targeted therapies based on T-cell 
adaptive response has gained considerable attention. This study aimed to examine the peritumoral 
spread of TILs and its relationship with other prognostic parameters and survival. This study included 
60 patients with pancreatic cancer who had undergone surgery with follow-up between 2011 and 
2021. Demographic characteristics, tumor histopathological features, peritumoral TILs counts, 
and intratumoral programmed cell death protein-1 (PD-1) and programmed death ligand − 1 (PD-
L1) positivity were evaluated. Furthermore, overall survival and their efficacy in predicting survival 
according to TNM stage were analyzed. The number of cluster differentiation-3 positive (CD3 P) TILs 
increased with advancing pathological T stage. CD3 P and CD8 P TIL counts were higher in patients 
with peripancreatic fatty tissue invasion. Patients with PD-L1 positivity and higher TIL counts had 
better survival rates. PD-L1-negative patients with a low CD8 positive/total lymph node count (P/T) 
ratio had a longer survival. Moreover, patients with poorly differentiated tumors with low CD3 P/T 
and CD8 P/T ratios had a longer survival. The CD3 P/T and CD8 P/T ratios were compatible with the 
automatic and manual measurements. Age, tumor differentiation, N stage, and peritumoral TIL count 
and subtype, when evaluated together with the presence of PD-L1 in the tumor tissue, may have 
prognostic significance for survival in patients with pancreatic cancer.
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Pancreatic cancer ranks as the tenth most prevalent type of cancer among men in Turkey1. Pancreatic cancer 
is usually diagnosed at an advanced stage owing to the lack of a routine screening program and asymptomatic 
clinical progression, leading to a poor prognosis. Although surgical resection offers survival advantages, most 
patients are diagnosed in advanced stages, and only a small subset of patients are eligible for surgery2. The 5-year 
survival rate of patients with an unresectable pancreatic cancer was 0.8% in 1975 and 0.9% in 2011. Pancreatic 
cancer has a poor 5-year survival rate, ranging from 2 to 9%, with negligible differences between high-, low-, 
and middle-income countries3.

With a better understanding of the stage and histopathological features of pancreatic ductal adenocarcinoma 
(PDAC), targeted treatments for specific subgroups have become prominent. Consequently, other factors that 
affect prognosis have been investigated. Incorporating these new parameters could help predict a more accurate 
prognosis. Tumor-infiltrating lymphocytes (TILs) are associated with survival4,5, and the exploration of the 
tumor microenvironment (TME) has highlighted the role of TILs in determining the prognosis. However, the 
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mechanism of interaction between TILs and tumors is complex and remains unclear6. Studies investigating 
the association between TILs and prognosis in several types of cancer, especially colorectal cancer, have 
demonstrated the importance of TILs7.

TILs refer to specific killer lymphocytes present in the TME. Tumors are generally infiltrated by immune cells 
such as T and B lymphocytes, natural killer (NK) cells, macrophages, dendritic cells, neutrophils, eosinophils, 
and mast cells. These cells secrete various substances with potential anti-tumor effects. The response of these 
cells to tumors forms the basis of tumor immunology. Cytotoxic T lymphocytes are crucial for inducing 
antitumor responses. The TME contains cells such as fibroblasts, stromal cells, immune cells, and adipocytes 
that surround the tumor. Cluster differentiation-3 (CD3) encodes a transmembrane protein complex that 
serves as a marker for T cells8. The CD3-T lymphocyte complex plays a crucial role in the T cell-mediated 
immune response by facilitating the activation of immunocompetent T lymphocytes. CD8 positive (CD8 P) T 
lymphocytes detect and destroy cancer cells9. Programmed cell death protein-1 (PD-1), which is found in many 
cells such as B lymphocytes, T lymphocytes, and NK cells, has two types: programmed death ligand-1 (PD-
L1) and programmed death ligand-2 (PD-L2). PD-L1 binds to cells expressing PD-1 to prevent hyperimmune 
responses and autoimmunization. Increased PD-L1 activation in cancer cells results in anergy or apoptosis, 
followed by immune system evasion. High PD-L1 levels have been associated with poor prognosis in several 
tumors, including PDAC10. A meta-analysis highlighted that PD-L1 expression may correlate with the T stage11.

This study aimed to investigate the relationship between peritumoral TILs with tumor histopathological 
features and survival in PDAC patients who had undergone surgical resection.

Materials and methods
The study was conducted in accordance with the Helsinki declaration with the informed consent of all patients and 
ethics committee approval was received from Haydarpaşa Numune Training and Research Hospital. This study 
was approved by the Health Sciences University Haydarpaşa Numune Training and Research Hospital Clinical 
Research Ethics Committee (approval no. HNEAH KAEK 2021/220 dated 06.09.2021). This study received funds 
from the Scientific Research Projects Coordination Department of the University of Health Sciences, which was 
used for immunohistochemical staining (Project Number: 2021/177). This retrospective study included 100 
patients with PDAC who had undergone surgery at Health Sciences University Haydarpaşa Numune Training 
and Research Hospital between 2011 and 2021, with subsequent follow-up in the general surgery outpatient 
clinic. Patients aged > 18 years who had undergone R0 resection for primary ductal adenocarcinoma were 
included. Patients who received neoadjuvant treatment before the operation, those diagnosed with tumors 
other than primary ductal adenocarcinoma, those lost to follow-up or whose records could not be accessed, 
and patients who died within 30 days after the operation were excluded. Additionally, patients without tumor 
paraffin blocks in the pathology archive of our hospital were excluded. Finally, 60 patients who met the inclusion 
criteria were included in the final analysis. The clinicopathological characteristics of the patients, such as age, 
sex, tumor type, pathological tumor stage (pT stage), and lymph node metastasis (pN stage), were defined.

In our study, peritumoral CD3 and CD8 measurements were compared with PD-1 and PD-L1 measurements 
in tumor tissue using classical parameters that have prognostic importance, such as pathological stage, degree 
of tumor differentiation, perineural invasion (PNI), tumor diameter, and number of positive lymph nodes in 
PDAC, and their association with overall survival (OS) was analyzed to evaluate the prognostic significance of 
these factors.

Histopathological examination
Pathology reports of the resected specimens and hematoxylin and eosin (H&E)-stained preparations representing 
the tumor obtained from the pathology laboratory archives were examined by a pathologist.

Selection, preparation, and evaluation of tissue samples
Multiple H&E-stained preparations showing the tumor and surroundings of the resected specimens obtained 
from the pathology laboratory archives were re-evaluated under a conventional light microscope. Preparations 
that were not suitable for evaluation were re-stained with H&E using 4 µ thick sections taken from the paraffin 
blocks. These preparations were examined by a pathologist blinded to the patients’ clinical results. Parameters 
such as the histological grade, pT stage, lymphovascular invasion, PNI, and N stage were reviewed, and the 
original pathology report was confirmed. Pathological staging of the tumors was performed according to the 
eighth edition of the American Joint Committee on Cancer12. For the immunohistochemical study, the H&E-
stained preparations were examined under a light microscope with a 20× objective and a 40× objective. Areas 
that did not contain necrosis and/or hyalinization, artifacts, and inflammation were selected in the center of the 
tumor and at the invasive border of the tumor in microscopic sections for further evaluation13. To evaluate the 
peritumoral T lymphocytes at the tumor invasive border, a 5 mm wide region around the tumor was selected as 
the invasive border. Lymphoid aggregates were not evaluated14.

Immunohistochemical staining
The formalin-fixed paraffin block of the selected tumor was kept on a cold plate (Histo-Line, Medite Inc., 
Orlando, FL, USA), which was set at -10 °C for 20 min. The positively charged slides used in this study were 
barcoded by printing the appropriate barcodes on a Leica Bond-Max model IHC/ISH fully automatic staining 
device (Nussloch, Germany). Sections of 3 µ thickness were obtained from the paraffin block containing the 
tissue sample and placed on positively charged slides using a water bath set at 44 °C. Positive control tissues 
were obtained from the tissue sections for each study. The prepared sections were physically deparaffinized for 
20 min in a preset 80 °C oven. The studies were performed according to the specified protocol using the DS9800 
Polymer DAB IHC Detection Kit on a Leica Bond-Max model IHC/ISH automatic staining device (Nussloch, 
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Germany). The completed preparations were processed in 96% alcohol and xylene for 2 min each. Subsequently, 
the lamellar closure was performed as follows: CD3 (LN10 clone: Tonsil, technique: Leica BOND-MAX IHC/
ISH modulate, Leica Biosystems, Nussloch, Germany); CD8 (4B11 clone: Tonsil, technique: Leica BOND-MAX 
IHC/ISH modulate, Leica Biosystems, Nussloch, Germany); PD-1 (NAT105 clone: Tonsil, technique: Leica 
BOND-MAX IHC/ISH modulate, Leica Biosystems, Nussloch, Germany); and PDL-1 (73 − 10 clone: Tonsil, 
technique: Leica BOND-MAX IHC/ISH modulate, Leica Biosystems, Nussloch, Germany).

CD3 and CD8: Digital image analysis was performed using a computer-connected camera (EasyPath, Argenit, 
Version: 1.4.1.0, Istanbul, Turkey) (URL: https://argenit.com/easypath-easyshot/) and a light microscope 
(Olympus BX51, Tokyo, Japan) to quantify the intensity of peritumoral T lymphocyte infiltration that exhibited 
positive staining at the invasive margin of the tumor. The preparations were viewed using an EasyScan digital 
slide scanner and a 40× objective with the Argenit EasyPath program. The digital slide scanner was set to 0.175 µ 
pixels to establish standard thresholds for cell density in the selected regions. After calibration, two consecutive 
areas were selected on a 40× objective to determine the number of T lymphocytes in 1  mm2 for each case, 
covering a total area of 1 mm2. Total T lymphocytes (positively stained and unstained) and CD3-positive (CD3 
P) and CD8 P T lymphocytes in the selected areas were counted separately, automatically, and manually by a 
blinded pathologist using a previously controlled cell counting method (Figures 1 and 2).

Fig. 2.   Cluster differentiation-8 (CD8)-stained peritumoral area (Viewed with Olympus BX51 (Tokyo, 
Japan) at 40× magnification).  (a) Preparation with high density of CD8-positive TILs (60-year-old male with 
30-month overall survival).  (b) Preparation with low density of CD8-positive TILs (60-year-old woman with 
16-month overall survival).

 

Fig. 1.   Cluster differentiation-3 (CD3)-stained peritumoral area (viewed with Olympus BX51 (Tokyo, Japan) 
at 40× magnification). (a) Preparation with high-density of CD3-positive tumor-infiltrating lymphocyte (TILs) 
( 61-year-old Male with 44-month overall survival). (b) Preparation with low-density of CD3-positive TILs 
(47-year-old woman with 18-month overall survival).
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PD-1 and PD-L1: In the evaluation of immunohistochemical staining, plasma cell staining was used as 
an internal control, and tonsil tissue taken in the same preparation was used as an external positive control. 
Immunohistochemical staining was performed under a light microscope (Olympus BX51; Tokyo, Japan) with a 
20× objective. Membrane staining in tumor cells was evaluated, and > 1% staining was considered positive15,16 
(Fig. 3).

Statistical analysis
All statistical analyses were performed using the IBM SPSS statistics software 23.0 (IBM SPSS, Turkey). Descriptive 
statistical methods (mean, standard deviation, median, frequency, ratio, minimum, maximum, and quartiles) 
were used to evaluate the study data. The normality of the distribution was analyzed using the Kolmogorov–
Smirnov test, Shapiro–Wilk test, skewness-kurtosis test, and graphical evaluations. The Mann–Whitney U test 
was used for two-group comparisons of non-normally distributed data. Spearman’s correlation analysis was 
used to evaluate the relationships between quantitative variables. The intraclass correlation coefficient (ICC) was 
used to evaluate the compatibility of CD3 and CD8 measurements between automatic and manual methods. A 
p-value < 0.05 indicated statistical significance.

Results
This study included 60 patients, among whom 25 (41.7%) were women, who had undergone surgery at the 
Haydarpaşa Numune Training and Research Hospital General Surgery Clinic of the University of Health 
Sciences between 2011 and 2021. Of the included patients, 32 (53.3%) were aged ≤ 65 years, with an average 
age of 64.52 (34–93). All of our patients had exitus at the end of the follow-up period. The average survival time 
is 18.10 ± 14.15 months (4–60 months) (Table 1). When tumor localization was examined, 8.3% (n = 5), 88.3% 
(n = 53), 1.7% (n = 1), and 1.7% (n = 1) of the tumors were located in the uncinate process, head, body, and 
cauda, respectively (Table 2). When the comorbidities of the patients were evaluated; 19(% 31,6) patients had 
hypertension, 13 (% 21,6) had diabetes mellitus, 6(%10) had thyroid gland disorders (1 had papillary thyroid 
cancer), 6 (%10) had heart disease (4 had coronary artery disease, 2 had congestive heart failure). In addition, 
1 patient had a history of nephrectomy due to renal cell carcinoma 30 years ago and 1 patient had a history of 
colectomy due to colon tumor 10 years ago. PD-L1 was identified in 7 patients (11.7%), and only one case was 
PD-1 positive. The median age of PD-L1 positive cases was 62 (range 46–83). The median overall survival of PD-

N %

Sex
Female 25 41,7

Male 35 58,3

Age (years)

Median (min–max); mean ± SD 63.5 (34–93) 64.52 ± 11.55

< 65 years 32 53.3

≥ 65 years 28 46.7

Survival (months) Median (min–max); mean ± SD 14 (4–60) 18.10 ± 14.15

Table 1.  Distribution of demographic characteristics. Abbreviations: SD, standard deviation.

 

Fig. 3.   PD-L1-stained intratumoral area (viewed with Olympus BX51 (Tokyo, Japan) at 20× magnification).  
(a) Preparation with high programmed death ligand-1 (PD-L1) concentration (61-year-old male with 
24-month overall survival).  (b) Preparation with low PD-L1 concentration (93-year-old male with 5-month 
overall survival).
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L1 positive cases was 14 (range 5–63) months. The patient with PD1 positivity was a 61-year-old male. Overall 
survival time was 24 months. Exitus occurred due to hematemesis.

Survival time decreased with an increase in the number of positive lymph nodes (p < 0.05). Patients aged < 65 
years had a lower survival probability than those aged ˃ 65 years (p < 0.05) (Table  3). Patients with poorly 
differentiated tumors exhibited lower survival than those with well- or moderately differentiated tumors (p < 0.05). 
Our findings indicated that among the factors affecting survival, only age, degree of tumor differentiation, and 
the number of positive lymph nodes were associated with survival. Survival time was not correlated with T stage, 
N stage, tumor diameter, PD-L1 presence, or peripancreatic fatty tissue invasion (p > 0.05).

A comparison of the TIL measurements and survival times demonstrated that an increase in manually 
measured CD8 P, CD8 P/T (positive/total TIL ratio) and automatically measured CD8 P decreased the survival 
time (p < 0.05)     (Table 4). CD8 P/T levels (manually measured) were higher in patients aged ≥ 65 years than 

N %

Differentiation

Well differentiated 2 3.3

Moderately differentiated 43 71.7

Poorly differentiated 15 25.0

Pathological stage

Stage 1B 2 3.3

Stage 2 A 12 20.0

Stage 2B 39 65.0

Stage 3 7 11.7

Stage T

pT1 1 1.7

pT2 7 11.7

pT3 52 86.7

Stage N

pN0 14 23.3

pN1 39 65.0

pN2 7 11.7

Perineural invasion
No 7 11.7

Yes 53 88,3

Tumor diameter (cm)

Median (min–max); mean ± SD 3.5 (1.5–6) 3.53 ± 1.00

< 3.5 cm 27 45,0

≥ 3.5 cm 33 55,0

Total lymph node counts Median (min-max); mean ± SD 18 (5–54) 19.48 ± 8.67

Positive lymph node counts Median (min-max); mean ± SD 2.5 (0–15) 3.12 ± 3.00

Negative lymph node counts Median (min-max); mean ± SD 14 (4–49) 16.40 ± 8.54

Tumor localization

Uncinate process 5 8.3

Head 53 88.3

Body 1 1.7

Cauda 1 1.7

PD-1
No 59 98.3

Yes 1 1.7

PD-L1
No 53 88.3

Yes 7 11.7

Peripancreatic fatty tissue invasion
No 10 16.7

Yes 50 83.3

Common bile duct invasion
No 15 25.0

Yes 45 75.0

Wirsung invasion
No 25 41.7

Yes 35 58.3

Duodenal invasion
No 22 36.7

Yes 38 63.3

Ampulla of vater invasion
No 38 63.3

Yes 22 36.7

Vascular invasion

No 58 96.7

SMV 1 1,7

Vporta 1 1.7

Table 2.  Distribution of prognostic features related to the disease. Abbreviations: PD-1, programmed cell 
death protein-1; PD-L1, programmed death ligand-1; SMV, superior mesenteric vein; Vporta, vena portae; SD, 
standard deviation.
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in those aged  ≤ 65 years (p < 0.05). Survival time in patients with poorly differentiated tumors increased with a 
decrease in the manually measured CD3 P/T and CD8 P/T ratios (p < 0.05) (Table 5).

Patients were grouped according to the pT stage, and manually measured CD3 P and CD8 P counts in TILs 
were statistically significant between patients with pT1 and pT2 and patients with pT3 (p < 0.05). Manually 
measured CD3 P and CD8 P counts were higher in patients with pT3 stage (Table 6). Patients with pN0 and 
pN1 exhibited prolonged survival with a decrease in the manual CD8 P/T ratio (p < 0.05) (Table 6). A higher 
automatic CD3 P count and manual CD3 P/T ratio were associated with longer survival times among PD-L1 
positive patients (p < 0.05). Similarly, PD-L1-negative patients with a lower manual CD8 P/T ratio exhibited 
a longer survival (p < 0.05). (Table  6) Manual CD3 P and CD8 P counts and automatic CD8 P counts were 
higher in patients with peripancreatic fatty tissue invasion than in those without (p < 0.05). Patients without 
peripancreatic fatty tissue invasion with a low automatic CD 8 P and CD 8 P/T ratio had a longer survival 
(p < 0.05).

The automatic and manual measurements of CD3 and CD8 counts are summarized in Table 7. The CD3 P/T 
and CD8 P/T ratios were consistent between the automatic and manual measurements (p < 0.01)    (Table 7).

Discussion
Pancreatic cancer is the seventh most common cause of cancer-related death worldwide2. According to the 
2022 cancer statistics in the United States, pancreatic cancer is the third leading cause of death in both sexes17. 
The 5-year survival rate of patients with PDAC using a multidisciplinary approach is approximately 8%, even 
in the most experienced centers18. The poor prognosis associated with pancreatic cancer has highlighted the 

Survival time 
(months)

r p

Automatic counts

 CD3 P -0.026 0.846

 CD3 P/T -0.154 0.241

 CD8 P -0.100 0.448

 CD8 P/T -0.176 0.179

Manual counts

 CD3 P -0.080 0.545

 CD3 P/T -0.087 0.508

 CD8 P -0.236 0.069

 CD8 P/T -0.274 0.034*

Table 4.  Relationship between survival time (months) and CD measurements. *p < 0.05. Abbreviations: CD, 
cluster differentiation; r, Spearman’s correlation coefficient P, positive lymph node counts; P/T, positive/total 
lymph node counts ratio.

 

Survival (months)

PN Median Mean ± SD

Age (years)
< 65 32 16 20.81 ± 13.98 0.010*

≥ 65 28 12 15.00 ± 13.95

Differentiation
Well or moderate 45 16 21.11 ± 15.06 0.001**

Poor 15 9 9.07 ± 3.86

Stage T
pT1 or pT2 8 15.5 14.50 ± 6.63 0.983

pT3 52 13.5 18.65 ± 14.94

Stage N
pN0 or pN1 53 14 18.75 ± 14.78 0.526

pN2 7 15 13.14 ± 6.69

Tumor diameter (cm)
< 3.5 cm 27 14 19.30 ± 15.15 0.582

≥ 3.5 cm 33 14 17.12 ± 13.44

PD-L1
No 53 14 17.42 ± 13.20 0.729

Yes 7 14 23,29 ± 20,60

Peripancreatic fatty tissue invasion
No 10 16 20.60 ± 14.29 0.152

Yes 50 12.5 17.60 ± 14.22

Table 3.  Evaluation of survival duration (months) according to demographic data and disease characteristics. 
Mann–Whitney U test *p < 0.05, ** p < 0.01. Abbreviations: PD-LI, programmed death ligand-1; SD, standard 
deviation.
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need for new treatment options, such as immunotherapy, which has been extensively investigated. However, 
the clinical efficacy of immunotherapy for PDAC is suboptimal, primarily due to the TME, which plays a 
critical role in treatment resistance to immunotherapy19. T cells, in particular, can be used in immunotherapy to 
eliminate tumor cells20. The accumulation of TILs in the TME is important for PDAC prognosis4,5,21,22. Immune 
checkpoint-directed therapies regenerate T cells and block immune escape caused by the gradual activation of 
tumor-specific immune checkpoints, such as the PD-1–PD-L1 complex23.

Stage T Stage N PD-L1

pT1 or pT2 (n = 8) pT3 (n = 52) pN0 or pN1 (n = 53) pN2 (n = 7) No (n = 53) Yes (n = 7)

Automatic counts

 CD3 P & survival (months)
r -0.476 -0.018 -0.077 0.577 -0.133 0.857

p 0.233 0.897 0.583 0.175 0.343 0.014*

 CD3 P/T & survival 
(months)

r -0.357 -0.160 -0.211 0.414 -0.204 0.250

p 0.385 0.256 0.130 0.355 0.143 0.589

 CD8 P & survival (months)
r -0.714 -0.013 -0.082 -0.523 -0.155 0.536

p 0.047* 0.925 0.558 0.229 0.268 0.215

 CD8 P/T & survival 
(months)

r -0.595 -0.158 -0.234 0.523 -0.198 0.179

p 0.120 0.265 0.091 0.229 0.154 0.702

Manual counts

 CD3 P & survival (months)
r -0.333 -0.049 -0.110 0.396 -0.140 0.270

p 0.420 0.729 0.434 0.379 0.319 0.558

 CD3 P/T & survival 
(months)

r -0.690 0.007 -0.078 -0.144 -0.188 0.821

p 0.058 0.960 0.577 0.758 0.177 0.023*

 CD8 P & survival (months)
r -0.766 -0.175 -0.220 -0.445 -0.260 0.107

p 0.027* 0.213 0.114 0.317 0.060 0.819

 CD8 P/T & survival 
(months)

r -0.333 -0.257 -0.315 0.036 -0.319 -0.143

p 0.420 0.066 0.022* 0.939 0.020* 0.760

Table 6.  Evaluation of the relationship between survival time and cd measurements according to stage T, stage 
N and PD-L1 status. *p < 0.05. Abbreviations: CD, cluster differentiation; r, Spearman’s correlation coefficient 
; P, positive lymph node counts; P/T, positive/total lymph node counts ratio; PD-LI, programmed death 
ligand-1.

 

Differentiation

Well or moderate (n = 45) Poor (n = 15)

Automatic counts

 CD3 P & survival time (months)
r -0.150 -0.121

p 0.325 0.668

 CD3 P/T & survival time 
(months)

r -0.178 -0.191

p 0.243 0.495

 CD8 P & survival time (months)
r -0.119 -0.195

p 0.436 0.487

 CD8 P/T & survival time 
(months)

r -0.175 -0.259

p 0.251 0.350

Manual counts

 CD3 P & survival time (months)
r -0.218 0.074

p 0.151 0.793

 CD3 P/T & survival time 
(months)

r -0.019 -0.598

p 0.902 0.018*

 CD8 P & survival time (months)
r -0.287 -0.249

p 0.056 0.372

 CD8 P/T & survival time 
(months)

r -0.110 -0.636

p 0.474 0.011*

Table 5.  Evaluation of the relationship between survival duration and CD measurements according to 
the degree of differentiation. *p < 0.05. Abbreviations: CD, cluster differentiation; r, Spearman’s correlation 
coefficient; P, positive lymph node counts; P/T, positive/total lymph node counts ratio.
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A 2021 review reported an average survival time of 25–30 months2. In another cohort of 96 patients, the 
mean survival time was 14.9 months18. A study conducted in the Netherlands reported an OS of 26.8 months 
in patients who were followed up with active surveillance and surgery24. In our study, the survival times varied 
between 4 and 60 months, (mean: 18.10 ± 14.15 months).

Lin et al. identified advanced age, poor differentiation, and the number of metastatic lymph nodes as poor 
prognostic factors for survival9. Our findings indicated that the total number of lymph nodes was not associated 
with survival, and the number of positive lymph nodes and survival were negatively correlated, which is 
consistent with the findings of another study25. Furthermore, survival time and the number of positive lymph 
nodes demonstrated a negative association26. Our findings elucidate a significant association between age and 
survival time (p < 0.05). Compared with patients with moderately or well-differentiated tumors, those with 
poorly differentiated tumors exhibited lower survival rates. Our findings demonstrated an inverse relationship 
between the number of positive lymph nodes and survival time (p < 0.05).

High CD3 P and CD8 P T lymphocyte infiltrations were positive prognostic indicators4. In a 2019 study 
involving 57 patients, high infiltration of peritumoral CD3 P and CD8 P T lymphocytes was associated with 
survival in univariate analyses. Moreover, CD3 P TILs infiltration is a predictor of survival, independent of 
classical histopathological parameters5. A 2017 study that included 90 patients showed that tumor stage and 
peritumoral CD8 infiltration were correlated; low peritumoral CD8 infiltration was observed in stage 1 patients, 
and high peritumoral CD8 infiltration was observed in advanced-stage patients27. High infiltration of CD8 P T 
lymphocytes in the TME is associated with better patient survival28,29. Our findings that patients with poorly 
differentiated tumors and a low CD3 P/T ratio (manually measured) exhibited a longer survival (p < 0.05) 
highlighted the degree of differentiation as a more important prognostic indicator than CD3 expression. If the 
manually measured CD8 P/T ratio was low, survival was longer (p < 0.05). Moreover, the manually measured 
CD8 P count was lower in patients with pT1 and pT2 tumors, and survival was longer (p < 0.05). Studies 
examining the relationship between CD8 P T lymphocyte infiltration and survival according to N stage are 
lacking. In our study, survival was longer when the automatically measured CD8 P count and CD8 P/T ratio 
were low in patients without peripancreatic fatty tissue invasion (p < 0.05). Studies examining the relationship 
between peripancreatic fatty tissue invasion and survival are lacking.

High CD8 expression in PD-L1 positive patients was associated with positive survival outcomes30. PD-L1 
positivity is an independent poor prognostic factor in patients with high CD8 P TILs density31. Hwang et al. 

Median (min-max) Mean ± SD

Automatic counts

 CD3 P 422.5 (8–1091) 444.25 ± 249.60

 CD3 T 1015.5 (456–2242) 1065.27 ± 344.58

 CD3 P/T 0.4 (0–0.7) 0.40 ± 0.17

 CD8 P 361.5 (150–804) 362.62 ± 139.32

 CD8 T 847 (461–1395) 841.22 ± 198.51

 CD8 P/T 0.4 (0.2–0.7) 0.43 ± 0.13

Manual counts

 CD3 P 53 (2–200) 60.55 ± 35.13

 CD3 T 106.5 (20–300) 113.52 ± 53.92

 CD3P/T 0.6 (0.1–0.8) 0.53 ± 0.15

 CD8 P 50 (16–135) 53.95 ± 22.76

 CD8 T 94.5 (35–662) 107.63 ± 79.87

 CD8 P/T 0.6 (0.1–0.8) 0.54 ± 0.14

Comparison of automatic and 
manual counts

ICC (95% CI) P

CD3 P 0.272 (-0.218–
0.565) 0.112

CD3 T 0.224 (-0.299–
0.537) 0.166

CD3 P/T 0.704 (0.505–0.823) 0.001**

CD8 P 0.313 (-0.150–
0.590) 0.076

CD8 T 0.078 (-0.543–
0.449) 0.377

CD8 P/T 0.744 (0.572–0.847) 0.001**

Table 7.  Distribution of CD measurements and compliance of CD measurements according to measurement 
method. **p < 0.01. Abbreviations: CD, cluster differentiation; ICC: intraclass correlation coefficient; P, positive 
lymph node counts; P/T, positive/total lymph node counts ratio; SD, standard deviation; CI, confidence 
interval.
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reported that a high CD8 T lymphocyte count was associated with longer survival; however, this association 
was not statistically significant32. Blocking the PD-1/PD-L1 pathway is a promising treatment option for various 
tumors, such as esophageal, breast, and gastrointestinal tract cancers. PD-L1 expression induced by tumor cells 
facilitates immune surveillance evasion11. High PD-L1 expression is a poor prognostic factor in pancreatic 
cancer31,33,34. Our findings elucidated that PD-L1 positive patients with an increased CD3 P/T ratio (manually 
measured) exhibited a longer survival (p < 0.05). Conversely, PD-L1 negative patients with a decreased CD8 P/T 
ratio (manually measured) had a longer survival (p < 0.05). However, irrespective of the PD-L1 positivity, CD3 
and CD8 were not significantly correlated (p > 0.05).

Studies comparing the automated and manual counting of CD3, CD8, and PD-1 cells are scarce35,36. However, 
no meta-analyses or reviews have been conducted on automatic cell counting methods in digital pathology. Our 
findings demonstrated no statistically significant agreement in CD3 and CD8 numbers between the automated 
and manual CD measurements. However, the CD3 and CD8 P/T ratios were comparable between automated 
and manual measurements (p < 0.05).

In pancreatic cancer, cancer-associated fibroblasts (CAF) and other immune cells also play an important role 
around the tumor37–40. Since pancreatic cancer is one of the cancer types that benefit less from immunotherapy, 
combined treatments have been introduced to increase the effectiveness of the treatment7. PD-L1 is expressed on 
T cells as well as B cells, dendritic cells, macrophages and tumoral cells41. This situation is horizon-opening for 
the development of alternative treatments to break the resistance mechanisms in the T-cell response.

In addition to the parameters we looked at in our study, there are new studies in the literature aimed at 
increasing PD1/PDL1 activity42. In an experimental study conducted in Germany, it was mentioned that insulin 
could increase the effect of immunotherapy by increasing PD-L1 expression43. Another study mentioned 
that pancreatic cancer patients with high PD-L1 expression and high B7-H4 molecule had low response to 
immunotherapy44. In animal experiments on immunotherapies, it has been mentioned that inhibition of HDAC5 
protein, which is a histone deacetylase, may increase antitumoral activity in resistant cases45. A promising 
experimental study that suggests that PD-L1-targeted chimeric antigen receptor (CAR) T cell therapies can 
overcome resistance to naked molecules to increase treatment efficacy is noteworthy46. All these studies are 
promising for overcoming the poor prognosis of pancreatic cancer in the future.

The peritumoral CD8 P/T ratio in our patients decreased as the survival time increased. This relationship 
was analyzed independently within patient subsets (T1 and T2 tumor stages, N0 and N1 nodal stages, with and 
without PD-L1 positivity, and with and without peripancreatic fatty tissue invasion), and consistent results were 
observed. Notably, CD3 P counts increased with advancing tumor stages. Additionally, PD-L1-positive patients 
with an increased CD3 P/T ratio exhibited better survival outcomes. Notably, the CD3 P/T ratio was low in 
patients with poorly differentiated tumors and in those with longer survival.

Our study had certain limitations. First, this was a retrospective and single-center study, and the disease-
free survival (DFS) of the patients could not be included in the statistical analysis because of insufficient data. 
Furthermore, owing to the limited proportion of PD-1-positive patients, statistical analyses could not be 
performed and lacked long-term results. In addition, manual and automatic measurements were not compatible 
with all CD3 and CD8 measurement parameters, and sufficient data were lacking.

Our findings support the prognostic importance of the peritumoral CD3 and CD8 levels. To obtain more 
statistically significant data elucidating the association between peritumoral CD3 and CD8, and PD-1 and PD-
L1, further studies with larger patient groups are needed. Concurrent analysis of TILs distribution and TME, in 
addition to the accepted criteria, is warranted for more accurate prognosis prediction in pancreatic cancer. To 
expedite data generation, the main goal should be to develop digital pathology examination software, as in our 
study, and to obtain sufficient data to elucidate the relationship between the TME and tumors.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 21 August 2024; Accepted: 8 November 2024

References
	 1.	 Basara, B. B. et al. Saglik Istatistigi 2019. T.C. Saglik Bakanligi Saglik Bilgi Sistemleri Genel Mudurlugu. 294 (2021).
	 2.	 Tonini, V. & Zanni, M. Pancreatic cancer in 2021: What you need to know to win. World J. Gastroenterol. 27, 5851–5889 (2021).
	 3.	 McGuigan, A. et al. Pancreatic cancer: A review of clinical diagnosis, epidemiology, treatment and outcomes. World J. Gastroenterol. 

24, 4846–4861 (2018).
	 4.	 Orhan, A. et al. The prognostic value of tumour-infiltrating lymphocytes in pancreatic cancer: a systematic review and meta-

analysis. Eur. J. Cancer  132, 71–84 (2020).
	 5.	 Miksch, R. C. et al. Prognostic impact of tumor-infiltrating lymphocytes and neutrophils on survival of patients with upfront 

resection of pancreatic cancer. Cancers (Basel) 11, 39 (2019).
	 6.	 Hu, L. et al. The prognostic value of intratumoral and peritumoral tumor-infiltrating FoxP3 + Treg cells in of pancreatic 

adenocarcinoma: A meta-analysis. World J. Surg. Oncol. 19, 300 (2021).
	 7.	 Majidpoor, J. & Mortezaee, K. The efficacy of PD-1/PD-L1 blockade in cold cancers and future perspectives. Clin. Immunol. 226, 

108707 (2021).
	 8.	 van der Merwe, P. A. & Dushek, O. Mechanisms for T cell receptor triggering. Nat. Rev. Immunol. 11, 47–55 (2011).
	 9.	 Lin, R., Han, C. & qun, Wang, W. Analysis on survival and prognostic factors in patients with resectable pancreatic adenocarcinoma. 

J. Huazhong Univ. Sci. Technol. [Medical Sciences]  37, 612–620 (2017).
	10.	 Wang, X. et al. PD-L1 is a direct target of cancer-FOXP3 in pancreatic ductal adenocarcinoma (PDAC), and combined 

immunotherapy with antibodies against PD-L1 and CCL5 is effective in the treatment of PDAC. Signal. Transduct. Target. Ther. 5, 
38 (2020).

Scientific Reports |        (2024) 14:27392 9| https://doi.org/10.1038/s41598-024-79342-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	11.	 Gao, H. L. et al. The clinicopathological and prognostic significance of PD-L1 expression in pancreatic cancer: a meta-analysis. 
Hepatobiliary Pancreat. Dis. Int. 17, 95–100 (2018).

	12.	 Kang, H. et al. Evaluation of the 8th edition AJCC staging system for the clinical staging of pancreatic cancer. Cancers (Basel)  14, 
4672 (2022).

	13.	 Salgado, R. et al. The evaluation of tumor-infiltrating lymphocytes (TILs) in breast cancer: Recommendations by an International 
TILs Working Group 2014. Ann. Oncol. 26, 259–271 (2015).

	14.	 Tahkola, K. et al. Immune cell score in pancreatic cancer—comparison of hotspot and whole-section techniques. Virchows Arch. 
474, 691–699 (2019).

	15.	 Basoglu, T. et al. Prognostic value of tissue-resident memory T cells and tumor microenvironmental features in resected pancreatic 
adenocarcinoma. Balkan Med. J.  (2021).

	16.	 Ribas, A. & Hu-Lieskovan, S. What does PD-L1 positive or negative mean? J. Exp. Med. 213, 2835–2840 (2016).
	17.	 Siegel, R. L. et al. Cancer Stat. 2021 CA Cancer J. Clin. 71, 7–33  (2021).
	18.	 Morrison, A. H., Byrne, K. T. & Vonderheide, R. H. Immunotherapy and prevention of pancreatic cancer. Trends Cancer  4, 

418–428 (2018).
	19.	 Smith, C. et al. Tumor microenvironment in pancreatic ductal adenocarcinoma: Implications in immunotherapy. World J. 

Gastroenterol. 28, 3297–3313 (2022).
	20.	 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. 17, 807–821 (2020).
	21.	 Zhou, T. et al. Artificial intelligence-based comprehensive analysis of immune-stemness-tumor budding profile to predict survival 

of patients with pancreatic adenocarcinoma. Cancer Biol. Med. 20, 196–217 (2023).
	22.	 Falcomatà, C. et al. Context-specific determinants of the immunosuppressive tumor microenvironment in pancreatic cancer. 

Cancer Discov 13, 278–297 (2023).
	23.	 Bai, Z. et al. Tumor-infiltrating lymphocytes in colorectal cancer: The fundamental indication and application on immunotherapy. 

Front. Immunol.  12  (2022).
	24.	 Klatte, D. C. F. et al. Surveillance for pancreatic cancer in high-risk individuals leads to improved outcomes: A propensity score-

matched analysis. Gastroenterol 164, 1223–1231e4 (2023).
	25.	 Showalter, T. N. et al. The influence of total nodes examined, number of positive nodes, and lymph node ratio on survival after 

surgical resection and adjuvant chemoradiation for pancreatic cancer: A secondary analysis of RTOG 9704. Int. J. Radiation 
Oncol*Biology*Physics 81, 1328–1335 (2011).

	26.	 Malleo, G. et al. Reappraisal of nodal staging and study of lymph node station involvement in pancreaticoduodenectomy with 
the standard international study group of pancreatic surgery definition of lymphadenectomy for cancer. J. Am. Coll. Surg. 221, 
367–379e4 (2015).

	27.	 Wang, Z. et al. Infiltrating CD4/CD8 high T cells shows good prognostic impact in pancreatic cancer. Int. J. Clin. Exp. Pathol. 10, 
8820–8828 (2017).

	28.	 Chang, J. H., Jiang, Y. & Pillarisetty, V. G. Role of immune cells in pancreatic cancer from bench to clinical application. Medicine  
95, e5541 (2016).

	29.	 Miyahara, Y. et al. Prosaposin, tumor-secreted protein, promotes pancreatic cancer progression by decreasing tumor‐infiltrating 
lymphocytes. Cancer Sci. 113, 2548–2559 (2022).

	30.	 Karamitopoulou, E. et al. PD-1/PD-L1–associated immunoarchitectural patterns stratify pancreatic cancer patients into 
prognostic/predictive subgroups. Cancer Immunol. Res. 9, 1439–1450 (2021).

	31.	 Yamaki, S. et al. PD-L1 expression in pancreatic ductal adenocarcinoma is a poor prognostic factor in patients with high 
CD8 + tumor-infiltrating lymphocytes: highly sensitive detection using phosphor-integrated dot staining. Int. J. Clin. Oncol. 22, 
726–733 (2017).

	32.	 Hwang, H. K. et al. Prognostic impact of the tumor-infiltrating regulatory T-cell (Foxp3+)/activated cytotoxic T lymphocyte 
(granzyme B+) ratio on resected left-sided pancreatic cancer. Oncol. Lett. 12, 4477–4484 (2016).

	33.	 Li, J. et al. PD-L1 correlated gene expression profiles and tumor infiltrating lymphocytes in pancreatic cancer. Int. J. Med. Sci. 18, 
3150–3157 (2021).

	34.	 Wu, H. et al. Clinicopathological and prognostic significance of immunoscore and PD-L1 in intrahepatic cholangiocarcinoma. 
Onco Targets Ther. 14, 39–51 (2021).

	35.	 Miyata, H. et al. Development of an automatic measurement method for CD8 and PD-1 positive T cells using image analysis 
software. Anticancer Res. 42, 419–427 (2022).

	36.	 Eriksen, A. C. et al. Computer-assisted stereology and automated image analysis for quantification of tumor infiltrating lymphocytes 
in colon cancer. Diagn. Pathol. 12, 65 (2017).

	37.	 Gorchs, L. et al. The vitamin D analogue calcipotriol promotes an anti-tumorigenic phenotype of human pancreatic CAFs but 
reduces T cell mediated immunity. Sci. Rep. 10, 17444 (2020).

	38.	 Yin, H. et al. Gut-derived lipopolysaccharide remodels tumoral microenvironment and synergizes with PD-L1 checkpoint 
blockade via TLR4/MyD88/AKT/NF-κB pathway in pancreatic cancer. Cell. Death Dis. 12, 1033 (2021).

	39.	 Hutton, C. et al. Single-cell analysis defines a pancreatic fibroblast lineage that supports anti-tumor immunity. Cancer Cell 39, 
1227–1244 (2021).

	40.	 Elyada, E. et al. Cross-species single-cell analysis of pancreatic ductal adenocarcinoma reveals Antigen-Presenting Cancer-
Associated fibroblasts. Cancer Discov.  9, 1102–1123 (2019).

	41.	 Mucileanu, A., Chira, R. & Mircea, P. A. PD-1/PD-L1 expression in pancreatic cancer and its implication in novel therapies. Med. 
Pharm. Rep. 9, 402–410 (2021).

	42.	 Tang, Q. et al. The role of PD-1/PD-L1 and application of immune-checkpoint inhibitors in human cancers. Front. Immunol. 13, 
964442 (2022).

	43.	 Heckl, S. M. et al. Programmed death-ligand 1 (PD-L1) expression is Induced by insulin in pancreatic ductal adenocarcinoma cells 
pointing to its role in immune checkpoint control. Med. Sci. 9, 48 (2021).

	44.	 Yang, J. et al. Clinical significance and correlation of PD-L1, B7-H3, B7-H4, and TILs in pancreatic cancer. BMC Cancer 22, 584 
(2022).

	45.	 Zhou, Y. et al. HDAC5 modulates PD-L1 expression and cancer immunity via p65 deacetylation in pancreatic cancer. Theranostics 
12, 2080–2094 (2022).

	46.	 Yang, C. Y. et al. Engineering chimeric antigen receptor T cells against immune checkpoint inhibitors PD-1/PD-L1 for treating 
pancreatic cancer. Mol. Ther. Oncolytics 17, 571–585 (2020).

Author contributions
Concept: K.C.; F.V.A.; M.G.G., design: M.G.G.; K.C.; A.G., definition of intellectual content: M.G.G.; F.V.A; 
M.T., literature search: K.C.; M.G.G.; M.O.G. , data acquisition: K.C.; A.G.; F.V.A. , data analysis: M.G.G.; K.C. ; 
A.G., statistical analysis: K.C.; M.T.; M.O.G., manuscript preparation: K.C.; A.G.; M.O.G. , manuscript editing: 
M.G.G.; K.C.;A.G., and manuscript review M.G.G.; K.C.

Scientific Reports |        (2024) 14:27392 10| https://doi.org/10.1038/s41598-024-79342-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Funding
This study received funds from the Scientific Research Projects Coordination Department of the University of 
Health Sciences, which was used for immunohistochemical staining (Project Number: 2021/177).

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval
This study was approved by the Health Sciences University Haydarpaşa Numune Training and Research 
Hospital Clinical Research Ethics Committee (approval no. HNEAH KAEK 2021/220 dated 06.09.2021).

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​4​-​7​9​3​4​2​-​x​​​​​.​​

Correspondence and requests for materials should be addressed to K.Ç. or M.G.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2024 

Scientific Reports |        (2024) 14:27392 11| https://doi.org/10.1038/s41598-024-79342-x

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-024-79342-x
https://doi.org/10.1038/s41598-024-79342-x
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Evaluation of prognostic significance of histopathological characteristics and tumor-infiltrating lymphocytes for pancreatic cancer survival
	﻿Materials and methods
	﻿Histopathological examination
	﻿Selection, preparation, and evaluation of tissue samples
	﻿Immunohistochemical staining
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


