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Background: Neoadjuvant chemo-immunotherapy improves non-small cell lung cancer (NSCLC) 
outcomes, but remission rates vary, emphasizing the need for biomarkers. This study aimed to investigate the 
impact of the baseline intratumoral CD4+ T-cell-adjacent microenvironment on the efficacy of neoadjuvant 
immunotherapy in NSCLC and its correlation with hypoxia-inducible factor-1α (HIF-1α), microvessel 
density (MVD), and cancer-associated fibroblasts (CAFs).
Methods: Tumor samples from 49 NSCLC patients before neoadjuvant immunotherapy were 
retrospectively collected and subjected to multiplex immunohistochemistry staining (panel 1: DAPI/CK/
CD4/CD8/CD68; Panel 2: DAPI/CK/CD4/HIF-1α/CD31/α-SMA) to characterize CD4+ T cells, CD8+ T 
cells CD68+ macrophages, HIF-1α+ cells, HIF-1α+CD4+ cells, MVD, and CAF. Mann-Whitney U test and 
receiver operating characteristic (ROC) curve were used to assess the relationship between the number and 
spatial distribution of each metric and the efficacy of the treatment, and Spearman’s rank correlation was 
used to assess the correlation of each metric. 
Results: In 49 NSCLC patients, responders (54.2%) and non-responders (45.8%). Single-indicator 
analysis revealed a positive correlation between high infiltration of CD8+ T cells in the stromal area and 
response to treatment in overall and programmed cell death-ligand 1 (PD-L1) low-expressing patients [CD8+ 
T (str) density: overall patient, 38 vs. 16, P=0.03; tumor proportion score (TPS) 1–49% subgroup, 37 vs. 
14, P=0.04], with an area under curve (AUC) 0.684 and 0.746, respectively. CD4+ T cells combined with 
CD8+ T cells or CD68+ macrophages were analyzed and found to be more efficacious than CD4+ThiCD8+Thi 
compared to CD4+TloCD8+Tlo in patients with low expression of PD-L1 (P=0.03). Assessment of the nearest 
neighbor distance (NND) of CD4+ T cells and their adjacent cells revealed that the closer the CD4+ T 
cells and CD8+ T cells in the overall compartment, the better the efficacy in NSCLC patients, especially in 
patients with low PD-L1 expression [CD4+ T to CD8+ T (all) NND: overall patients, 34 vs. 47 μm, P=0.03; 
TPS 1–49% subgroup, 34 vs. 69 μm, P=0.006], and the AUC was 0.670 and 0.830, respectively. Notably, this 
favorable spatial interaction may not be dependent on direct contact between CD4+ T cells and CD8+ T cells 
within 10/20/30 μm (P>0.05). Furthermore, in overall and PD-L1 low-expressing patients, the closer the 
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Introduction

Non-small cell lung cancer (NSCLC) patients who 
receive neoadjuvant chemotherapy in conjunction with 

immunotherapy exhibit a recurrence-free survival (RFS) 
rate of up to 60% at 4 years postoperatively (1). Moreover, a 
study indicated (2) that RFS is even more favorable among 
patients who achieve a major pathological response(MPR). 
However, approximately 50% of patients do not attain 
MPR following treatment (1). Therefore, it is essential to 
identify potential MPR beneficiaries to facilitate precise 
and individualized treatment strategies. Tumor mutation 
burden and programmed cell death 1/programmed cell 
death-ligand 1 (PD-1/PD-L1) expression (3-8), which are 
commonly employed as predictive markers in advanced 
stages, have proven to be inadequate in forecasting the 
efficacy of neoadjuvant immunotherapy. Thus, further 
exploration and discovery are essential to establish a 
precision immunotherapy framework guided by well-
defined biomarkers.

CD4+ T cells in the tumor microenvironment are an 
indispensable component of current immunotherapy 
research. New evidence shows that CD4+ T cells can 
indirectly promote anti-tumor immunity by assisting in 
regulating the activation of CD8+ T cells (9-11), and can 
interact with effector macrophages to induce inflammatory 
cell death to inhibit immune escape, thereby indirectly 
killing tumor cells (12-15). However, the extent to which 
pre-existing CD4+ T cells in NSCLC tumors are in 
proximity to CD8+ T cells and CD68+ macrophages, and 
whether these cell-cell interactions influence the efficacy 
of neoadjuvant immunotherapy, remain unclear. Moreover, 
CD4+ T cells have been shown to be predominantly 
localized in mesenchymal rather than epithelial regions of 
tumors (12,16,17) yet the specific spatial domains where 
CD4+ T cells exert their indirect anti-tumor effects are not 
well understood.

In this study, we used multiplex immunohistochemistry 
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•	 Clarifying that the proximity of CD4+ T cells to CD8+ T cells 

facilitated the efficacy of neoadjuvant immunotherapy.
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What is known and what is new?
•	 CD4+ T cells are primarily located in tumor stroma regions, but 

the specific spatial domains where CD4+ T cells exert their indirect 
anti-tumor effects are not well understood.
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death-ligand 1 (PD-L1) expression cohort and is associated with 
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distance between CD4+ T cells and CD8+ T cells, the higher the MVD (overall patients, r=−0.39, P=0.008; 
TPS 1–49% subgroup, r=−0.49, P=0.01). 
Conclusions: The baseline intratumoral CD4+ T-cell-adjacent microenvironment in NSCLC is associated 
with the efficacy of neoadjuvant immunotherapy for NSCLC, with the closer proximity of pre-treatment 
CD4+ T cells and CD8+ T cells, the better the treatment efficacy in NSCLC patients (even especially in the 

low-expressing PD-L1 population), and is associated with high MVD.
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(mIHC) to label neoadjuvant baseline CD4+ T cells and 
their adjacent microenvironment in NSCLC to evaluate 
the specific spatial distribution of CD4+ T cells and CD8+ 
T cells/CD68+ macrophages on the neoadjuvant impact 
of immunotherapy efficacy and analysis of its correlation 
with hypoxia-inducible factor-1α (HIF-1α), microvessel 
density (MVD), and cancer-associated fibroblasts (CAFs). 
We present this article in accordance with the STARD 
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-24-886/rc).

Methods

Study population

In this study, a total of 49 patients diagnosed with NSCLC 
underwent radical surgery at Shandong Cancer Hospital 
and Institute. The enrollment criteria were as follows: 
(I) patients with clinical stage IIA–IIIB who received 
preoperative neoadjuvant PD-1 inhibitor therapy at 
Shandong Cancer Hospital between June 2021 and June 
2023 [8th edition of the American Joint Committee on 
Cancer (AJCC)] (18); (II) a pathological diagnosis of 
either squamous lung cancer or lung adenocarcinoma; 
(III) availability of sufficient pre-treatment histological 
specimens; (IV) a clearly defined pre-treatment tumor 
proportion score (TPS); (V) wild-type status for epidermal 
growth factor receptor (EGFR); and (VI) a clear response 
to treatment, with patients achieving a major pathological 
response (MPR), defined as less than 10% residual viable 
tumor cells, categorized as responders (19), while those not 
meeting this criterion were classified as non-responders. 
The exclusion criteria included: (I) the presence of other 
concomitant malignant tumors; (II) a history of autoimmune 
disease; (III) incomplete clinical data; and (IV) inadequate 
specimens. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). This study 
received approval from the Ethical Review Committee 
of Shandong Cancer Hospital and Institute (SDTHEC 
2023003055). Given that this was a retrospective study, 
patient informed consent was not required. This research 
was partitioned into two cohorts: the responders group 
and the non-responders group. Individuals attaining an 
MPR were designated as responders, whereas the rest were 
classified as non-responders.

mIHC staining

Paraffin-embedded and formalin-fixed (FFPE) tumor 

specimens before treatment were collected. Two panels 
were designed for mIHC staining of which panel 1 included 
DAPI, CK, CD4, CD8, and CD68, and panel 2 included 
DAPI, CK, CD4, HIF-1α, CD31, and α-SMA. The mIHC 
staining procedure was as described above (20-24). Serial 
3-μm-thick sections were cut from FFPE and deparaffinized 
in xylene, then rehydrated and washed. Antigen retrieval 
was performed in heated tris-ethylenediamine tetra acetic 
acid (Tris-EDTA) (pH 9.0). Each section underwent several 
rounds of sequential staining, each containing a protein 
block followed by primary antibodies and corresponding 
secondary horseradish peroxidase-conjugated polymers. 
The slides were then incubated with Opal tyramine signal 
amplification (TSA) fluorescent dye diluted in amplification 
buffer. Tissue slides stained with TSA were counterstained 
with DAPI and mounted in antifade mounting medium. 
Comprehensive details on all primary antibodies and Opal 
used can be found in Table S1. The Vectra Polaris scanner 
system and inForm software were used to scan stained 
slides. Raw multispectral images were used for algorithm 
development incorporating tissue segmentation, cell 
segmentation phenotyping tools, and spatial analysis.

Cell phenotype definition

The Vectra Polaris scanner system and inForm software 
were used to scan stained slides (25,26). Raw multispectral 
images were used for algorithm development incorporating 
tissue segmentation, cell segmentation phenotyping tools, 
and spatial analysis. For Panel 1, CD4+ CD8− CD68− CK− 
was used for indicating CD4+ T cells, CD4− CD8+ CD68− 
CK− for cytotoxic T cells, and CD4− CD8− CD68+ CK− for 
CD68+ macrophages. For Panel 2, CD4− HIF-1α+ CD31− 
α-SMA− CK− was used for indicating cells expressing  
HIF-1α+, CD4- HIF-1α+ CD31− α-SMA− CK− for indicating 
CD4+ T cells expressing HIF-1α+, CD4− HIF-1α− CD31+ 
α-SMA− CK− for indicating MVD (27), and CD4− HIF-1α− 
CD31− α-SMA+ CK− for CAF (28).

Machine learning-assisted multispectral image analysis

Apply bioinformatics tools to interpret the quantitative and 
spatial characteristics of CD4 by calculating cell counts 
delineated by different multi-marker phenotypes and the 
nuclear-to-nuclear Euclidean distance between any two 
cell types (16). Cell density was ascertained through the 
normalization of the respective cell counts in relation to the 
total cell counts (cell/1,000 cells) (29). Nearest neighbor 
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distance (NND) analysis was conducted by calculating 
the mean distance (micron) from each CD4+ T cell to its 
nearest CD8+ T or CD68+ macrophages (30). To analyze 
neighboring cells within a specific radius of CD4 using 
proximity, defined as the number of CD4+ T cells having 
at least one CD8+ T cell or CD68+ macrophage within 
10/20/30 micron (26).

Statistical analysis

Statistical analysis was performed with GraphPad Prism 
(8.0) and R software (4.1.2). The Kolmogorov-Smirnov 
test was employed to verify the nonnormal distribution of 
parameters across all cell phenotypes. The Mann-Whitney 
U test was utilized for the analysis of parameters in two 
independent samples. Receiver operating characteristic 
(ROC) curves were used to predict accuracy, specificity, 
and sensitivity. Spearman rank correlation coefficient was 
utilized to access the correlation between immune cells 
and stromal cells. The results were considered statistically 
significant if two-sided P<0.05. 

Results

Patients clinicopathological characteristics

Forty-eight NSCLC patients receiving neoadjuvant 
immunotherapy were retrospectively included. The baseline 
characteristics of the patients are shown in Table 1, including 
information on age, gender, smoking index, tumor location, 
clinical stage, histological type, Karnofsky performance 
status (KPS) score, and TPS score. After treatment 45.8% 
(22/48) of patients were non-responders and 54.2% 
(26/48) were responders, with balanced clinicopathologic 
information between patients in the non-responder and 
responder groups. The study flowchart is illustrated in 
Figure 1.

High pre-treatment CD8+ T cell density in tumor stroma 
correlates with positive response in overall and PD-L1 low-
expression subgroups

To investigate the expression levels of CD4+ T cells, CD8+ 
T cells, and CD68+ macrophages in different regions 
of tumors from NSCLC patients prior to receiving 
neoadjuvant immunotherapy, we performed mIHC staining 
(DAPI/CK/CD4/CD8/CD68). We categorized the tissue 
regions based on CK expression into epithelial (CK+) and 
stromal (CK−) areas (Figure 2A). Representative images of 

CD4+ T cells, CD8+ T cells, and CD68+ macrophages are 
shown in Figure 2B. The differences in the cell densities per 
thousand cells between the responding and non-responding 
groups are summarized in Table S2. In the overall patient 
population, there were no statistically significant differences 
in the densities of CD4+ T cells and CD68+ macrophages 
between the responders and non-responders across the 
overall, epithelial, or stromal regions. However, the 
infiltration of CD8+ T cells was significantly higher in 
the stromal area of responding patients {response vs. non-
response: CD8+ T (str): 38 [10, 61] vs. 16 [6, 28], P=0.03} 
(Figure 2C). The ROC curve analysis indicated an area 
under the curve (AUC) of 0.684, with a specificity of 0.538 
and sensitivity of 0.733 (Figure 2C). 

Subsequently, we conducted a subgroup analysis based on 
TPS. Among the patients with PD-L1 negative expression 
(TPS <1%), there was only < one case (no subgroup analysis 
was performed); in the PD-L1 low expression group (TPS 
1–49%), there were 26 patients, with 11 responders and 
15 non-responders. In the PD-L1 high expression group 
(TPS ≥50%), there were 21 patients, with 21 responders 
and 7 non-responders. Results indicated that in PD-L1 
low-expression NSCLC patients, the differences in tumor-
infiltrating cells between responders and non-responders 
mirrored those observed in the overall patient cohort  
(Figure 2C; Table S2), showing higher levels of CD8+ T cells 
in both overall and stromal regions, which correlated with 
better treatment responses {CD8+ T (all): 33 [17, 63] vs. 14 
[5, 20], P=0.045; CD8+ T (str): 37 [18, 50] vs. 14 [6, 25], 
P=0.04} (Figure 2D,2E). The AUC, specificity, and sensitivity 
for CD8+ T cells in the overall region were 0.733, 0.727, 
and 0.800, respectively (Figure 2D), while in the stromal 
region, they were 0.746, 0.636, and 0.867 (Figure 2E).  
In contrast, no significant differences in cell infiltration 
levels were observed within the PD-L1 high expression 
group (Table S2).

Baseline CD4+ThiCD8+Thi in the overall compartment 
favors treatment response in patients with low PD-L1 
expression

We further categorized patients based on the median 
expression levels of CD4+ T cells, CD8+ T cells, or CD68+ 
macrophages into high and low expression groups. We 
assessed the impact of CD4+ T cells combined with CD8+ T 
cells (CD4+ThiCD8+Thi/CD4+ThiCD8+Tlo/CD4+TloCD8+Thi/
CD4+TloCD8+Tlo) and CD4+ T cells combined with 
CD68+ macrophages (CD4+ThiCD68+macrophagehi/

https://cdn.amegroups.cn/static/public/TLCR-24-886-Supplementary.pdf
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Table 1 Baseline characteristics of 48 patients with non-small cell lung cancer who received neoadjuvant immunotherapy

Characteristic Overall [n=48 (100%)] Non-response [n=22 (45.8%)] Response [n=26 (54.2%)] P

Age (years) >0.99

≤65 25 (52.1) 11 (50.0) 14 (53.8)

>65 23 (47.9) 11 (50.0) 12 (46.2)

Gender 0.22

Male 41 (85.4) 17 (77.3) 24 (92.3)

Female 7 (15.6) 5 (22.7) 2 (7.7)

Smoking index† 0.77

≤400 18 (37.5) 9 (40.9) 9 (34.6)

>400 30 (62.5) 13 (59.1) 17 (65.4)

Tumor location 0.78

Peripheral 25 (52.1) 12 (54.5) 13 (50.0)

Central 23 (47.9) 10 (45.5) 13 (50.0)

cTNM stage AJCC 8th 0.61

IIA 2 (4.2) 0 (0.0) 2 (7.7)

IIB 10 (20.8) 4 (18.2) 6 (23.1)

IIIA 22 (45.8) 12 (54.5) 10 (38.5)

IIIB 14 (29.2) 6 (27.3) 8 (30.8)

Histology 0.08

Lung squamous cell carcinoma 37 (77.1) 14 (63.6) 23 (88.5)

Lung adenocarcinoma 11 (22.9) 8 (36.4) 3 (11.5)

Karnofsky performance status 0.89

80 11 (22.9) 6 (27.3) 5 (19.2)

90 34 (70.8) 15 (68.2) 19 (73.1)

100 3 (6.2) 1 (4.5) 2 (7.7)

Tumor proportion score 0.11

<1% 1 (2.1) 0 (0.0) 1 (3.8)

1–49% 26 (54.2) 15 (68.2) 11 (42.3)

≥50% 21 (43.8) 7 (31.8) 14 (53.8)

EGFR mutation status NA

Wild 48 (100.0) 22 (100.0) 26 (100.0)

Mutant 0 (0.0) 0 (0.0) 0 (0.0)

ICI treatment 0.59

Anti-PD-L1 3 (6.2) 2 (9.1) 1 (3.8)

Anti-PD-1 45 (93.8) 20 (90.9) 25 (96.2)
†, smoking index = smoking time (years) × number of cigarettes smoked per year (cigarettes). AJCC, American Joint Committee on 
Cancer; cTNM, clinical tumor-node-metastasis; EGFR, epidermal growth factor receptor; ICI, immune checkpoint inhibitor; NA, not 
applicable; PD-1, programmed cell death protein 1; PD-L1, programmed cell death-ligand 1.
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CD4+ThiCD68+macrophagelo/CD4+TloCD68+macrophagehi/
CD4+TloCD68+macrophagelo) on treatment efficacy in 
NSCLC patients undergoing neoadjuvant therapy. In both 
overall and PD-L1 high expression NSCLC patient groups, 
no significant results were found. Conversely, in the overall 
region of PD-L1 low expression patients, the response 
was better for those with CD4+ThiCD8+Thi compared to 
CD4+TloCD8+Tlo (P=0.03) (Table S3).

Proximity between CD4+ T and CD8+ T cells in the 
stroma affects treatment response in PD-L1 low expression 
patients

We also explored the impact of the NNDs between CD4+ T 
cells and CD8+ T cells, as well as CD68+ macrophages, on 

the efficacy of neoadjuvant immunotherapy for NSCLC. In 
the overall patient population, treatment efficacy depended 
on the distance between CD4+ T cells and CD8+ T cells in 
the overall region, rather than the distance between CD4+ T 
cells and CD68+ macrophages (Table S4). Shorter distances 
between CD4+ T and CD8+ T cells correlated with better 
treatment outcomes {34 [22, 51] vs. 47 [33, 86] μm, P=0.03}, 
with an AUC of 0.670, specificity of 0.952, and sensitivity of 
0.417.

Similar results were observed in PD-L1 low expression 
patients {34 [24, 39] vs. 69 [39, 101] μm, P=0.006}  
(Figure 3A,3B), with an AUC of 0.830, specificity of 
0.533, and sensitivity of 1.000 (Figure 3C). Furthermore, 
this phenomenon was noted in the tumor stroma but not 
in the epithelial region {39 [27, 39] vs. 69 [40, 125] μm, 

Figure 1 Identification and characterization of tumor microenvironment in NSCLC. (A) Cohorts and samples. (B) mIHC staining was 
used to characterize immune indicators and select the ROIs and proceed with tissue segmentation, cell segmentation, and Phenotype and 
identification, and the boxes represent ROIs. (C) Overview of the analysis variables. CAF, cancer-associated fibroblast; HIF-1α, hypoxia-
inducible factor 1α; ICI, immune checkpoint inhibitor; mIHC, multiplex immunohistochemistry; MVD, microvessel density; NND, nearest 
neighbor distance; NSCLC, non-small cell lung cancer; ROI, region of interest.
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Figure 2 mIHC characterization of the impact of CD4+ T cells, CD8+ T cells, and CD68+ macrophage densities in different regions of 
NSCLC patients on the efficacy of neoadjuvant immunotherapy. (A) Representative mIHC images from panel 1 and tissue segmentation 
images, where CK+ indicates the epithelial compartment, and CK− indicates the stromal compartment. Epi, epithelial compartment. Str, 
stromal compartment, and the boxes represent enlarged immune indicators. (B) Representative images of CD4+ T cells, CD8+ T cells, and 
CD68+ macrophages, and the boxes represent enlarged immune indicators. (C) Differences in CD8+ T cell density between responders and 
non-responders in the stromal compartment of all patients (left), and the corresponding ROC curve (right). (D) Differences in CD8+ T cell 
density between responders and non-responders in the total compartment of PD-L1 low-expressing patients (left), and the corresponding 
ROC curve (right). (E) Differences in CD8+ T cell density between responders and non-responders in the stromal compartment of PD-L1 
low-expressing patients (left), and the corresponding ROC curve (right). AUC, area under the curve; DAPI, 4',6-diamidino-2-phenylindole; 
mIHC, multiplex immunohistochemistry; N, non-response; NSCLC, non-small cell lung cancer; PD-L1, programmed cell death-ligand 1; R, 
response; ROC, receiver operating characteristic; Se, sensitivity; Sp, specificity; TPS, tumor proportion score. 
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Figure 3 The impact of spatial interactions between CD4+ T cells and CD8+ T cells, as well as CD68+ macrophages, on the efficacy of 
neoadjuvant immunotherapy in PD-L1 low-expressing NSCLC patients. (A) mIHC staining was used to analyze differences in the NND 
between CD4+ T cells and CD8+ T cells in different compartments and representative images (left). (B) mIHC staining was used to analyze 
differences in the NND between CD4+ T cells and CD68+ macrophages in different compartments and representative images (left).  
(C) ROC curve of the NND between CD4+ T cells and CD8+ T cells in the total compartment in relation to treatment efficacy.  
(D) ROC curve of the NND between CD4+ T cells and CD8+ T cells in the stromal compartment in relation to treatment efficacy. (E) Radar 
chart showing the relationship between the proximity (10/20/30 μm) of CD4+ T cells and CD8+ T cells and the efficacy of neoadjuvant 
immunotherapy in NSCLC patients. AUC, area under the curve; DAPI, 4',6-diamidino-2-phenylindole; Epi, epithelial compartment; 
mIHC, multiplex immunohistochemistry; N, non-response; NND, nearest neighbor distance; NSCLC, non-small cell lung cancer; PD-
L1, programmed cell death-ligand 1; R, response; ROC, receiver operating characteristic; Se, sensitivity; Sp, specificity; Str, stromal 
compartment, and the boxes represent enlarged immune indicators.
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P=0.01}, with AUC values of 0.797, specificity of 0.733, 
and sensitivity of 0.800 (Figure 3D). The AUC values for 
the interaction between CD4+ and CD8+ T cells were 
consistently higher than those for CD8+ T cell infiltration 
alone, indicating superior predictive efficacy of CD4+-CD8+ 
T cell proximity (Figures 2D,2E,3C,3D). No treatment 
response-related immune indicators were found in the PD-
L1 high expression patient group. In patients with NSCLC, 
neither the infiltration of CD8+ T cells nor the NNDs 
between CD4+ and CD8+ T cells exhibited statistically 
significant differences between the PD-L1 low-expression 
and high-expression cohorts (Table S5).

Theoretically, CD4+ T cells and CD8+ T cells may 
interact through both direct and indirect mechanisms. In 
the aforementioned NND analysis, we observed that closer 
proximity between CD4+ T and CD8+ T cells enhanced the 
efficacy of neoadjuvant immunotherapy, with an effective 
distance exceeding the previously reported direct contact 
distance of 30 μm (29,31-33). This suggests that indirect 
interactions may play a predominant role between CD4+ T 
and CD8+ T cells.

No correlation between CD4+ T cell proximity to CD8+ T 
cells/CD68+ macrophages and treatment efficacy

To test this hypothesis, we further analyzed the proximity 
of CD4+ T cells to CD8+ T cells and CD68+ macrophages 
at different distances (10/20/30 μm) and its effect on 
treatment efficacy. Consistent with expectations, there was 
no correlation between CD4+ T cells and adjacent cells 
at 10/20/30 μm distances regarding treatment response, 
whether in the overall (Table S6), PD-L1 low expression 
(Figure 3E; Table S6), or PD-L1 high expression groups 
(Table S6). In summary, our findings support the notion 
that CD4+ T cells exert their physiological effects on CD8+ 
T cells without requiring direct contact.

Shortened distances between CD4+ T and CD8+ T cells 
correlate with high MVD density

To further investigate the correlation between HIF-1α, 
MVD, CAF, and the proximity of CD4+ T cells to CD8+ 
T cells, we performed mIHC staining on the stromal 
components of the tumor microenvironment (DAPI/CK/
CD4/HIF-1α/CD31/α-SMA) (Figure 4A). The results 
indicated that in the overall patient population, the NND 
between CD4+ T and CD8+ T cells negatively correlated 
with MVD in the overall region (r=−0.39, P=0.008)  

(Figure S1A), suggesting that closer distances corresponded 
with higher MVD density. Interestingly, no correlation 
between the NND of CD4+ T and CD8+ T cells and MVD 
was found in the responding patient group (r=−0.13, P=0.54) 
(Figure S1B). However, a stronger correlation was observed 
among non-MPR patients (r=−0.61, P=0.004) (Figure S1C).  
Notably, this correlation was particularly significant 
in PD-L1 low expression patients (r=−0.49, P=0.01; 
response, r=0.09, P=0.80; non-response, r=−0.61, P=0.02)  
(Figure 4B,4C; Figure S1D).

Discussion

Our study aims to elucidate the spatial characteristics 
of CD4+ T cells and their interactions with CD8+ T 
cells and CD68+ macrophages, as well as how these 
interactions may potentially influence the efficacy of 
neoadjuvant immunotherapy in patients with NSCLC. 
By employing mIHC, we are able to intricately map the 
tumor microenvironment and highlight the significance of 
identifying key cellular interactions.

Effector CD8+ T cells have been suggested as possible 
tumor-specific cells in immunotherapy (34-37), and our 
results indicate that there is a significant correlation 
between high CD8+ T cells densities in the tumor stroma 
prior to treatment and the response to treatment, especially 
in patients with low PD-L1 expression. However, the 
conventional view suggests that CD8+ T cell accumulation in 
the stroma rather than the epithelium is typically associated 
with ‘immune exclusion’, which is related to tumor 
immune evasion (38). The discrepancy may stem from our 
observation that CD8+ T cells are not exclusively localized 
in the stromal region but are also distributed within the 
tumor parenchyma, suggesting that this phenomenon may 
not entirely equate to immune exclusion. Current research 
indicates that tumor-infiltrating lymphocytes (TILs) exhibit 
heterogeneous distribution in NSCLC tissues. Notably, in 
pre-treatment specimens from NSCLC patients receiving 
immune checkpoint inhibitor (ICI) therapy, TILs were 
preferentially distributed in the stromal areas surrounding 
tumor cell nests, with the CD8+ T cell subset being the 
most abundant. Increased CD8+ T cell density in the 
stroma was significantly associated with prolonged survival 
(39,40). Furthermore, in early-stage endometrial cancer 
samples, high TIL infiltration in the tumor stromal region 
was associated with favorable patient prognosis (41). These 
findings are consistent with our results (17,42). To further 
elucidate this mechanism, we conducted an in-depth analysis 

https://cdn.amegroups.cn/static/public/TLCR-24-886-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-886-Supplementary.pdf
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https://cdn.amegroups.cn/static/public/TLCR-24-886-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-886-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-886-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-886-Supplementary.pdf


Translational Lung Cancer Research, Vol 14, No 3 March 2025 819

© AME Publishing Company.   Transl Lung Cancer Res 2025;14(3):810-823 | https://dx.doi.org/10.21037/tlcr-24-886

of immune cell interactions. Our results revealed significant 
co-enrichment of CD4+ T cells in stromal regions with 
high CD8+ T cell infiltration. This finding suggests that 

CD8+ T cells in the stromal region may exert their anti-
tumor effects through interactions with CD4+ T cells. 
These observations suggest that the stromal infiltration of 

Figure 4 A shorter NND between CD4+ T cells and CD8+ T cells is positively correlated with MVD. (A) A multispectral mixed image of 
panel 2 from the mIHC showing representative illustrations of tumor cells, CD4+ T cells, HIF-1α-expressing cells, MVD, and CAFs, and 
the boxes represent enlarged immune indicators. (B) Correlation heatmap of various immune markers within different compartments in 
PD-L1 low-expressing responders. (C) Correlation heatmap of various immune markers within different compartments in PD-L1 low-
expressing non-responders. CAF, cancer-associated fibroblast; DAPI, 4',6-diamidino-2-phenylindole; HIF-1α, hypoxia-inducible factor-1α; 
mIHC, multiplex immunohistochemistry; MVD, microvascular density; NND, nearest neighbor distance; PD-L1, programmed cell death-
ligand 1; SMA, smooth muscle actin; TPS, tumor proportion score.
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CD8+ T cells may not always represent immune exclusion 
but could instead reflect a functional immune response that 
contributes to therapeutic efficacy. In summary, while the 
concept of immune exclusion traditionally carries a negative 
connotation, our findings challenge this paradigm in the 
context of neoadjuvant chemo-immunotherapy for NSCLC. 
The stromal infiltration of CD8+ T cells appears to be a 
positive indicator of therapeutic response, underscoring 
the importance of considering both the spatial distribution 
and interactions between immune cells in evaluating 
immunotherapy outcomes. 

However, the densities of CD4+ T cells and CD68+ 
macrophages did not show significant differences between 
responders and non-responders, suggesting that these cells 
themselves may not be reliable predictive markers of response 
to treatment. CD4+ T cells enhance the antitumor immune 
response of CD8+ T cells primarily by secreting interferon-
gamma (IFN-γ) (15,43-45). Our analysis indicates that the 
proximity between CD4+ T cells and CD8+ T cells in the 
stromal region is a key factor influencing treatment efficacy. 
This proximity may facilitate indirect interactions, thereby 
enhancing the anti-tumor immune response. Furthermore, 
we found that the number of CD8+ T cells within 30 μm  
of CD4+ T cells is not correlated with the efficacy of 
neoadjuvant immunotherapy. Since 30 micrometers is the 
two-dimensional physical distance supported by previous 
literature for direct cell-cell interactions (33,46), this also 
indirectly suggests that in neoadjuvant immunotherapy, 
CD4+ T cells may promote anti-tumor immunity of CD8+ T 
cells through indirect mechanisms.

Stratified analyses revealed this favorable spatial interplay 
only in the group of patients with low PD-L1 expression, 
while the lack of significant treatment-related immune 
indicators in the group with high PD-L1 expression 
underscores the complexity of the immune environment. 
Research has shown that intertumoral exhausted CD4+ 
T cells are involved in the response to ICI therapy. 
Specifically, the blockade of PD-1 on PD-1hiCD39+CD4+ 
T cells can promote the proliferation of specific autologous 
CD8+ T cells (47). However, it remains unclear whether a 
substantial presence of these specific PD-1hiCD39+CD4+ 
T cells exists in patients with low PD-L1 expression. 
This uncertainty presents an intriguing avenue for future 
exploration. Moving forward, we plan to further delineate 
the functions of CD4+ T cells, including traditional CD4+ T 
cells, regulatory CD4+ T cells, and exhausted CD4+ T cells. 
Our aim is to determine whether the interaction between 

CD4+ T cells in specific functional states and CD8+ T cells 
can enhance the ICI therapy response in patients with low 
PD-L1 expression. This insight could potentially guide 
stratified treatment approaches.

The relationship between the proximity of CD4+ T 
cells and CD8+ T cells and high MVD provides additional 
insights into the dynamics of the tumor microenvironment. 
The negative correlation between the closeness of 
CD4+ and CD8+ T cells and MVD suggests that more 
vascularized tumor stroma may facilitate tighter cellular 
interactions, thereby enhancing the immune response. 
Basic research indicates that endothelial cells in the 
tumor microenvironment recruit immune cell infiltration 
by secreting chemokines (48-50). Meanwhile, specific 
functional CD8+ T cells can secrete vascular endothelial 
growth factor, and CD4+ T cells can promote angiogenesis 
through the secretion of cytokines such as IL-17 (51), 
further supporting anti-tumor immune responses (52). 
Therefore, improving blood supply in the tumor stroma 
may enhance CD4+ T and CD8+ T cell interactions, thereby 
increasing the efficacy of immunotherapy. However, it is 
well known that vascular abundance can be a double-edged 
sword for tumor tissues: while increased blood supply may 
facilitate immune cell infiltration, it can also create favorable 
conditions for tumor cell proliferation. Thus, ensuring the 
delivery of immune cells while controlling the blood supply 
to tumor cells presents a significant challenge. Notably, 
this correlation is more pronounced in non-responders, 
suggesting that other factors may modulate this relationship 
among responders.

There are several limitations in this study. First, the 
sample size is relatively small, necessitating validation 
through larger multicenter cohorts to construct a more 
stable and reliable predictive model. Second, we did not 
further explore which specific functions of CD4+ T cells 
and CD8+ T cells are most conducive to the neoadjuvant 
therapy response, a topic that requires future investigation. 
Additionally, we did not delve into the precise mechanisms 
underlying the interactions between CD4+ and CD8+ T 
cells. Although we observed that their spatial proximity 
may be related to vascularization, this was not confirmed in 
basic research, potentially limiting our understanding of the 
deeper biological mechanisms behind treatment response. 
Moreover, the interactions between these cells could be 
influenced by various factors, including other immune 
cell types, cytokines, and metabolic products, all of which 
warrant further exploration in future studies.
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Conclusions

Our study highlights although the therapeutic efficacy of 
chemo-immunotherapy in the patients with low PD-L1  
expression is generally inferior to that in the patients 
with high PD-L1 expression, the patients with proximity 
between CD4+ and CD8+ T cells can benefit from chemo-
immunotherapy even their PD-L1 expression is low. These 
findings provide new insights into personalized stratification 
for guiding immunotherapy strategies. Future research 
should focus on elucidating the mechanisms behind 
these interactions to refine and enhance immunotherapy 
approaches.
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