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INTRODUCTION: Lung adenocarcinomas harboring EGFR mutations do not respond to immune 

checkpoint blockade therapy as well as their EGFR wildtype counterpart. The mechanisms 

underlying this lack of clinical response have been investigated but remain incompletely 

understood.

METHODS: We analyzed three cohorts of resected lung adenocarcinomas (PROSPECT, ICON 

and TCGA) and compared tumor immune microenvironment of EGFR-mutant tumors to EGFR-

wildtype (WT) tumors, to identify actionable regulators to target and potentially enhance the 

treatment response.

RESULTS: EGFR-mutant NSCLC exhibited low PD-L1, low tumor mutational burden, decreased 

number of cytotoxic T cells, and low T cell receptor clonality, consistent with an immune-inert 

phenotype, though T cell expansion ex vivo was preserved. In an analysis of 75 immune 

checkpoint genes, the top up-regulated genes in the EGFR-mutant tumors (NT5E and ADORA1) 

belonged to the CD73/adenosine pathway. Single-cell analysis demonstrated that the tumor cell 

population expressed CD73, both in the treatment-naïve and resistant tumors. Using co-culture 

systems with EGFR-mutant NSCLC cells, T regulatory cell proportion was decreased with CD73 

knockdown. In an immune-competent mouse model of EGFR-mutant lung cancer, the CD73/

adenosine pathway was markedly upregulated and CD73 blockade significantly inhibited tumor 

growth.

CONCLUSIONS: Our work demonstrated that EGFR-mutant NSLCLC has an immune-inert 

phenotype. We identified the CD73/adenosine pathway as a potential therapeutic target for EGFR-

mutant NSCLC.

INTRODUCTION:

Though immune checkpoint blockade has been successfully utilized in patients with 

NSCLC, the benefit of immunotherapy for patients with advanced EGFR-mutant NSCLC 

has been limited. Patients with EGFR-mutant lung cancers experience a response rate of 

3–8% to single-agent anti-PD-1/PD-L1(1, 2), compared to 19–45% in EGFR wild-type 

(WT) tumors(3, 4). The presence of EGFR mutations is often associated with never or light 

smoking history in a relatively younger patient population(5, 6) with low tumor mutational 

burden (TMB)(7) and PD-L1 expression(8). The number of CD8+ tumor-infiltrating T cells 

(TIL) were also found to be low in EGFR-mutant tumors(8). However, it is unclear whether 

low TMB, PD-L1 and CD8+ T cells are the only mechanisms of resistance to anti-PD-1/

PD-L1 therapy in EGFR-mutant NSCLC or whether other factors may contribute to the 

immune-inert phenotype of EGFR-mutant NSCLC. In a retrospective analysis focusing on 

high PD-L1 NSCLC (>50%) patients’ response to anti-PD1 immunotherapy, EGFR-mutant 

tumors responded very poorly (overall response rate [ORR] at 12.5%, 1 responder in 8 

EGFR-mutant patients) compared to all never- to light-smoker patients (total cohort n=45, 

ORR 31.6%)(9), suggesting that smoking status and PD-L1 expression are not the only 

factors leading to poor responses to anti-PD1/PD-L1 therapy in EGFR-mutant patients.

CD73, encoded by gene ecto-5’-nucleotidase (NT5E), is a known regulator of the immune 

microenvironment through its effects on the generation of extracellular adenosine(10–13). 

ATP released from stressed or injured cells can be dephosphorylated from ATP to ADP and 
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AMP by CD39(14), and CD73 then dephosphorylates and converts extracellular adenosine 

monophosphate (AMP) into adenosine and inorganic phosphate(15). Extracellular adenosine 

generated by this pathway binds to G-protein-coupled adenosine receptors and inhibits T 

cell function and promotes T cell apoptosis, leading to immune escape by the tumor(15–17). 

CD73 expression has been observed in EGFR-mutant NSCLC(10), although whether it 

represents a potential target for immune modulation in this context is unclear.

Here, we performed an integrated analysis of the tumor immune microenvironment 

in EGFR-mutant and EGFR-WT lung adenocarcinomas in three independent cohorts 

of resected NSCLC. We characterized tumor immune regulatory genes, immune cell 

composition, and the reactivity of T cells in EGFR-mutant tumors. We focused our analyses 

on identifying key targetable immunosuppressive pathways. This study sheds light on the 

mechanisms underlying tumor immune suppression and represents a step towards designing 

appropriate immunotherapies for EGFR-mutant lung cancer patients.

METHODS:

Clinical datasets

We queried three independent datasets. The first dataset is the Profiling of Resistance 

Patterns of Oncogenic Signaling Pathways in Evaluation of Cancer of Thorax, referred 

to as the PROSPECT cohort(18). There were 94 surgically resected stage I-III lung 

adenocarcinomas (LUADs) with adequate clinical and genetic information for analysis. 

The second dataset is the Immune Genomic Profiling of NSCLC, referred to as the 

ICON cohort (MDACC PA15–1112). There were 72 surgically resected stage I-III lung 

adenocarcinomas with adequate clinical and genetic information for analysis. The last 

dataset is The Cancer Genome Atlas (TCGA, LUAD n=511). There were 511 surgically 

resected lung adenocarcinomas with adequate clinical and genetic information for analysis.

Immunohistochemistry and immunofluorescent staining

For samples from the PROSPECT cohort, 10 immune markers were tested by 

immunohistochemistry(18), including PD-L1, PD-1, CD3, CD4, CD8, CD45RO, CD57, 

CD68, FoxP3 and Granzyme B. PD-L1 expression in malignant cells was analyzed using 

a cell membrane staining algorism and quantified using a 4-value intensity score and 

the percentage (0–100%) of the extent of reactivity. H-score (range, 0–300) is a typical 

approach for scoring these analyses and is obtained by multiplying the percentage of 

staining positive cells by the staining intensity ordinal (0–3). For ICON cohort, multiplex 

immunofluorescence (mIF) staining was performed for profiling analysis of PD-1, CD3, 

CD4, CD8, CD45ro, CD57, GZB, FOXP3, and CD68. The density of cells expressing these 

markers was evaluated by quantifying positive cells in five selected regions (1 mm2) that 

were randomly selected during the automated imaging analysis in both intra-tumoral and 

peritumoral compartments. Each area examined was identified and assessed in the sequential 

immunohistochemical slides in order to quantify each immune marker at similar spatial 

locations in the specimen slides. The average total number of cells positive for each marker 

across the five areas was expressed as cell density per mm2.

Le et al. Page 3

J Thorac Oncol. Author manuscript; available in PMC 2024 June 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



TCR sequencing

Immunosequencing of the CDR3 regions of human TCRβ chains was performed using the 

immunoSEQ Assay (Adaptive Biotechnologies). T cell clonality, density and richness were 

calculated as previously defined(19). To adjust for TMB between EGFR-mutant and WT 

tumors, only cases with total synonymous mutations less than 100 were used for comparison 

for the ICON cohort.

T cell expansion

Tumor-infiltrating lymphocytes (TIL) were cultured from tumor fragments. Briefly, resected 

lung cancer tumor samples were cut into 1–3 mm2 fragments and placed in complete TIL 

culture media (TIL-CM: RPMI 1640 with Glutamax supplemented with 2 mM L-Glutamine, 

1 mM Pyruvate, 1x of HEPES, 50 μM 2-mercaptoethanol, 1X Pen-Strep (Invitrogen, 

Carlsbad, CA) and 10% heat-inactivated human AB Serum (Sigma-Aldrich)) with 6,000 

IU/mL IL-2 (Prometheus; San Diego, CA) in culture treated 24-well plates for a period of 3 

to 5 weeks, as previously described(20).

mRNA expression profiling and fusion detection

For PROSPECT cohort, the array-based expression profiling of PROSPECT tumors was 

performed using the Illumina Human WG-6 v3 BeadChip according to the manufacturer’s 

protocol and gene expression data have been previously deposited in the GEO repository 

(GSE42127). For ICON cohort, the RNA sample libraries were prepared using the 

SureSelectXT RNA Direct Protocol (version A0, July 2017) from Agilent Technologies 

and sequenced on the Illumina HiSeq2000 platform. The raw reads were aligned to the 

hg19 reference genome using STAR (v2.3.0e). Then raw read counts mapped to each 

gene were obtained using htseq-count (v0.6.1p1). Paired-end transcriptome sequencing 

reads were aligned to the human reference genome (GRCh37/hg19) using a RNA-seq 

spliced read mapper Tophat2 (Tophat 2.1.0)(21), with “–fusion-search” option turned 

on to detect potential gene fusion transcripts. Potential false-positive fusion candidates 

were filtered out using “Tophat-Fusion-Post” module. For TCGA cohort, we used level-3 

TCGA pan-cancer data(22), including RNAseqV2, copy number, mutation, and clinical 

data. The fusion information was extracted from TCGA fusions dataset (23) and https://

www.tumorfusions.org/.

For other oncogene driver annotations, we focused on ALK-, ROS1-, RET-, NTRK1/2/3-

fusion, and BRAF V600E and MET exon 14 skipping, based on FDA-approved targeted 

therapies. They were analyzed as “other” oncogene driver cases. We also annotated KRAS 

mutations, but kept KRAS cases within the “WT” group. We did not annotate for ERBB2, 

PIK3CA, PTEN loss, or NRG-fusion. In the TCGA set, we identified the following: ALK-

fusion (5 cases), ROS1-fusion (5 cases), RET-fusion (1 case), NTRK2-fusion (1 case), 

BRAF V600E (3 cases) and MET exon 14 skipping (6 cases). In addition, there were 

total of 152 cases of KRAS mutations G12C/V/D (143 cases) and G13C/D (9 cases) in 

the TCGA cohort. In the ICON cohort, there were one EML4-ALK, one NCOA4-RET 

case, one METex14 case (D1028Y), no BRAF V600E, and 20 KRAS mutations. In the 

PROSPECT cohort, the fusion detection was not performed, because the dataset was on an 
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elder microarray platform. From the DNA-sequencing data where the EGFR mutation status 

was called, we identified 31 KRAS mutation cases.

Single-cell RNAseq

Tumor samples were obtained per MDACC PA14–0276 research protocol. The samples 

were dissociated and prepared for single-cell RNAseq using 10xGenomics platform 

(Chromium Single Cell 3’ Library & Gel Bead Kit v3). The libraries were sequenced 

at MDACC genomics core facility. A bioinformatics pipeline for single-cell RNAseq was 

applied for data analysis. Only EPCAM-positive cells were selected for subsequent analysis. 

Seraut(24) was used for unsupervised clustering of the single-cell data and UMAP(25) was 

applied for dimensional reduction.

RPPA analysis

Protein lysate was prepared from pellets from tumor tissues as previously described(26). 

Briefly, lysis buffer was added to the samples, followed by microcentrifugation. Clear 

supernatants were collected, followed by protein quantitation. The cell lysate was mixed 

with SDS sample buffer without bromophenol blue [three parts cell lysate plus one part 

4× SDS sample buffer]. Before using the 4X SDS sample buffer, 10% β-mercaptoethanol 

was added. The samples were boiled for 5 min. Then, the samples were serially diluted 

with dilution buffer [three parts lysis buffer : one part 4X SDS sample buffer + β-

mercaptoethanol]. To each of the diluted samples, an equal amount of 60% glycerol/2× 

PBS solution was added, after which the diluted samples were transferred to 384-well plates. 

Reverse-phase protein arrays (RPPA) were produced and analyzed. Protein arrays were 

printed on nitrocellulose-coated glass slides (GRACE BIO-LABS, Bend, Oregon 97702) 

using an Aushon Biosystems 2470 arrayer (Aushon Biosystem, Billerica, MA01821). 

Antibody staining of each array was done using a Dako AutostainerPlusLink (Dako North 

America Inc. Carpinteia, CA93013) as previously described. Antibody CD73 was purchased 

from Cell Signaling Technology. Phosphorylated EGFR Y1173 and CD38 antibodies were 

purchased from abcam. RPPA data were quantified using a SuperCurve method which 

detects changes in protein level by Microvigene software (VigeneTech) and an R package 

developed at MDACC.

In vitro experiments:

Cell culture, small interfering RNA and recombinant CD7: NSCLC cell lines 

(NCI-H1975 and HCC4006) were grown in Roswell Park Memorial Institute (RPMI)-1640 

supplemented with 10% fetal bovine serum. Small interfering RNAs targeting CD73 

were purchased from Thermo Fisher and transfected by Lipofectamine 2000 (Invitrogen). 

Recombinant human 5’-nucleotidase/CD73 enzyme (R&D systems) was used at 100 ng/mL.

Conditioned-media PBMC assay and flow cytometry: Serum-free conditioned 

media from CD73 siRNA transfected cell lines (H1975 and HCC4006) and from the 

respectively siRNA control was collected after 48 hours of transfection. Healthy donor 

peripheral blood mononuclear cells (PBMC) were co-incubated with conditioned media for 

12 hours. The PBMCs were Fc-blocked with purified rhesus anti-human (Catalog 564219, 

BD Pharmingen) for 30 minutes at 4°C. Cells were then stained using the Zombie NIR 

Le et al. Page 5

J Thorac Oncol. Author manuscript; available in PMC 2024 June 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fixable Viability kit (Biolegend 423106) and samples were stained for markers using 

directly labeled primary antibodies against CD3 (Biolegend 200326), CD4 (Biolegend 

300506), CD8 (Biolegend 300920), FoxP3 (Biolegend 320126), and Ki-67 (Biolegend 

15210). The experiment was performed in triplicates. Cell surface CD73 expression was 

evaluated using an anti-CD73 antibody (Biolegend 344006). Staining was visualized by 

fluorescence-activated cell sorting (FACS) analysis using a BD Fortessa X-20 Analyzer (BD 

Biosciences) and analyzed using FlowJo v10 software (FlowJo LLC).

Immune cell cytotoxicity assay and IFN-gamma ELISA: Tumor cells (H1975) 

were seeded in a 96-well plate at 2000 cells/well. Healthy donor PBMCs (Stem Cell 

Techology, Catalog # 70025.1) were co-cultured with tumor cells at the ratio of PBMCs/

Tumor=10:1 for 24 hours. Human anti-CD3/28 antibodies (biolegend, Catalog # 300402, 

302902) were added to the culture at the final concentration of 1μg/ml. Human anti-PD1 

and anti-CD73 antibodies (Biolegend, Catalog # 621602, 344002) were added to the 

culture at the final concentration of 5μg/ml. 50μl of cell culture medium was harvested 

for LDH cytotoxicity assay. Cytotoxicity was evaluated by CyQUANT™ LDH Cytotoxicity 

Assay Kit (Thermofisher, Catalog # 20300) following the manufacturer’s instructions. 

The final percentage of lysis was calculated by the formula %lysis=100*(Release-

Tumor spontaneous release-PBMC spontaneous release)/(Tumor maximum release- Tumor 

spontaneous release). 15μl of cell culture medium was harvested for IFN-gamma ELISA. 

IFN-gamma concentration was evaluated by IFN ELISA kit (Biolegend human IFNg ELISA 

Max).

Mouse studies

In the EGFR model used in the study is EGFR T790M L858R is under the control of 

a tet-inducible promoter. Mice were crossed CC10-RTTA restricting the expression of 

transactivator to club cells. Double mutant mice or CC10RTTA littermates (WT/controls) 

were fed doxycycline diet to induce EGFR expression and tumor formation as before (27). 

Once tumors were confirmed by MRI, mice were euthanized and tumors were collected. For 

IHC: Tissues were fixed in 10% formalin, embedded and sectioned. Immunohistochemistry 

was performed using Cell signaling Rabbit monoclonal antibody against CD73 (NT5E) # 

13160, 1/200, following the manufacturer’s instructions. For microarray expression analysis: 

lung tumors (n=10) or healthy lungs (n=12) were snap-frozen in liquid nitrogen and 

subjected to microarray analysis in the previous study (28). Metabolite profiling data 

was also extracted from the same study(28). Briefly, metabolites were extracted from 

collected lung tumors and healthy lung tissue and Mass spectrometry was performed. 

Treatment studies: Once the tumors were confirmed by MRI mice were either treated 

with vehicle (n=6) or CD73 blocking antibody (n=4) (BioXcell, in vivo monoclonal anti-

mouse CD73 antibody clone: TY/23) twice a week, 100ug/dose per mouse. Mice were 

imaged with Bruker 7T MRI at Dana-Farber Cancer Institute Lurie Family Imaging Center. 

MRI quantification was done using 3D slicer software https://www.slicer.org. Tumors were 

highlighted in 8 slices in the raw files by the observer for the software to determine and 

calculate a volume for each mouse(29). All mouse work was approved by DFCI institutional 

animal care and use committee.
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Statistical analysis

Statistical analyses were conducted using GraphPad Prism software (version8) or the R 

system. The unpaired t-test was used for comparisons between two group means, where the 

data could be assumed to be from a normal or near-normal distribution. Mann-Whitney U 

test was used to compare the mean ranks between two groups. All p values are two-tailed, 

and for all analyses, p<0.05 is considered statistically significant, unless otherwise specified.

RESULTS:

EGFR-mutant tumors exhibited lower PD-L1 expression and tumor mutational burden

We queried three independent datasets of surgically resected stage I-III lung 

adenocarcinomas (LUADs): MD Anderson Cancer Center (MDACC) PROSPECT (18), 

MDACC ICON and TCGA. We identified tumors with EGFR activating mutations (EGFR-

mutant) in each dataset, 14 in PROSPECT, 15 in ICON and 70 in TCGA and tumors 

without EGFR driver mutations (WT, see Methods). For tumors without EGFR driver 

mutations, further annotation was performed for TCGA and ICON datasets to identify other 

oncogenic driver alterations (see Methods and Table 1). We applied various approaches to 

profile the tumor immune characteristics, immune cell compositions, T cell reactivities and 

expansion of the EGFR-mutant tumors. Due to various success rates for each assay, we used 

all available cases for analyses. The number of cases in each cohort, for each assay, by 

genotype was detailed in Table. 1.

We first evaluated tumor features known to affect immunotherapy response such as PD-

L1 expression and tumor mutational burden (TMB). Consistent with prior studies(8), PD-

L1 expression on the malignant cells was significantly lower in EGFR-mutant tumors 

compared to EGFR WT tumors in both datasets (0 vs 7.28, p=0.05 by IHC H-score in 

PROSPECT cohort; 0.17 vs. 5.19%, p=0.03, in the ICON cohort by density by multiplex 

immunofluorescence [mIF](30), Fig. 1A). TMB was also significantly lower in EGFR-

mutant tumors (1.19 vs. 6.51 mut/Mb, p<0.01 in PROSPECT cohort; 1.82 vs. 9.99 mut/Mb, 

p=0.03 in ICON cohort; 6.13 vs. 9.70 mut/Mb, p<0.01 in TCGA cohort, Fig. 1B), consistent 

with the previous studies(7). When other driver-oncogene tumors were removed from the 

analysis, the TMB remains to be relatively low in the EGFR-mutant tumors compared to WT 

(1.82 vs. 10.67 mut/Mb, p=0.03 in ICON cohort; 6.13 vs. 9.04 mut/Mb, p=0.086 in TCGA 

cohort, Supplementary Figure 1A).

The number of CD8+ T cells was reduced in EGFR-mutant lung adenocarcinomas

We then characterized the immune cell composition in the tumor immune 

microenvironment. In the PROSPECT and ICON cohorts, CD3+ T cells were not 

significantly different in the EGFR-mutant vs. WT groups (1631 vs. 1657, p=0.90 in 

PROSPECT by IHC with EGFR n= 14 vs. WT n=80, 771 vs. 1068, p=0.37 in ICON 

by mIF with EGFR n= 15 vs. WT n=35, Fig. 1C). In both PROSPECT and ICON, 

EGFR-mutant tumors showed a trend towards lower CD8+ T cell infiltration in the tumor 

immune microenvironment compared to WT, although these results did not meet statistical 

significance (833 vs. 1123, p=0.17 in PROSPECT by IHC with EGFR n= 14 vs. WT n=80; 

189 vs. 344, p=0.11 in ICON by mIF with EGFR n= 15 vs. WT n=35, Fig. 1D–1F). CD4+ T 
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cells were found to be higher in EGFR-mutant tumors in the PROSPECT cohort (p=0.029), 

whereas FoxP3+ T regulator cells did not show any difference (Supplementary Fig 2A). 

Other immune cell populations, including CD20+ and CD68+ cells, were not significantly 

different between EGFR-mutant and WT tumors (Supplementary. Fig 2B). When other 

driver-oncogene tumors were removed from the analysis, the EGFR-mutant versus WT 

analyses results remained largely unchanged (Supplementary Fig. 2C). Because immune 

marker staining was not available for the TCGA dataset, we used the computational tool 

MCP Counter(31) to infer immune cell composition. Consistent with the direct immune 

marker staining in PROSPECT and ICON cohorts, the total CD3+ T cell population was 

no different between EGFR-mutant (n=70) and WT (n=421) tumors (6.10 vs. 6.13, p=0.81, 

Fig. 1C), whereas the fraction of CD8+ T cells was lower in EGFR-mutant tumors (5.62 vs. 

6.02, p=0.044, Fig. 1D). The inferred immune cell population analysis also showed lower 

NK cells, cytolytic T cell populations, but higher myeloid dendritic cells, in EGFR-mutant 

tumors, whereas B cells and monocytes did not show any difference (Supplementary Fig. 

3A and Supplementary Table 1). When other driver-oncogene tumors were removed from 

the analysis, the EGFR-mutant versus WT analyses results remained largely unchanged 

(Supplementary Fig. 1B and Supplementary Fig. 3B). It is worth noting that other oncogene 

driver tumors had similar immune cell composition to EGFR-mutant tumors with all 

comparisons having non-significant differences (Supplementary Fig. 1B).

Flow cytometry was performed in resected tumor samples from the ICON cohort when the 

immune cells were successfully isolated (EGFR-mutant, n=8 and WT n=23). Using total 

alive cells as the parental gate, CD45+, CD3+, CD4+, CD8+ populations were not different 

between the two groups (Table 2. top panel), overall consistent with IHC and mIF results.

Next, we used CD45+ cells to further dissect the relative composition of leukocyte 

subpopulations (Table 2, bottom panel). CD4+ T cells were higher (64% vs. 53%, p=0.043) 

while CD8+ T cells were lower (25% vs. 33%, p=0.079) in the EGFR-mutant tumors. 

CD8+PD1+ (activated T cells, 7.8% vs. 19.7%, p<0.01), CD8+Ki67+ (proliferating T 

cells, 2.4% vs. 4.5%, p=0.028), CD8+ naïve (0.06% vs. 0.25%, p=0.039) T cells were 

significantly lower in EGFR-mutant tumors. Among CD4+ T cells, Tregs were similar 

between EGFR-mutant and WT tumors (1.3% vs. 1.2%, p=0.91), but CD4+ conventional T 

cells showed a trend towards higher in the EGFR-mutant tumors (39% vs. 30%, p=0.07). 

When other driver-oncogene tumor were removed from the analysis, the EGFR-mutant 

(n=8) versus WT (n=22) analyses results remained largely unchanged (Supplementary Table 

2).

Taken together, our immune cell population analyses from immune staining as well as flow 

cytometry demonstrated that the total T cell population was not significantly different in 

EGFR-mutant versus WT tumors, whereas CD8+ T cells were decreased but not depleted 

in EGFR-mutant lung adenocarcinomas. By flow cytometry, we dissected the proportion of 

each functional subgroups of T cells, and found activated and proliferating CD8+ T cells 

(CD8+PD1+ and CD8+Ki67+) were reduced in EGFR-mutant tumors. Interestingly, CD4+ 

conventional T cells were elevated in EGFR-mutant cancers. Lastly, the regulatory T cell 

population did not show a significant increase in EGFR-mutant tumors.
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T cell receptor (TCR) clonality was lower but T cell ex vivo expansion was preserved in 
EGFR-mutant tumors.

We next sequenced the T cell repertoire(19), to compare TCR density, diversity (richness) 

and reactivity (clonality) of T cells in EGFR-mutant and WT tumors, in ICON (EGFR n=15 

vs. WT n=57) and PROSPECT (EGFR n=12 vs. WT n=92) cohorts. TCR clonality trended 

lower in EGFR-mutant tumors (0.098 vs. 0.140, p=0.09 in ICON cohort, Supplementary 

Fig. 4A and 0.117 vs. 0.155, p=0.001 in PROSPECT cohort(32), Supplementary Fig. 4D). 

Because EGFR-mutant tumors had lower TMB, Reuben et al has reported that most of 

the EGFR-mutant tumors were found to exhibit a TMB within the bottom tertile of the 

cohort(32), which was around 100 synonymous mutations per tumor. In order to adjust for 

this difference in TMB, we focused exclusively on tumors having TMB <100 synonymous 

mutations to remove TMB as the confounding factor. After this adjustment, TCR clonality 

was found to be significantly lower in the EGFR-mutant tumors (EGFR n= 10 vs. WT 

n= 11, 0.088 vs. 0.140, p=0.03, ICON cohort, Fig. 2A). Richness or density was not 

different between EGFR-mutant and WT tumors with or without adjusting for TMB (Fig. 

2B and Supplementary Fig. 4A). Similar results were found in the PROSPECT cohort(32). 

When other driver-oncogene tumors were removed from the ICON cohort TCR analysis, 

the EGFR-mutant (n=15) versus WT (n=54) analysis results remained largely unchanged 

(Supplementary Fig. 4B–C). These data suggest that EGFR-mutant tumors have a less 

reactive T cell repertoire independent of TMB, consistent with prior studies(32).

In the ICON cohort, T cells collected from tumor samples were subjected to ex vivo 
expansion(20, 33) and their ability to expand successfully was evaluated. Success rates 

(able to expand to more than 12 million T cells) were not significantly different between 

EGFR-mutant and WT tumors (11/13, 85% in EGFR-mutant vs. 25/35, 74% in WT tumors, 

Fisher exact test, p=0.35, Fig. 2C) as was the case with expanded T cell numbers (42 million 

cells vs. 37 million cells, p=0.69) and the number of days to successful expansion (27.5 days 

vs. 27.8 days, p= 0.86, Fig. 2C). When other driver-oncogene tumors were removed from 

the ICON cohort T cell ex vivo expansion analysis, the EGFR-mutant (n=13) versus WT 

(n=32) analysis results remained unchanged (Supplementary Fig. 5). This suggests that T 

cells in EGFR-mutant tumors were less activated with a decreased clonality, but preserved 

their ability to expand ex vivo. These data support the hypothesis that decreased activation 

of T cells in EGFR-mutant tumors may be associated with a suppressive tumor immune 

microenvironment.

EGFR-mutant tumors were less inflamed than their WT counterparts

Next, we analyzed transcriptional data from the three cohorts to understand the key features 

of EGFR-mutant tumors’ immune microenvironment. Consistent with decreased cytolytic 

CD8+ T cells (Fig. 1D), CD8A and GMZA mRNA expression levels were lower in EGFR-

mutant tumors (Fig. 3A–B and Supplementary Fig. 6A–B). Interferon-gamma (IFNG) 

expression also demonstrated a trend towards lower in the EGFR-mutant tumors across 

all datasets (Fig. 3C and Supplementary Fig. 6C) while expression levels of its downstream 

targets, including STAT1, IRF-1, CCL5 also trended towards decreased in EGFR-mutant 

tumors (Fig. 3D–F and Supplementary Fig. 6D–F), consistent with a less inflamed tumor 

immune microenvironment.
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To identify potentially targetable immune regulators, we curated a list of 75 key immune 

regulatory genes, including immune checkpoint molecules(34), cytokines, and extra-cellular 

molecules and evaluated differences in their expression levels between EGFR-mutant and 

WT tumors. Using a fold-change >1.2, corresponding to most of the gene having a 

significant difference between EGFR and WT group, 15 genes were upregulated in EGFR-

mutant tumors in the TCGA cohort (Supplementary Table 3). The top upregulated gene 

was ADORA1 (upregulation fold change 2.16, p<0.001, Fig. 3G and Fig. 4C), encoding 

the adenosine receptor 1, and the sixth upregulated gene was NT5E (upregulation fold 

change 1.44, p=0.02, Fig. 3G and Fig. 4A and Supplementary Fig. 7A), encoding CD73, 

both of which are key molecules in the CD73/adenosine pathway. Three TGF-beta and 

receptor molecules, TGFBR3, TGFB1, and TGFB2, were also upregulated (Fig. 3G and 

Supplementary Fig. 8), as were IDO1 and ICAM1/4/5. IFNG and IL-6 were the two genes 

most significantly down-regulated in EGFR-mutant cancers. Other immune regulatory genes 

such as CTLA4, B2M, LAG3, IL-2, IL-10, and VEGF-A showed no difference between 

groups (Fig. 3G and Supplementary Table 3).

CD73/Adenosine pathway was upregulated in treatment-naïve EGFR-mutant tumors

CD73 dephosphorylates and converts extracellular adenosine monophosphate (AMP) into 

adenosine, a known immune suppressant. Given the prominent upregulation of two key 

molecules in the CD73/adenosine pathway, we sought to evaluate other genes in the 

pathway. CD39, which dephosphorylates ATP to ADP and AMP, was not differently 

expressed in EGFR-mutant tumors, though CD38(35, 36), another key regulator of the 

adenosine pathway, was suppressed in EGFR-mutant tumors (Fig. 4B and Supplementary 

Fig.7B). At the adenosine receptor level, ADORA1 was upregulated in EGFR-mutant 

tumors (Fig. 4C and Supplementary Fig. 7C), though ADORA2a and ADORA2b were not 

(Fig. 4D and Supplementary Fig. 7D).

Next, we evaluated CD73 expression at the single-cell level in epithelial cells of EGFR-

mutant NSCLC using 3’ single-cell RNA-sequencing approach. Six samples from four 

patients whose tumor harboring EGFR activating mutations were analyzed, with patient 1 

and 3 being treatment-naïve and patient 2 and 4 having an EGFR tyrosine kinase inhibitor 

(TKI)-resistant tumor. We compared NT5E (CD73) expression in the EPCAM+ cell from 

the 6 samples: the tumor sample from all four patients and the uninvolved lung sample from 

patient 2 and 3. We found most of the malignant cells having a moderate to high NT5E 
expression, whereas most of the normal epithelial cells expressing low to none (Fig. 4E, 

middle panel and right panel). Tumor samples had a high proportion of cells expressing 

NT5E (range from 6.3–49.9%) compared to the normal lung epithelial cells (2.6–3.6%). 

Both treatment-naïve and EGFR TKI-resistant tumor cells had positive expression of NT5E, 

with the TKI-resistant sample having the highest proportion of cells expressing NT5E 
(resistant tumors at 30.6. and 49.9% vs. treatment-naïve 6.3 and 28.9%, Fig. 4F).

To confirm the differential expression at the protein level, we performed reverse-phase 

protein arrays (RPPA) in the ICON cohort, and found that phospho-EGFR levels were 

significantly higher in EGFR-mutant tumors, as expected. CD38 levels were lower (fold 

change −1.35, p<0.01) and CD73 slightly higher (fold change 1.15, p=0.3) in the EGFR-
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mutant tumors (n=14) compared to WT (n=31, Fig. 4G and Supplementary Fig. 7E). 

Taken together, these data suggested the CD73-mediated, but not CD38-mediated, adenosine 

accumulation may contribute to a suppressed tumor immune microenvironment in EGFR-

mutant tumors.

CD73 blockade modulated T cell composition and function in EGFR-mutant non-small cell 
lung cancer cells.

Multiple lines of evidence have established that CD73/adenosine blockade can favorably 

impact solid tumor immune microenvironment, especially on T cells. In an in vitro system, 

T cell proliferation and division was suppressed by the addition of AMP, but restored 

with anti-CD73 antibody (oleclumab/MEDI9447)(37). In the in vivo setting, tumor growth 

was inhibited in CD73 and A2AR knockout mouse models(38). Furthermore, NK cells, 

CD8+ T cells, and interferon-gamma were required for the anti-tumor activity(38). We 

hypothesized that in the EGFR-mutant NSCLC context, CD73 blockade could also modulate 

T cell composition and function. To test the hypothesis, we first evaluated the cell surface 

expression of CD73 in NSCLC cell lines by flow cytometry. Two EGFR-mutant NSCLC 

cell lines, H1975 and HCC4006, had high CD73 surface expression (Supplementary Fig. 

9A). Two siRNAs (2 and 3) targeting CD73 had high knockdown efficiency and were 

selected for subsequent use (Fig. 5A and Supplementary Fig. 9 B). Next, PBMCs collected 

from the healthy donors were co-incubated with the conditioned media collected from cells 

with CD73 siRNA and control siRNA, and different T cell populations were evaluated. 

By flow cytometry, the percent of proliferating CD4+ and CD8+ T cells was not changed 

(Supplementary Fig. 9C), but T regulatory (CD4+FoxP3+) cells were significantly decreased 

with conditioned media from cells with CD73 siRNA treatment (5.133% (control siRNA) 

vs. 11.70% (CD73 siRNA2) and 11.70% (CD73 siRNA3), p=0.027 and 0.022 respectively 

in H1975 cells, Fig. 5C). Consistent with this finding, the addition of recombinant CD73 

resulted in an increase of T regulatory cell proportion (12.40% vs. 19.39%, p=0.04 in H1975 

cells, Fig. 5C). Similar results were observed in HCC4006 cells (Supplementary Fig. 9D).

Next, we evaluated the immune cell cytotoxicity using an established PBMC co-culture 

system (39) with anti-CD73 blockade. In EGFR-mutant H1975 cells, treatments with anti-

CD73 antibody alone or in combination with anti-PD-1 antibody led to increased tumor cell 

lysis with human peripheral blood monocytes (PBMC) (control 12% vs. anti-CD73 18% 

vs. combination 19%, p=0.0012 between control and anti-CD73, Fig. 5D). Furthermore, 

the interferon release was measured in the same four conditions. There was an increase 

in interferon-gamma release in anti-CD73 and anti-PD-1 combination treatment conditions 

(control OD450nm-570nm=0.27 vs. vs. combination 0.40, p=0.0005, Fig. 5E). These data 

provided evidence that blockade of CD73 in EGFR-mutant NSCLC cells may lead to a 

reversal of T cell suppression. When combined with anti-PD-1 treatment, anti-CD73 leads to 

increased interferon-gamma mediated T cell anti-tumor effect.

CD73 as a therapeutic target for EGFR-mutant lung adenocarcinomas

Next, we used an immune-competent EGFR-mutant genetically-engineered mouse model 

(GEMM) to evaluate the therapeutic efficacy of CD73 targeting,. RNA expression of 

several genes in the adenosine pathway in tumors from EGFR-L858R-T790M; CCSP-
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rtTA mice(27) were compared to lung tissues from mice carrying the CCSP-rtTA driver. 

Significantly elevated CD73 and adenosine receptor 1A RNA levels were detected in the 

EGFR-L858R-T790M murine tumors (Fig. 6A). Immunohistochemistry also confirmed 

CD73 overexpression in the tumor (Fig. 6C), indicating that this model recapitulates 

human findings. However, in contrast to patient samples, CD39 expression was elevated in 

murine tumors along with several adenosine receptors (Supplementary Fig. 10A). Metabolite 

levels were analyzed on these tumors to determine the functional role of these expression 

signatures. Interestingly, both AMP and adenosine levels were significantly elevated in 

EGFR-L858R-T790M tumors (Fig. 6B), confirming that gene expression correlates with 

metabolic signatures and CD73/adenosine pathway activation in this EGFR-mutant mouse 

model.

We then evaluated the therapeutic potential of CD73 blockade in this immune-competent 

model. Murine lung cancers were induced with doxycycline and tumor formation 

was confirmed by small animal MRI. Anti-CD73 antibody (100ug/dose per mouse 

intraperitoneal twice week) versus vehicle control was given to tumor-bearing mice for 2 

weeks and mouse tumors were monitored by MRI. Tumor reduction was observed in the 

anti-CD73 antibody group, whereas continued tumor growth was seen in the vehicle group 

(Fig. 6D and Supplementary Fig. 10B). These results suggest that targeting CD73/adenosine 

pathway for EGFR-mutant lung cancers may represent a viable therapeutic strategy.

DISCUSSION:

In this study, we performed comprehensive multi-cohort analyses to characterize the 

immune landscape of EGFR-mutant versus EGFR-WT NSCLC with the goal of identifying 

factors that potentially contribute to the lack of response to anti-PD1/PD-L1 therapy in 

EGFR-mutant lung cancers. While the overall number of T cells was not lower in EGFR-

mutant tumors, they exhibited lower levels of PD-L1 protein, TMB, and CD8+ T cell 

density, consistent with prior studies(7, 8). T cell clonality was also low, suggestive of a less 

reactive T cell repertoire. These features have been linked to the lack of response to immune 

checkpoint blockade therapy(40–43). Furthermore, single-cell analysis hinted that the tumor 

cell population expressed CD73 in EGFR-mutant NSCLC, both in the treatment-naïve and 

TKI-resistant tumors.

To our knowledge, our study is one of the first studies to analyze immune cells composition 

and T cell subpopulations and functionality in EGFR-mutant NSCLC. Using MCPcounter 

to infer immune cell composition from TCGA cohort, we found that T cell population and 

monocytes macrophages were in a reverse relationship, with NK cells were also coordinately 

decreased with T cells in EGFR-mutant tumors compared to WT group. This observation is 

consistent with another study leveraging single-cell transcriptomics analysis focusing on the 

tumor immune microenvironment of EGFR-mutant and other oncogene-drivers NSCLC(44). 

By flow cytometry, we were able to evaluate T cells with a variety of functional markers, 

and found both activated T cells and proliferating T cells, as well as naïve CD8+ T cells 

were lower in EGFR-mutant tumors, suggesting a suppressed immune microenvironment, 

again consistent with single-cell level observations. Furthermore, in our bulk RNAseq 

analysis, IDO was found to be upregulated in EGFR-mutant tumors compared to the WT 
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group. Maynard et al found that tumor cells having high IDO was associated with an 

immunosuppressive phenotype(44), consistent with the concept that EGFR-mutant tumors 

having a more immune inert phenotype. Additional evidence supporting the suppressive 

effect of the tumor microenvironment on T cells came from the lack of difference in T cell 

ex vivo expansion, when removed from the tumor microenvironment. This argues against 

intrinsic T cells dysfunction, but supports the importance of the tumor microenvironment-

mediated immune suppression in EGFR-mutant tumors.

When we evaluated the tumor immune microenvironment with a focus on targetable immune 

checkpoint proteins, most known immune checkpoint genes were either not differentially 

regulated or down-regulated, such as CTLA-4, LAG3, TIM3, TIGIT, and IL-2. We found 

both CD73 and ADORA1, key factors in the CD73/adenosine pathway, to be significantly 

upregulated in EGFR-mutant tumors, consistent with prior studies(10, 45). Our observation 

was consistent across all cohorts at both the mRNA and protein levels. Upregulation of 

CD73/adenosine was also confirmed in murine models at mRNA, protein and adenosine 

metabolite product levels. Furthermore, analysis of the three main ectoenzymes CD73, 

CD39, and CD38 in the adenosine pathways suggested EGFR-mutant tumors preferentially 

engage CD73. Interestingly, CD38 was down-regulated in EGFR-mutant tumors, suggesting 

EGFR-WT tumors may engage this mechanism to mediate immune escape. This is 

consistent with the work of Chen et al showing that CD38 upregulation is associated with 

resistance to anti-PD1 therapy in EGFR-WT and KRAS-mutant lung cancer models(36). 

Our data highlight the importance of detailed dissection of tumor immune microenvironment 

to identify appropriate targets for each oncogene-driven lung cancer subgroup.

Our study has several limitations. First, although we were able to leverage three independent 

cohorts to compare key immune features between EGFR-mutant versus WT tumors using 

transcriptome profiling and key immune marker analyses, some other analyses, such as 

T cell subgroup flow cytometry analysis, T cell ex vivo expansion and RPPA analysis, 

came from only ICON cohort of about 60 cases (EGFR=8–15 vs. WT=23–45, depending 

on the assay success rates). Additional experiments, including the single-cell analysis 

for CD73 levels and mouse model experiments had small sample sizes, therefore, only 

provided preliminary evidence. The results were provocative but not conclusive. Second, 

more detailed mechanistic studies, especially in EGFR-mutant NSCLC in vivo models, 

are needed to illustrate the molecular detail on how blocking of CD73/adenosine pathway 

favorably modulate the tumor immune microenvironment. Furthermore, whether anti-CD73 

adds efficacy to anti-PD-1 is a clinically relevant question requiring future investigation. 

We provided preliminary evidence that anti-CD73 and anti-PD1–1, alone or in combination, 

enhanced PBMC’s EGFR-mutant tumor cell killing. Our results are consistent with prior 

preclinical studies(37, 38) as well as a recent biomarker analysis report from a clinical 

trial in patients with renal cell carcinoma (RCC) treated with adenosine receptor inhibitor 

(ciforadenant/CPI-444) with or without atezolizumab(46). The ciforadenant’s clinical 

efficacy (by prolonged disease control) was directly associated with increased CD8+ T 

cell tumor infiltrates and TCR repertoire diversity in patient samples(46). Although we 

observed preliminary anti-tumor efficacy of CD73 blockade in co-culture systems and in 

a mouse model, further investigations in various immune-competent animal models with 

comprehensive survival analysis as well as tumor immune microenvironment analysis after 
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anti-CD73 blockade, with and without anti-PD1 therapy, is warranted. It is also possible that 

additional anti-CD73’s benefit could be related to NK cell function and other components 

in the tumor immune microenvironment (47, 48). Third, our analyses were based on three 

cohorts of stage I-III EGFR-mutant tumors that were TKI-naïve. Although the basic tumor 

immune features, such as low PD-L1, low TMB and low CD8+ T cells are likely to 

remain similar in the TKI-naïve and TKI-resistant EGFR-mutant tumors, the tumor immune 

microenvironment is likely to be different due to TKI related changes(49). Future studies 

are necessary to characterize the tumor immune microenvironment in TKI-resistant EGFR-

mutant tumors, to best design strategies for immunotherapy combinations for metastatic 

EGFR-mutant NSCLC.

Inhibiting CD73 and/or A2AR restores antitumor immunity in many preclinical studies, 

thus far, the clinical benefit from CD73/A2AR inhibitor immunotherapy clinical trials have 

been limited. Several anti-CD73 agents have entered clinical trials and demonstrated a 

good overall safety and tolerability profile(37, 38, 50), as single agents or in combinations. 

In a phase I/Ib trial of CPI-006 (anti-CD73)+/− ciforadenant (CPI-444, anti-A2AR) in 

solid tumors, T and B cells were successfully modulated with the treatment, but no 

RECIST-defined response was seen in the first 20 patients(50). When used in combination 

with anti-PD1/L1 therapy, partial responses were seen in 1 of 33 (3%) RCC patients 

treated with ciforadenant monotherapy and 4 of 35 (11%) RCC patients with ciforadenant 

atezolizumab combination, with an additional 24% (15 of 63 evaluable) of patients 

had tumor regression(46). Similar efficacy was observed in metastatic castration-resistant 

prostate cancers(51). Oleclumab (MEDI9447, anti-CD73) in combination with durvalumab 

has produced partial response in 1 of 21 colorectal cancer patients and 2 of 20 pancreatic 

cancer patients, with additional stable disease achieved(52). Some ongoing clinical trials 

involving newer CD73/A2AR inhibitors, including TJ004309 (anti-CD73 plus atezolizumab, 

Tarcon), LY3475070 (anti-CD73, plus pembrolizumab, Eli Lilly), NZV930 (Novartis), 

AK119 (Akeso), and AB680 (Arcus Biosciences) are under development. Currently, one 

trial of combination of oleclumab with osimertinib or oleclumab with AZD4635 (A2AR 

inhibitor) is ongoing (NCT03381274), evaluating CD73/adenosine pathway blockade in 

EGFR-mutant NSCLC. The results will shed light on the potential clinical benefit of anti-

CD73 therapy in the EGFR-mutant NSCLC context.

One potential explanation for the underwhelming efficacy with CD73/adenosine blockade 

could be the lack of biomarker selection. In our study, we identified EGFR-mutant lung 

cancers had higher CD73 expression than other lung adenocarcinomas, which might 

represent a disease subtype that could derive differential benefit from the CD73/A2AR 

inhibition. Fong et al identified an adenosine expression signature, which was associated 

with response to adenosine receptor inhibitor response(46). Furthermore, the relationship 

between CD73 levels and response to checkpoint inhibitors remains to be determined. 

CD73/adenosine upregulated is generally associated with the inhibition of tumor-infiltrating 

lymphocytes and upregulation of T regulatory cells and cancer immune evasion, also 

shown in our study. But in one retrospective analysis, high CD73 EGFR-mutant patients 

(n=6) had longer progression-free survival from immunotherapy than low CD73 (n=11) 

EGFR-mutant patients. In non-EGFR patients, CD73 levels were not associated with the 
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differential outcomes with immunotherapy(53). Future clinical studies of CD73 blockade in 

combination with other immunotherapy will help to address these questions.

Our study represents one of the first comprehensive tumor immune landscape 

characterizations dedicated to EGFR-mutant NSCLC. We leveraged three independent 

datasets using various methods to characterize the tumor cell immune features, immune cell 

composition, and tumor immune microenvironment features as well as single-cell RNAseq 

data from human EGFR-mutant tumors. We showed that EGFR-mutant NSCLC has low-

PDL1, low TMB, low CD8+ cytotoxic T cells, consistent with immune-inert phenotype. 

Even after correction for low TMB, the TCR clonality remains low. Interestingly, though 

T cells appeared suppressed within the tumor microenvironment, they maintained their 

expansion capabilities ex vivo, suggesting modulation of immune microenvironment could 

enhance the T cell response. Though most immune checkpoint genes were not upregulated, 

the CD73/adenosine pathway was, possibly contributing to decreased T cell function. 

Furthermore, we provided preliminary evidence showing in immune-competent murine 

models that blockade of CD73 leads to EGFR-mutant lung cancer shrinkage, indicating 

the therapeutic potential of the CD73/adenosine pathway blockade. Taken together, our 

data demonstrate that the CD73/adenosine pathway may be a critical therapeutic target for 

enhancing antitumor immunity in EGFR-mutant NSCLC.
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Figure 1. 
EGFR-mutant tumors had lower PD-L1, TMB and CD8+ T cells. (A) PD-L1 by IHC H 

score in PROSPECT and density in ICON, (B) Tumor mutational burden by mutations 

per megabase (mut/Mb) in PROSPECT, ICON, TCGA, (C) CD3+ T cells by IHC in 

PROSPECT, density by multiplex immunofluorescent (mIF) in ICON, and the percent of 

inferred T cells using MCP Counter in TCGA, (D) CD8+ T cells by IHC in PROSPECT, 

density by immunofluorescent in ICON, and the percent of inferred CD8+ T cells using 

MCP Counter in TCGA, (E-F) representative mIF images from EGFR-mutant and WT 

tumor sections. Color keys are at the right of the images. White arrows and arrowhead 

indicate CD3+CD8+ T cells.
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Figure 2. 
EGFR-mutant tumors had decreased TCR clonality but intact ex vivo T cell expansion 

capacity. (A) TCR analysis from ICON cohort for clonality, after adjusting for TMB 

difference between EGFR-mutant and WT tumors (only cases with total non-synonymous 

mutations less than 100 were used for comparison). (B) TCR analysis from ICON cohort 

for richness and density, after adjusting for TMB difference between EGFR-mutant and WT 

tumors. (C) T cell ex vivo expansion capacity, including success rate, final cell count after 

successful expansion, and days to successful expansion.
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Figure 3. 
EGFR-mutant tumors had decreased INF-gamma signaling. (A-F) GZMA, CD8A, INFG, 
STAT1, IRF1 and CCL5 RNA expression levels were compared between EGFR-mutant 

and WT tumors in PROSPECT, ICON and TCGA. Fold-change was calculated comparing 

expression of EGFR-mutant tumors to WT, using the lower expressed as the denominator. A 

positive fold-change value indicates overexpression in EGFR-mutant tumors and a negative 

value indicates decreased expression in EGFR-mutant tumors. The univariant analysis was 
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used for p-value. (G) gene expression fold change in the TCGA dataset. The genes with a 

fold change (EGFR/WT) >1.2 or < −1.2 were included.
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Figure 4. 
CD73/adenosine pathway was upregulated in EGFR-mutant tumors. (A-D) NT5E (CD73), 

CD38, ADORA1 and ADORA2A RNA expression levels were compared between EGFR-

mutant and WT tumors in PROSPECT, ICON and TCGA. Fold-change was calculated 

comparing expression of EGFR-mutant tumors to WT, using the lower expressed as the 

denominator. A positive fold-change value indicates overexpression in EGFR-mutant tumors 

and a negative value indicates decreased expression in EGFR-mutant tumors. The univariant 

analysis was used for p-value. (E) Feature plots showing EPCAM+ cells from the 3 single-
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cell RNAseq samples (right panel: cells by sample; middle panel: cells by malignant versus 

normal; left panel, the expression levels of NT5E in each cell) (F). Porportion of NT5E 

expression cells in each sample. (G) phosphorylated EGFR, CD73 and CD38 protein levels 

were compared between EGFR-mutant and WT tumors in the ICON cohort, from the 

reverse-phase protein array (RPPA).
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Figure 5. 
CD73 blockade modulates T cell composition and function in EGFR-mutant non-small cell 

lung cancer cells. (A) CD73 cell surface expression on H1975 cells was assessed by flow 

cytometry with or without control and CD73 siRNAs. (B) Healthy donor PBMCs were 

incubated with conditioned median collected from H1975 cells after siRNA treatment. T 

regulatory cell population was assessed in each condition by flow cytometry using CD4+ 

and FoxP3+ as markers. (C) Healthy donor PBMCs were incubated with conditioned 

median collected from H1975 cells or H1975 after recombinant CD73 overexpression. T 

regulatory cell population was assessed by flow cytometry using CD4+ and FoxP3+ as 

markers. (D) Healthy donor PBMCs were co-cultured with H1975 cells with anti-CD73 
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and anti-PD-1 treatment, alone or in combination. Percent of tumor cell lysis was assessed 

using cytotoxicity assay. (E) Healthy donor PBMCs were co-cultured with H1975 cells with 

anti-CD73 and anti-PD-1 treatment, alone or in combination. The cell medium was collected 

and assessed for interferon release by ELISA INF-gamma assay. Student t-test was used, 

statistical significance: * indicates p value less than 0.05, ** indicates p value less than 

0.005, *** indicates p value less than 0.0005, and **** indicates p value less than 0.0001.

Le et al. Page 26

J Thorac Oncol. Author manuscript; available in PMC 2024 June 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. 
Anti-CD73 therapy-induced tumor reduction in EGFR-mutant murine lung cancers. (A) 
NT5E (CD73) and ADORA1 RNA expression levels in EGFR-mutant tumors and normal 

lung. (B) adenosine and AMP metabolite levels in EGFR-mutant tumors and normal lung. 

(C) CD73 immunohistochemistry for EGFR-mutant tumors and adjacent normal lung. (D) 
The change of tumor sizes with 2 weeks of treatment was documented and compared 

between vehicle-treated and anti-CD73 treated groups.
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Table 1.

PROSPECT, ICON and TCGA datasets and analyses performed.

Cohorts PROSPECT ICON TCGA

Immune markers yes yes no

EGFR 14 WT 80 EGFR 15 others 3 WT 35

TMB no yes yes

EGFR 15 others 3 WT 35 EGFR 70 others 21 WT 420

TCR analysis yes yes no

EGFR 18 WT 168 EGFR 15 others 3 WT 54

Flow cytometry yes no

EGFR 8 others 1 WT 22

T cell expansion yes no

EGFR 13 others 3 WT 32

RPPA analysis yes no

EGFR 14 others 2 WT 29

Expression data yes yes yes

EGFR 14 WT 80 EGFR 15 others 3 WT 35 EGFR 70 others 21 WT 420
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Table 2.

Flow cytometry to compare T cell subpopulations. The top panel used alive cells as the parental gate. The 

bottom panel used CD45+ alive cells (total immune cells) as the parental gate. (Abbreviations: SSC-A: Side 

SCcatter parameter A; GRZB: granzyme B; PERF: perforin; Tregs: T regulatory cells, GITR: Glucocorticoid-

Induced TNFR-Related protein; Tconv: T conventional cells, defined as CD4+FOXP3-CD25low; CD8+ naïve 

T cells: defined as CD8+CCR7+CD45RA+; Avg: Average; Diff: difference)

Population Avg, EGFR Avg, WT Diff. p Value

CD45+ SSC-A subset 32.47 32.59 −0.12 0.991

CD3+ 20.05 17.39 2.66 0.730

CD4+ 12.79 9.42 3.37 0.457

CD8+ 6.09 6.67 −0.58 0.840

Population Avg, EGFR Avg, WT Diff. p Value

CD8+ 25.58 33.53 −7.94 0.079

CD8+ PD1+ 7.80 20.12 −12.32 0.000

CD8+ TIM3+ 0.81 2.87 −2.07 0.001

CD8+ Ki67+ 2.41 4.53 −2.12 0.028

CD8+ GRZB+ PD1+ 0.35 1.25 −0.90 0.016

CD8+ GRZB+ PERF1+ 0.62 2.18 −1.56 0.026

CD8+ CD103+ 7.20 13.22 −6.02 0.045

CD8+ CD103- 12.82 10.31 2.51 0.415

CD8+ Naïve 0.06 0.25 −0.19 0.039

CD4+ 64.03 53.70 10.33 0.046

CD4+ Tregs 1.32 1.25 0.06 0.911

CD4+ Tregs GITR+ 1.66 0.40 1.26 0.001

CD4+ Tconv 39.56 30.66 8.90 0.072
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