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Abstract: Survival is difficult to predict in patients with resected stage I lung adenocarcinoma (LUAD), but tumor mi-
croenvironment (TME) factors appear useful in predicting survival in advanced non-small cell lung cancer. We aimed 
to identify the TME factors linked to recurrence/metastasis and survival in stage I LUAD patients. We evaluated TME 
factors in stage I LUAD patients in The Cancer Genome Atlas (TCGA) using the “ESTIMATE” and “MCP-counter” R 
packages. We characterized infiltrating immune cells in the tumor and stromal regions in 44 stage I LUAD patients 
at our hospital using immunohistochemical methods combined with the HALO® Image Analysis Platform. In TCGA 
LUAD patients, the number of neutrophils was higher in patients without recurrence/metastasis than in patients 
with recurrence/metastasis. For patients with recurrence/metastasis, higher CD8+ T lymphocyte and B lymphocyte 
infiltration levels were associated with better overall survival (OS), and myeloid dendritic cell (DC) infiltration was 
associated with better disease-free survival (DFS). In stage I LUAD patients at our hospital, CD4+ T cells, CD8+ T 
cells, CD14+ monocytic lineage cells, CD16+ NK cells, and CD19+ B lymphocytes were more highly expressed in 
stromal regions than in tumor regions. Moreover, high intratumoral CD11c+ myeloid DC and CD68+ macrophage 
levels were associated with recurrence/metastasis. Within tumor regions, higher CD11c+ myeloid DC and CD68+ 
macrophage levels were associated with shorter DFS; within stromal regions, higher CD68+ macrophage levels 
were associated with shorter DFS. Multivariate analysis revealed that the presence of intravascular carcinoma em-
bolus, higher intratumoral CD11c+ myeloid DC levels, and high stromal CD68+ macrophage and CD4+ T-cell levels 
were independently linked to recurrence/metastasis in stage I LUAD patients. This study using 2 datasets shows 
that key players in the TME are associated with recurrence/metastasis in stage I LUAD patients. Higher intratumoral 
CD11c+ myeloid DC, stromal CD68+ macrophage and stromal CD4+ T-cell levels are independent prognostic fac-
tors for DFS in these patients.
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Introduction

Lung cancer is one of the most common tu- 
mors worldwide. According to the International 
Agency for Research on Cancer (IARC), in 2020, 
lung cancer had a high incidence, accounting 
for 11.4% of new cancer cases, and had a poor 
prognosis, accounting for 18% of cancer deaths 
[1]. With medical advances, the survival rates 
of non-small-cell lung cancer (NSCLC) patients 
have improved over the past 30 years, but the 
5-year relative survival rates are still very low 
[2]. Adenocarcinoma, the most common type of 
NSCLC, accounts for approximately 40-50% of 

cases [3]. Surgical resection is preferred for 
NSCLC patients with stage I-II disease, and 
appropriate adjuvant therapy after surgery can 
reduce the probability of distant metastases 
and improve the 5-year survival rate of patients 
[4, 5]. With the rapid development of emerging 
technology platforms (e.g., second-generation 
sequencing and other genomics) and molecular 
targeted drugs, an increasing number of lung 
cancer patients with specific driver genetic 
alterations have benefited from molecular tar-
geted therapies [4, 5]. Approximately 69% of 
advanced NSCLC patients have a potential 
molecular target for treatment [6]. Epidermal 
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growth factor receptor (EGFR)-tyrosine kinase 
inhibitors (TKIs) are a common example of tar-
geted treatment, and although targeted thera-
pies have improved survival in patients with 
metastases, the efficacy in most patients is 
ultimately limited by the emergence of drug 
resistance [4]. Unfortunately, although multi-
modal strategies have been employed in 
patients with advanced disease to eliminate 
cancer cells as much as possible, the long-term 
survival of these patients is still unsatisfactory. 
Therefore, the top priorities in curing cancer are 
early detection and timely and adequate treat-
ment [7]. New biomarkers of tumor progression 
need to be identified, and new therapeutic 
strategies need to be explored.

In the past decade, it has been well confirmed 
that the tumor microenvironment (TME) plays 
an irreplaceable role in the initial onset, growth, 
progression and invasive metastasis of tumors 
[8, 9]. Thus, the TME is also considered an envi-
ronment rich in targets for novel anticancer 
agents [10]. Many NSCLC patients have bene-
fited from immunotherapy represented by 
immune checkpoint inhibitors (ICIs). Lung ade-
nocarcinoma (LUAD) has significant cellular 
and genetic heterogeneity that is present not 
only in tumor epithelial cells but also in all com-
ponents of the TME [11]. Therefore, different 
factors of the TME can indicate disease stage, 
treatment response and clinical prognosis [12]. 
As a current research hotspot, the exploration 
of TME factors as predictive, diagnostic or prog-
nostic biomarkers has also made considerable 
advances. For example, high levels of FoxP3 (+) 
T regulatory cells (Tregs) within the TME usually 
suggest poor clinical outcomes in various can-
cer patients and correlate with resistance to 
immunotherapy [13]. Our understanding of  
the mechanisms by which the TME promotes 
cancer development is growing. Technological 
advances such as real-time imaging, fluores-
cence multiplex immunohistochemistry (mIHC), 
and transposed convolution algorithm analysis 
based on large amounts of gene expression 
data have led to better descriptions of the TME 
and further promoted the development of anti-
cancer therapies targeting the TME.

Our group found recurrence or distant metasta-
ses in a small proportion of early-stage LUAD 
patients within 1-3 years, with a poor clinical 
outcome. Accordingly, we aimed to explore the 
correlation between TME factors and the prog-

nosis of stage I LUAD patients by assessing 
immune cell profiles using two different meth-
ods, namely, bioinformatics and immunohisto-
chemistry (IHC) combined with the HALO® 
Image Analysis Platform, to identify new bio-
markers indicating early recurrence or metas-
tasis and provide new therapeutic targets for 
early-stage LUAD patients with recurrence/
metastasis.

Methods

Study patients

1) The Cancer Genome Atlas (TCGA) database 
cohort: We downloaded complete RNA sequen- 
cing (RNA-seq) data and clinical data of all 
LUAD patients from the TCGA database (https://
tcga-data.nci.nih.gov/tcga/) in September 
2020. The raw RNA-seq data were in HTSeq-
Counts format. After matching the RNA-seq 
data with clinical data, we excluded patients 
with an overall survival (OS) time less than or 
equal to 60 days and then screened 55 stage I 
LUAD patients with recurrence/metastasis and 
157 stage I LUAD patients without recurrence/
metastasis.

2) The Fudan University Shanghai Cancer 
Center cohort: We randomly selected 22 stage 
I LUAD patients who developed recurrence/
metastasis during the follow-up period and 22 
stage I LUAD patients without recurrence/
metastasis from patients admitted to the 
Fudan University Shanghai Cancer Center from 
September 2016 to May 2018. All enrolled 
patients were diagnosed with stage I LUAD by 
histopathological examination according to the 
8th edition of the TNM classification. Recur- 
rence/metastasis was confirmed by imaging or 
histopathological examination for all relevant 
patients. We collected the clinicopathological 
data and available formalin-fixed paraffin-
embedded (FFPE) specimens for IHC staining of 
the 44 patients. The clinicopathological char-
acteristics recorded included sex, age, smoking 
history, tumor size, IASLC grade, intravascular 
carcinoma embolus, pleural infiltration, and 
EGFR mutation status. FFPE specimens, hema-
toxylin-eosin (HE) sections, and pan-cytokera-
tin (pan-CK) staining sections of all patients 
were provided by the Department of Pathology, 
Fudan University Shanghai Cancer Center. All 
enrolled patients signed informed consent 
forms at the time of admission. The study was 
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approved by the Ethics Committee of Fudan 
University Shanghai Cancer Center.

TME evaluation by bioinformatics analysis

1) R Package “ESTIMATE”: We used the 
“ESTIMATE” package [14] in R (4.0.5) [15] to 
calculate the immune scores of stage I LUAD 
patients with recurrence/metastasis and with-
out recurrence/metastasis in the TCGA data-
base. The “ESTIMATE” package is based on the 
single-sample gene set enrichment analysis 
(ssGSEA) algorithm, which predicts the number 
of stromal cells and infiltrating immune cells in 
tumor tissues using transcriptome expression 
data and thereby generates three scores: stro-
mal score, immune score, and estimate score 
(predicting the tumor purity) [14]. That is, the 
more stromal cells and infiltrating immune cells 
there are, the higher the stromal score and 
immune score, respectively; the higher the esti-
mate score, which is the sum of the stromal 
and immune scores, the lower the tumor purity 
is.

2) R Package “MCP-counter”: TME factors of 
stage I LUAD patients in the TCGA database 
were assessed in R (4.0.5) by the “Micro- 
environment Cell Populations-counter (MCP-
counter)” package [16]. The MCP-counter 
method robustly quantifies the abundances of 
multiple types of immune cells, including CD3+ 
T cells, CD8+ T cells, cytotoxic lymphocytes, B 
lymphocytes, myeloid dendritic cells (DCs), nat-
ural killer cells (NK cells), neutrophils, mono-
cytic lineage cells, and stromal cells, including 
endothelial cells and fibroblasts, in the TME 
based on transcriptome expression data and 
calculates abundance scores independently for 
each sample; as such, these scores can be 
compared directly to assess the abundance of 
the corresponding cell types across samples 
within a cohort [16].

IHC staining

The FFPE tumor tissue of each patient was sec-
tioned into 2 μm serial sections for IHC. The 
serial sections were stained for IHC markers in 
the following sequence: CD8, CD4, FoxP3, 
CD11c, CD19, CD68, CD16, CD14, HE, and 
pan-CK. CD4 and FoxP3 were stained via dou-
ble immunofluorescence. HE and pan-CK stain-
ing were performed by the Department of 

Pathology, Fudan University Shanghai Cancer 
Center.

The sections were dewaxed in xylene and 
hydrated in a graded ethanol series. Sub- 
sequently, the sections were pretreated with 
the appropriate buffer in an autoclave at 115°C 
for 5 min and then at 100°C for 10 min. 
Ethylenediaminetetraacetic acid (EDTA) buffer 
(pH = 9.0) was suitable for CD8, CD14, CD19, 
CD4 and FoxP3 staining, while sodium citrate 
buffer (pH = 6.0) was suitable for CD11c, CD16 
and CD68 staining.

1) Diaminobenzidine (DAB) color development: 
The sections were incubated in 3% hydro- 
gen peroxide (H2O2) for 10 min to block endog-
enous peroxidase and then incubated with the 
corresponding diluted primary antibodies at 
4°C overnight. The primary antibodies were 
anti-CD8α (D8A8Y) rabbit monoclonal antibody 
(mAb) (#85336, CST, dilution 1:200), anti-
CD11c (D3V1E) XP® rabbit mAb (#45581, CST, 
dilution 1:400), anti-CD14 (D7A2T) rabbit mAb 
(#75181, CST, dilution 1:600), anti-CD16 (D1- 
N9L) rabbit mAb (#24326, CST, dilution 1:400), 
anti-CD19 (intracellular domain) (D4V4B) XP® 
rabbit mAb (#90176, CST, dilution 1:1000) and 
anti-CD68 (D4B9C) XP® rabbit mAb (#76437, 
CST, dilution 1:600). After the sections were 
incubated with the secondary antibody for 1 
hour at room temperature, DAB was used as 
the chromogen. Finally, the sections were coun-
terstained with hematoxylin and mounted.

2) Double immunofluorescence labeling meth-
od: The sections were incubated with the dilut-
ed mixed primary antibodies at 4°C overnight 
and then incubated with the diluted mixed  
secondary antibodies at room temperature in 
the dark for 2 hours. The primary antibodies 
were anti-CD4 antibody [EPR6855] (ab133616, 
Abcam, dilution 1:100) and anti-FOXP3 anti-
body [236A/E7] (ab20034, Abcam, dilution 
1:100) mixed at a 1:1 ratio. The secondary anti-
bodies were Alexa Fluor® 488 Donkey Anti-
Rabbit IgG (Jackson, dilution 1:200) and Alexa 
Fluor® 594 Donkey Anti-Rat IgG (Jackson, dilu-
tion 1:200) mixed at a 1:1 ratio. Finally, nuclei 
were stained blue with DAPI, and sections were 
mounted with fluorescence mounting medium.

All sections were scanned as images by an 
automatic digital slide scanner (PANNORAMIC 
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MIDI II) and quantitatively analyzed by the 
HALO® Image Analysis Platform.

Statistical analysis

For the TCGA database cohort, comparisons of 
immune scores and the abundances of each 
cell type were performed with the Wilcoxon test 
in R (4.0.5). For the Fudan University Shanghai 
Cancer Center cohort, the analysis of clinico-
pathological characteristics was accomplished 
by Fisher’s exact test, and the differences in 
immune cell infiltration were evaluated by the 
Wilcoxon test in Stata16. Survival curves were 
estimated using the Kaplan-Meier method. 
Univariate and multivariate Cox regression 
analyses were performed with the package 
“survival” in R (4.0.5). A P value < 0.05 was 
considered statistically significant.

Results

Evaluation of TME factors and their correlation 
with prognosis in the TCGA database cohort

For the 55 stage I LUAD patients with recur-
rence/metastasis and 157 stage I LUAD pa- 
tients without recurrence/metastasis from the 
TCGA database, we calculated immune scores 
using the R package “ESTIMATE”. The results 
showed that patients without recurrence/
metastasis had slightly higher stromal scores, 
immune scores and estimate scores than 
patients with recurrence/metastasis; that is, 
patients without recurrence/metastasis had 
more stromal cells and immune cells and lower 
tumor purity; however, the differences were not 
statistically significant (P > 0.05, Figure 1A).

Next, we evaluated the TME of these patients 
using the MCP-counter method. We compared 
the TME of patients with and without recur-
rence/metastasis, and the findings are shown 
in Figure 1B. The number of neutrophils was 
significantly reduced in patients with recur-
rence/metastasis compared with those with-
out recurrence/metastasis (P < 0.01).

Finally, we analyzed the TME combined with 
patient survival data. In patients without recur-
rence/metastasis, a high abundance of fibro-
blasts was somewhat associated with reduced 
OS (P = 0.057, Figure 1C), whereas in patients 
with recurrence/metastasis, a high abundance 
of CD8+ T cells (P < 0.05, Figure 1D) and B lym-

phocytes (P < 0.05, Figure 1E) was associated 
with increased OS, and a high abundance of 
myeloid DCs was associated with longer dis-
ease-free survival (DFS) (P < 0.01, Figure 1F).

Clinicopathological characteristics of the 
Fudan University Shanghai Cancer Center co-
hort

A total of 44 patients with stage I LUAD were 
included in this study, 22 of whom presented 
with recurrence/metastasis and 22 of whom 
did not have recurrence/metastasis. The clini-
copathological characteristics of all patients 
are listed in Table 1. We found that there were 
no significant differences in age, sex, smoking 
history, T stage, pleural infiltration or EGFR 
mutation status between the patients with  
and without recurrence/metastasis. However, 
patients with recurrence/metastasis were mo- 
re likely to have IASLC grade 2 or 3 disease, 
whereas patients without recurrence/metasta-
sis were more likely to have IASLC grade 1 or 2 
disease (P < 0.05). In addition, intravascular 
carcinoma embolus was found in 7 (31.8%)  
of the patients with recurrence/metastasis, 
whereas no intravascular carcinoma embolus 
was found in patients without recurrence/
metastasis, with a statistically significant differ-
ence (P < 0.01).

HALO analysis based on IHC

In this study, we evaluated markers of immune 
cells in the tumor immune microenvironment 
(TIME) of each patient by using IHC staining of 
serial sections: CD8 (to estimate CD8+ T-cell 
levels), CD4 and FoxP3 (to estimate Treg levels), 
CD11c (to estimate myeloid DC levels), CD19 
(to estimate B lymphocyte levels), CD68 (to 
estimate macrophage levels), CD16 (to esti-
mate NK cell levels), and CD14 (to estimate 
monocytic lineage cell levels). The IHC staining 
results of a representative patient are shown in 
Figure 2.

After IHC staining was completed and the slides 
were scanned, we quantified the infiltration of 
various types of immune cells in the patients’ 
tumor tissues using the HALO® Image Analysis 
Platform (Indica Labs, USA). First, on the HE 
staining images, we circled the core region of 
the tumor for analysis and excluded the region 
of normal lung tissue (Figure 3A). Subsequently, 
we moved the circled tumor core region to the 
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pan-CK staining image and classified the tumor 
core region according to the pan-CK staining 
results. As shown in Figure 3B, red areas were 
pan-CK-positive regions, representing tumor 
cells within the tumor core region, and green 
areas were pan-CK-negative regions, repre-
senting stromal cells within the tumor core 
region. Finally, we randomly circled five regions 
within the tumor cell and stromal cell areas 
(Figure 3C) and moved these circular regions to 

the corresponding positions on the remaining 
IHC staining images. We counted the numbers 
of 1+, 2+, and 3+ positive cells for all indicators 
within the circular regions (Figure 3D, 3E), cal-
culated the relevant percentages, and obtained 
the percentage of total positive cells and the 
histochemistry score (H-score) for each immune 
cell type within the tumor cell and stromal cell 
areas for each patient (the H-score could not 
be calculated for double-positive cells). The 

Figure 1. (A, B) Comparison of immune scores (A) and TME factors (B) between stage I LUAD patients with and 
without recurrence/metastasis from the TCGA database. (C) Kaplan-Meier curves showing the OS of stage I LUAD 
patients without recurrence/metastasis according to fibroblast abundance. (D) Kaplan-Meier curves showing the 
OS of stage I LUAD patients with recurrence/metastasis according to CD8+ T-cell abundance. (E) Kaplan-Meier 
curves showing the OS of stage I LUAD patients with recurrence/metastasis according to B-lymphocyte abundance. 
(F) Kaplan-Meier curves showing the DFS of stage I LUAD patients with recurrence/metastasis according to myeloid 
DC abundance.
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H-score was calculated as follows: H-score = 
[1× (%1+ cells) + 2× (%2+ cells) + 3× (%3+ 
cells)].

Evaluation of TIME factors and their correla-
tion with prognosis in the Fudan University 
Shanghai Cancer Center cohort

We selected two indicators, the percentage of 
total positive cells and the H-score, to assess 
the immune cell profiles of the Fudan University 
Shanghai Cancer Center cohort. First, we ana-
lyzed the differences in immune cell infiltration 
within the tumor and stromal regions, which 
revealed that compared with the tumor regions, 
the stromal regions showed higher percentag-
es of positive-staining cells and H-scores for 
CD8+ T cells, CD14+ monocytic lineage cells, 

CD16+ NK cells, CD19+ B lymphocytes, and 
CD4+ T cells (Figure 4A). In contrast, in patients 
with recurrence/metastasis, the percentages 
of positive-staining cells and H-scores for only 
CD19+ B lymphocytes and CD4+ T cells were 
higher within the stromal regions (Figure 4B); in 
patients without recurrence/metastasis, the 
percentages of positive-staining cells and 
H-scores for only CD8+ T cells, CD14+ mono-
cytic lineage cells, CD19+ B lymphocytes, and 
CD4+ T cells were higher within the stromal 
regions (Figure 4C).

Subsequently, we further analyzed the differ-
ences in immune cell infiltration between 
patients with and without recurrence/metasta-
sis. Compared with patients without recur-
rence/metastasis, patients with recurrence/

Table 1. Clinicopathological characteristics of stage I LUAD patients from the Fudan University Shang-
hai Cancer Center

With recurrence/metastasis
(n = 22)

Without recurrence/metastasis
(n = 22) P value

No. % No. %
Age (years) 0.537
    ≤ 60 12 54.5 15 68.2
    > 60 10 45.5 7 31.8
Sex 1.000
    Male 11 50.0 11 50.0
    Female 11 50.0 11 50.0
Smoking status 1.000
    Yes 9 40.9 9 40.9
    Never 13 59.1 13 59.1
T stage 1.000
    T1b 9 40.9 9 40.9
    T1c 10 45.5 10 45.5
    T2a 3 13.6 3 13.6
IASLC grade 0.028
    Grade 1 0 0 4 18.2
    Grade 2 10 45.5 13 59.1
    Grade 3 12 54.5 5 22.7
Intravascular carcinoma embolus 0.009
    Present 7 31.8 0 0
    Absent 15 68.2 22 100.0
Pleural infiltration 0.340
    Present 9 40.9 6 27.3
    Absent 13 59.1 16 72.7
EGFR mutation status 0.177
    Mutant 13 59.1 17 77.3
    Wild-type 5 22.7 1 4.5
    NA 4 18.2 4 18.2
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metastasis had higher percentages of positive-
staining cells and H-scores for intratumoral 
CD11c+ myeloid DCs and intratumoral CD68+ 
macrophages (Figure 5A), while no significant 
difference was observed within the stromal 
regions (Figure 5B). Additionally, in patients 
without recurrence/metastasis, the difference 
between stromal CD11c+ myeloid DC and intra-
tumoral CD11c+ myeloid DC expression was 
much higher than that in patients with recur-
rence/metastasis (Figure 5C).

Finally, according to the percentages of posi-
tive-staining cells and the H-scores of each 
immune cell type, we divided the patients into 
high- and low-infiltration groups and further 
analyzed the survival data. Survival analysis 
demonstrated that higher percentages of intra-
tumoral CD11c+ myeloid DCs and a higher 
H-score for intratumoral CD11c+ myeloid DCs 
were associated with shorter DFS (Figure 6A), 
and a higher percentage of intratumoral CD68+ 
macrophages was associated with shorter DFS 
(Figure 6B). Additionally, a higher percentage  
of stromal CD68+ macrophages was likewise 
associated with shorter DFS (Figure 6C), while 
a higher percentage of stromal CD4+ T cells 

DCs, stromal CD68+ macrophages and stromal 
CD4+ T-cell expression were independent risk 
factors associated with recurrence/metastasis 
in stage I LUAD patients (Table 3).

Discussion

It has been widely demonstrated that the TME 
plays a crucial role in the initial onset, growth, 
progression and treatment response of tumors. 
In this study, to investigate the impact of the 
TME on recurrence/metastasis in early-stage 
LUAD patients, we used two methods, bioinfor-
matics and IHC combined with the HALO® 
Image Analysis Platform, to assess the TME of 
stage I LUAD patients from the TCGA database 
and Fudan University Shanghai Cancer Center.

For stage I LUAD patients from the TCGA data-
base, we used different algorithms to assess 
the TME based on transcriptomic data. In 
patients with definite recurrence/metastasis, 
high infiltration of CD8+ T cells and B lympho-
cytes suggested better OS, and high infiltration 
of myeloid DCs suggested better DFS. In addi-
tion, the patients without recurrence/metasta-
sis had a higher abundance of neutrophils than 

Figure 2. IHC images of patient 28. A. 
CD8 staining (20×); B. CD11c stain-
ing (20×); C. CD14 staining (20×); D. 
CD16 staining (20×); E. CD19 stain-
ing (20×); F. CD68 staining (20×); G. 
CD4 and FoxP3 double immunofluo-
rescence staining (20×).

was somewhat associated 
with shorter DFS, although 
the difference was not statis-
tically significant (P = 0.093, 
Figure 6D).

Independent prognostic 
predictors in the Fudan 
University Shanghai Cancer 
Center cohort

Univariate Cox regression 
analysis of clinicopathological 
characteristics and positive-
staining cell percentages for 
each immune cell type with- 
in the tumor and stromal 
regions was conducted, and 
the results are shown in Table 
2. The variables with a P value 
< 0.1 were further included in 
the multivariate Cox regres-
sion analysis, and the results 
indicated that the presence  
of intravascular carcinoma 
embolus and high levels of 
intratumoral CD11c+ myeloid 
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those with recurrence/metastasis. For the 44 
stage I LUAD patients from the Fudan University 
Shanghai Cancer Center, we used IHC com-
bined with the HALO® Image Analysis Platform 
to assess the TIME. IHC is widely applied in 
daily clinical work. In contrast to flow cytometry, 
which does not provide spatial information, IHC 
staining utilizes prepared FFPE tissue speci-
mens, which are widely available, and IHC stain-
ing can be used to characterize the expression 
of individual markers and obtain spatial data 
on the localization of marker expression at a 
single time point and can be readily performed 
with a brightfield microscope. Moreover, appli-
cation of the HALO® Image Analysis Platform 
can provide more accurate and consistent 

target and kill tumor cells [17]. Tumor-infiltrating 
B lymphocytes (TIBs) are also key players in the 
TME and are present at all stages of lung can-
cer development [18, 19]. Many studies have 
demonstrated that NSCLC patients with high 
infiltration of CD20+ B lymphocytes have a bet-
ter clinical outcome [20-26], while a few stud-
ies have not found a significant association [21, 
27-29]. Moreover, in NSCLC patients, follicular 
B cells and mature DCs have been observed 
within tertiary lymphoid structures (TLSs), the 
density of follicular B cells was found to be posi-
tively correlated with the density of mature 
DCs, the density of lysosomal associated mem-
brane protein 3 (LAMP3)-positive mature DCs 
was found to be positively correlated with the 

Figure 3. Schematic diagram of the HALO analysis process. A. The yellow cir-
cle is the core region of the tumor. B. Pan-CK staining (top). The red regions 
contain tumor cells, and the green regions contain stromal cells (bottom). 
C. Core region of the tumor (yellow circle); tumor cells (red circle); stromal 
cells (green circle). D. Quantitative analysis of images stained by the DAB 
method. E. Quantitative analysis of images stained by the double immuno-
fluorescence labeling method.

analysis data than manual 
interpretation. Based on our 
findings, CD4+ T cells, CD8+ T 
cells, CD19+ B lymphocytes, 
CD16+ NK cells and CD14+ 
monocytic lineage cells were 
more frequently located in  
the stromal regions than in 
the tumor regions. The num-
ber of intratumoral CD11c+ 
myeloid DCs and intratumo- 
ral CD68+ macrophages was 
higher in patients with recur-
rence/metastasis than in th- 
ose without recurrence/me- 
tastasis. High levels of intra-
tumoral CD11c+ myeloid DCs, 
intratumoral CD68+ macro-
phages and stromal CD68+ 
macrophages were associat-
ed with a shorter DFS. In addi-
tion, multivariate Cox regres-
sion analysis demonstrated 
that high infiltration of intratu-
moral CD11c+ myeloid DCs, 
stromal CD68+ macrophages 
and stromal CD4+ T cells was 
an independent risk factor  
for recurrence/metastasis in 
stage I LUAD patients.

CD8+ T cells are related to 
acquired immunity and per-
form key cytotoxic roles in the 
TME. CD8+ cytotoxic T cells 
induce tumor clearance by 
producing interferon gamma 
(IFN-γ), tumor necrosis factor 
(TNF), and granzyme B, which 
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infiltration of cytotoxic T cells, and an increased 
density of both follicular B cells and mature 
DCs was found to indicate good clinical out-
come [20, 30, 31]. As a class of polymorpho-
nuclear granulocytes, neutrophils were named 
for their preference to uptake pH-neutral dyes, 
but they are no longer considered “neutral” in 
the cancer setting, as they have different phe-
notypes in each step of cancer development 
and sometimes have opposing functions [32]. 
In lung cancer, intratumoral neutrophils seem 
to play this type of controversial role [33]. As an 
example, in one study, the density of CD66b+ 

tumor-associated neutrophils (TANs) was an 
independent positive prognosticator in squa-
mous carcinoma patients but an independent 
negative prognosticator in adenocarcinoma 
patients [34]. In contrast, Liu, X. et al. reported 
that a high density of neutrophils predicted a 
poor prognosis in squamous carcinoma pa- 
tients, while no such correlation was observed 
in adenocarcinoma patients [35]. Carus, A. et 
al. concluded that the density of CD66b+ TANs 
was not directly related to OS or DFS in NSCLC 
patients [36]. Tumor-associated macrophages 
(TAMs) include two phenotypes with different 

Figure 4. Immune cell infiltration in the Fudan University Shanghai Cancer Center Cohort, with the H-score in the left 
column and the percentage of total positive cells in the right column. Differences in immune cell infiltration between 
the tumor regions and stromal regions in all patients (A), patients with recurrence/metastasis (B), and patients 
without recurrence/metastasis (C). *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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functions, M1 and M2. M1 macrophages sup-
press tumor development, while M2 macro-
phages promote tumor development. Extensive 
interactions exist between TAMs and NSCLC 
tumor cells. For example, NSCLC tumor cells 
secrete interleukin-17 (IL-17) and prostaglan-
din-E2 (PGE2), and IL-17 recruits TAMs, while 
PGE2 induces M2 macrophage differentiation 
[37]. Furthermore, TAMs release several mole-
cules, such as vascular endothelial growth fac-
tor (VEGF), urokinase-type plasminogen activa-
tor (uPA), cyclooxygenase-2 (COX-2) and matrix 
metalloproteinase-9 (MMP-9), creating a suit-
able microenvironment for the progression of 
NSCLC and the invasion of NSCLC tumor cells 
[38]. The prognostic predictive value of TAMs in 
NSCLC patients has also been reported. In sur-
gically resected NSCLC patients, an increased 
density of tumor islet CD68+ macrophages was 

an independent determinant of a favorable  
outcome, whereas an increased density of stro-
mal CD68+ macrophages was an independent 
determinant of reduced survival [39]. CD204+ 
macrophages in the stroma, probably M2 mac-
rophages, were significantly associated with 
lymphatic permeation, vessel invasion, and 
pleural invasion, and suggested a poor progno-
sis [40]. The opposite conclusion has also been 
proposed. In the study by Rakaee M et al., using 
multiplex immunohistochemistry, high infiltra-
tion levels of either intratumoral or stromal 
pan-CD68, HLA-DR+ M1, and CD204+ M2 
macrophages were considered independent 
indicators of good prognosis [41]. Using biopsy 
specimens from stage IV NSCLC patients, 
Kawai O et al. reported that patients with more 
TAMs in cancer nests than in stroma had a sig-
nificantly better clinical outcome than those 

Figure 5. (A, B) Differences in immune cell infiltration between patients with and without recurrence/metastasis 
within tumor regions (A) and stromal regions (B). (C) Difference in immune cell infiltration between stromal and 
intratumoral areas in patients with and without recurrence/metastasis. *P < 0.05.
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with more TAMs in stroma than in cancer nests, 
but this index could not predict chemotherapy 
response [42].

We reviewed some literature about the clini- 
cal impact of TME factors in early-stage  
LUAD. A study by Kinoshita, F. et al. divided 
stage IA LUAD patients into four groups (CD8-
low/FoxP3-low, CD8-high/FoxP3-low, CD8-low/
FoxP3-high and CD8-high/FoxP3-high), and the 
results demonstrated that the CD8-low/FoxP3-
high group was more likely to have an immuno-
suppressed status, and the CD8-low/FoxP3-
high phenotype was an independent risk factor 
for DFS in stage IA LUAD patients [43]. Similar 
conclusions have also been reported in other 
studies. In patients with stage I LUAD, a high 
density of stromal FoxP3-positive cells indi-
cates shorter DFS, but the ratio of FoxP3-
positive to CD3-positive cells was a better pre-
dictor of relapse [28]. Positive PD-L1 expres-
sion and low intratumoral CD8 expression were 
identified as independent prognostic factors in 
stage I NSCLC patients [44].

Immune cells are highly heterogeneous and 
plastic in function. Most immune cells be- 
have differently depending on their activation 
status and the surrounding microenvironment. 
Therefore, the findings of TME-related studies 
are not always consistent. In our study, two 
completely different methods were used to 
assess the immune cell profiles of stage I LUAD 
patients, and the findings were partly consis-
tent with published studies. Thus, the accuracy 
of the two methods, bioinformatics analysis 
based on transcriptomic data and IHC com-
bined with HALO® Image Analysis Platform anal-
ysis, in assessing the correlation between TME 
factors and recurrence/metastasis in stage I 
LUAD patients needs to be further validated in 
the future.

Undoubtedly, there are also a few shortcomings 
in our study. Because our study subjects were 
stage I LUAD patients and FFPE tissue blocks 
that have been preserved for extended periods 
of time often have poor antigenicity, our study 
cohort was relatively small. In addition, the 

Figure 6. Kaplan-Meier DFS curves of stage I LUAD patients from the Fudan University Shanghai Cancer Center. A. 
Intratumoral CD11c expression. B. Intratumoral CD68 expression. C. Stromal CD68 expression. D. Stromal CD4 
expression.
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chromogenic IHC (cIHC) staining we used pro-
vided relatively limited information compared 
to the emerging fluorescent mIHC. Fluorescent 
mIHC allows for the simultaneous detection of 
multiple markers on a single section to gather 
maximal data and provides researchers with a 
comprehensive view of the coexpression and 
spatial organization of multiple markers. There 
are also a number of well-established commer-

Jemal A and Bray F. Global cancer statistics 
2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin 2021; 71: 209-
249.

[2] Wang S, Sun T, Sun H, Li X, Li J, Zheng X, Mal-
lampati S, Sun H, Zhou X, Zhou C, Zhang H, 
Cheng Z and Ma H. Survival improvement in 
patients with non-small cell lung cancer be-
tween 1983 and 2012: analysis of the surveil-

Table 2. Univariate Cox regression analysis of DFS based on 
clinicopathological characteristics and TIME factors
Variable HR 95% CI P value
Age 1.033 (0.972-1.097) 0.300
Sex 1.103 (0.477-2.550) 0.820
Smoking history 1.059 (0.452-2.480) 0.900
Tumor size 1.015 (0.559-1.845) 0.960
IASLC grade 2.877 (1.341-6.171) 0.007
Intravascular carcinoma embolus 5.317 (2.095-13.490) 0.000
Pleural infiltration 1.533 (0.654-3.597) 0.330
EGFR mutation status 0.270 (0.093-0.783) 0.016
Intratumoral CD8 expression 1.009 (0.987-1.033) 0.420
Intratumoral CD11c expression 1.037 (1.004-1.071) 0.029
Intratumoral CD14 expression 1.018 (0.981-1.058) 0.340
Intratumoral CD16 expression 1.017 (0.969-1.068) 0.490
Intratumoral CD19 expression 1.037 (0.952-1.131) 0.400
Intratumoral CD68 expression 1.035 (0.997-1.075) 0.071
Intratumoral CD4 expression 1.010 (0.981-1.041) 0.490
Intratumoral CD4+FoxP3 expression 0.937 (0.527-1.666) 0.820
Stromal CD8 expression 1.028 (0.995-1.062) 0.092
Stromal CD11c expression 1.001 (0.978-1.024) 0.960
Stromal CD14 expression 1.004 (0.973-1.036) 0.810
Stromal CD16 expression 1.020 (0.981-1.060) 0.310
Stromal CD19 expression 1.007 (0.972-1.044) 0.700
Stromal CD68 expression 1.046 (0.997-1.097) 0.068
Stromal CD4 expression 1.020 (1.000-1.040) 0.055
Stromal CD4+FoxP3 expression 0.831 (0.560-1.233) 0.360

Table 3. Multivariate Cox regression analyses of DFS in pa-
tients with stage I LUAD
Variable HR 95% CI P value
IASLC grade 1.694 (0.533-5.385) 0.372
Intravascular carcinoma embolus 6.857 (1.462-32.151) 0.015
EGFR mutation status 0.225 (0.046-1.103) 0.066
Intratumoral CD11c expression 1.081 (1.012-1.155) 0.021
Intratumoral CD68 expression 0.952 (0.874-1.036) 0.250
Stromal CD8 expression 0.971 (0.926-1.018) 0.225
Stromal CD68 expression 1.111 (1.016-1.214) 0.021
Stromal CD4 expression 1.033 (1.002-1.065) 0.038

cial fluorescent mIHC panels for 
TME assessment. In the future, 
we plan to apply fluorescent mIHC 
combined with the HALO® Image 
Analysis Platform to analyze the 
spatial organization of immune 
cells for a more in-depth study of 
the TME in early-stage LUAD 
patients.

Conclusions

We used two different methods to 
comprehensively assess the TME 
of two stage I LUAD groups, evalu-
ated the correlation between TME 
factors and recurrence/metasta-
sis, and provided valuable predic-
tors of the prognosis of early-
stage LUAD patients.
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