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Abstract

:

Background: Evaluating the tumor microenvironment and its influence on clinical management and therapy response is becoming increasingly important. However, only a few studies deal with the spatial distribution of immune cells within the tumor. This study aimed to describe the topology of immune cells in the microenvironment of oral squamous cell carcinoma (OSCC) sectioned by tumor invasion front and tumor center and to test their prognostic relevance regarding patient survival. Methods: A total of 55 OSCC patient specimens were collected retrospectively. The cancer tissue was immunohistochemically stained using an automated tissue stainer Ventana Benchmark Ultra (Roche) and analyzed using discrete expression marker profiles on immune cells. We investigated CD4+ lymphocytes, CD8+ lymphocytes, CD68+ macrophages, CD163+ macrophages, and M1 macrophages regarding their spatial distribution. Results: The statistical analysis revealed that the quantity and distribution of CD4+ (p = 0.007), CD8+ (p < 0.001), CD68+ (p < 0.001), CD163+ cells (p = 0.004), and M1 (p < 0.001) macrophages were significantly higher at the invasion front compared to the tumor center in all observed cases. However, high and low immune cell counts in the tumor center and invasion front were not associated with overall survival. Conclusion: Our results show two distinct immune microenvironments of the tumor center compared to the invasion front. Future studies are needed to explore how these results can be leveraged to improve patient therapy and outcome.
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1. Introduction


Oral squamous cell carcinoma (OSCC) is the most common malignancy of the oral cavity [1]. In 2020, the International Agency for Research on Cancer estimated 377,713 new cases and 177,757 deaths worldwide making it the 18th most common cancer [2]. Despite OSCC’s aggressive nature, tremendous progress has been made in prevention, diagnosis, and treatment options in recent decades [3,4]. At present, patients with newly diagnosed OSCC have a 5-year survival of 68%, influenced by various parameters such as anatomical location, tumor stage, pathological grading, and patient age [1,5]. However, therapy options and survival probabilities of advanced OSCC remain poor with a median overall survival (OS) of <1 year [1]. In up to 40% of patients, metastases in the cervical lymph nodes can be detected at an early stage of the disease [3]. Additionally, OSCC has an average risk of 20% for distant metastasis during disease progression [6].



Considering these facts, the investigation of underlying mechanisms to develop treatments is urgently needed. Recent studies have demonstrated an important role of the tumor immune microenvironment (TIME) in metastasis and disease progression [7]. Tumor-associated macrophages (TAMs) represent a major component of the OSCC TIME and have a bipolar role, depending on their activation state [8,9]. M1 macrophages are tumor suppressive and facilitate tumor-specific antigen presentation [10]. In contrast, M2 macrophages (CD163+) are known to reduce radiosensitivity, promote anti-inflammatory response, and play a role in angiogenesis as well as in epithelial-to-mesenchymal transition, a fundamental process of metastasis [10,11]. Multiple studies have shown that different macrophage populations influence carcinogenesis, immune evasion, chemotherapy resistance, metastasis, and disease progression of OSCC [8,10].



The second major immune cell population are tumor-infiltrating lymphocytes (TILs) [12]. CD4+ (regulatory T cells) and CD8+ (effector T cells) T cells are both parts of the adaptive immune system [12]. While CD8+ T cells promote a tumor-suppressive environment, CD4+ T cells have a tumor-promoting effect [13]. Several authors discovered that high CD8+ T-cell densities inside OSCC are associated with increased overall survival in OSCC [12,13,14]. Current evidence suggests that cancer immune cell populations are not randomly distributed but follow a specific pattern [15]. However, more research needs to be carried out to fully understand the complexity of the TIME [15]. To the best of our knowledge, no study has yet investigated the lymphocytes and macrophages in OSCC simultaneously.



The present study aimed to characterize the spatial distribution of immune cells in OSCC. Therefore, we used immunohistochemistry to evaluate the quantity and distribution of CD4+ lymphocytes, CD8+ lymphocytes, CD68+ macrophages, CD163+ macrophages, and M1-macrophages in the tumor center and invasion front in a cohort of 55 OSCC patients. Furthermore, we assessed the prognostic relevance of lymphocytes and macrophages regarding survival according to their spatial distribution.




2. Materials and Methods


2.1. Patients and Tissue Samples


After achieving a positive ethics vote (12-101-0070), cancer tissue from 55 patients with squamous cell carcinoma of the oral cavity treated at the University Hospital of Regensburg, Germany, were included in this study. The diagnosis of squamous cell carcinoma was reviewed and confirmed. TNM staging was performed according to the UICC guidelines of the 7th edition [16].




2.2. Histopathological Analysis


Tissue from the pathological routine diagnostics was used for histological examination. To characterize the TIME, we chose CD4 (Ventana, anti-CD4 Rabbit Monoclonal Primary Antibody, Clone SP35, dilution: 1:200) and CD8 (Ventana, anti-CD8 Rabbit Monoclonal Primary Antibody, Clone SP57, dilution: 1:200) as marker for lymphocytes, CD68 (Dako Anti-Human CD68, Clone KP1, dilution: 1:200) as a pan marker for macrophages and CD163 (Novocastra, Lyophilized Mouse Monoclonal Antibody CD163, Clone 10D6, dilution: 1:100) as a marker for M2-macrophages. First, a new hematoxylin-eosin slide was prepared, and the tumor was identified (Figure 1A,B). All immunohistochemical stains were performed on tissue sections (4 µm thickness) prepared from formalin-fixed (4% neutral buffered formalin) paraffin-embedded tissue blocks. The procedure is part of the established routine diagnostic at our institute. Briefly, immunohistochemical staining was performed using a Roche Ventana Benchmark Ultra automated slide stainer (Ventana Medical Systems, Roche, France) with the OptiView DAB IHC Detection Kit (Roche, France). The first step of the automatic staining program includes deparaffinization and rehydrating the specimens. Then antigen retrieval was completed by heat treatment lasting for 32 min with Tris-EDTA Borat Puffer (pH 8–8.5). After incubation of the diluted primary antibodies, the nuclei were counterstained with hematoxylin.



All slides were scanned (3DHISTECH Ltd. Pannoramic slide scanner 250) and evaluated using a virtual microscopy software (3DHISTECH Ltd. Case Viewer Ver.2.2). To quantify lymphocytes, ten high power fields (HPF) were identified independently by two pathologists (A.M. & C.B.). The invasion front and tumor center were identified, and the positive cells were counted. The mean values were calculated. The CD68 reaction was used to visualize all macrophages. To evaluate the quantity of the macrophages, ten HPF of the invasion tumor front and intra-tumoral area were examined and the positive cells were counted. The mean value (confidence interval 95%) of macrophages within the tumor front and the intra-tumoral area was calculated. The macrophages were then characterized concerning their subpopulations. M2-macrophages were detected using CD163-antibody. The M2-macrophages were quantified, utilizing the same previously described procedure for quantifying CD68-positive macrophages. The number of M1-macrophages per HPF was calculated through the difference between CD68-positive-macrophages and CD163-positive-M2-macrophages.




2.3. Statistical Analysis


For the statistical analysis, all acquired results were documented and statistically evaluated in GraphPad Prism (Version 9.0.0 for MacOS, GraphPad Software, San Diego, CA, USA) and STATA (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX, USA: StataCorp LP). We used the Shapiro–Wilk test to test for normal distribution of continuous variables. To investigate the significant differences between the distribution of immune cells in the tumor invasion front and tumor center, a t-test or Mann–Whitney-U-test was applied for parametric and nonparametric values, respectively. Spearman’s rank correlation was used to analyze the correlation between immune cell counts in the tumor center and invasion front. Hazard ratios were calculated using the univariable Cox regression models. Overall survival (OS) was defined as the time between primary treatment and death. Survival curves were generated using the Kaplan–Meier estimator. The mean follow-up was 3.9 years (±0.8). All p-values ≤ 0.05 were considered statistically significant.





3. Results


All cancer tissue samples were able to be analyzed. Patient demographics, histological and clinical characteristics are displayed in Table 1.



Next, we investigated the difference in immune cell numbers between the invasion front and the tumor center. The mean value of CD4+ lymphocytes was 12.04 in the tumor center and 40.79 at the invasion front. The mean value of CD8+ lymphocytes in the tumor center and at the invasion front were 11.72 and 47.93, respectively. The mean values of CD68+ macrophages in the tumor center and invasion front were 14.01 and 44.85, respectively. The mean values of CD163+ M2-macrophages in the tumor center were 7.65 and 30.07 in the invasion front. The mean values of M1-macrophages in the tumor center and invasion front were 6.35 and 14.77, respectively (Table 2).



A t-test for paired parameters and Spearman’s rank correlation comparing mean values and correlation between the tumor invasion front and tumor center showed the following results: All examined parameters showed significantly more immune cells in the invasion front than the tumor center. In detail, the CD4+ lymphocytes, CD8+ lymphocytes, CD68+ macrophages, CD163+ M2-macrophages, and M1-macrophages were all significantly elevated in the invasion front (p < 0.001/p < 0.001/p < 0.001/p < 0.001/p < 0.001) (Table 3). The correlation factor between invasion front and tumor center for CD4+ lymphocytes, CD8+ lymphocytes, CD68+ macrophages, CD163+ M2-macrophages and M1-macrophages were 0.3841, 0.6587, 0.5831, and −0.0658 respectively.



Finally, we evaluated the prognostic relevance of immune cell counts on OS. Therefore, we dichotomized immune cell counts along the mean value of each cell type. All patient characteristics of dichotomized immune cell groups are shown in Supplementary Tables S1–S5. The univariate Cox regression of patient demographics and histological characteristics are shown in Table 4.



There was no significant difference in OS between high CD4+ and low CD4+ cell in the tumor center (HR: 0.97; 95% CI: 0.49–1.91; p = 0.931) and the invasion front (HR: 1.48; 95% CI: 0.77–2.86; p = 0.242). Moreover, there was no difference in OS between high and low CD8+ cell counts in the tumor center (HR: 0.91; 95% CI: 0.46–1.79; p = 0.774) and the invasion front (HR: 1.01; 95% CI: 0.51–1.99; p = 0.979). The Kaplan–Meier curves for lymphocytes are shown in Figure 2.



High and low cell counts of CD68+ cells in the tumor center (HR: 0.92; 95% CI: 0.46–1.81; p = 0.803), CD68+ cells in the invasion front (HR: 0.71; 95% CI: 0.37–1.38; p = 0.317), CD163+ cells in the tumor center (HR: 1.20; 95% CI: 0.62–2.34; p = 0.588), and CD163+ cells in the invasion front (HR: 0.98; 95% CI: 0.51–1.89; p = 0.955) showed no prognostic relevance in OS. Furthermore, regarding M1 macrophages, there was no difference in OS between high and low groups in the tumor center (HR: 0.64; 95% CI: 0.31–1.33; p = 0.231) and the invasion front (HR: 0.60; 95% CI: 0.29–1.22; p = 0.160). The Kaplan–Meier curves for macrophages are shown in Figure 3.




4. Discussion


The present study characterized the TIME regarding the spatial distribution of lymphocytes and macrophages. All immune cells were significantly elevated in the tumor margin when compared to the tumor center. However, none of the immune cells were prognostic for OS. Specific patterns of immune cell distributions have been observed in various human cancer types [17,18]. However, the former studies focused on quantification of different types of lymphocytes or the different polarization mechanisms of macrophages. In the present study, we analyzed both lymphocytes and macrophages and the effect of their interplay. Thus, we define the presence of macrophages and the different types of lymphocytes together with the morphological background as the TIME.



CD4+ and CD8+ cells are the dominant TILs of the OSCC microenvironment [19]. In our study cohort, we observed significantly lower levels of CD4+ and CD8+ cells in the tumor center compared to the invasion front. This represents a highly active immune environment and is indicative of an acute immunological response [20]. To date, it is not clear if this phenomenon is an immunological response against the tumor tissue or a protective mechanism of the tumor itself. We did not observe any association of CD4+ and CD8+ cell numbers in the tumor center or in the invasion front with OS. However, many solid tumors, including colorectal cancer, breast cancer, and non-small cell lung cancer, have shown a significant correlation between TIL quantities and patient outcomes [21,22]. This correlation has also been observed in head and neck squamous cell carcinoma (HNSCC), although the results have been inconsistent depending on the anatomical location [23,24]. Accordingly, the clinical implementation of TIL analysis in the routine practice of pathologists is far from reached [25]. Only a few studies have investigated TILs in OSCC while paying attention to the cellular topology. Watanabe et al. first examined TILs in 87 OSCC patients based on their spatial distribution. Low numbers of CD8+ cells in the tumor center and the invasion margin were associated with worse survival, while this association only remained significant in early stage OSCC [26]. Zhou et al. showed that CD3+, a pan lymphocyte marker, and CD8+ lymphocyte quantities differed inside the tumor center and the invasion margin in OSCC. In line with our results, the authors observed more CD3+ and CD8+ cells in the tumor center compared to that in the invasion margin in all samples. Furthermore, the authors investigated whether CD3+ and CD8+ topology could be used as prognostic survival marker. Interestingly, only high CD8+ cells in the tumor center were associated with an improved survival, but not in the tumor margins [13]. This may be linked to the fact that tumors with strong immunogenic core are more responsive to therapy and tend to have a better outcome [27].



In our study cohort, we observed statistically significantly more CD163+ M2-macrophages in the tumor margins than in the tumor center. The activation of macrophages is one of the first reactions of the immune system to pathogens [20]. Our results revealed a high number of macrophages which invade the tumor margin. Especially in correlation with high lymphocyte count, this strengthens the theory of an overall highly immunogenic microenvironment in the tumor margin. Interestingly, we observed almost complete polarization of macrophages in CD163+ M2-macrophages in the tumor margin. It is well established that the polarization on macrophages can significantly impact tumor behavior [28]. However, we did not find a correlation of CD68+, CD163+, and M1-macrophages with OS. The literature on the topology of macrophages in OSCC is limited. In 2021, Hori et al. studied CD163+ macrophages in the tumor center and invasion margin. While they assessed the spatial distribution resulting in higher CD163+ cell density in the invasion front, it was not the focus of their investigation so ratios between tumor center and invasion were not tested for significance. The distribution and prognostic relevance of TAMs seem to differ greatly according to the tumor entity [29]. Huang et al. studied the spatial heterogeneity of CD68+ and CD163+ M2-macrophage populations in gastric cancer tissue using multiplex staining. They consistently observed more M2-macrophages in the tumor center than in the tumor margins, whereas we did not observe this correlation in our study population. Since CD163+ M2-macrophages are involved in the clearance of dead cells and tissue remodeling, the authors suggest that high numbers may reflect an enhanced immunological response in these tumors [18]. HNSCC, and particularly OSCC, are known to have a strong immune-suppressive environment [30], which could explain the low levels of CD163+ cells in the tumor center observed in our cohort. Furthermore, a recent study by Zheng et al. evaluated the spatial distribution and density of M1- and CD163+ M2-macrophages in non-small cell lung cancer using multiplex immunofluorescence staining and RNA-seq. The proximity to tumor cells alters gene expression and is a negative prognosticator for survival. Moreover, they observed a predominance of M2-macrophages over M1 in the invasion margin, which is in line with our results. The clinical importance of these findings is highlighted by the positive prognostic correlation of CD163+ M2-macrophages in the invasion front on patient outcomes [31]. In the present study, however, high M1-macrophages in the invasion front showed a slight trend toward improved OS. There is evidence that M1-macrophages express a tumor-suppressing phenotype [32]. Despite this slight trend, the results are not significant and larger studies with greater statistical power are warranted to draw more robust conclusion. Regarding data of OSCC, in 2015, Wolf et al. showed that higher CD68+ macrophage quantity is a negative prognosticator in OSCC [33]. In contrast, a recent meta-analysis by Hadler-Olsen et al. including 33 studies on all types of immune cells as prognostic markers in OSCC, evaluated CD163+ M2 macrophages as the most promising predictor for survival in OSCC patients. The authors noted methodological deficiencies in most included studies, making reliable conclusions difficult [34]. Another meta-analysis demonstrated the prognostic value of stromal CD163+ but not CD68+ [32]. Both studies tried to account the difference between stromal and intratumor macrophage population. However, most included studies only assessed one subsite of tumor tissue which aggravates comparability.



It is well-established that lymphocytes and macrophages influence tumor progression based on their quantity, phenotype, and the type of cancer they are associated with. Although macrophages and lymphocytes have been the target of intensive research, little attention has been paid to the interactions between both cell populations in cancer tissue. However, it is widely known that its bidirectional interactions are essential for differentiation, up- and downregulation and immune response and cancer development [20]. In this context, immune cell topology arises as an important dimension for gaining insights into tumor biology and disease progression and may ultimately influence new treatment options [35].



Considering the differences in immune cell distribution between different cancer types and the inconsistent results of microenvironment characterization in OSCC tumor tissue, it is crucial to ensure the comparability of future studies. One way to achieve this goal is the use of large, standardized biobanks, which can provide high-quality, homogeneous tissue samples across different tumor entities. Since it is important to relate morphological criteria to clinical data in future studies, structured tumor biobanks should be established by standard as already described in traumatology [36].



Surgical resection is the primary treatment option for early and late-stage OSCC. If OSCC is detected in stages III and IV, surgery is typically combined with chemoradiation or adjuvant radiation [3]. The response to chemo- and radiotherapy is closely linked to an efficient immune response [37]. Herter et al. analyzed the immune cell population of 34 patients with cervical cancer after chemoradiation and found significantly decreased CD4+ and CD8+ cells and increased levels of macrophages inside the radiated cancer tissue. However, they did not consider immune cell topology [38]. In contrast, Gartrell et al. detected increased levels of CD4+ and CD8+ cells and decreased levels of CD68+ macrophages in chemo-radiated patients with pancreatic ductal adenocarcinoma [39]. Recent pathohistological studies have shown that recurrent HNSCC tumors treated with chemoradiotherapy have overall compromised immune cell populations, which may contribute to poor therapy response and prognosis [40]. We also observed this immunocompromised microenvironment in our cohort. It is essential to mention that, to our knowledge, no study to date has made correlations between chemoradiotherapy and the spatial distribution of immune cells in OSCC. In the field of immunotherapy, understanding the TIME becomes even more critical. In 2017, nivolumab, the first antibody drug targeting the PD-1/PD-L1 immune checkpoint axis, received approval from the European Commission for treatment of platin-refractory recurrent HNSCC. Soon after, in 2019, the FDA approved pembrolizumab for patients with metastatic or unresectable, recurrent HNSCC [41,42,43]. Treatment efficacy of these drugs relies on the PD-L1 expression of tumor cells. The current estimated one-year survival rate is 36%, and resistance mechanisms are still unknown [44]. Blatt et al. analyzed the different PD-L1 expressions between oral and oropharyngeal SCC [45]. Additionally, a study by Hirshoren et al. revealed that PD-L1 expression is unevenly distributed within the tumor itself [46]. This underlines the clinical relevance of our findings since biopsies of different tumor regions can lead to different pathological evaluation.



There are several limitations to our study. In recent years, the paradigm of M1 and M2 dichotomy in macrophages has been called into question, with increasing evidence that we are dealing with a continuum of surface marker expression rather than two distinct phenotypes [41,42]. Furthermore, although CD68 is recognized as a pan-macrophage marker, low expressions of CD68 can also be found in other cell types such as fibroblasts, endothelial cells, and tumor cells [16,43]. However, we consider this limitation not as significant since evaluation was performed by two consultant pathologists. In addition to spatial distribution, spatial density is important, which we did not assess [26].




5. Conclusions


The present study shows that the spatial distribution of CD4+, CD8+, CD68+, and CD163+ immune cells differs between the tumor center and invasion front of OSCC. While the invasion front shows high immune cell counts, the tumor center is sparse in immune cells. Especially in light of emerging treatment modalities like immunotherapy, our results underline the importance of a holistic observation of the tumor tissue. Taking biopsies for routine clinical workup or research must be done with consideration of the TIME since it influences clinical decision-making and research results. The region inside the tumor tissue, where biopsies are taken from, is critical and must be stated carefully. Further prospective studies and genetic expression data are warranted to validate our results and explore how these results can be leveraged to improve patient therapy and outcome.
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Figure 1. Examples of the evaluated cases. (A): Overview of a tissue sample, H.E. 40× magnification (- - - invasion front, * tumor center, H.E.-stain). (B): High power field of invasion front, H.E. 400× magnification (H.E.-stain). (C,D): Immunohistochemical reaction for CD4+ lymphocytes at the invasion front ((C), 200× magnification) and tumor center ((D), 400× magnification). (E,F): Immunohistochemical reaction for CD8+ lymphocytes at the invasion front ((E), 200× magnification) and tumor center ((F), 400× magnification). (G,H): Immunohistochemical reaction for CD68+ macrophages at the invasion front ((G), 200× magnification) and tumor center ((H), 200× magnification). (I,J): Immunohistochemical reaction for CD163+ M2-macrophages at the invasion front ((I), 200×) and tumor center ((J), 400× magnification). All immunohistochemical reactions mark positive cells in brown. 
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Figure 2. Survival analysis. Kaplan–Meier plots of OS for CD4+ tumor center (A), CD4+ invasion front (B), CD8+ tumor center (C), CD8+ invasion front (D). OS: overall survival. 
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Figure 3. Survival analysis. Kaplan–Meier plots of OS for CD68+ in the tumor center (A) and the invasion front (B), CD163+ in the tumor center (C) and the invasion front (D), and M1 macrophages in tumor center (E) and invasion front (F). OS: overall survival. 
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Table 1. Patient characteristics of the OSCC cohort.
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Total




	
Variables/Categories

	
n

	
(%)






	
Number of patients

	
55

	
(100.0%)




	
Age

	

	




	
 ≥70

	
20

	
(36.4%)




	
 <70

	
35

	
(63.6%)




	
Gender

	

	




	
 male

	
39

	
(70.9%)




	
 female

	
16

	
(29.1%)




	
Tumor spread

(T-classification, UICC 7th edition)

	

	




	
 T1

	
20

	
(36.4%)




	
 T2

	
15

	
(27.3%)




	
 T3

	
7

	
(12.7%)




	
 T4

	
13

	
(23.6%)




	
Nodal metastasis

	

	




	
 no

	
30

	
(54.5%)




	
 yes

	
25

	
(45.5%)




	
Metastasis

	

	




	
 unknown

	
8

	
(14.5%)




	
 no spread

	
40

	
(72.7%)




	
 any spread

	
7

	
(12.7%)




	
Tumor grade

	

	




	
 1

	
2

	
(3.6%)




	
 2

	
44

	
(80.0%)




	
 3

	
9

	
(16.4%)




	
Stage

	

	




	
 I

	
15

	
(27.3%)




	
 II

	
6

	
(10.9%)




	
 III

	
11

	
(20.0%)




	
 IV

	
23

	
(41.8%)
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Table 2. Mean, maximum, minimum, and standard deviation of evaluated surface marker are shown. Min., minimum; Max., maximum; SD, standard deviation.
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	Min
	Max
	Mean
	SD





	CD4+ lymphocytes tumor center
	2.2
	33.4
	12.04
	7.68



	CD4+ lymphocytes invasion front
	4.0
	100.2
	40.79
	18.74



	CD8+ lymphocytes tumor center
	0.1
	45.1
	11,72
	10.79



	CD8+ lymphocytes invasion front
	1.4
	106.8
	47.93
	23.62



	CD68+ macrophages tumor center
	0.6
	46.1
	14.01
	10.20



	CD68+ macrophages invasion front
	13.5
	75.2
	44.85
	15.76



	CD163+ M2-macrophages tumor center
	0
	23.8
	7.65
	6.72



	CD163+ M2-macrophages invasion front
	0
	55.7
	30.07
	13.69



	M1-macrophages tumor center
	0
	28.6
	6.35
	7.14



	M1-macrophages invasion front
	0.1
	52.4
	14.77
	11.00
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Table 3. Paired t-test and Spearman’s correlation of immune cell counts for tumor center vs. invasion front.
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t-Test

	
Correlation




	

	
n

	
p-Value

	
Rho

	
p-Value






	
CD4+ lymphocytes tumor center and CD4+ lymphocytes invasion front

	
55

	
<0.001

	
0.384

	
0.004




	
CD8+ lymphocytes tumor center and CD8+ lymphocytes invasion front

	
55

	
<0.001

	
0.659

	
<0.001




	
CD68+ macrophages tumor center and CD68+ macrophages invasion front

	
55

	
<0.001

	
0.502

	
<0.001




	
CD163+ M2-macrophages tumor center and CD163+ M2-macrophages invasion front

	
55

	
<0.001

	
0.583

	
<0.001




	
M1-macrophages tumor center and M1-macrophages invasion front

	
55

	
<0.001

	
−0.066

	
0.633
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Table 4. Univariate Cox regression of all patient characteristics.
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Variables/Levels

	

	
OS




	
n

	
HR

	
(95% CI)

	
p-Value






	
CD4+ tumor center

	
55

	

	

	




	
   high vs. low (ref)

	

	
0.97

	
(0.49–1.91)

	
0.931




	
CD4+ invasion front

	
55

	

	

	




	
   high vs. low (ref)

	

	
1.48

	
(0.77–2.86)

	
0.242




	
CD8+ tumor center

	
55

	

	

	




	
   high vs. low (ref)

	

	
0.91

	
(0.46–1.79)

	
0.774




	
CD8+ invasion front

	
55

	

	

	




	
   high vs. low (ref)

	

	
1.01

	
(0.51–1.99)

	
0.979




	
CD68+ tumor center

	
55

	

	

	




	
   high vs. low (ref)

	

	
0.92

	
(0.46–1.81)

	
0.803




	
CD68+ invasion front

	
55

	

	

	




	
   high vs. low (ref)

	

	
0.71

	
(0.37–1.38)

	
0.317




	
CD163+ tumor center

	
55

	

	

	




	
   high vs. low (ref)

	

	
1.20

	
(0.62–2.34)

	
0.588




	
CD163+ invasion front

	
55

	

	

	




	
   high vs. low (ref)

	

	
0.98

	
(0.51–1.89)

	
0.955




	
M1 tumor center

	
55

	

	

	




	
   high vs. low (ref)

	

	
0.64

	
(0.31–1.33)

	
0.231




	
M1 invasion front

	
55

	

	

	




	
   high vs. low (ref)

	

	
0.60

	
(0.29–1.22)

	
0.160
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