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Abstract

Purpose: Only a minority of patients with advanced non-small-cell lung cancer (NSCLC) truly 

benefit from single-agent PD-1 checkpoint blockade, and more robust predictive biomarkers are 

needed.

Experimental design: We assessed tumor samples from 67 immunotherapy-treated NSCLC 

cases represented in a tissue microarray, 53 of whom had pre-treatment samples and received 

monotherapy. Using GeoMx Digital Spatial Profiling system (NanoString), we quantified 39 

immune parameters simultaneously in four tissue compartments defined by fluorescence co-
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localization (tumor [panCK+], leucocytes [CD45+], macrophages [CD68+], and non-immune 

stroma).

Results: 156 protein variables were generated per case. In the univariate unadjusted analysis, we 

found 18 markers associated with outcome in spatial context, 5 of which remained significant after 

multiplicity adjustment. In the multivariate analysis, high levels of CD56 and CD4 measured in the 

CD45 compartment were the only markers that were predictive for all clinical outcomes, including 

progression-free survival (PFS) (HR 0.24, p = 0.006; and HR 0.31, p = 0.011, respectively), and 

overall survival (OS) (HR 0.26, p = 0.014; and HR 0.23, p = 0.007, respectively). Then, using an 

orthogonal method based on multiplex immunofluorescence and cell counting (inForm), we 

validated that high CD56+ immune cell counts in the stroma were associated with PFS and OS in 

the same cohort.

Conclusions: This pilot scale discovery study shows the potential of the DSP technology in the 

identification of spatially-informed biomarkers of response to PD-1 checkpoint blockade in 

NSCLC. We identified a number of relevant candidate immune predictors in spatial context that 

deserve validation in larger independent cohorts.
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Introduction

PD-1 checkpoint blockade is standard of care and a fundamental component in the 

therapeutic landscape of advanced-stage non-small-cell lung cancer (NSCLC). However, 

only a minority of NSCLC patients truly benefit from these drugs particularly when given as 

monotherapies, and more robust predictive biomarkers are needed to optimally deliver these 

treatments(1).

Several new technologies that facilitate the assessment of multiple markers while preserving 

the spatial tissue architecture have been developed in recent years(2). These methodologies 

better characterize the tumor immune microenvironment and are promising tools for 

immune biomarker discovery. In fact, multiplexed immunohistochemistry (IHC)/

immunofluorescence (IF) assays have shown to outperform the accuracy of PD-L1 

expression, tumor mutational burden (TMB), and gene expression signatures for predicting 

response to PD-1 checkpoint blockade across several tumor types(3).

The GeoMx Digital Spatial Profiling (DSP) system (NanoString) is a new platform that 

enables simultaneous antibody-based detection of multiple proteins from single formalin-

fixed paraffin-embedded (FFPE) tissue sections in a quantitative and spatially-resolved 

manner(4). Due to its high-fold multiplexing capacity from specific regions or marker-

selected tissue compartments of interest, it is well suited for the identification of novel 

spatially-informed tissue biomarkers. In this study, we used DSP technology as a discovery 

tool to find spatially-resolved protein markers associated with benefit from single-agent 

PD-1 checkpoint blockade in advanced NSCLC. Then, among the identified candidate 

predictors, we further assessed CD56 expression by multiplex IF and cell count 
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quantification, with the aim to prove reproducibility in terms of outcome association with an 

orthogonal quantitative method.

Methods

Patient cohort and tissue microarrays (TMA)

We analyzed retrospectively collected FFPE tumor specimens represented in a TMA format 

from 81 NSCLC patients treated with PD-1 checkpoint blockade in the advanced setting 

between 2009-2017 at Yale (YTMA404). All tissue samples were collected and used under 

the approval from the Yale Human Investigation Committee protocol #9505008219 with an 

assurance filed with and approved by the US Department of Health and Human Services. 

The Yale Human Investigation Committee approved the patient inform consent or in some 

cases waiver of consent all in accordance with the ethical guidelines of the US Common 

Rule.

For TMA construction, tumors were reviewed by a local pathologist using hematoxylin and 

eosin–stained preparations to select representative tumor areas. Then, two cores (0.28 mm2 

each) were extracted from each tumor block and arrayed in two recipient TMA master-

blocks, each TMA block thus containing one non-adjacent 0.28 mm2 tumor core per 

NSCLC case. Tumor core selection was not based on specific tumor segments or location.

For all the experiments, we assessed two slides derived from two independent YTMA404 

blocks, each block containing one non-adjacent tumor core per patient. Sixty-seven cases 

included in YTMA404 had available or adequate histospots for protein quantification. Of 

these, 53 had pre-immunotherapy specimens and received single-agent PD-1 checkpoint 

blockade, constituting our discovery cohort (see consort diagram - supplementary figure S1). 

Table 1 summarizes the clinicopathologic characteristics of these patients.

Digital Spatial Profiling

Briefly, once the slides were deparaffined and subjected to antigen retrieval procedures, we 

co-incubated them overnight with three fluorescent-labeled visualization antibodies to detect 

tumor cells (pan-cytokeratin [CK]), all immune cells (CD45), and macrophages (CD68), 

together with a cocktail of 44 unique photocleavable oligonucleotide-labeled primary 

antibodies targeting immuno-oncology markers (supplementary table S1). Once the staining 

was completed, we loaded the slides in a prototype Beta version of the GeoMx DSP 

instrument, where they were scanned to produce a digital fluorescent image of the tissue. 

Next, we generated individual regions of interest (ROIs) of a maximum of 0.28 mm2 

covering the entire TMA core, then each ROI was segmented in four molecularly-defined 

tissue compartments by fluorescent co-localization: tumor compartment (panCK+), immune 

cell compartment (CD45+), macrophage compartment (CD68+), and non-immune cell 

stroma compartment (SYTO13+/panCK−/CD45−/CD68−) (Figure 1). Oligos from these 

compartments were released upon exposure to UV light in a sequential manner to the 

macrophage, immune cell, tumor, and finally non-immune cell stromal compartments. 

Photocleaved oligos were collected via microcapillary aspiration and dispensed into a 96-

well plate, then hybridized to 4-color, 6-spot optical barcodes and finally digitally counted in 
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the nCounter system (NanoString). Digital counts from barcodes corresponding to protein 

probes were first normalized to internal spike-in controls (ERCCs), and then normalized to 

the area of their compartment. We systematically excluded those compartments with less 

than 10 nuclei or an area of illumination (AOI) less than 100 μm2. A more detailed 

description of the protocol can be found in supplementary methods.

Multiplexed IF NK cell panel and cell counting

We performed a multiplexed IF staining protocol for simultaneous detection of CK+ tumor 

cells, CD3+ lymphocytes, and CD56+ cells. The protocol is detailed in supplementary 

methods.

We determined cell counts using the inForm Tissue Finder software (Akoya) on 

multispectral images acquired using a Vectra 3 system (PerkinElmer), as previously 

described(5) (supplementary methods). First, automated tissue segmentation identified 

tumor and stroma regions, and two tissue compartments were generated: tumor compartment 

(DAPI+/CK+) and non-tumor or stromal compartment (DAPI+/CK−). Therefore, in this 

case, the stromal compartment includes both the CD45+ immune cell compartment and the 

non-immune cell stromal compartment that were separately generated with DSP. Next, cell 

segmentation within these regions identified individual cells and respective nuclei, 

cytoplasm, and membrane components using signal in the nucleus and membrane as internal 

and external cell borders. Cells were phenotyped based on fluorescent marker intensity, then 

we calculated the number of individual cell populations as a percentage of the total number 

of cells in the tumor compartment, the stromal compartment, and the entire TMA core.

Statistical analysis

Pearson’s correlation coefficient was used to analyze the agreement between target counts 

derived from different tumor regions. For further statistical analysis, we averaged the 

normalized digital counts or cell counts derived from the two YTMA404 blocks. We 

stratified each NSCLC case into high and low expression using two exploratory cut-points, 

median and top tertile. We analyzed the association between target expression and clinical 

benefit (CB) (supplementary methods and table 1) using binary logistic regression models or 

the non-parametric Mann-Whitney test. Survival curves were computed with the Kaplan-

Meier product-limit method and compared using the log-rank test. We calculated hazard 

ratios (HR) for progression-free survival (PFS) and overall survival (OS) using the Cox 

proportional-hazard model. In order to provide more stringent control on false positive 

results, we used the Benjamini-Hochberg false discovery adjustment method. We applied 

multiplicity adjustments for PFS and OS associations considering the number of 

comparisons performed per compartment (tumor, CD45, CD68), and separately for median 

and top tertile cutpoint comparisons. All hypothesis testing was performed at a two-sided 

significance level of α=0.05.

Results

We generated 135 ROIs from 67 NSCLC cases, each represented by two TMA cores in two 

YTMA404 master-blocks. Each ROI was compartmentalized in four tissue compartments, 
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from which 39 protein markers (excluding controls) were separately measured, resulting in 

156 quantitative variables per ROI.

First, to assess the performance of the assay, we evaluated the normalized counts of each 

target relative to non-specific counts (background). To estimate background levels, we 

averaged the counts from three negative isotype controls for each NSCLC case 

(supplementary table S1). Most targets showed high signal relative to non-specific counts 

across all samples (supplementary figure S2). Five markers (PD-1, LAG3, GITR, CD86, and 

CD40L) showed low signal to background ratios (< 3) across all four tissue compartments in 

more than 95 % of the TMA spots, and were considered not evaluable for outcome analysis 

(supplementary figure S3 and S1).

To internally validate the reproducibility of DSP, and also to test the concordance of target 

count measurements between non-adjacent tumor areas, we compared target counts from 

each of the two independent cores from each patient, collected in separate DSP runs. In 

general, abundantly expressed markers in the tumor compartment (e.g. STING or HLA-DR) 

showed high R2 values (R2 > 0.6), whereas less abundant or heterogenous markers (e.g. CD3 

in the tumor compartment or PD-L1 in the CD45 compartment) showed lower R2 values 

(supplementary figure S4).

Then, we evaluated the association between spatially-informed marker expression and 

outcome in 53 patients treated with single-agent PD-1 checkpoint blockade. For this 

analysis, we only included those NSCLC cases with sufficient compartment area for 

accurate target measurement (≥ 10 nuclei or ≥ 100-μm2 AOI) in the tumor compartment (n = 

52), CD68 compartment (n = 47), and CD45 compartment (n = 42) (supplementary figure 

S1 and S5). Target counts from non-immune cell stroma were considered inadequate for 

outcome assessment, since immune markers in this compartment were expressed at very low 

levels (supplementary figure S6).

In the univariate unadjusted analysis using two exploratory cutpoints, we found 18 markers 

associated with PFS and/or OS in spatial context (table 2). After multiplicity adjustment, 5 

markers remained significantly associated with outcome: VISTA and CD127 in the tumor 

compartment, and CD4, Beta-2 microglobulin, and CD3 in the CD45 compartment (table 2). 

In the multivariate analysis including four clinical prognostic factors (performance status, 

smoking history, presence of liver metastasis, and LIPI score), high levels of CD56 (top 

tertile) and CD4 (median) measured in the CD45 compartment were the only markers that 

were predictive for all clinical outcomes, including durable CB (supplementary table S2), 

longer PFS (HR 0.24, p = 0.006; and HR 0.31, p = 0.011, respectively), and prolonged OS 

(HR 0.26, p = 0.014; and HR 0.23, p = 0.007, respectively) (table 2 and figure 2). In 

contrast, high levels of VISTA (top tertile) and CD127 (top tertile) in the tumor 

compartment significantly predicted non-clinical benefit (NCB) (supplementary table S2) 

and shorter PFS (HR 2.49, p = 0.020; and HR 2.39, p = 0.033, respectively), although OS 

differences did not reach statistical significance (table 2). In this cohort, high PD-L1 

expression in the CD45 compartment and the CD68 compartment was associated with 

longer OS in the univariate analysis (log-rank p = 0.038 and p = 0.035, respectively), 

although it did not hold significance after adjusting for multiple testing or for clinical 
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prognostic factors in the multivariate model. High PD-L1 expression in the tumor 

compartment did not show any significant association with outcome (table 2).

Finally, to be certain that high levels of CD56 in immune-cell stroma were associated with 

longer PFS and OS in our cohort, we determined its expression using an orthogonal 

fluorescent-based cell count method in serial YTMA404 sections. For that purpose, we 

developed a multiplex IF panel to discriminate between CD56+ tumor cells (CD56+/CK+) 

and CD56+ immune cells (CD56+/CK−, which included CD56+/CD3− NK cells and 

CD56+/CD3+ NKT cells). Representative images of these cell phenotypes acquired with the 

Vectra system are shown in figure 3. The median percentage of CD56+/CK− cells from total 

cells across NSCLC cases was 7%, and were primarily found in the stromal compartment 

(figure 3b-3d). The distribution of absolute CD56+/CK− cell counts per compartment can be 

found in supplementary figure S7a-S7c. Using the top tertile cutpoint in the same 42 

NSCLC cases, we found that CD56+/CK− cell counts in the stromal compartment were also 

associated with longer PFS and OS (figure 3e-3f). Patients with CB had a significantly 

higher median percentage of CD56+/CK− cells in the stroma (20.5%) as compared to those 

with NCB (9.7%) (p = 0.027). When analyzed as absolute cell counts, patients with CB also 

had a higher median number of stromal CD56+/CK− cells (85 cells vs. 28 cells), but this 

difference did not reach statistical significance (p = 0.49) (supplementary figure S7d-S7e). 

We further explored the predictive significance of CD56+/CD3− NK cells and CD56+/CD3+ 

NKT cells independently. We observed a stronger trend towards an association with PFS and 

OS for CD56+/CD3+ cells as compared to CD56+/CD3− cells, but neither of them were 

significantly associated with outcome when measured separately (supplementary figure S8).

Discussion

In this pilot scale discovery study, we show the potential of the DSP technology in the 

identification of spatially-informed biomarkers of clinical benefit to PD-1 checkpoint 

blockade in NSCLC. By combining high-fold multiplexing with spatial resolution, we 

identified 12 markers that were associated with PFS and/or OS benefit in spatial context, 

independently from clinical prognostic factors.

Perhaps one of the most relevant finding in this study is the identification of high levels of 

CD56 and CD4 in the CD45 compartment as predictors of all favorable clinical outcomes, 

including CB, longer PFS, and prolonged OS. Although CD56 expression did not hold 

significant after adjusting for multiple testing, it was significant in the multivariate analysis, 

and its association with outcome was further validated with an orthogonal method. In this 

cohort, CD8 levels in the CD45 compartment only predicted longer OS in the univariate 

analysis, with no differences in terms of CB or PFS. Collectively, these findings support the 

notion that anti-tumor immune responses following PD-1 checkpoint blockade are likely not 

exclusively mediated by cytotoxic CD8 T cells, and that NK cells and CD4 T cells also play 

a role in therapeutic efficacy(6-8).

Our results related to NK cells are concordant with several studies conducted in melanoma 

cohorts that have shown that NK cell gene signatures correlate with responsiveness from 

immunotherapy(9,10). In another study, circulating CD56+ cells detected by mass cytometry 
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(CyTOFF) were shown to be upregulated in melanoma patients that responded to PD-1 

checkpoint blockade(11). We now extend these findings to NSCLC, having identified an 

association between CD56 expression in the immune cell stroma and better treatment 

outcome. By using a multiplex IF panel targeting CD56 and CD3, we quantitatively assessed 

the abundance of CD56+ NK cells and NKT cells within the tumor microenvironment. 

Using inForm, we confirmed that these cells were mostly localized in the stroma. Notably, 

we could reproduce the outcome association by inForm cell count quantification method, 

with a degree of benefit that compared very similarly to the outcome association obtained 

when measuring CD56 expression in the CD45+ immune cell compartment (part of the 

stromal compartment in inForm analysis) using DSP. These results suggest that NK/NKT 

cells are likely localized mostly in the CD45+ compartment within the stroma, although the 

absence of CD45 compartmentalization with inForm precludes us to draw definitive 

conclusions in this regard. We believe that this orthogonal validation, although performed in 

the same set of patients, strengthens the value of CD56+ immune cells as a candidate 

predictor of outcome from PD-1 checkpoint blockade in NSCLC.

In line with the findings in our study, it has been suggested that CD4 T cells might play an 

equally relevant of perhaps more central role than CD8 T cells in mediating efficacy from 

anticancer immunotherapy(6,12). In a prospective study conducted in patients with NSCLC, 

functional systemic CD4 immunity was required for deriving significant benefit from PD-1 

checkpoint blockade(13). Also, CD4 counts measured in a CD45-defined compartment 

using DSP was one of the immune parameters associated with longer disease-free survival in 

melanoma patients treated with neoadjuvant immune checkpoint blockade(14).

The identification of high levels of VISTA and CD127 expression in the tumor compartment 

as predictors of immunotherapy resistance is also a remarkable finding. Upregulation of 

compensatory inhibitory checkpoints (including VISTA) has been previously reported as an 

acquired resistance mechanism to PD-1 checkpoint blockade(15,16). To our knowledge, the 

role of CD127 (IL-7R) signaling in mediating immunotherapy response in solid tumors has 

not been previously described. A study conducted in curatively resected NSCLC also found 

that tumor cell expression of IL-7R was associated with shorter disease-free survival and 

OS(17), highlighting a potential poor prognostic role of IL-7R signaling in NSCLC.

This study found that PD-L1 expression in immune cells but not tumor cells was associated 

with OS in the univariate analysis. This reproduces our previous finding with quantitative IF 

in the same cohort(18). Furthermore, it is also consistent with another study by our group 

performing DSP in melanoma, where macrophage PD-L1 carried the sensitivity to predict 

immunotherapy outcomes(19). These findings are in line with previous studies that have 

shown that targeting PD-1/PD-L1 axis can still be effective regardless of PD-L1 tumor 

expression(20). Mechanistic studies in mouse models also support macrophages expressing 

PD-L1 as the key effector cells mediating tumor regression following PD-1 axis 

blockade(21,22). However, in our study, PD-L1 expression by immune cells and 

macrophages did not reach significance after controlling for clinical factors or adjusting for 

multiple testing.
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Regarding the potential clinical applicability of the findings in this study, first we need to 

consider that the recent approval and increasing use of chemo-immunotherapy combinations 

in the first-line setting has limited the use of single-agent PD-1 axis blockade in unselected 

NSCLC patients. Monotherapy with PD-1 axis inhibitors is now mostly restricted to patients 

with high PD-L1 expression, where the response rates is substantially higher (about 45 %)

(1) as compared to the response rates observed in our unselected cohort. Therefore, future 

biomarker discovery studies will preferably need to focus on subgroups of NSCLC patients 

with high PD-L1 (TPS≥50%) treated with monotherapy, and unselected patients treated with 

chemo-immunotherapy combinations. If the findings from this study are confirmed in these 

cohorts, this could suggest that future companion diagnostic tests to predict immunotherapy 

outcomes may require measuring markers from particular tissue compartments or co-

localized with specific cell types (e.g. CD45+ cells). The DSP system is well suited for this 

aim, utilizing FFPE tumor samples with a relatively simple workflow. Therefore, although 

still many future efforts are needed to demonstrate the utility of the DSP system to inform 

therapeutic decisions and impact clinical care, with the appropriate validation it could be 

potentially scalable as a clinical assay in a CLIA lab in the future.

This study has to be interpreted in the context of a number of limitations. First, it is 

underpowered to demonstrate the independent predictive value for PD-L1 expression. Our 

cohort is a retrospective collection of tumors from patients treated in routine practice at a 

single institution, not a clinical trial. Furthermore, this is a single cohort study in which we 

assessed multiple hypothesis. Although we applied statistical correction for multiple testing, 

the false discovery adjustment method that we used is conservative, and does not preclude 

the need for validation in independent cohorts. As such, the data presented here must be 

considered hypothesis generating data, and require validation in future external cohorts. It is 

also a limitation that we used a TMA instead of whole tissue sections. Although we assessed 

two non-adjacent tumor cores, we recognize that this still represents a small percentage of 

the area of the standard tissue section. This could potentially under or overrepresent 

biomarker expression due to the heterogeneity of the tumor immune microenvironment and 

potentially influence biomarker performance, particularly for those heterogenous immune 

parameters that are expressed at relatively lower levels. Therefore, future validation efforts 

should include whole tissue sections assessing a greater number of ROIs. In this same line, 

the vast majority of the tumor samples included in the TMA and assessed in this study were 

primary tumors or lymph node biopsies, and mostly from patients that received PD-1 axis 

inhibition as second or further line of treatment. We tried to perform subgroup analysis and 

bi-variate Cox proportional hazards models to explore whether the outcome association 

differed depending on biopsy site (primary/locoregional vs. distant metastasis) or line of 

therapy (first-line vs. later line), but the subgroups were too small to draw meaningful 

conclusions in this regard (supplementary tables S3 and S4). Finally, another limitation is 

perhaps inherent to the DSP protein detection assay. Five markers included in the panel had 

poor signal to background ratios in nearly all samples, limiting our capacity to assess their 

predictive value. ARG1 was another marker with low signal relative to non-specific counts 

in many samples (supplementary figure S9), and therefore its potential favorable predictive 

value in the CD45 compartment should be cautiously interpreted. These findings could 

indicate the need for a more rigorous validation of these primary antibodies for future DSP 
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panels. Alternatively, a CD3-restricted compartment could have resulted in an increased 

signal for some of these markers(23).

In conclusion, this study illustrates the potential of high-plex digital spatial profiling as a 

research tool to discover biomarkers of response to immunotherapy in NSCLC. We 

identified a number of relevant candidate immune predictors in spatial context that show 

promise for future validation in larger independent cohorts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational relevance

The majority of patients with advanced NSCLC do not respond to PD-1 axis blockade, 

and more robust predictive biomarkers are needed. Using the Digial Spatial Profiling 

(DSP) system, we identified 12 protein markers independently associated with benefit 

from single-agent PD-1 checkpoint blockade in spatial context. High expression of CD56 

and CD4 in the CD45 compartment were significantly associated with all favorable 

clinical outcomes, whereas high levels of VISTA and CD127 in the tumor compartment 

were markers associated with immunotherapy resistance. We also validated the DSP 

finding that high CD56+ immune cell counts in the stroma were predictive for PFS and 

OS in the same set of patients using multiplex immunofluorescence, strengthening the 

relevance of NK/NKT cells as a candidate predictive biomarker for immunotherapy in 

NSCLC. This work identifies a number of relevant candidate predictors of 

immunotherapy outcome in spatial context that show promise for future validation in 

larger independent cohorts.
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Figure 1. 
Representative TMA spots showing the fluorescence image (A) and the compartmentalized 

image created by fluorescence co-localization (B) using GeoMx DSP (scale bar = 100 μm)
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Figure 2. 
CD56 and CD4 expression in the CD45 compartment measured by digital counts and their 

association with outcome. A-B. Histogram showing the distribution of CD56 digital counts 

(A) and CD4 digital counts (B) in YTMA404 (n = 42); C-D. PFS according to CD56 digital 

counts in the CD45 compartment (top tertile) (C) and CD4 digital counts in the CD45 

compartment (median) (D) (n = 42); E-F. OS according to CD56 digital counts in the CD45 

compartment (top tertile) (E) and CD4 digital counts in the CD45 compartment (median) (F) 

(n = 42)
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Figure 3. 
Orthogonal validation of CD56+/CK− cell counts assessed by Inform as predictors of 

outcome in YTMA404 cohort. A. Representative images acquired with Vectra Polaris 

microscope showing CD56 staining pattern in four NSCLC cases (scale bar = 100 μm). CK+ 

tumor cells are shown in green, CD3+ T cells in red, and CD56+ cells in white. Orange 

arrows indicate CD56+ NK cells, yellow arrows indicate CD3+/CD56+ NKT cells. Panel 3 

illustrates a NSCLC case with strong CD56 positivity in the tumor compartment, and the red 

asterisk highlights CD56+/CK+ tumor cells; B. Distribution of CD56+/CK− cells in the 

tumor compartment (B), the stromal compartment, (C) and entire TMA spot (D) (n = 42); E-

F. PFS (E) and OS (F) according to CD56+/CK− cell counts (top tertile) in YTMA404 cohort 

(n = 42)
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Table 1.

Clinical-pathological characteristics of the discovery cohort

Characteristic Number of patients (%)

Total patients with evaluable tumors 53

Treatment

Nivolumab 45 (86)

Pembrolizumab 6 (6)

Atezolizumab 4 (8)

Gender

Female 24 (45)

Male 29 (55)

Age

<70yo 23 (44)

≥70yo 30 (57)

Performance status

0-1 46 (87)

>1 7 (13)

Smoking

Ever smoker 46 (87)

Never smoker 7 (13)

Histology

Adenocarcinoma 38 (72)

Squamous-cell carcinoma 12 (23)

Large-cell carcinoma 3 (5)

Type and site of tumor specimen

Lung primary 37 (70)

Non-lymph node metastasis 7 (13)

Lymph node metastasis 9 (17)

Stage

III 1 (2)

M1a 13 (24)

M1b 9 (17)

M1c 29 (55)

Liver metastasis

Yes 11 (21)

No 41 (77)

Missing 1

Mutation status

EGFR 5 (9)

KRAS 15 (28)

Others 5 (9)

Wild-type 28 (53)
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Characteristic Number of patients (%)

Total patients with evaluable tumors 53

Derived neutrophil to lymphocyte ratio (dNLR)

≤3 35 (66)

>3 16 (30)

Missing 2

Lung immune prognostic index (LIPI) score

Good 22 (41)

Intermediate 19 (36)

Poor 3 (6)

Missing 9

Prior systemic therapies for advanced disease

0 9 (17)

1 27 (51)

>1 17 (32)

Best response to immunotherapy

Partial response 6 (11)

Stable disease 18 (34)

Progressive disease 27 (51)

Not evaluable 2

Benefit from immunotherapy*

Clinical benefit (CB) 16 (30)

Non-clinical benefit (NCB) 35 (66)

Not evaluable 2

*
We defined clinical benefit (CB) as having experienced partial response or stable disease lasting ≥ 6 months as best response, whereas non-clinical 

benefit (NCB) was defined as primary progressive disease or stable disease lasting < 6 months.
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Table 2.

Markers significantly associated with PFS and/or OS benefit under PD-1 checkpoint blockade

Markers associated with PFS benefit

Compartment Marker Cutpoint
Log-
rank

p

Adjusted
Log-rank 

p

Univariate
HR

(CI 95%)
p Adjusted

p

Multivariate
HR

(CI 95%)
p

Tumor 
compartment

VISTA Top tertile 0.001 0.014 2.60 
(1.37-4.92) 0.003 0.043 2.49 (1.15-5.40) 0.020

CD127 Top tertile 0.001 0.014 2.65 
(1.41-4.98) 0.002 0.043 2.39 (1.07-5.34) 0.033

CD45 
compartment

CD56 Top tertile 0.004 0.124 0.38 
(0.18-0.80) 0.011 0.341 0.24 (0.08-0.66) 0.006

CD4 Median <0.001 <0.001 0.33 
(0.16-0.67) 0.002 0.062 0.31 (0.12-0.76) 0.011

ARG1 Median 0.006 0.18 0.43 
(0.21-0.86) 0.018 0.279 0.37 (0.16-0.83) 0.016

CD68 
compartment CTLA4 Top tertile 0.023 0.736 1.95 

(1.01-3.77) 0.044 0.858 2.36 (1.06-5.25) 0.035

Markers associated with OS benefit

Compartment Marker Cutpoint
Log-
rank

p

Adjusted
Log-rankp

Univariate
HR

(CI 95%)
p Adjusted

p

Multivariate
HR

(CI 95%)
p

Tumor 
compartment STING Top tertile 0.002 0.058 0.31 

(0.14-0.69) 0.004 0.116 0.33 (0.12-0.89) 0.029

CD45 
compartment

CD45 Median 0.003 0.022 0.35 
(0.16-0.73) 0.005 0.045 0.47 (0.15-1.44) 0.19

CD56 Top tertile 0.033 0.127 0.44 
(0.20-0.97) 0.044 0.169 0.26 (0.09-0.75) 0.014

PD-L1 Median 0.038 0.167 0.48 
(0.23-0.99) 0.049 0.20 0.43 (0.15-1.23) 0.11

CD68 Top tertile 0.024 0.119 0.43 
(0.20-0.93) 0.033 0.159 0.16 (0.05-0.47) 0.001

CD4 Median 0.001 0.015 0.31 
(0.15-0.66) 0.002 0.030 0.23 (0.08-0.66) 0.007

B2M Median 0.001 0.015 0.28 
(0.12-0.61) 0.002 0.030 0.35 (0.12-0.96) 0.041

CD20 Median 0.008 0.048 0.38 
(0.18-0.82) 0.014 0.084 0.83 (0.32-2.16) 0.71

CD3 Median <0.001 <0.001 0.24 
(0.11-0.53) <0.001 <0.001 0.24 (0.09-0.64) 0.005

CD8 Top tertile 0.016 0.117 0.38 
(0.17-0.87) 0.023 0.159 0.54 (0.21-1.39) 0.20

TIM3 Median 0.003 0.022 0.32 
(0.14-0.72) 0.006 0.045 0.62 (0.24-1.60) 0.32

CD40 Median 0.039 0.167 0.48 
(0.24-0.99) 0.049 0.20 0.47 (0.17-1.28) 0.14

ICOS Top tertile 0.006 0.093 0.35 
(0.16-0.78) 0.010 0.155 0.26 (0.08-0.79) 0.018

CD68 
compartment

CD45 Top tertile 0.004 0.064 0.33 
(0.15-0.74) 0.008 0.128 0.31 (0.11-0.87) 0.026
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Markers associated with PFS benefit

Compartment Marker Cutpoint
Log-
rank

p

Adjusted
Log-rank 

p

Univariate
HR

(CI 95%)
p Adjusted

p

Multivariate
HR

(CI 95%)
p

PD-L1 Top tertile 0.035 0.243 0.45 
(0.21-0.98) 0.045 0.288 0.55 (0.22-1.39) 0.17

CD20 Top tertile 0.004 0.064 0.33 
(0.14-0.74) 0.007 0.128 0.56 (0.21-1.45) 0.23

GNZB Top tertile 0.023 0.243 0.42 
(0.18-0.93) 0.032 0.288 0.55 (0.20-1.47) 0.23
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