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ABSTRACT

The crossing of the endothelial basement membranes (BMs) is a limiting step for 
leukocyte diapedesis. Heterotrimeric laminins (LMs) containing α4- and α5-chains are 
major BM components with opposite e'ects on transendothelial migration. Here, we 
examined whether LMα4 levels in*uence intratumor accumulation of speci+c immune 
cells and their impact on prognosis of early-stage colorectal cancer (CRC). Using two 
independent patient cohorts, we found that LMα4 expression positively correlated with 
intratumor in+ltration of CD8+ T cells and macrophages, but not with regulatory T (Treg) 
cells. Kaplan-Meier and multivariate Cox regression analyses identi+ed CD8+ T cell 
density as the strongest independent prognostic factor associated with reduced tumor 
relapse in both cohorts. While intratumor macrophage and Treg cell densities alone were 
not independently associated with prognosis, their abundance modulated outcomes 
speci+cally in tumors with high CD8+ T cell in+ltration, with macrophage-rich tumors 
showing improved outcomes and Treg cell-enriched tumors exhibiting worse prognosis. 
Analysis of The Cancer Genome Atlas (TCGA) COAD cohort con+rmed the positive 
correlation of LMα4 expression with both CD8+ T cell and macrophage in+ltration, an 
association that was independent of the CRC clinical stage. Our +ndings suggest 
a subtype-speci+c e'ect for LMα4 in intratumor leukocyte in+ltration, and underscore 
the prognostic interactions among CD8+ T cells, Treg cells and macrophages in early- 
stage colorectal cancer.
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Introduction

Colorectal cancer (CRC) is a major health concern globally, with rising incidence among younger adults and 
prognosis largely tied to the stage at diagnosis. Despite advances in molecular classification of CRC,1–3 

prognosis still relies primarily on histological analysis of tumor penetration, as defined by the American 
Joint Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC) TNM staging 
system, along with tumor differentiation.4 Although this framework provides valuable insights, there is 
a clinical need to improve prognostic accuracy, especially in early-stage CRC. The risk/benefit balance of 
chemotherapy must be carefully balanced, restricting its use to high-risk cases, such as pT4aN0 tumors or 
those with perforation at diagnosis.

Growing evidence underscores the tumor microenvironment (TME), particularly intratumor immune 
cells, as a key determinant of CRC outcomes. Immune cells -including regulatory T cells (Tregs), macro-
phages, myeloid-derived suppressor cells (MDSCs), and CD8+ cytotoxic lymphocytes- are not passive 
bystanders but active players in disease progression and therapy response. Several studies suggest that 
quantifying specific immune populations may serve as a prognostic marker of CRC.5–7 Combining AJCC/ 
UICC staging with total CD3+ and effector CD8+ T cell density improves prognostic accuracy in both early- 
and advanced-stage CRC patients.8,9 However, the immune score’s clinical utility remains debated, as 
technical challenges hinder its application to the clinical routine.

CONTACT Santos Mañes smanes@cnb.csic.es Department of Immunology and Oncology, Centro Nacional de Biotecnología, Darwin 3, 
Madrid 28049, Spain

Supplemental data for this article can be accessed online at https://doi.org/10.1080/2162402X.2025.2546181

ONCOIMMUNOLOGY                                        

2025, VOL. 14, NO. 1, 2546181 

https://doi.org/10.1080/2162402X.2025.2546181

© 2025 The Author(s). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4. 
0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this 
article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.



This limited clinical impact may stem from gaps in our understanding on the prognostic value of specific 
immune subsets and their interactions within the TME. A key example is the dual role of Treg cells in CRC 
prognosis.10 High intratumor Treg cell density has been linked to improved relapse-free survival (RFS) and 
overall survival (OS),11–13 yet an in silico analysis of public datasets identified a Treg-associated gene 
signature predicting poor OS.14 The molecular basis for this paradox remains unclear. Treg cells may 
improve prognosis by dampening inflammation that fuels CRC progression, but could also worsen out-
comes by hampering local or systemic anti-tumor T cell responses.10,15 This dualism might reflect distinct 
Treg subpopulations or interactions with the gut microbiota.16

The prognostic value of tumor-associated macrophages (TAM) in CRC remains controversial. TAMs 
exhibit a notable phenotypic and functional diversity, with distinct subsets influencing tumor progression 
differentially. Experimental models suggest that M1-like TAMs have a pro-inflammatory, tumor- 
suppressive phenotype, whereas M2-like TAMs promote a tolerogenic TME, angiogenesis, and tumor 
progression.17,18 A meta-analysis of 27 studies involving over 6,000 patients found that increased CD68+ 

TAM density correlated with favorable prognosis, though no differences were observed when stratified by 
M1 and M2 subset.19 Remarkably, TAM diversity is highly influenced by environmental factors, suggesting 
that their function may depend on interactions with other immune cells in the TME.20

Another important determinant of intra-tumor immune cell accumulation is the molecular cues governing 
leukocyte diapedesis. To infiltrate tumors, immune cells must traverse vascular or lymphatic endothelial barriers 
via transendothelial migration. This process requires coordinated interactions between diapedesis-associated 
receptors, integrins, and chemokines expressed by both leukocytes and endothelial cells.21 These interactions 
enable leukocytes to adhere and undergo morphological changes required for migration. Nonetheless, after 
crossing the endothelium, leukocytes encounter a second barrier, the endothelial basement membrane (BM), an 
extracellular matrix structure composed of type IV collagen and the laminin (LM) networks.22

Laminins are heterotrimeric proteins composed of α (α1-α5), β (β1-β3), and γ (γ1-γ3) subunits. 
Although 60 trimeric combinations are possible, only 16 LM isoforms have been biochemically 
confirmed.23 The α-chains contain most of the determinants for cell interaction by binding integrins and 
glycosaminoglycans. Therefore, distinct LM α-chains impinge attached cells with particular functional and 
biomechanical properties due to the induction of specific signal transduction pathways.24 In endothelial 
BMs, the predominant α-isoforms are LMα4 (LAMA4 gene), found in all blood vessels, and LMα5 (LAMA5 

gene), expressed in capillaries and venules.25 These isoforms primarily combine with β1- and γ1-chains to 
form LM-411 (α4β1γ1) and LM-511 (α5β1γ1), respectively. While LM-411 shows homogeneous distribu-
tion in the BM, LM-511 forms patchy regions. This spatial pattern may be relevant in leukocyte diapedesis, 
since immune cells preferentially transmigrate through areas with low LM-511 levels.26,27 The LM-411/LM- 
511 balance is critical for immune regulation in both homeostasis and cancer. High LM-411/LM-511 ratios 
in the BM of high endothelial venules promote Treg cell infiltration into lymph nodes, suppressing 
alloreactivity.28 In cancer models, LM-411 upregulation in tumor vasculature is linked to enhanced anti- 
tumor responses and reduced tumor progression,29 whereas LM-511 associates with a pro-tumorigenic 
inflammatory TME.30

Here, we studied whether LM α4-chain expression correlates with CD8+, Treg and CD68+ cell infiltration 
and its impact on early-stage CRC prognosis. LM α4-chain levels positively correlated with intratumor CD8+ 

T cells and CD68+ macrophages but not with Treg cells, a pattern also observed in the TCGA COAD cohort 
across all clinical stages. In two independent CRC cohorts, multivariate Cox regression identified intratumor 
CD8+ T cell abundance as the strongest independent factor linked to reduced relapse risk. Macrophages and 
Tregs influenced prognosis only in tumors with high CD8+ T cell density, suggesting functional interactions 
within the TME. These results reveal a cell type-specific effect of LMα4 on diapedesis and highlight the 
potential relevance of CD8+, Treg and macrophage interactions in early-stage CRC prognosis.

Materials and methods

Human samples

The study cohort comprised 95 patients diagnosed with early-stage colorectal cancer (CRC) 
between 2000 and 2010, selected from the surgical pathology database of the Hospital Fundación 
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Jiménez Díaz (Madrid, Spain). The validation cohort consisted of 226 patients with stage II CRC 
adenocarcinomas diagnosed between 2008 and 2018 at Hospital Infanta Leonor (Madrid, Spain). 
Tissue microarrays (TMA) were assembled using two 1 mm cores from representative tumor areas 
selected from formalin-fixed paraffin-embedded blocks. Two pathologists independently reviewed 
the hematoxylin and eosin – stained sections from each resection specimen to select the most 
representative regions and assess key histopathological features. Adhering to ASCO and ESMO 
guidelines, none of the patients received neoadjuvant or adjuvant chemotherapy prior to disease 
recurrence.31 Recurrence rates and time to relapse were consistent with other studies for this tumor 
stage.32,33 Demographic and clinicopathological characteristics, including sex, patient age at diag-
nosis, tumor location, pT stage and tumor grade for both cohorts, are summarized in 
Supplementary Table S1 and Table S2.

Gene expression data and clinical information from the COAD cohort from The Cancer Genome 
Atlas (TCGA) were downloaded from the NCI’s Genomic Data Commons (GDC) using the UCSC Xena 
Browser tool (https://xena.ucsc.edu/).34 This included log2(count +1) and log2(TPM +1) expression 
data, sample phenotypes, and survival status. Log2-transformation was reversed for TPM (transcript 
per million mapped reads) data using Morpheus software (https://software.broadinstitute.org/mor 
pheus). A total of 41 normal and 472 colon cancer samples were analyzed. To estimate immune cell 
infiltration, the cohort was stratified by tumor stage based on TCGA clinical information. For statistical 
power, tumors were grouped as localized (stage I-II), and advanced (stage III-IV). Demographic and 
clinicopathological data for both cohorts are in Suppl. Table S3 and S4, respectively. To ensure 
consistency, tumors in the hepatic flexure were classified as right colon, and those in the splenic flexure 
as left colon. Cases with incomplete annotations were excluded.

Quanti"cation of intratumor immune cells

Archival formalin-fixed paraffin-embedded blocks diagnosed with CRC were retrieved from the 
Department of Surgical Pathology of both hospitals and marked to select representative areas from the 
tumor. The TMA was serial sectioned, slides deparaffinized and treated with pre-warmed (95º C) citrate 
buffer (pH 6.0, 20 min) and then incubated with anti-LAMA4 (clone HPA015693, Sigma-Aldrich), anti- 
CD8 (clone C8/144B, Dako), anti-FOXP3 (clone EPR22102–37, Abcam) or anti-CD68 (KP1, Agilent) 
antibodies, followed by appropriate peroxidase-labeled secondary antibodies. The reaction was developed 
with diaminobenzidine, and counterstained with hematoxylin. Appropriate tissues were used as positive 
and negative controls. Staining was evaluated using a Leica DM500 microscope by a single pathologist 
blinded to experimental data. For LAMA4, a z-score was calculated (range 0–300) as the product of the 
intensity of the staining (1–3) and the percentage of stained cells. The number of FOXP3+, CD8+, and 
CD68+ cells was determined in 1 mm2.

For the COAD cohort, immune cell abundance was determined from whole RNAseq data using 
TIMER2.0 (http://timer.comp-genomics.org/) algorithm.35

Simultaneous detection of intratumor immune cells by immuno#uorescence

Immunofluorescence (IF) staining was performed on deparaffinized CRC tissue sections following 
heat-induced antigen retrieval in Tris 10 mM, EDTA 1 mM buffer (pH 9.0) for 20 minutes. Sections 
were incubated with a combination of three primary antibodies: mouse anti-hCD8, rabbit anti- 
hFoxP3, and rat anti-hCD68 (clone 186F9B4, HistoSure). Detection of CD68 and FoxP3 was 
achieved using fluorescently conjugated secondary antibodies Alexa Fluor 488-conjugated goat anti- 
rat IgG and Alexa Fluor 647-conjugated goat anti-rabbit IgG (Thermo Fisher Scientific), respec-
tively. For CD8 detection, signal amplification was performed using biotinylated goat anti-mouse 
IgG (Jackson ImmunoResearch) followed by streptavidin – Cy3 (Jackson ImmunoResearch). Nuclei 
were counterstained with DAPI, and sections were mounted using ProLong Gold Antifade Mountant 
(Invitrogen). Images were acquired with a Leica TCS SP8 STED 3X multispectral confocal micro-
scope with an HC PL APO CS2 63×/1.40 NA oil immersion objective and processed using FIJI 
(ImageJ) software.

ONCOIMMUNOLOGY 3



Statistical analysis

Qualitative data are presented as percentages and absolute numbers, quantitative data as mean ± SEM, 
unless otherwise indicated; the number of replicates is given in figure legends. For the study and validation 
cohorts, cases were divided into low and high groups for LMα4, FOXP3+, CD8+, and CD68+ cells using 
a receiver operating characteristic (ROC) curve approach36; cutoff scores for each marker are indicated in 
the text. In the case of the COAD cohorts, ROC curves could not be established to discriminate tumors with 
high or low levels of immune cells. Correlation analyses between the different variables were performed 
using the non-parametric Spearman’s rank correlation coefficient (GraphPad Prism v.10; GraphPad 
Software, LLC). The outcome measure used for the study cohort was RFS, defined as the time elapsed 
between surgical resection of the tumor with a curative intent and recurrence of disease in months. For the 
COAD cohorts, the outcome measure was OS. Kaplan-Meier curves were compared with log-rank tests; 
hazard ratios (HR) and 95% confidence intervals (CI) were also determined using GraphPad Prism. We 
used a multivariate Cox proportional hazards model to assess the relationship between tumor recurrence 
(study and validation cohorts) or OS (COAD cohort) and time to recurrence or time to death. The analysis 
was conducted using the ‘CoxPHFitter’ function from the lifelines Python package v0.30.0 (https://doi.org/ 
10.5281/zenodo.1252342) with default parameters, which estimate the baseline hazard non-parametrically 
via Breslow’s method and handle ties using Efron’s method. In all cases, differences were considered 
statistically significant when the p-value was < 0.05.

Results

Laminin α4 levels correlate with intratumor CD8+ T cells and macrophages, but not tregs

The number of CD8+ T cells, Treg cells (FoxP3+) and macrophages (CD68+) was determined by direct 
counting of positively stained cells in TMA from the study cohort. LM α4-chain expression was detected on 
the same TMA, and normalized as z-scores.37 The median LMα4 z-score was 95.1 (range 10–300), and ROC 
analysis defined a cutoff of 70 to balance sensitivity and specificity. Among immune cell subsets, CD8+ 

T cells were the predominant infiltrating population, whereas Tregs were the least abundant (Figure 1(A)).
A significant positive correlation was found between LMα4-chain z-score and intratumor CD8+ T cell 

density (r = 0.26, p < 0.01; Figure 1(B)), with higher LMα4 z-scores linked to increased CD8+ T cell 
infiltration (Figure 1(C)). This association was not observed for CD8+ lymphocytes in the lamina propria 
(r = −0.07, p = 0.46; Supplementary Figure S1), suggesting a tumor-restricted effect. In contrast, LMα4 
expression did not correlate with intratumor Treg cell density (r = 0.04, p = 0.64; Figure 1(D)), and Treg 
cells were evenly distributed between tumors with high and low LMα4-chain expression tumors (Figure 1 
(E)). Moreover, no correlation was found between intratumor Treg and CD8+ T cell densities (r = 0.01, p =  
0.86; Figure 1(F)), suggesting distinct recruitment or retention mechanisms for these subsets.

We next investigated the relationship between LMα4-chain levels and myeloid cell infiltration. LMα4 
z-score correlated with intratumor macrophage density (r = 0.24, p = 0.02; Figure 1(G)). Macrophage 
infiltration also correlated with intratumor CD8+ T cell density (r = 0.29, p = 0.003; Figure 1(H)), but not 
with Treg cell abundance (r = 0.19, p = 0.07; Figure 1(I)). These findings point to a selective association 
between LMα4-chain expression and tumor infiltration by CD8+ T cells and macrophages, but not Treg 
cells.

We further conducted immunofluorescence analyses to assess the spatial distribution of CD8+ T cell, 
Tregs and macrophages within the tumor microenvironment. A key limitation of these analyses was the low 
abundance of FoxP3+ Treg cells in the majority of tumors examined. Regardless of the relative abundance of 
each immune cell subtype, this analysis did not reveal any consistent spatial organization or notable co- 
localization among the three populations. (Supplementary Figure S2).

Prognostic value of intratumor CD8, treg cells and macrophages in the study cohort

CD8+ T cells have been previously implicated in favorable outcomes in stage II CRC.38,39 In our study 
cohort, Kaplan-Meier analysis based on CD8+ T cell density showed that higher levels were associated with 
increased relapse-free survival (RFS; p = 0.004, Log-rank test for trend; Supplementary Figure S3). ROC 
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curve analyses identified optimal prognostic thresholds: ≥ 30 cells/mm2 for CD8+ T cells, and > 10 cells/ 
mm2 for Treg cells and macrophages. Using these cutoffs, Kaplan-Meier analysis indicated that high 
intratumor CD8+ T cell density was significantly associated with reduced relapse risk (HR = 0.40, 95% CI  
= 0.19–0.82, p = 0.01; Figure 2(A)), as was high macrophage density (HR = 0.41, 95% CI = 0.19–0.87, p =  
0.016; Figure 2(B)). In contrast, Treg cell density showed did not significantly impact RFS (HR = 1.25, 95% 
CI = 0.53–2.93, p = 0.62; Figure 2(C)). These findings are consistent with previous observations linking 
elevated LMα4 expression -which associates with CD8+ T cell and macrophage infiltration- with favorable 
prognosis in CRC.29 
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Figure 1. LM α4-chain levels positively correlate with intratumor CD8+ T cell and macrophages but not with Treg cells. A) 
number of immune cells per mm2 determined by counting in each TMA of the study cohort. B) correlation between the LM 
α4-chain z-score and intraepithelial CD8+ T cells in each tumor. C) violin plots with individual data points illustrating the 
number and distribution of intratumor CD8+ T cells/mm2 in tumors classified as LM α4-chain-high (z-score > 70) or -low 
(z-score < 70). D) correlation between the LM α4-chain z-score and intraepithelial Treg cell numbers. E) violin plots showing 
the distribution of Treg cells in LM α4-chain-high and -low tumors. F) correlation between intratumor Treg and CD8+ T cell 
density. G-I) correlations between intratumor macrophages and LM α4-chain z-score (G), CD8+ T cells (H) and Treg cells (I). 
Dotted lines represent 95% confidence intervals. p-values are indicated in the figures. Statistical tests: two-tailed Pearson’s 
correlation coefficient (B, D, F-I), and two-tailed Student’s t-test (C, E); *p < 0.05.
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To assess independent prognostic contributions, we performed multivariate Cox proportional hazards 
modeling, which identified intratumor CD8+ T cell density as the sole independent predictor of improved 
RFS (HR = 0.96, 95% CI: 0.93–0.99, p = 0.01; Figure 2(D) and Supplementary Table S5). The high con-
cordance index (0.73) further supports the predictive performance of CD8 T cell infiltration in early-stage 
CRC.

Interactions between CD8+ T cells, macrophages and Treg cells in CRC prognosis

Since high CD8+ T cell infiltration emerged as an independent favorable prognostic factor, we next 
examined whether its prognostic effect was modulated by the presence of Treg cells or macrophages, 
which are known to influence CD8+ T cell activity. Tumors were stratified by CD8+ T cell density, and 
RFS was analyzed in relation to Treg and macrophage infiltration. Stratification was necessary to 
address potential violations of the proportional hazards assumption, as the strong impact of CD8+ 

T cell infiltration on RFS might cause risk to vary over time. This approach allows the development of 
independent RFS models within high and low CD8+ T cell contexts, while maintaining analytical 
validity.

Although Treg cell density alone lacked prognostic significance, Kaplan-Meier analysis revealed a trend 
toward worse outcomes in tumors with high CD8+ T cell infiltration when Treg cell density was elevated 

Site          

Grade          

T-stage          

Lam-α4 z-score          

Sex          

Age          

FoxP3+ cells/mm²

CD8+ cells/mm²

Hazard ratio (CI 95%)

Whole cohort

0.3                1                  2          3           

p = 0.99

p = 0.99          

p = 0.79          

p = 0.74          

p = 0.70          

CD68+ cells/mm²

p = 0.31          

p = 0.01          

p = 0.91          

p = 0.15          

D

A B

C

R
F

S
 p

ro
b

a
b

il
it

y
  

(%
)

100

80

60

40

20

0

p = 0.01           

Time (months)
0           30         60          90        120           

At risk
Low:  43          23         13           3      1
High: 52          39     28           6      2        

CD68+ low

CD68+ high

p = 0.01           

CD8+ low

CD8+ high

R
F

S
 p

ro
b

a
b

il
it

y
  

(%
)

100

80

60

40

20

0

p = 0.62           

Time (months)
0           30         60          90        120           

At risk
Low:  69          45         29           4      1
High: 22          17         11           3      2           

FoxP3+ low

FoxP3+ high

R
F

S
 p

ro
b

a
b

il
it

y
 (

%
)

100

Time (months)
0           30 60 90        120

80

60

40

20

0

At risk
Low:  47          28         15           4      1
High: 48          36     27           3      1        

Figure 2. The density of CD8+ T cells and macrophages, but not Treg cells, is linked to patient prognosis. (A–C) Kaplan-Meier 
RFS curves and number of patients at risk in the study cohort, based on groups defined by high or low intratumor abundance 
of CD8+ T cells (A), CD68+ macrophages (B), or Treg (FoxP3+) cells (C). p-values were determined using the log-rank test. (D) 
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confidence interval (CI) are shown. Additional data from the correlation analysis are provided in Suppl. Table S5.
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(HR = 2.69, 95% CI = 0.56–12.82, p = 0.13; Figure 3(A)), but not in tumors with low CD8+ T cell infiltration 
(HR = 0.46, 95% CI = 0.17–1.21, p = 0.19; Figure 3(B)). Conversely, high macrophage infiltration was 
associated with a trend toward improved prognosis in high-CD8+ tumors (HR = 0.33, 95% CI = 0.08–1.23, 
p = 0.06; Figure 3(C)), but not in low-CD8+ tumors (HR = 0.62, 95% CI = 0.26–1.50, p = 0.29; Figure 3(D)).

Multivariate Cox analysis in the high-CD8+ subgroup identified tumor site (HR = 0.43, 95% CI: 
0.20–0.92, p = 0.03) and macrophage density (HR = 0.79, 95% CI: 0.63–0.98, p = 0.03) as protective factors, 
whereas high Treg cell density was linked to poorer outcomes (HR = 1.22, 95% CI: 1.05–1.41, p = 0.01) 
(Figure 3(E), and Supplementary Table S6). Interestingly, univariate analysis within this subgroup did not 
yield significant associations (Supplementary Table S7), suggesting that the prognostic effect of macro-
phages and Treg cells emerges only in the context of high CD8+ T cell infiltration. No variable reached 
significance in the low-CD8+ group (Figure 3(F), and Supplementary Table S8). These findings underscore 
the context-dependent interactions between immune subsets in shaping patient prognosis in early-stage 
CRC.

Validation of laminin α4 association with CD8+ T cell and macrophage in"ltration

To validate our initial observations, we retrospectively analyzed an independent cohort of 226 patients with 
stage II CRC, assessing LMα4 expression alongside infiltration of CD8+ T cells, Treg cells (FoxP3+) and 
macrophages (CD68+). In this validation cohort, CD8+ T cells again represented the predominant tumor- 
infiltrating immune population, while Tregs the least abundant (Figure 4(A)).

In line with the study cohort, a significant positive correlation was found between LMα4 z-scores and 
intratumor densities of CD8+ T cells (r = 0.24, p = 0.001; Figure 4(B)) and macrophages (r = 0.17, p = 0.01; 
Figure 4(C)), but not Treg cells (r = −0.11, p = 0.1; Figure 4(D)). Furthermore, CD8+ T cell infiltration 
positively correlated with macrophage density (r = 0.16, p = 0.02; Figure 4(E)), whereas no association was 
found with Treg cell density (r = 0.02, p = 0.71; Figure 4(F)). These results confirm the results from the study 
cohort and reinforce the notion that LMα4 expression positively influence CD8+ T cell and macrophage 
tumor infiltration, but not Treg cells.

Validation of the prognostic relevance and interplay among immune cell subtypes

ROC analyses were performed to determine optimal prognostic cutoffs for LMα4 z-scores (≥50), CD8+ 

T cells (≥20 cells/mm2), Treg cells ( > 0 cells/mm2), and macrophages ( > 16 cells/mm2). Kaplan-Meier 
analyses revealed that high densities of intratumor CD8+ T cells (HR = 0.30, 95% CI = 0.14–0.63, p = 0.001; 
Figure 5(A)) and macrophages (HR = 0.37, 95% CI = 0.20–0.70, p = 0.007; Figure 5(B)) were significantly 
associated with a reduced risk of relapse, whereas Treg cell infiltration alone had no prognostic impact (HR  
= 1.20, 95% CI = 0.62–2.32, p = 0.56; Figure 5(C)).

In multivariate Cox regression analyses adjusted for clinical variables (Suppl. Table S9), CD8+ T cell 
density remained an independently protective factor (HR = 0.96, 95% CI = 0.94–0.99, p < 0.005; Figure 5 
(D)). Notably, Treg cell density showed a modest but statistically significant association with worse 
prognosis (HR = 1.07, 95% CI = 1.01–1.13, p = 0.03) in this validation cohort. Nevertheless, only CD8+ 

T cell density reached statistical significance in univariate analysis (HR = 0.96, 95% CI = 0.94–0.99, p <  
0.005, for CD8; HR = 1.05, 95% CI = 0.99–1.11, p = 0.07, for Tregs), suggesting that the negative prognostic 
impact of Treg cells emerges only after adjusting for other clinical and immunological variables.

Stratified Kaplan-Meier analyses further supported this notion. Among tumors with high CD8+ T cell 
infiltration, those with concomitant high Treg cell density exhibited worse outcomes (HR = 5.06, 95% CI  
= 1.45–14.96, p = 0.02; Figure 6(A)), while this effect was absent in tumors with low-CD8+ T cell numbers 
(HR = 1.96, 95% CI = 0.67–6.47, p = 0.17; Figure 6(B)). Likewise, macrophage-rich tumors within the high- 
CD8+ group were associated with improved prognosis (HR = 0.25, 95% CI = 0.07–0.87, p = 0.04; Figure 6 
(C)), whereas this benefit was less clear in the low-CD8+ group (HR = 0.33, 95% CI = 0.14–0.79, p = 0.05; 
Figure 6(D)). Multivariate Cox models confirmed the prognostic interactions of Treg cells and macrophages 
with CD8+ T cells in the high-CD8+ subgroup (Figure 6(E); Supplementary Table S10), but not in tumors 
with low CD8+ T cell infiltration (Figure 6(F); Supplementary Table S11).

ONCOIMMUNOLOGY 7



A B

R
F

S
 p

ro
b

a
b

il
it

y
  
(%

)

100

80

60

40

20

0

Time (months)

CD8+ low tumors

0           30         60          90        120           

p = 0.19           

At risk
Low:  34        19          12           3
High:  9           9            4           2                

FoxP3+ low

FoxP3+ high

R
F

S
 p

ro
b

a
b

il
it

y
  
(%

)

100

80

60

40

20

0

CD8+ high tumors

p = 0.13           

Time (months)
0           30         60          90        120           

At risk
Low:  35          27         20           2
High: 13          10           7           2               

FoxP3+ low

FoxP3+ high

D

R
F

S
 p

ro
b

a
b

il
it

y
  

(%
)

100

80

60

40

20

0

C

R
F

S
 p

ro
b

a
b

il
it

y
  
(%

)

100

80

60

40

20

0

CD8+ high tumors CD8+ low tumors

p = 0.29           

p = 0.06          

Time (months)
0           30         60          90        120           

At risk
Low:  25         14           5            3      1
High: 22         14         13            2      1           

Time (months)
0           30         60          90        120           

At risk
Low:  18          10          9            1
High: 30          27        19            3                   

CD68+ low

CD68+ high

CD68+ low

CD68+ high

CD8-high tumors CD8-low tumors

)%59IC(oitardrazaH)%59IC(oitardrazaH

0.1                   1                    10   20           0.1                       1       2      4      8           

E F

Site          

Grade          

T-stage          

Lam-α4 z-score          

Sex          

Age          

FoxP3+ cells/mm²

CD68+ cells/mm²

p = 0.52

p = 0.03          

p = 0.96          

p = 0.94          

p = 0.38          

p = 0.87          

p = 0.01          

p = 0.03          

p = 0.28

p = 0.52          

p = 0.34          

p = 0.31          

p = 0.38          

p = 0.37          

p = 0.18          

p = 0.97          

Figure 3. The prognostic significance of Treg cells and macrophages depends on CD8+ T cell abundance. (A–D) Kaplan- 
Meier RFS curves and number of patients at risk in the study cohort, stratified by high or low intratumor CD8+ T cell 
abundance and high or low density of intratumor Treg cells (A, B), or macrophages (C, D). p-values were determined using 
the log-rank test. (E, F) multivariate Cox regression analysis of clinical and immune parameters in the CRC study cohort, 
stratified by intratumor CD8+ T cell abundance. Hazard ratios and 95% CIs are shown. Additional statistical data are 
provided in Suppl. Table S6 and Suppl. Table S8.
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Together, these data validate the findings of the initial study cohort and highlight the pivotal role of 
immune cell cross-regulation between macrophages, CD8+ and Tregs cells in shaping recurrence risk early- 
stage CRC.

The positive correlation between laminin α4 levels and intratumor CD8+ T cells and macrophages is 

independent of clinical stage

To further evaluate the association between LMα4 and immune cell infiltration, we analyzed the TCGA 
COAD cohort using TIMER 2.0 to estimate immune composition. Tumors were stratified by clinical stage. 
In stage I – II tumors, CD8+ T cells emerged as the predominant immune population (Figure 7(A)). In line 
with our previous cohorts, LAMA4 expression positively correlated with CD8+ T cell (r = 0.13, p = 0.03; 
Figure 7(B)) and macrophage abundance (r = 0.17, p = 0.005; Figure 7(C)), but showed no significant 
association with Treg cell infiltration (r = 0.01, p = 0.81; Figure 7(D)). Similarly, CD8+ T cell density 
correlated with macrophage levels (r = 0.12, p = 0.03; Supplementary Figure S4A), but not with Treg density 
(Supplementary Figure S4B).

We then assessed whether these correlations persisted in advanced-stage (III – IV) tumors. TIMER again 
identified CD8+ T cells as the most abundant infiltrating population, followed by macrophages and Tregs 
(Figure 7(E)). LAMA4 expression remained significantly correlated with both CD8+ T cell (r = 0.29, p <  
0.0001; Figure 7(F)) and macrophage infiltration (r = 0.37, p < 0.0001; Figure 7(G)), but not with Treg cells 
(r = −0.02, p = 0.69; Figure 7(H)). CD8+ T cell and macrophage infiltration were strongly correlated (r =  
0.72, p < 0.0001; Supplementary Figure S4C), whereas Treg infiltration remained unassociated (r = 0.03, p =  
0.61; Supplementary Figure S4D). Collectively, these findings indicate that the positive association between 
LMα4-chain expression and both CD8+ T cell and macrophage density is maintained across different 
clinical stages.

Figure 4. Correlations between LMα4 and immune cell subtypes in the validation cohort. (A) number of immune cells 
per mm2 determined by counting in each TMA (B–D) correlation between the LMα4 z-score and tumor-infiltrating CD8+ 

T cells (B), macrophages (C), and Treg cells (D). (E–F) correlation between intratumor CD8+ T cells and macrophages (E) or 
Treg cells (F). Dotted lines represent 95% confidence intervals. p-values are indicated in the figures. Statistical tests: two- 
tailed Pearson’s correlation coefficient. The regression coefficient and the p-value are indicated in each graph.
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We also explored the prognostic significance of immune cell infiltration in the stage I – II COAD cohort. 
However, data on RFS were unavailable, and only overall survival (OS) was recorded. ROC analysis failed to 
identify meaningful thresholds to distinguish tumors with high vs. low CD8+ T cell infiltration, as the true 
positive rate increased proportionally with the false positive rate (Supplementary FIgure S5). Similar results 
were obtained for Treg cells and macrophages (not shown), suggesting limited predictive value of these 
variables in this dataset.

Unexpectedly, multivariate Cox regression identified both age (HR = 1.06, 95% CI: 1.01–1.11, p =  
0.01) and CD8+ T cell abundance (HR = 2.66, 95% CI: 1.18–5.98, p = 0.02) as independent pre-
dictors of poor OS (Suppl. Table S12). This counterintuitive association between high CD8+ T cell 
density and poor prognosis in the TCGA COAD cohort has been previously reported and linked to 
distinct tumor mutational profiles.40 When highly infiltrated tumors were excluded, only age 
remained a significant poor prognosis predictor in both multivariate (Suppl. Table S13) and 
univariate analyses (p < 0.005). These observations suggest that this cohort has limited value for 
prognostic modeling in early-stage CRC.

Figure 5. Validation of the predictive impact of immune subtypes in an independent CRC cohort. (A–C) Kaplan-Meier RFS 
curves and number of patients at risk in the validation cohort, based on groups defined by high or low intratumor 
abundance of CD8+ T cells (A), CD68+ macrophages (B), or Treg (FoxP3+) cells (C). p-values were determined using the log- 
rank test. (D) multivariate Cox regression analysis of clinical and immune parameters in the CRC validation cohort. The 
hazard ratio and 95% confidence interval (CI) are shown. Additional data from the correlation analysis are provided in Suppl. 
Table S9.
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Figure 6. Validation of the interactions between CD8+ T cells, macrophages, and Treg cells in predicting the prognosis of 
early-stage CRC. (A–D) Kaplan-Meier RFS curves and number of patients at risk in the validation cohort, stratified by high or 
low intratumor CD8+ T cell abundance and high or low density of intratumor Treg cells (A, B), or macrophages (C, D). 
p-values were determined using the log-rank test. (E, F) multivariate Cox regression analysis of clinical and immune 
parameters in the CRC study cohort, stratified by intratumor CD8+ T cell abundance. Hazard ratios and 95% CIs are shown. 
Additional statistical data are provided in Suppl. Table S10 and Suppl. Table S11.
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Figure 7. LM α4 expression with CD8+ T cell and macrophage infiltration across all clinical stages. (A) estimation of immune 
cell subtypes using TIMER from the whole transcriptome data of the COAD cohort stage I/II. (B–D) correlation analyses of 
LAMA4 mRNA levels with intratumor CD8+ T cells (B), macrophages (C) and Treg cells (D) in this cohort. (E) estimation of 
immune cell subtypes using TIMER from whole transcriptome data in the COAD cohort stratified by stages III and IV. (F–H) 
correlation analyses of LAMA4 mRNA levels with intratumor CD8+ T cells (B), macrophages (C) and Treg cells (D) in this 
cohort. Dotted lines represent 95% confidence intervals. p-values are indicated in the figures. Statistical test: two-tailed 
Pearson’s correlation coefficient.
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Discussion

The tumor immune microenvironment, particularly cytotoxic CD8+ T lymphocytes, plays a pivotal influ-
ence in CRC progression.5 However, the molecular cues governing immune cell infiltration remain poorly 
understood. Here, we examined the relationship between vascular LM α4-chain expression, intratumor 
infiltration by CD8+ T cells, Treg cells and macrophages, as well as its prognostic significance in early-stage 
CRC.

LMα4-chain may have a site-specific, dual role in cancer progression. In glioblastoma, breast, oral and 
pancreatic cancers, high LMα4-chain expression in cancer cells promotes tumor growth and stemness.41 In 
contrast, in gastric and colorectal cancers, LMα4 upregulation within the stroma is linked to enhanced 
immune infiltration and improved clinical outcomes.29,42 Beyond cancer, LMα4 facilitates diapedesis of 
various immune cell subtypes, including T cells, monocytes, neutrophils and dendritic cells, into inflamed 
tissues.28,43–46 LMα4 seems to mediate Treg cell homing into tolerogenic lymph nodes inducing their 
transmigration through high endothelial venules.28 Our study reveals a more selective and complex role for 
LMα4 in CRC. Across three independent cohorts, LMα4 expression positively correlated with intratumor 
CD8+ T cells and macrophages, but not with FoxP3+ Treg cells. This pattern held true across early- and late- 
stage disease, suggesting a consistent role for LMα4 in shaping immune composition within the TME.

The lack of correlation between LMα4-chain expression and Treg cell infiltration suggests distinct 
diapedesis mechanisms for CD8+ and Treg cells. Since cell migration relies on substrate adhesion,47 the 
divergence between CD8+ and Treg cell infiltration may stem from differences in their laminin receptor 
expression pattern. Given its unique structure, LMα4-chain binds with low affinity only α6β1 (also known 
as VLA-6) and α7β1 integrins,48 which are similarly expressed in splenic CD8+ T cells and thymus-derived 
Treg cells.49 The contribution of non-integrin laminin receptors to T cell function remains insufficiently 
characterized; consequently their potential involvement in the differential adhesion of CD8+ and Treg cells 
to LMα4 is an open possibility. Moreover, adhesion to LMα4 alone is unlikely to fully determine migratory 
behavior27; other vascular features, such as stiffness, permeability, or chemokine gradients, may differen-
tially guide effector and regulatory T cells.21,24

Figure 8. Proposed model of LMα4-chain interactions with immune cells and their impact on prognosis. LM α4-chain 
expression is positively associated with CD8+ T cell and macrophage infiltration (green line), but does not affect intratumor 
Treg cell accumulation. Our findings suggest that CD8+ T cells play a central role in prognosis by not only exerting direct 
anti-tumor effects but also influencing macrophage activity. Treg cells have a limited impact on recurrence prediction by 
reducing the prognostic significance of CD8+ T cells. Green lines indicate positive prognostic effects, while dotted red lines 
denote negative influences.
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We also examined the prognostic relevance of immune infiltration in our primary and validation 
cohorts. CD8+ T cell and macrophage abundance -both positively associated with LMα4- were linked to 
reduced relapse risk. Multivariate analysis confirmed CD8+ T cell density as an independent protective 
factor. Notably, CD8+ T cell infiltration in the TCGA-COAD dataset paradoxically correlated with poor 
prognosis, likely reflecting a distinct subset of highly infiltrated tumors with unique molecular profiles. 
After excluding these outliers, age was the sole variable associated with prognosis, possibly reflecting wide 
age variation (30–90 years) and survival bias in older patients. These limitations, alongside the lack of 
relapse-specific endpoints, diminish the utility of the TCGA-COAD cohort for prognostic biomarker 
discovery in early-stage CRC.

Another unexpected finding was the lack of prognostic significance for Treg cells in our cohorts. Despite 
conflicting results10 linking Treg cell infiltration to both favorable11–13,50 and poor14,50 CRC outcomes, 
Kaplan-Meier analyses showed near-identical RFS curves for tumors with high vs. low Treg cells. However, 
when stratified by CD8+ T cell abundance, high FoxP3+ Treg density was associated with shorter RFS, 
supporting a model in which intratumor Treg cells suppress CD8+ T cell-mediated tumor immunity. Prior 
spatial studies using Voronoi tessellation have shown that close Treg-CD8+ T cells proximity predicts poor 
prognosis in 18% of CRC tumors.50 Nonetheless, multivariate analysis after CD8+ stratification revealed 
prognostic significance for Treg cell density, suggesting that Tregs do not act independently but modulate 
the prognostic value of effector T cells.

Likewise, macrophage infiltration has a strong impact on CRC prognosis depending on CD8+ T cell 
density. In multivariate Cox models, macrophage density significantly predicted outcome only within 
CD8+-high tumors. These data support a cooperative model in which macrophages require effector T cell- 
derived cues to adopt tumor-suppressive functions. Macrophage polarization is highly plastic and shaped by 
microenvironmental inputs such as metabolic stress, tumor-derived exosomes, and immune cytokines.51–53 

Cytokines from immunosuppressive T cells, such as IL-13, IL-10 or TGF-β, skew macrophages toward 
a pro-tumor phenotype, whereas CD8+ T cell-derived type I and type II interferons, drive anti-tumor 
polarization. Given the positive correlation between CD8+ T cells and macrophages, we speculate that a high 
density of activated CD8+ T cells enhances anti-tumor macrophage polarization via cytokine signaling. 
LMα4 may co-regulate the transmigration and cooperative function of these cell types within the TME.

In summary, our findings support a model (Figure 8) in which LMα4 expression promotes the 
coordinated infiltration of CD8+ T cells and macrophages, enhancing anti-tumor immunity and reducing 
recurrence risk in early-stage CRC. CD8+ T cells emerge as central regulators, exerting direct cytotoxicity 
and orchestrating macrophage polarization. Conversely, Treg cells do not independently influence prog-
nosis but may attenuate the protective effects of CD8+ T cells when present at high density. Further studies 
are needed to validate this model in larger, relapse-annotated CRC cohorts and to elucidate the molecular 
determinants of α4-containing laminins-guided immune cell diapedesis.
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Suppl. Table S1. Demographic and clinical characteristics of the study cohort  

 �

Characteristic � Value �

Age (median, SD) � 73.03 (9.6) years �

Gender (%, number)   �

  Female �

 �

40% (38) �

 � Male � 60% (57) �

Location �

 �

 �

Cecum �

 �

13.7% (13) �

 � Right colon � 26.3% (25) �

 � Transverse colon � 7.4% (7) �

 � Left colon � 5.3% (5) �

 � Sigmoid colon � 25.3% (24) �

 � Rectum � 22.1% (21) �

Mucinous �

 �

 �

Yes �

 �

9.5% (9) �

 � No � 90.5% (86) �

Grade �

 �

 �

Well differentiated �

 �

18.9% (18) �

 � Moderately differentiated � 72.6% (69) �

 � Poorly differentiated � 8.4% (8) �

T Stage �

 �

 �

T1 �

 �

3.2% (3) �

 � T2 � 31.6% (30) �

 � T3 � 64.2% (61) �

 � T4 � 1.1% (1) �

Recurrence �

 �

 �

Yes �

 �

31.6% (30) �

 � No � 68.4% (65) �

Time to recurrence (median) � 19 months �



   �

Suppl. Table S2. Demographic and clinical characteristics of the validation cohort  

 �

Characteristic � Value �

Age (median, SD) � 75.0 (12.5) years �

Gender (%, number)   �

  Female �

 �

40.3% (91) �

 � Male � 59.7% (135) �

Location �

 �

 �

Cecum/Right colon �

 �

41.1% (93) �

 � Transverse colon � 5.3%  (12) �

 � Left/Sigmoid colon � 36.3% (82) �

 � Rectum � 17.2% (39) �

Mucinous �

 �

 �

Yes �

 �

9.7% (22) �

 � No � 90.3% (204) �

Grade �

 �

 �

Well differentiated �

 �

15.0% (34) �

 � Moderately differentiated � 75.7% (171) �

 � Poorly differentiated �   9.3% (21) �

T Stage �

 �

 �

T1 �

 �

0% (0) �

 � T2 � 14.7%  (33) �

 � T3 � 81.8% (185) �

 � T4 �   3.5%  (8) �

Recurrence �

 �

 �

Yes �

 �

18.6% (42) �

 � No � 81.3% (183) �

Time to recurrence (median) � 17.2 months �

 �

   �



Suppl. Table S3. Demographic and clinical characteristics of the COAD stage I+II cohort  

 �

Characteristic � Value �

Age (median, SD) � 70.5 (12.4) years �

Gender (%, number)   �

  Female �

 �

53.3% (144) �

 � Male � 46.7% (126) �

Location �

 �

 �

Cecum �

 �

19.6% (53) �

 � Right colon � 27.4% (74) �

 � Transverse colon � 4.4% (12) �

 � Left colon � 3.3% (9) �

 � Sigmoid colon � 21.5% (58) �

 � Rectum � 23.7% (64) �

Mucinous �

 �

 �

Yes �

 �

13.3% (36) �

 � No � 86.7% (234) �

Grade �

 �

 �

Well differentiated �

 �

29.6% (80) �

 � Moderately differentiated � 70.4% (190) �

 � Poorly differentiated � 0% (0) �

T Stage �

 �

 �

Tis �

 �

0.4% (1) �

 � T1 � 3.7% (10) �

 � T2 � 26.3% (71) �

 � T3 �

T4 �

64.4% (174) �

5.2% (14) �

Survival �

 �

 �

Yes �

 �

87.4% (236) �

 � No � 12.6% (34) �



Time to death (median) � 24.33 months �

 

 

 

 

 

Suppl. Table S4. Demographic and clinical characteristics of the COAD stage III+IV cohort  

 �

Characteristic � Value �

Age (median, SD) � 66 (13.5) years �

Gender (%, number)   �

  Female �

 �

51.2% (106) �

 � Male � 48.8% (101) �

Location �

 �

 �

Cecum �

 �

20.3% (42) �

 � Right colon � 16.4% (34) �

 � Transverse colon � 5.3% (11) �

 � Left colon � 4.3% (9) �

 � Sigmoid colon � 32.4% (67) �

 � Rectum � 21.3% (44) �

Mucinous �

 �

 �

Yes �

 �

15.9% (33) �

 � No � 83.5% (173) �

Grade �

 �

 �

Poorly differentiated �

 �

65.2% (135) �

 � Undifferentiated � 32.4% (67) �

 � Not specified � 2.4% (5) �

T Stage �

 �

 �

T1 �

 �

0.5% (1) �

 � T2 � 4.8% (10) �

 � T3 �

T4 �

72.9% (151) �

21.7% (45) �



Survival �

 �

 �

Yes �

 �

66.7% (138) �

 � No � 33.4% (69) �

Time to death (median) � 22.07  months �

   �

 

 

 

Suppl. Table S5. Multivariate Cox regression analysis of disease-free survival 

in our study cohort �
 �

Variables � HR � 95% CI � z-stats � p-val �

Age � 0.99 � 0.95 � 1.03 � -0.39 � 0.70 

Sex � 0.99 � 0.42 � 2.32 � -0.02 � 0.99 

Mucinous (y/n) a � 0.00 � 0.00 � inf � -0.01 � 1.00 

Tumor site � 1.99 � 0.78 � 1.28 � -0.01 � 0.99 

Grade � 1.11 � 0.49 � 2.52 � 0.26 � 0.79 

T-stage � 0.87 � 0.38 � 2.00 � -0.33 � 0.74 

Lam-�4 z-score � 1.00 � 1.00 � 1.01 � 1.02 � 0.31 

CD8+ T cell number � 0.96 � 0.93 � 0.99 � -2.54 � 0.01 

FoxP3+ T cell number � 1.00 � 0.95 � 1.05 � -0.12 � 0.91 

CD68+ cell number � 0.95 � 0.90 � 1.02 � -1.43 � 0.15 

�

Concordance: 0.73. -log2(p) of likelihood ratio test: 7.18 aThe variable mucinous 

histology yielded an unusual result, likely due to a lack of events or insufficient 

representation in this subgroup. �

 �

   �



Suppl. Table S6. Multivariate Cox regression analysis of disease-free survival 

in CD8-high tumors from the study cohort �
 �

Variables  HR � 95% CI � z-stats � p-val �

CD8 high density tumors �

Age  1.10   0.92 � 1.31 � 1.02 � 0.38 �

Sex � 1.80 �   0.30 � 10.97 � 0.64 � 0.52 �

Mucinous (y/n) a � 0.00 �   0.00 � inf � -0.01 � 0.99 �

Tumor site � 0.43 �   0.20 � 0.92 � -2.18 � 0.03 �

Grade � 1.05 �   0.16 � 6.76 � 0.06 � 0.96 �

T-stage � 0.92 �   0.12 � 7.26 � -0.08 � 0.94 �

Lam-�4 z-score � 1.00 �   0.99 � 1.02 � 0.16 � 0.87 �

FoxP3+ T cell number � 1.22 �   1.05 � 1.41 � 2.56 � 0.01 �

CD68+ cell number � 0.79 �   0.63 � 0.98 � -2.18 � 0.03 �

Concordance: 0.90. -log2(p) of likelihood ratio test: 6.11 aThe variable mucinous 

histology yielded an unusual result, likely due to a lack of events or insufficient 

representation in this subgroup. �

   �

 

 

 

 

 

 

 

 



Suppl. Table S7. Univariate Cox regression analysis of disease-free survival for 

the indicated variables in CD8-high tumors �
 �

Variables � HR �    95% CI � z-stats � p-val �

CD8 high density tumors  

Tumor site  0.74  0.46  1.20      -1.21  0.23 �

FoxP3+ T cell number � 1.05 � 0.98 � 1.11 � 1.40 � 0.16 �

CD68+ cell number � 0.91 � 0.81 � 1.02 � -1.70 � 0.09 �

Concordance: 0.83. -log2(p) of likelihood ratio test: 4.10 �
 �

   � �



Supp. Table S8. Multivariate Cox regression analysis of disease-free survival 

in CD8-low tumors from the study cohort �
 �

Variables � HR � 95% CI � z-stats � p-val �

CD8 low density tumors  

Age � 0.98 � 0.94 � 1.03 � -0.88 � 0.38 

Sex � 0.54 � 0.18 � 1.65 � -1.08 � 0.28 

Mucinous (y/n) a � 0.00 � 0.00 � inf � -0.00 � 1.00 

Tumor site � 1.11 � 0.81 � 1.50 � 0.64 � 0.52 

Grade � 0.51 � 0.13 � 2.02 � -0.96 � 0.34 

T-stage � 1.91 � 0.55 � 6.61 � 1.02 � 0.31 

Lam-�4 z-score � 1.00 � 1.00 � 1.01 � 0.89 � 0.37 

FoxP3+ T cell number � 0.95 � 0.89 � 1.02 � -1.34 � 0.18 

CD68+ cell number � 1.00 � 0.91 � 1.10 � 0.03 � 0.97 

�

Concordance: 0.67. -log2(p) of likelihood ratio test: 1.86 aThe variable mucinous 

histology yielded an unusual result, likely due to a lack of events or insufficient 

representation in this subgroup. �

 �

 �

  

 

 

 

 

 

 

 

 

 

�

   �



Supp. Table S9. Multivariate Cox regression analysis of disease-free survival 

in the validation cohort �
 �

Variables � HR � 95% CI � z-stats � p-val �

Age � 1.01 � 0.98 � 1.04 � 0.44 � 0.66 �

Sex � 0.34 � 0.13 � 0.67 � -2.25 � 0.02 �

Mucinous (y/n) � 1.69 � 0.54 � 5.34 � 0.90 � 0.37 �

Tumor site � 0.91 � 0.64 � 1.28 � -0.55 � 0.58 �

Grade � 0.80 � 0.34 � 1.90 � -0.50 � 0.61 �

T-stage � 2.79 � 1.06 � 7.18 � 2.13 � 0.03 �

Lam-�4 z-score � 1.00 � 0.99 � 1.01 � 0.10 � 0.92 �

CD8+ T cell number � 0.96 � 0.94 � 0.99 � -2.97 � <0.005�

FoxP3+ T cell number � 1.07 � 1.01 � 1.13 � 2.22 � 0.03 �

CD68+ cell number � 0.96 � 0.95 � 1.02 � -1.70 � 0.09 �

�
 �
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Suppl. Table S10. Multivariate Cox regression analysis of disease-free survival 

in CD8-high tumors from the validation cohort �
 �

Variables  HR � 95% CI � z-stats � p-val �

CD8 high density tumors �

Age  1.01   0.96 � 1.06 � 0.23 � 0.81 �

Sex � 0.79 �   0.17 � 3.64 � -0.30 � 0.77 �

Mucinous (y/n) a � 0.00 �   0.00 � inf � -0.01 � 1.00 �

Tumor site � 0.90 �   0.52 � 1.56 � -0.37 � 0.71 �

Grade � 0.62 �   0.18 � 2.16 � -0.74 � 0.46 �

T-stage � 4.45 �   0.95 � 20.7 � 1.90 � 0.06 �

Lam-�4 z-score � 1.00 �   0.99 � 1.01 � 0.26 � 0.79 �

FoxP3+ T cell number � 1.07 �   1.05 � 1.14 � 2.04 � 0.04 �

CD68+ cell number � 0.94 �   0.88 � 0.98 � -2.04 � 0.04 �

aThe variable mucinous histology yielded an unusual result, likely due to a lack of 

events or insufficient representation in this subgroup. �
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Supp. Table S11. Multivariate Cox regression analysis of disease-free survival 

in CD8-low tumors from the validation cohort �
 �

Variables � HR � 95% CI � z-stats � p-val �

CD8 low density tumors  

Age � 1.01 � 0.97 � 1.06 � 0.62 � 0.53 

Sex � 0.32 � 0.10 � 1.00 � -1.96 � 0.05 

Mucinous (y/n) � 0.93 � 0.56 � 1.54 � -0.28 � 0.78 

Tumor site � 1.38 � 0.86 � 2.21 � 1.32 � 0.19 

Grade � 1.11 � 0.29 � 4.21 � 0.15 � 0.88 

T-stage � 3.12 � 0.98 � 9.92 � 1.93 � 0.05 

Lam-�4 z-score � 1.00 � 0.99 � 1.01 � -0.55 � 0.58 

FoxP3+ T cell number � 1.03 � 0.93 � 1.13 � 0.50 � 0.62 

CD68+ cell number � 1.00 � 0.98 � 1.03 � 0.29 � 0.77 
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Suppl. Table S12. Multivariate Cox regression analysis of overall survival in 

the COAD cohort stage I + II (all data) �
 �

Variables � HR � 95% CI � z-stats� p-val �

Age � 1.06 � 1.01  1.11 � 2.57 � 0.01 

Sex � 1.64 � 0.77  3.50 � 1.27 � 0.20 

Mucinous (y/n)  � 1.40 � 0.54  3.63 � 0.69 � 0.49 

Tumor site � 1.03 � 0.91  1.15 � 0.42 � 0.68 

Grade � 2.10 � 0.28 15.89 � 0.72 � 0.47 

T-stage � 0.85 � 0.18  3.98 � -0.21 � 0.83 

LAMA4 mRNA � 1.00 � 0.97  1.03 � -0.20 � 0.84 

CD8+ T cell infiltration � 2.68 � 1.19  6.04 � 2.38 � 0.02 

Treg cell infiltration � 0.00 � 0.00    1036 
� -0.76 � 0.45 

macrophage infiltration � 0.00 � 0.00 376.76 � -0.95 � 0.34 

�

Concordance: 0.74 �
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 �

 �
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Suppl. Table S13. Multivariate Cox regression analysis of overall survival in 

the COAD cohort stage I + II (excluded high CD8 infiltration) �
 �

Variables � HR � 95% CI � z-stats � p-val �

Age � 1.07 � 1.02 �  1.13 � 2.80 � 0.01 

Sex � 2.94 � 1.15 �  7.50 � 2.25 � 0.02 

Mucinous (y/n)  � 2.25 � 0.90 �  5.57 � 1.74 � 0.08 

Tumor site � 0.93 � 0.80 �  1.07 � -1.03 � 0.30 

Grade � 1.34 � 0.13 � 14.22 � 0.24 � 0.81 

T-stage � 1.00 � 0.16 �  6.28 � -0.00 � 1.00 

LAMA4 mRNA � 1.02 � 0.98 �  1.06 � 0.81 � 0.42 

CD8+ T cell infiltration � 3.36 � 0.16 �  70.16 � 0.78 � 0.44 

Treg cell infiltration � 0.00 � 0.00 � 8x1034 � -0.99 � 0.32 

macrophage infiltration � 0.00 � 0.00 � 675.52 � -0.99 � 0.32 

�

Concordance: 0.78 �

 �

 �


