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Abstract

Background: Despite the importance of tumor-infiltrating T lymphocytes (TILs) in cancer 

biology, the relationship between TIL phenotypes and their prognostic relevance for localized 

non-small cell lung cancer (NSCLC) has not been well established.

Patients and Methods: Fresh tumor and normal adjacent tissue was prospectively collected 

from 150 patients with localized NSCLC. Tissue was comprehensively characterized by high-

dimensional flow cytometry of TILs integrated with immunogenomic data from multiplex 

immunofluorescence, TCR sequencing, exome sequencing, RNA sequencing, targeted proteomics, 

and clinicopathologic features.

Results: While neither the magnitude of TIL infiltration nor specific TIL subsets were 

significantly prognostic alone, the integration of high-dimensional flow cytometry data identified 

two major immunotypes (IM1 and IM2) that were predictive of recurrence-free survival 

independent of clinical characteristics. IM2 was associated with poor prognosis and characterized 

by the presence of proliferating TILs expressing CD103, PD-1, TIM3, and ICOS. Conversely, 

IM1 was associated with good prognosis and differentiated by an abundance of CD8+ T cells 

expressing cytolytic enzymes, CD4+ T cells lacking the expression of inhibitory receptors, and 

increased levels of B cell infiltrates and tertiary lymphoid structures. While increased B cell 

infiltration was associated with good prognosis, the best prognosis was observed in patients with 

tumors exhibiting high levels of both B cells and T cells. These findings were validated in patient 

tumors from The Cancer Genome Atlas.

Conclusions: Our study suggests that although the number of infiltrating T cells is not 

associated with patient survival, the nature of the infiltrating T cells, resolved in distinct TIL 

immunotypes, is prognostically relevant in NSCLC and may inform therapeutic approaches to 

clinical care.

One Sentence Summary:

Integrated immunogenomics analysis of localized non-small cell lung cancer reveals prognostic 

immunotypes.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related death worldwide 1–3. The most frequently 

diagnosed lung cancer type, non-small cell lung cancer (NSCLC), is a very heterogeneous 

disease comprised of multiple histologic subtypes including lung adenocarcinoma (L-

ADCA), lung squamous cell carcinoma (L-SCCA), and lung large-cell carcinoma (L-

LCC) 4,5. NSCLC is potentially immunogenic given its typically high tumor mutational 

burden (TMB) leading to an abundance of neoantigens for immune cell recognition 6,7. 

However, NSCLC is often highly immunosuppressive and capable of downregulating the 

antitumor immune responses through multiple mechanisms, including deficiencies in antigen 

processing and presentation, release of immunomodulatory cytokines, and recruitment of 

immunosuppressive cells such as a regulatory T cells (Tregs) 8,9 and myeloid-derived 

suppressor cells (MDSCs). Consistent with this, MDSCs have been associated with 

increased tumor burden in NSCLC patients 10. In addition to Tregs and MDSCs, neutrophils 

are the most prevalent immune cell type in adenocarcinoma 11 and their expansion has 

been associated with increased tumor burden and poor clinical prognosis in patients with 

resectable NSCLC 12. Previous comprehensive studies devoted to characterization of the 

immune landscape present in lung cancer demonstrated increased abundance of CD19+ B 

cells, FoxP3+ Tregs, CD8+ T cells, and particularly CD45RO+ memory CD8+ T cells, but 

with a significant absence of NK cells 11,13,14. Lizotte et al.13 identified an immunologically 

hot cluster of NSCLC patients whose tumors have abundant CD8+ T cells expressing high 

levels of PD-1 and TIM3 and an immunologically cold cluster with tumors characterized by 

lower relative abundance of CD8+ T cells and lower expression of inhibitory markers.

Despite the comprehensive profile of immune cell content and function in NSCLC, the 

relationship between TIL phenotypes and their prognostic relevance is not well established. 

Upregulation of PD-1 and TIM3 occurs after repeated antigen exposure, thus PD-1 

expressing T cells in the tumor are believed to be enriched for anti-tumor activity, according 

to studies performed in melanoma 15. However, the lung is an organ under constant 

environmental (bacterial, viral, smoking, etc.) exposure. Examination of the T cell repertoire 

in NSCLC in comparison to normal adjacent uninvolved lung tissue shows a significant 

overlap in TCR sequences containing a high prevalence of TCR sequences predicted to 

recognize viral epitopes 16, suggesting that a considerable proportion of T cells in the 

lung may be irrelevant to tumor control. Thus, it is paramount to identify qualitative 

in lieu of quantitative differences in T cell infiltrate that may impact patient outcome. 

Furthermore, understanding of the TIL landscape in NSCLC has become increasingly 

critical with the advent of immune checkpoint inhibitors targeting PD-1/PD-L1 and CTLA-4 

pathways, which have revolutionized the management of NSCLC. The Food and Drug 

administration (FDA) and/or European Medicines Agencies (EMA) approved the use of 

inhibitory antibodies to PD-1 (nivolumab and pembrolizumab), PD-L1 (atezolizumab and 

durvalumab), and CTLA-4 (ipilimumab) 17–22. However, a significant proportion of patients 

do not benefit from these therapies 23–25. A better understanding of the association between 

TIL abundance and phenotypes associated with patient outcome may provide novel insights 

to design novel immunotherapies.
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In the current study, we performed immuno-genomic profiling by multiparameter flow 

cytometry, multiplex immunofluorescence (mIF), RNA sequencing (RNA-seq), whole-

exome sequencing (WES), TCR sequencing (TCR-seq), and targeted proteomics on 

resected tumor tissue obtained from 150 patients with localized NSCLCs enrolled in the 

ImmunogenomiC prOfiling of early-stage NSCLC (ICON) study, a multigroup and cross-

disciplinary prospective study carried out at the University of Texas MD Anderson Cancer 

Center. We correlated these data to clinical and pathological characteristics and discovered 

that while bulk TIL infiltration was not associated with patient outcomes, two distinct 

immunotype subgroups characterized by the relative enrichment of defined T cell markers 

were independent prognosticators of patient survival.

MATERIALS AND METHODS

Additional methods details can be found in the Supplementary Data.

Patients and Study Design.

This study was performed on NSCLC tissue and non-adjacent uninvolved lung tissue from 

the same patient. Patient samples were collected from NSCLC patients enrolled in the 

ImmunogenomiC prOfiling of early-stage NSCLC (ICON) project which began in April 

2016 and enrolled the last patient in September 2018. Informed consent was obtained from 

all study participants approved by the University of Texas MD Anderson Cancer Center’s 

Institutional Review Board (IRB). Clinicopathologic features and subject characteristics of 

patients involved in this study are presented in Table 1. Tumor and matched uninvolved 

tissues were freshly collected from a cohort of 76 patients to perform in-depth analysis of 

immune cells using flow cytometry, multiplex immunofluorescence (mIF), TCR sequencing, 

RNA sequencing and whole exome sequencing (WES). An overview of all available samples 

and assays is shown in Table S1.

RESULTS

TILs are activated and hyper-proliferative, but functionally impaired in early-stage 
resectable NSCLC

The ICON study prospectively enrolled 150 surgical patients to undergo integrated 

molecular characterization to identify key immunogenomic features of early-stage NSCLC, 

with clinicopathological features shown in Table 1. Multi-omic profiling was performed on 

both tumor and normal adjacent tissue, ranging from 76 profiled by high-dimensional flow 

cytometry to 139 profiled by multispectral immunofluorescence, subject to available tissue 

quantity (Table S1). Quantification of the T cells using mIF demonstrated that CD3+ T 

cell counts were significantly higher in tumors when compared to adjacent uninvolved lung 

tissues (Fig. 1A–B), which was orthogonally validated by sequencing of T cell receptor β 
(TCRβ) (Fig. 1C) and multiparameter flow cytometry analyses (Fig. 1D, S1). There was a 

good correlation between T-cell changes determined by flow cytometry and other metrics 

evaluated, supporting the robustness of the assays (Fig. S2). In addition, the percentages 

of CD8+ T cells, CD4+ T cells, and CD4+CD25hiFoxp3+ Tregs within the total CD45+ 

immune cells infiltrate were significantly higher in tumors compared to uninvolved lung 
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tissues (Fig. 1E–G). Tumors showed a significantly lower CD8+ T/Tregs ratio compared 

to uninvolved lung tissues (Fig. 1H). CD8+ T cells in the tumor were found to have a 

higher proliferative capacity compared to the CD4+ T cells as measured by Ki67 expression, 

whereas no difference in proliferation was observed in uninvolved lung tissue (Fig. 1I).

Phenotypically, tumor-infiltrating CD8+ T cells expressed significantly higher levels of T 

cell activation/co-inhibitory receptors including ICOS, PD-1, TIM3, and LAG3 compared 

to uninvolved lung tissues (Fig. 2A), enriched expression of the tissue resident memory 

(TRM) marker CD103 (Fig. 2B), and loss of cytolytic enzymes perforin and granzyme B 

(Fig. 2C). Expression of activation/co-inhibitory receptors was higher in the CD103+ CD8 

T cell compartment compared to CD103−, although both CD103+ and CD103− CD8 T 

cells showed increased activation/co-inhibitory receptor expression in the tumor compared to 

uninvolved tissue (Fig. S3). Increased expression of T cell activation/co-inhibitory receptors 

and CD103 were observed in CD4+ T cells as well (Fig. 2D–E). Restricting our analysis 

to specific subsets of patients based on key clinicopathological features indicated that 

the differences in T cell infiltration levels and phenotypes between tumor and adjacent 

uninvolved tissue are conserved across patient subsets, with similar results observed 

regardless of smoking status, tumor histology, or if samples were collected after receiving 

neoadjuvant chemotherapy (Fig. S4). Collectively, our results corroborate observations that 

in NSCLC, TILs are abundant, activated, hyper-proliferative, but functionally impaired.

TIL infiltration and individual subpopulations are not prognostic of survival

We next evaluated the relationship of T cell infiltrates with recurrence-free survival (RFS) 

in this cohort of early-stage surgical patients. Multiplex immunofluorescence data showed 

that high numbers of intratumoral CD3+ T cells were not associated with longer RFS (p = 

0.32) (Fig. 3A). Similarly, TCR sequencing analysis demonstrated that high T cell fraction 

within the DNA isolated from the tumor tissue was not associated with longer RFS (p = 

0.61) (Fig. 3B), consistent with our previous report 16. Furthermore, RNA sequencing data 

demonstrated the absence of association between CD3E expression and RFS (p = 0.90) (Fig. 

3C). Multiplex immunofluorescence and RNA sequencing data also showed that the number 

of intratumoral CD8+ T cells and the expression of CD8A transcript were not associated 

with RFS (p = 0.77 and 0.89) (Fig. 3D–E). In addition, high dimensional flow cytometry 

on freshly disaggregated tumor tissue showed an absence of association between any of the 

220 individual T cell subpopulations assessed and RFS (Fig. 3F). To validate these findings 

in external cohorts, we examined the survival in TCGA patients based on CD3E and CD8A 
transcripts. We confirmed the lack of association between CD3E and CD8A transcripts with 

progression-free survival (PFS) (Fig. 3G–H). Taken together, our results showed that neither 

total T cell infiltrates nor individual immune cell populations are prognostic of recurrence in 

NSCLC patients.

Integrated flow cytometry-based immunotype predicts patient outcomes

As no individual immune cell population was independently prognostic in our cohort 

of patients with NSCLC, we next asked if integration of all immune cell populations 

analyzed may provide more meaningful insight. We selected a subset of our cohort for high-

dimensional analysis which had sufficient tissue for profiling by all 3 flow cytometry panels 
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used in this study (Table S4), and sufficient events to allow for analysis of the majority 

of populations evaluated, resulting in a total of 47 samples. Using all flow cytometry 

populations with sufficient sample size, we performed t-distributed stochastic neighbor 

embedding (tSNE) (Fig. 4A), which divided patients into two immunotypes (IM1 and IM2) 

based on multiple clustering criteria (Fig. S5). In contrast to the analysis of single immune 

cell populations, RFS analysis indicated that immunotypes were strongly prognostic, with 

patients belonging to the IM1 immunotype having a significantly longer RFS (p=0.007) 

(Fig. 4B). Multivariate analysis controlling for tumor stage indicated immunotype was 

independently associated with RFS, with a numerically larger hazard ratio than tumor 

stage itself (HRstage = 1.26, HRIM2 = 2.12) (Fig. 4C). Repeating this procedure to define 

immunotypes based on analysis of flow cytometry data of the uninvolved tissue revealed 

no prognostically relevant cluster (Fig. S6), suggesting that the association between T cell 

phenotype and outcome is specific to the tumor immune infiltration.

While we found no significant differences in clinical variables between IM1 and IM2, we 

identified 77 immune populations differentially enriched at under 5% false discovery rate 

(FDR) (Fig. 4D, Table S2). Notable immune cell populations with greater prevalence in 

poor prognosis IM2 immunotype included CD8+ T cells co-expressing both the TRM marker 

CD103 and inhibitory receptor PD-1. In addition to CD103 and PD-1, IM2 CD8+ T cells 

expressed high levels of the activation marker ICOS, inhibitory receptors TIM3, LAG3, 

and the proliferation marker Ki67. Similar to the CD8+ T cell compartment, the CD4+ 

T cell infiltrate was significantly enriched in PD-1+ and ICOS+ cells in IM2. Conversely, 

IM1, which was associated with better outcome, was differentiated by an abundance of NK 

cells, CD8+ T cells expressing BTLA, Granzyme B, and CD103 in the absence of PD-1. 

IM1 immunotype was also enriched in total CD4+ T cells, specifically those expressing 

CD103 and lacking the expression of inhibitory receptors PD-1 and TIM3. Consistent 

with our observations that T cell infiltration was not independently prognostic (Fig. 3), 

we observed no difference in T cell fraction derived from TCR sequencing data between 

IM1 and IM2 (Fig. 4E). Orthogonal analysis of immune infiltrates using multispectral 

immunofluorescence (Fig. S7) confirmed there was no alterations in total T cell numbers, 

Tregs (CD3+CD8−Foxp3+), or CD8+ T cells between tumors assigned to IM1 and IM2, 

and also confirmed the increase in PD-1+ T cells observed in IM2 (Fig. 4F). Multispectral 

immunofluorescence detected no difference in total or PD-L1+ malignant cells (MCs) or 

macrophages (CD68+ cells) between IM1 and IM2 tumors (Fig. 4F).

To further confirm that clinicopathological differences between patients in IM1 and IM2 

were not driving the observed immunological differences between two immunotypes, we 

next sought to systematically compare the differences between IM1 and IM2 across different 

clinically relevant sub-populations. We hypothesized that if a given clinicopathological 

feature was unduly influencing the identified immunotypes, the observed differences in 

immune cell populations between IM1 and IM2 would be mitigated by only analyzing that 

subset of samples. To assess this, we first compared the frequency of PD1+ CD8+ T cells 

between IM1 and IM2 in various patient subsets, finding that the increased prevalence of 

PD1+ CD8+ T cells was observed in IM2 for all clinicopathological subsets (Fig. 5A). To 

generalize this analysis, we determined the difference in frequency between IM1 and IM2 

for all immune cell populations either in all samples (plotted along the x-axis) or various 
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indicated sub-populations (plotted along the y-axis) (Fig. 5B). This analysis found that the 

differences in frequency of each immune cell populations between IM1 and IM2 are highly 

concordant regardless of the subset analyzed (mean correlation coefficient = 0.93, 95% CI = 

0.89–0.97) and did not deviate from the expected correlation coefficient obtained by random 

sub-sampling (r = 0.92), suggesting no single patient subset is disproportionately influencing 

the observed immunotype clusters. Altogether these results suggest that patients can be 

stratified according to the degree of activation of their TIL independently of tumor features 

and patient clinical characteristics.

Molecular differences between IM1 and IM2

To identify potential molecular alterations that may be causing the differences observed 

between IM1 and IM2, we analyzed differences at the DNA, RNA, and protein levels. At the 

DNA level, we did not observe significant differences in TMB (Fig. 6A). To ensure TMB 

analysis was not confounded by differences in tumor purity, we analyzed the correlation 

between tumor purity determined from WES and TMB and found no relationship between 

the two (Fig. S8A), nor a difference in tumor purity between IM1 and IM2 (Fig. S8B). In 

addition to equivalent TMB between IM1 and IM2, we also found no enrichment for any 

specific mutations (Fig. 6B). We next analyzed mutational signatures 6,26,27, which evaluate 

mutational patterns associated with different mutagenic processes, detecting a total of 11 

out of 30 mutational signatures in our samples. Comparison of these between IM1 and 

IM2 revealed an enrichment in mutational signature 6 in IM1, which is typically associated 

with mismatch repair deficient tumors, as well as mutational signature 1 in IM2, which is 

typically correlated with age and is thought to be due to spontaneous cytosine deamination 

(Fig. 6C) 6. As mismatch repair defects can promote formation of both single nucleotide 

variants and small indels28, the latter of which can be particularly antigenic29, we assessed 

if IM1 harbored more indels, but found no significant difference (Fig. S9A). Increased levels 

of indels were detected in tumors positive for mutational signature 6 or 15 (both of which 

are associated with mismatch repair defects) (Fig. S9B), but not mutational signature 6 alone 

(Fig. S9C). This difference in mutational signatures could imply that tumors with different 

immunotypes are associated with different evolutionary trajectories.

To identify pathways that may exhibit differential activation, we next used RNAseq gene 

expression data to perform gene set enrichment analysis (GSEA). As shown in Fig. 6D, 

we found the top 4 pathways enriched in IM1 were largely focused on B cell activation, 

whereas the top 4 pathways enriched in IM2 were focused on cell proliferation and hypoxia. 

Increased proliferation markers in IM2 were also confirmed at the protein level using reverse 

phase protein array (RPPA) data, including Cyclin B1, 4EBP1, and phospho-Rb (Fig. 6E). 

Consistent with our flow cytometry results, reverse phase protein array (RPPA) analysis also 

showed that protein levels of CD4 were enriched in IM1, along with increased levels of 

phosphorylated STING, Granzyme B, and phosphorylated STAT3.

Generalization of immunotypes to TCGA data

To assess whether the immunotypes observed within our ICON cohort were generalizable, 

we used our previously published IRAPS algorithm to develop an immunotype gene 

expression signature30 (Fig. S10A). Briefly, we randomly divided the 28 tumors from the 
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ICON cohort with both immunotype and tumor RNAseq data into a training cohort of 19 

tumors (N = 9 IM1, N = 10 IM2) to develop the gene expression signature and a testing 

cohort of 9 tumors (N = 4 IM1, N = 5 IM2) to validate the gene expression signature’s 

accuracy. From the training cohort, we defined a 70 gene IM1 gene expression signature 

(Table S3) that robustly predicted immunotype both in the training cohort (AUC = 0.91) 

as well as the testing cohort (AUC = 0.95) (Fig. S10B–D). We further validated the IM1 

gene expression signature by applying it to the remaining ICON samples for which no 

flow cytometry data was available (N = 24), finding the signature robustly recapitulated the 

prognostic difference observed between immunotypes (Fig. S10E–G).

To validate our findings in external larger cohorts, we next determined immunotype scores 

in NSCLC tumors from TCGA (LUAD, N=515) using the 70 gene IM1 signature and 

available TCGA RNAseq data. Upon dividing patients from TCGA into IM1 and IM2, 

we observed that immunotype was prognostic both with univariate analysis (Fig. 7A), and 

multivariate survival analysis accounting for tumor stage (Fig. 7B). At the gene expression 

level, we found that TCGA patients closely mirrored ICON patients with strong enrichment 

in B cell pathways in IM1, and cell cycle/hypoxia pathways in IM2 (Fig. 7C). Similar 

to what was observed in the ICON cohort for the mutational signatures, we found that 

in TCGA patients assigned to IM1 there was a large increase in mutational signature 6, 

although whereas IM2 patients did not show an increase in mutational signature 1 (Fig. 7D).

Improved patient prognosis is associated with dual enrichment for B and T cells

Based on the enrichment in B cell gene expression pathways in IM1 patients with good 

prognosis in both the ICON (Fig. 6D) and TCGA (Fig. 7C) cohorts, we hypothesized that B 

cell infiltrates may be associated with improved patient outcomes. Quantification of B cell 

marker CD20 staining on FFPE tissue in the ICON cohort indicated that high levels of B 

cells was associated with a favorable prognosis (Fig. 8A). In patients from the TCGA cohort, 

we utilized protein levels determined from RPPA to interrogate the presence of B cells and 

confirmed that high CD20 expression was associated with improved prognosis (Fig. 8B). We 

hypothesized that while abundance of T cells alone is not prognostic, dual enrichment for 

tumor infiltrating B cells and T cells may contribute to better prognosis for patients with 

NSCLCs. We further divided the ICON cohort into 4 groups including patients with high 

B and T cell infiltration (both high), high B cells infiltration only, high T cells infiltration 

only, and low B and T cell infiltration and found that improved prognosis associated with 

high B cells infiltration required concordant high levels of T cells, as neither high level of 

B or T cells alone were significantly associated with improved RFS (Fig. 8C). To confirm 

this result using the TCGA data, we merged CD20 protein expression determined by RPPA 

with T cell levels determined by RNA-seq and again found that patients with high levels 

of both B cells and T cells exhibited the best prognosis (HR = 0.56, P = 0.002) (Fig. 

8D). In contrast to the ICON cohort, TCGA patients low for both markers also displayed 

statistically worse survival than those low for only one marker (HR = 2.2, P = 0.0006) 

(Fig. 8D), which may be attributed to either differences in the precision of the analysis 

between ICON (mIF) and TCGA (RPPA/RNAseq) or differences in patient characteristics. 

Recent studies demonstrated that T-B cell aggregates and tertiary lymphoid structures (TLS), 

ectopic lymphoid tissue composed of T-B cell aggregates that develop secondary to chronic 
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inflammation, were associated with improved survival in multiple types of cancers 31–33. 

Consistent with the observation that high levels of both B and T cells are required for 

improved patient prognosis, quantification of tertiary lymphoid structures by histology in 

the ICON cohort revealed significantly more immune aggregates in IM1 than IM2 (Fig. 

8E). Taken together, these results suggest complex immune cell interactions are required for 

optimal clinical outcomes.

DISCUSSION

NSCLC is a heterogeneous disease on both molecular and immunological levels 13,34–38. 

In this study, we integrated high dimensional tumor-infiltrating T cell characterization 

with genomic and clinicopathological data to gain insights into functional T cell markers 

correlating with outcome. We have identified two prognostic immunotypes, IM1 and IM2, 

that characterized tumor microenvironment and defined patient outcome independently 

of clinicopathological features of the patient cohort, with IM1 being the immunotype 

associated with significantly improved RFS. While the abundance of T cell infiltration was 

not predictive of outcome, increased expression of key markers on CD8+ T cells including 

BTLA, and Granzyme B, high NK infiltration, and the co-existence of specific T cell 

subsets with lower checkpoint molecule expression were key features associated to IM1. To 

exclude the possibility that the differences observed between IM1 and IM2 immunotypes 

were driven by TMB, a predictor of immunotherapy outcome in NSCLC 49–51, we analyzed 

mutational changes at the DNA level and found no significant differences in tumor mutation 

burden or enrichment for any specific mutation between immunotypes, further supporting 

the notion that immunotype-based stratification of outcome was independent of tumor 

features.

Consistent with previous findings11,13,14, we have also confirmed that TILs are abundant, 

activated, and hyper-proliferative, but functionally impaired in NSCLC. Higher density 

of total CD103+ cells in the tumor has been found to correlate with survival in lung 

cancer 34,39. In vitro experimentation has revealed that CD8+ CD103+ TIL expanded from 

NSCLC exhibit anti-tumor activity, and that the CD103 molecule itself, an integrin binding 

E-cadherin on the surface of tumor cells, plays an important role in the cytotoxic activity 

of the CD8+ TRM subset40,41. Our analysis indicated that the CD8+CD103+ TIL population 

was lower in IM1 (mean expression of 19% versus 45% in IM2). Conversely, the CD103+ 

T cell populations present in IM2, the immunotype with the poorer outcome, shared some 

phenotypic characteristics with exhausted or/and dysfunctional CD8+ T cells, including 

the expression of inhibitory receptors PD-1, TIM3 and LAG335,42, altogether suggesting a 

context-dependent prognostic relevance of CD103 expression.

PD-1 expression suggests antigen experience, and repeated antigen exposure. However, 

CD8+PD-1+ tumor-infiltrating lymphocytes have been regarded as functionally exhausted 

rather than activated because of persistent antigenic exposure from either viral infection or 

the tumor microenvironment42. PD-1 tends to be expressed on clonally expanded T cells 

in solid tumors, and the clonal expansion of T cells in the tumor has been associated with 

anti-tumor activity44,45. TCR repertoire analysis of early-stage NSCLC demonstrated a great 

degree of overlap between TCR present in the tumor and adjacent uninvolved tissue, and 
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greater clonal expansion of T cells in the normal adjacent uninvolved lung, many of which 

recognize viral epitopes16. Such a situation may arise in response to the constant viral 

challenge occurring in the lung tissue and suggests that PD-1 expression in lung tumor 

tissue is not intimately associated with T cells recognizing tumor antigens but in large part 

dependent on viral antigen recognition. Our study identifies subpopulations of PD-1 negative 

effector T cells associated with better prognosis in early-stage NSCLC, which likely 

represent the true anti-tumor fraction as opposed to passive infiltrates. Orthogonal studies 

in NSCLC resected patients support a more favorable clinical outcome for patients with 

CD8 lymphocytes lacking PD-1 compared to those harboring CD8 lymphocytes expressing 

PD-143,47. Conversely, in the context of immune checkpoint inhibitors targeting PD-1/

PD-L1 pathway, studies suggest that increased CD8+PD-1+ tumor-infiltrating lymphocytes 

predict the clinical efficacy of PD-1 blockade therapies and correlates with favorable clinical 

outcome42,46. Taking together the combined evidence that high levels of CD8+PD-1+ 

immune infiltrates are associated with worse general prognosis but increased response to 

anti-PD-1/PD-L1, these studies could support an improved, tailored treatment model for 

early-stage NSCLC. Quantification of CD8+PD-1+ immune infiltrates upon resection may 

first be used to identify high-risk patients, and then this increased risk may be mitigated by 

adjuvant anti-PD-1/PD-L1 therapy.

Another important finding in our study is that good prognosis is dependent neither on total 

T cell infiltration nor on individual T cell phenotype. It is conceivable this could be due to 

intratumor heterogeneity, as prior studies have shown that immune cell infiltration can be 

heterogeneous even within the same tumor48. However, we found that T cell infiltration was 

generally correlated across different assays (and consequentially, different tumor regions), 

suggesting that the bulk T cell level, the magnitude of the infiltrate was typically similar 

throughout the tumor in our cohort. While some outliers were observed, the use of different 

pieces of the same tissue in multiple assays, each with their own degree of variability, 

prevents deconvolution of technical assay-dependent variation from actual heterogeneity 

to explain any discordance. However, both the robust concordance between assays (CD3+ 

from mIF, flow cytometry, RNAseq and T cell fraction from TCRseq data) and lack of any 

prognostic signature across assays, strongly suggests bulk T cell infiltration has minimal 

prognostic relevance in NSCLC. Altogether, these observations support the idea that the 

careful analysis of the functional status of TIL populations is key to help predict the course 

of the disease.

Crucially, this study identified increased infiltration of B cells along with T cells not 

expressing checkpoint molecules in IM1, suggesting that a productive immune response 

where B cells could act as antigen presenting cells to properly activate T cells is likely 

taking place. Moreover, the increased presence of immune cell aggregates or tertiary 

lymphoid structures in IM1 suggests greater interaction and co-localization of immune cells 

which favors anti-tumor immune response. These observations are consistent with previous 

studies showing the important role of B cells in the immuno-biology of NSCLC 52–54, 

and supporting the notion that enrichment of B cells in TLS is predictive of response to 

checkpoint blockade 31–33.
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In summary, our study has identified two major prognostically relevant immunotypes in 

NSCLC which are independent of both tumor features and clinical characteristics of the 

patients and has demonstrated that the engagement of complex immune cell interactions 

within the tumor microenvironment is required for tumor control and improved clinical 

outcome. This work also provides important insights to the development of cell-based 

biomarker signatures prognostic of outcome in NSCLCs, suggesting a model whereby 

increased risk for recurrence in patients with high levels of CD8 T cells expressing PD-1 

is addressed by adjuvant immune checkpoint blockade. This therapeutic approach, as well 

as how exposure to immune checkpoint blockade modulates our observed immunotypes, 

warrants exploration in future studies.
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HIGHLIGHTS:

• Overall T cell infiltration did not predict prognosis in localized NSCLC

• Analysis of high-dimensional TIL flow cytometry data identified two 

immunotypes predictive of patient outcomes

• Good prognosis subgroup was associated with T cells lacking inhibitory 

receptors & presence of tertiary lymphoid structures
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Figure 1. T-cell frequency is increased in tumors.
(A, B) Representative image of immune cell infiltration in uninvolved lung tissue and tumor 

analyzed using multiplex immunofluorescence (mIF, A), and quantification of CD3+ cells (n 
= 139, B). (C) T-cell receptor sequencing examining the T-cell fraction in uninvolved lung 

tissue and tumor as defined by immunoSEQ (n = 55). (D-I) Percentages of T lymphocytes 

within CD45+ cells in uninvolved lung tissue and tumor, n = 58, as measured by flow 

cytometry. (D) Percentage of CD3+ T cells. (E) Percentage of CD8+ T cells. (F) Percentage 

of CD4+ T cells. (G) Percentage of CD4+CD25hiFoxP3+ Tregs. (H) Ratio of CD8/Tregs 
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from uninvolved lung tissue and tumor. (I) Percentages of proliferating (Ki-67+) CD4+ and 

CD8+ T cells in uninvolved lung tissue and tumor. Differences between the two groups were 

calculated with a signed-rank (B-H) or one-way analysis of variance (I).
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Figure 2. Tumor-infiltrating T lymphocytes are activated and express checkpoint molecules at 
higher levels.
(A) Percentage of ICOS+CD8+, PD1+CD8+, TIM3+CD8+, and LAG3+CD8+ T cells within 

CD3+ T cells in tumor and uninvolved matched tissues (n = 45). (B) Percentage of 

CD103+CD8+ T cells in tumor and uninvolved matched tissues (n = 45). (C) Percentage 

of Perforin+CD8+ and granzyme B+CD8+ T cells in tumor and uninvolved matched tissues 

(n = 66). (D) Percentage of ICOS+CD4+, PD1+CD4+, TIM3+CD4+, and LAG3+CD4+ T 

cells within CD3+ T cells in tumor and uninvolved matched tissues (n = 43). (E) Percentage 

of CD103+CD4+ T cells in tumor and uninvolved matched tissues (n = 43). All panels 

represent flow cytometry data on freshly disaggregated tissue. Paired Student’s t-test was 

used to determine significance for all comparisons.
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Figure 3. Tumor-infiltrating T-lymphocyte infiltration and individual subpopulations cannot 
predict survival.
(A-E) Kaplan–Meier curves and log-rank P values showing recurrence-free survival for 

non-small-cell lung cancer patients with high (upper tertile, red) and low levels (lower two 

tertiles, blue) of (A) CD3 T cells (cells/mm2) defined by multiplex immunofluorescence 

(mIF). (B) T-cell fraction defined by ImmunoSeq. (C) CD3E transcript defined by RNA 

Sequencing. (D) CD8 T cells (cells/mm2) defined by mIF. (E) CD8A transcript defined 

by RNA Sequencing. (F) Volcano plot showing hazard ratios for all immune populations 

determined by flow cytometry using Cox proportional hazards model considering stage as 

a covariate. Benjamini–Hochberg procedure used to correct for multiple comparisons. (G, 

H) Survival in The Cancer Genome Atlas (TGCA) patients based on CD3E (G) and CD8A 
(H) transcript levels split into high (upper tertile, red) and low (lower two tertiles, blue). 

Log-rank test was used to determine significance.

FDR, false discovery rate.
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Figure 4. Immunotype determined by tumor-infiltrating T lymphocyte composition is prognostic 
in non-small-cell lung cancer (NSCLC).
(A) tSNE showed that tumors from NSCLC patients (n = 47) could be assigned to two major 

immunotypes (IM1 and IM2). (B) Kaplan–Meier curves showing recurrence-free survival 

(RFS) in IM1 (green, n = 26) and IM2 (purple, n = 21) tumors. (C) Multivariate Cox 

proportional hazards model for RFS based on immunotype and tumor stage. (D) Heat map 

showing all immune populations measured by flow cytometry, with significance indicated 

to the right of the heat map and clinical parameters indicated at the bottom of the heat 

map. (E) T-cell fraction determined by immunoSEQ in IM1 and IM2 patients. Median with 
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interquartile range. Rank-sum P value is shown. (F) Malignant cells (MCs), CD8, regulatory 

T cells (CD3+CD8−Foxp3+), CD68 (macrophages), CD3, CD3PD1, CD68 %PDL1, and 

MCs %PDL1 expression were analyzed using multiplex immunofluorescence in IM1 and 

IM2 patients. Values are shown as mean difference with 95% confidence interval.

PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; Tregs, 

regulatory T cells.
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Figure 5. Immunotype changes are conserved across different patient subsets.
(A) Comparison of percentage of CD8 T cells positive for PD1 between IM1 and IM2 in 

indicated subsets of patients. White dot indicates median value, Δ indicates difference in 

%PD1+ CD8+ T cells between groups. Rank-sum test. (B) Plots comparing the difference 

(Δ) in all immune cell populations between IM1 and IM2 observed in the entire set of 

patients analyzed (x-axis) and to the difference observed in indicated subsets of patients 

(y-axis). Pearson correlation coefficient (r) and corresponding P value (inset).
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N0, no evidence of regional node involvement; NX, any evidence of lymph node 

involvement; SCC, squamous cell carcinoma.
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Figure 6. Molecular characterization of IM1 versus IM2 in the ICON cohort.
(A) Tumor mutation burden in IM1 (n = 21) and IM2 (n = 20) tumors. Median with 

interquartile range and P value by rank-sum test. (B) Comparison of mutation frequency 

for specific genes between IM1 (n = 21) and IM2 (n = 20) by Fisher’s exact test. Odds 

ratio shown with 95% confidence interval. (C) Volcano plot showing difference in various 

mutational signatures between IM1 (n = 21) and IM2 (n = 20) tumors. Rank-sum test with 

Benjamini–Hochberg false discovery rate (FDR). Dotted line indicates 10% FDR. (D) Gene 

set enrichment analysis of differential gene expression between IM1 (n = 15) and IM2 (n = 

13) tumors. Pathways enriched in IM1 have positive scores and pathways enriched in IM2 

have negative scores. (E) Volcano plot showing proteins differentially expressed between 

IM1 (n = 24) and IM2 (n = 21) tumors. Rank-sum test with Benjamini–Hochberg FDR. 

Dotted line indicates 10% FDR.

MMR, mismatch repair.
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Figure 7. Validation of IM1 and IM2 phenotypes in The Cancer Genome Atlas (TCGA) patients.
(A) Overall survival in TCGA patients based on predicted immunotype. Log-rank P value. 

(B) Multivariate survival analysis controlling for tumor stage using Cox proportional hazards 

model in TCGA patients. (C) Gene set enrichment analysis plots for pathways previously 

identified in the ICON cohort (Figure 6D). (D) Differences in mutational signatures 

identified as differentially enriched in the ICON cohort (Figure 6C). IM1, n = 228; IM2, 

n = 242. Rank-sum test. Line indicates median value.

FDR, false discovery rate; NES, net enrichment score.
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Figure 8. Best prognosis is observed with high levels of both B cells and T cells.
(A) Recurrence-free survival (RFS) of patients from the ICON cohort with high versus 

low abundance of CD20+ B cells determined by multiplex immunofluorescence (mIF). 

(B) Progression-free survival (PFS) of patients from The Cancer Genome Atlas (TCGA) 

stratified by CD20 protein levels determined using reverse-phase protein array (RPPA). (C) 

RFS of patients from the ICON cohort with high levels of both CD20+ B cells and CD3+ 

T cells, high levels of only one immune cell population, or low levels of both populations 

as determined by mIF. (D) PFS of patients from TCGA stratified by high levels of both 

CD20 protein determined by RPPA and CD3 expression determined by RNAseq, high levels 

of only one immune cell population, or low levels of both immune cell populations. (E) 

Number of tertiary lymphoid structures per mm2 in IM1 and IM2 tumors. Rank-sum test. 

For all survival analyses, patients were divided at median level of immune cell infiltrates, 
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and survival assessed using the log-rank test. Hazard ratio is given with 95% confidence 

interval.

TIL, tumor-infiltrating T lymphocyte.
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Table 1.

Clinicopathological characteristics of the ICON cohort

ICON cohort (N = 150)

Age Years Sex n

 Median 68  Male 70

 Range 38–85  Female 80

Smoking history n Tumor size (cm)

 Ever 125  Median 4

 Never 25  Range 0–11.5

Pathological stage (AJCC7) n Clinical stage (AJCC7) n

 Stage 0 2  Stage 0 0

 Stage 1 58  Stage 1 68

 Stage 2 52  Stage 2 54

 Stage 3 36  Stage 3 26

 Stage 4 2  Stage 4 2

Pretreatment n Histology n

 None 112  Adenocarcinoma 97

 Neoadjuvant 38  Squamous cell carcinoma 38

 Other 15

Abbreviations: Ever, current or former smoker; Never, has never smoked.
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