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Supplemental Methods

Patients

We consecutively reviewed the medical records of all adult (>20 years old) patients with
advanced or recurrent non-small cell lung cancer (NSCLC) at Kindai University Hospital,
focusing on those who underwent first-line treatment between October 2006 and September
2021. Our study included 819 patients with available clinical histories and archival tumor tissue
specimens for research purposes. Among them, we selected 232 patients treated with
programmed cell death 1/programmed cell death ligand 1 (PD-1/PD-L1) inhibitors for tumors,
which were wild-type for the EGFR-mutations or the anaplastic lymphoma kinase (ALK)-fusion
genes, to evaluate the association of tumor microenvironment (TME) profiles with the treatment
efficacy. Additionally, we extracted 194 patients with tumors harboring these driver oncogenes
were also extracted to investigate TME profiles related to immune checkpoint inhibitor (ICI)
tolerance, as suggested by previous studies (1-3). Exclusion criteria comprised patients whose
tumor tissues were obtained by transbronchial needle aspiration or were cell block specimens, as
these were deemed unsuitable for our spatial TME analysis. FFPE tumor tissue blocks with
insufficient amounts (<4 mm?/section) were also excluded. For ICI-treated cases, patients
receiving any anti-cancer treatment (chemotherapy or radiotherapy) for stage IV lesions between
tumor tissue acquisition and PD-1/PD-L1 inhibitor treatment were excluded. Moreover, tumors
negative for pan-cytokeratin (panCK) staining among those stained with our multiplex IHC
(mIHC) were not included in formal analyses, as they were deemed unsuitable for our platform,
as explained below. Ultimately, we identified 71 patients with EGFR/ALK-wild-type tumors
(EGFR/ALK-wt cohort), 19 patients harboring EGFR mutations (EGFR-mutant cohort), and 13
patients with ALK-fusion genes (4LK-fusion cohort), all deemed potentially evaluable. From
those positive for EGFR mutations, we identified 10 patients also treated with PD-1/PD-L1
inhibitors. Thus, the ICI cohort included 81 patients (71 patients from the EGFR/ALK-wt cohort
and 10 from the EGFR-mutant cohort). The details of the patient recruitment process are shown

in Supplemental Figure 1. Information on race and ethnicity was not collected in this
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retrospective study, since such data are not routinely recorded in the medical records in Japan as

Japanese regulatory (Ministry of Health, Labour and Welfare [MHLW]) does not require it.

Data collection.

Clinicopathologic features and treatment history data, updated as of June 1, 2022, were extracted
from medical records. Genomic features were obtained by NGS of biopsied tumors with >10%
of tumor content, utilising various panels, such as FoundationOne CDx (Foundation Medicine),
Oncomine Dx Target Test Multi-CDx System (Thermo Fisher Scientific), lon AmpliSeq Cancer
Hotspot Panel v2 (Thermo Fisher Scientific), lon AmpliSeq Colon and Lung Cancer Panel
(Thermo Fisher Scientific), FusionPlex Comprehensive Thyroid and Lung Kit (Thermo Fisher
Scientific), or lon AmpliSeq RNA Fusion Lung Cancer Research Panel (Thermo Fisher
Scientific). These sequencing procedures were carried out in clinical sequencing or relevant
studies, with secondary data use permitted under written informed consent (4). Seventeen known
driver oncogenes were consistently covered by all the next-generation sequencing (NGS) panels
(Supplemental Table 6). Tumors with any alterations for these 17 genes were defined driver-
oncogene” if those alterations were ranked as oncogenic by OncoKB (https://www.oncokb.org/).
Treatment responses were assessed using the Response Evaluation Criteria in Solid Tumors
(RECIST) vl1.1. We calculated progression-free survival (PFS) from the initiation of PD-1/PD-
L1 inhibitors treatment to clinical or radiographic progression or death from any cause. Patients
without documented clinical or radiographic disease progression or those still alive were
censored on the date of the last follow-up. Overall survival (OS) was measured from enrollment

to death from any cause, with patients still alive censored at the last follow-up date.

mlIHC staining protocol.
We sectioned FFPE tissues into two 4-pm-thick serial sections for all cases. To ensure high-
quality staining, the staining for the first sections was started immediately after preparation, and

all multiplex staining rounds were completed within 10 days (Panel 1). During the Panel 1
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staining, additional sections for Panel 2 were stored with tissue protectors (Matsunami Glass Ind.
Ltd.) in dark boxes at 4°C to avoid epitope alteration. Once the Panel 1 staining was completed,
Panel 2 staining was immediately started, and all multiplex staining rounds for Panel 2 were also
completed within 10 days.

We performed mIHC staining as described previously (5-10). Antibodies and reagents,
and their order of use are detailed in Supplemental Table 7. Sections of FFPE tissue were
deparaffinized, stained with hematoxylin (S3301, Dako), and then subjected to whole-tissue
scanning with a NanoZoomer instrument (Hamamatsu Photonics) at 20x magnification to
identify the nucleus of each cell. Endogenous peroxidase activity was then blocked by incubation
in 0.6% hydrogen peroxide in phosphate buffered saline (PBS) for 15 min. Antigen retrieval was
performed by microwave radiation (to achieve a temperature of 95°C for 15 min) with citrate
buffer pH 6.0 (RM102-C, LSI Medience). The slides were then exposed to 5.0% goat serum and
2.5% bovine serum albumin (BSA) in PBS to block nonspecific sites, followed by sequential
incubation with primary antibodies, anti-mouse, anti-rabbit, anti-rat, and anti-goat Histofine
Simple Stain MAX PO horseradish peroxidase-conjugated polymer (Nichirei Biosciences), and
the alcohol-soluble peroxidase substrate 3-aminomethyl carbazole (AEC). Goat serum was
removed from the blocking buffer before the anti-goat secondary antibody was used. Stained
sections were scanned by the NanoZoomer at 20x magnification. Chromogenic destaining and

antibody stripping were performed between the sequential staining steps.

Digital analysis.

Representative fields (0.50 to 3.55 mm?) were randomly selected from intratumoral areas as
regions of interest (ROIs) using Aperio ImageScope v.12 software (Leica Biosystems). A board-
certified pathologist confirmed the presence of tumor cells in these areas. Between one and four
ROIs were evaluated depending on the size of the tumor (average of 2.2 ROIs). Blank areas
lacking cellular components were removed from all ROIs using ImageJ/Fiji version 1.51

(National Institutes of Health) to retain evaluable tumor regions for subsequent analyses. The
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tumor regions were further categorized into tumor cell nest area and intratumoral stromal area
based on panCK staining positivity of cancer cells, utilising a mathematical morphological
approach with the Tissue Segmentation platform developed in our previous study (8, 9, 11).
Image processing and subsequent computational analysis were performed with ImagelJ/Fiji,
CellProfiler version 2.2.0 (Broad Institute), Aperio ImageScope, and FCS Express 7 Image
Cytometry v.7.04.0020 (De Novo Software) using in-house software (developed by SCREEN
Holdings Co., Ltd.) as shown previously (9). This resulted in the quantification of staining
intensity for 16—17 protein markers on single cells in each section. Fluorescence-minus-one
controls were used as negative controls to determine true positive cells. The final value for each
cell number was calculated as the average of values from the multiple ROIs. Visualization of
each staining was performed by pseudocoloring with ImagelJ/Fiji and Aperio ImageScope. The
Imagel/Fiji macro for tissue segmentation and image preparation for FCS Express analysis is
publicly available under the GNU General Public License version 3 at https://github.com/mIHC-
Kindai/17-plex-IHC. Detailed usage instructions are provided in the repository's

README ImageCytometry.pdf.

Transcriptomic analysis.

Transcriptomic analysis was performed when sufficient tumor tissues were available for RNA
extraction. RNA was extracted from FFPE tumor tissue and subjected to gene expression
analysis, following procedures outlined in our previous study (12). Macrodissection of tumor
tissue was performed to avoid contamination with non-tumor tissue before isolating intratumoral
RNA using an AllPrep DNA/RNA FFPE Kit (Qiagen). The isolated RNA quality was assessed
using a NanoDrop system (Thermo Fisher Scientific) and an Agilent 2100 Bioanalyzer system
(Agilent Technologies) prior to analysis with the nCounter platform and a PanCancer 10 360
Panel, which includes 750 immune-related genes and 20 housekeeping genes (NanoString
Technologies). Sample-to-sample normalization of gene expression was facilitated based on data

for the 20 housekeeping genes, using nSolver Analysis Software 4.0 and nCounter Advanced
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Analysis 2.0 (NanoString Technologies). Samples with abnormal normalized expression values
(normalization factor of >10 obtained with nSolver Analysis Software 4.0) were excluded, as
recommended by the manufacturer. A total of 29 samples remained for further analysis. Of the
750 immune-related genes, we filtered out 24 genes, for which >90% of samples had expression
values below the minimum threshold. The normalized gene expression data were log2-
transformed before calculating the Z score. Signature scores for gene set analysis were calculated

using nCounter Advanced Analysis 2.0.

External RNA-sequencing cohort analysis.

RNA sequencing data were obtained from the database of Genotypes and Phenotypes (dbGaP)
using the Run Selector for the project Identifying Lung Cancer Microenvironment Features
Underlying Immune Checkpoint Inhibitor Response (accession number phs002822). Samples
were selected under the following conditions, analyte type = RNA and Consent = GRU, and a
total of 45 sequence read archive (SRA) files were downloaded. The SRA files were converted to
FASTQ format using fasterq-dump from the SRA Toolkit (version 3.0.7) with default
parameters. The resulting FASTQ files were aligned to the human reference genome
(GRCh38.p14) using CLC Genomics Workbench (version 25.0.3, QIAGEN) with default
alignment settings. Gene expression levels were quantified and normalized as transcripts per
million (TPM). Phenotype data were retrieved from dbGaP using the File Selector under the
same consent condition (Consent = GRU). The phenotype file
(phs002822.v1.pht012388.v1.p1.c3.SU2C_MARK Subject Phenotypes.GRU.txt) was used for
downstream survival analysis. All dbGaP data were accessed and analyzed in accordance with

controlled-access data use policies and relevant institutional approvals.

TCGA dataset—based transcriptomic validation.
Normalized gene expression data (RNA Seq v2 RSEM) for the lung adenocarcinoma cohort (n =

566) and lung squamous cell carcinoma cohort (n = 487) from TCGA dataset were downloaded
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from the cBioPortal website (http://www.cbioportal.org) in July 2025 (13). Among these, 991
cases had both RNA sequencing results and EGFR/ALK mutational profiles (Supplemental
Figure 13A). EGFR variants which were annotated as oncogenic according to OncoKB
(https://www.oncokb.org/) (14, 15) were considered EGFR-oncogenes. Other EGFR mutations
were regarded as variants of uncertain significance (VUS) and thus grouped into wild-type.
Cases with EML4-ALK fusions were considered ALK-oncogene positive. For subsequent
differential gene expression analyses, each expression value (x) was transformed to logz(x + 1).
Of the 20,531 genes, those not expressed in any case were removed, resulting in 20,247 genes

retained for the analyses.

Statistics.

We categorized patients in the ICI cohort into two groups based on their PFS for PD-1/PD-L1
inhibitors. They were classified as DCB if they experienced PFS for >1 year or as non-DCB if
they did not. No patients were censored within 12 months except for 2 patients in this cohort.
The median value was used to define high vs low levels for continuous variables. Fisher’s exact
test and the Mann—Whitney U test were applied to compare categorical or continuous variables,
respectively. Correlations were determined by Spearman’s rank correlation coefficient test.
Differences in PFS or OS curves, constructed by the Kaplan-Meier method, were assessed with
the log-rank test. Univariable and multivariable Cox proportional hazard regression models were
adopted to determine hazard ratios. Covariables for the multivariable analysis were
predetermined based on clinical importance in relation to PD-1/PD-L1 inhibitor efficacy.
Missing data were not imputed. All P values were based on the two-sided hypothesis. The
Benjamini—Hochberg test was performed to calculate the false discovery rate (g-value).
Hierarchical clustering was performed using Cluster 3.0, where the average linkage method was
executed using an uncentred correlation similarity metric, and clustering results were then

visualized by Java TreeView. Since the study was designed as an exploratory biomarker study,
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no threshold of P value was defined for statistical significance. Statistical analysis was

performed with GraphPad Prism software version 10.6.0 (Graph Pad Software).
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Supplemental Data

Figure 4B. Covariates included in the multivariable Cox proportional hazards regression
model. Female sex (HR, 0.36 [95% CI, 0.16-0.78]), Age >75 (HR, 0.65 [95% CI, 0.31-1.30]),
PS =2 (vs PS=0-1) (HR, 9.01 [95% CI, 3.17-24.5]), Never smoker (HR, 1.79 [95% CI, 0.71—
4.17]), De novo metastasis (vs recurrent disease) (HR, 1.77 [95% CI, 0.87-3.81]), Brain
metastasis (HR, 1.08 [95% CI, 0.51-2.21]), ICI monotherapy (vs combo) (HR, 1.86 [95% CI,
0.96-3.60]), Treatment line >3 (HR, 1.01 [95% CI, 0.23-3.85]), Primary tumor biopsied (vs
metastatic site) (HR, 1.07 [95% CI, 0.57-2.07]), EGFR-oncogene positive (HR, 3.22 [95% CI,
0.83-14.0]), PD-L1-TPS <50 % (HR, 0.63 [95% CI, 0.29-1.36]).

10
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Supplemental Figure 1. Flow diagram of patient selection. *Specimens obtained through
transbronchial needle aspiration (TBNA), cell blocks, or those that were too small for iterative
mIHC staining (<4 mm?/section) were excluded from the mIHC study. The amount of tumor
tissue specimens of the stage IV EGFR-mutant NSCLC left for research studies was limited due
to the frequent prior use of these tissues for our previous studies (PMID: 28407039; PMID:
36347190).
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Supplemental Figure 2. ICI efficacy in this study cohort. (A) Kaplan—-Meier (KM) curves for
PFS of ICI treatment compared between the durable clinical benefit (DCB) and non-DCB
groups. (B) KM curves for OS of ICI treatment compared between the DCB and non-DCB
groups. (C and D) KM curves for PFS (C) and OS (D) of ICI treatment stratified by
programmed cell death ligand 1 tumor proportion score (PD-L1-TPS), with or without treatment
lines (first-line versus second or later lines). Mono indicates ICI monotherapy, and Combo
indicates ICI combined with cytotoxic chemotherapy. (E) KM curves for PFS of ICI treatment
stratified by PD-L1-TPS with a cut off of 90%. (F) KM curves for PFS of ICI treatment
compared between patients with activating EGFR mutations, those with non-EGFR/ALK driver
oncogene—positive tumors, and those without apparent driver oncogenes. Two cases were not
included in (A) and (B), because DCB/non-DCB status could not be determined due to early
censoring (<1 year) of PFS data. Seven cases with unavailable PD-L1-TPS clinical data were
excluded in (C—E). Thirty-five EGFR/ALK—wild-type cases were excluded in (F) because final
genomic status remained inconclusive due to lack of next-generation sequencing results. The P
values for survival analyses were determined with the log-rank test. Vertical bars on the KM

curves indicate censoring. Abbreviations: CI, confidence interval.
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Supplemental Figure 3. Association of non-CD8" T cells with ICI efficacy. (A)
Representative mIHC images of lymphocyte subsets. Multicolor images show CD3 (cyan), CD8
(red), NKp46 (yellow), panCK (white), and nucleus (blue), identifying CD8* T cells
(panCK"CD3*CD8") and NK cells (panCK CD3 "NKp46™) (left). Images showing CD3 (cyan),
CDS8 (red), FOXP3 (yellow), panCK (white), and nucleus (blue) identify Tregs
(panCK " CD3*CD8 FOXP3") (middle). Images showing CD3 (cyan), PD-1 (red), LAG-3 (green),

panCK (white), and nucleus (blue) depict exhausted T cell subsets (right). Scale bar, 100 pm. (B
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and C) Densities of intratumoral T-helper 1 cells, NKT cells, NK cells, and B cells are compared
between the DCB (N = 30) and non-DCB (N = 49) group. Two cases were not included in (B)
and (C) because DCB/non-DCB status could not be determined due to early censoring (<1 year)
of PFS data. Data are provided by violin plots in (B) and (C), with each dot represents each
patient in the violin plots. The P values indicated on horizontal bars were determined with the

Mann—Whitney U test.
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Supplemental Figure 4. Association of spatial localization of non-CD8" T cells with ICI
efficacy. (A) KM curves for PFS of ICI treatment stratified by the non-CD8" T cell (Treg, NK
cells, NKT cells, and T-helper 1 cells) density in tumor nest (TN). (B) Correlation between CD8*
T cell density and Treg density (left) or T-helper 1 cell density (right) in TN (N = 81). Pairwise
correlation was calculated using Spearman’s correlation analysis. (C) Densities of CD8* T cells
infiltrated into TN were compared between their PD-L1-TPS (>50 %, N =28; <50 %, N =46).
Seven cases were excluded because PD-L1-TPS clinical data were not available. (D) Forest plot
showing HRs estimated by multivariable Cox proportional hazards regression models evaluating
the association between PFS of ICI treatment and the indicated biomarkers. Data are provided by
violin plots in (C), with P values indicated on horizontal bar. Each dot represents each patient in
(B) and (C). The P values of the violin plots and survival analyses were determined with the
Mann—Whitney U test and log-rank test, respectively. Vertical bars on the KM curves indicate

censoring. Abbreviations: TIL, tumor-infiltrating lymphocyte.
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Supplemental Figure 5. Association of tissue resident-memory (Trm)-like CD8" T cells with
ICI efficacy. (A) Densities of Trm-like CD8" T cells infiltrated into TN compared between
objective response of ICI treatment based on the best overall response (PR & CR, N =44; SD &
PD, N =37). (B) Correlation between CD8" TIL density and Trm-like CD8" TIL density in TN
(N = 81). Pairwise correlation was calculated using Spearman’s correlation analysis. (C) Forest
plot showing HRs estimated by multivariable Cox proportional hazards regression models

evaluating the association between PFS of ICI treatment and the indicated biomarkers. (D)
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Double positivity for CD39 and CD103 in CD8" TILs compared between TN and intratumoral
stromal area (ISA) (N =80). One case was excluded, because CD8* T cells were absent,
precluding positivity calculation. Each dot represents each patient in (A), (B), and (D). Data are
provided by violin plots in (A) and (D), with P values indicated on horizontal bars. The P values
of the violin plots and survival analyses were determined with the Mann—Whitney U test and
log-rank test, respectively. Abbreviations: PR, partial response; CR, complete response; SD,

stable disease; PD, progressive disease.
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304 Supplemental Figure 6. Association of treatment regimens and sample collection methods
305  with ICI efficacy. (A) KM curves for PFS of ICI treatment stratified by Trm-like CD8* TIL
306  density in TN across treatment-regimen subgroups. (B) Representative images demonstrating
307  appropriate tissue segmentation in a small biopsy sample. Hematoxylin images of TN and ISA
308  (left), TN (middle), and a multicolor image with CDS (red), FOXP3 (green), panCK (white), and
309 nucleus (blue) are shown on the right. Scale bar, 300 um. (C) KM curves for PFS of ICI
310  treatment stratified by Trm-like CD8" TIL density in TN across sample-collection method
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311  subgroups. The P values of survival analyses were determined with log-rank test. Vertical bars

312 on the KM curves indicate censoring.
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Supplemental Figure 7. Association of T cell exhaustion or T cell activation marker
positivity in CD8" TILs with ICI efficacy. (A) Correlation between exhaustion marker
positivities, including TIM-3, LAG-3, PD-1, TIGIT, CD39, and CD103, in CD8" TILs in TN (N
= 80). One case was excluded because no CD8" T cells were absent in the tumor, precluding
positivity calculation. Pairwise correlation was calculated using Spearman’s correlation analysis.
(B) PD-1 (left) and TIGIT (right) positivities in CD8" TILs in TN compared between the DCB
(N =30) and non-DCB (N = 48) groups. Two cases were not included in because DCB/non-DCB
status could not be determined due to early censoring (<1 year) of PFS data. Another case was
excluded in the non-DCB group, because CD8" T cells were absent, precluding positivity
calculation. (C) KM curves for PFS of ICI treatment stratified by PD-1 (left) and TIGIT (right)
positivities in tumors with high Trm-like CD8" TIL density in TN. (D) KM curves for PFS of ICI
treatment stratified by T-bet (left) and granzyme B (GzmB) (right) positivities in tumors with
high Trm-like CD8" TIL density in TN. (E) T-bet (left) and GzmB (right) positivities compared
between Trm-like (N = 74) and non-Trm-like (N =76) CD8" TILs in TN. Seven Trm-like and
five non—Trm-like cases were excluded because the corresponding T cell populations were
absent, precluding positivity calculation. Each dot represents each patient in (A), (B), and (E).
Data are provided by violin plots in (B) and (E), with P values indicated on horizontal bars. The
P values for violin plots and survival analyses were determined with the Mann—Whitney U test

and log-rank test, respectively. Vertical bars on the KM curves indicate censoring.
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Supplemental Figure 8. Association of tumor-associated macrophages (TAMs), cancer-
associated fibroblasts (CAFs), myeloid-derived suppressor cells (MDSCs), and DCs with
ICI efficacy. (A) KM curves for PFS of ICI treatment stratified by CD163 positivity in TAMs in

TN. (B) KM curves for PFS of ICI treatment stratified by double positivity for CD163 and

25



339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354

CD206 in TAMs. (C) Correlation between CAF density in the ISA and Trm-like CD8" TIL
density (top left) or CD206" TAMs density (bottom left) in TN, and correlation between
fibroblast activating protein (FAP) positivity in stromal cells and Trm-like CD8"* TIL density
(top right) or CD206" TAMs density (bottom right) in TN (N = 81). (D) Densities of MDSCs and
PMN-MDSCs in TN compared between the DCB (N = 30) and non-DCB (N = 49) groups. (E)
Correlation between Trm-like CD8" TIL density and DC density in TN (N = 81). (F) Densities
of M1-TAMSs and DCs (including DC-LAMP* and CD80") in both TN and ISA compared
between the DCB (N = 30) and non-DCB (N = 49) groups. Eight cases were excluded in (A) and
(B) because CD68" TAMs were absent, precluding positivity calculation. Two cases were not
included in (D) and (F) because DCB/non-DCB status could not be determined due to early
censoring (<1 year) of PFS data. Each dot represents each patient in (C—F). Data are provided by
violin plots in (D) and (F), with P values indicated on horizontal bars. The P values for the violin
plots and survival analyses were determined with the Mann—Whitney U test and log-rank test,
respectively. Pairwise correlation was calculated using Spearman’s correlation analysis in (C)
and (E). Vertical bars on KM curves indicate censoring. Abbreviations: DC-LAMP, dendritic

cell lysosome-associated membrane protein.
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Supplemental Figure 9. Predictive features of the mIHC-based TME profile based on

histology and driver oncogene status. (A) KM curves for PFS of ICI treatment, comparing

favorable TME (clusters 2 and 6) versus unfavorable TME (other clusters) in patients with EGFR

mutations (top left), non-EGFR/ALK driver oncogenes (top right), and without apparent driver

oncogenes (bottom left). Data for patients negative for EGFR/ALK oncogenes but with

unexamined non-EGFR/ALK driver oncogene status are also shown (bottom right). See

Supplemental Tables 2 and 6 for details of genomic features tested. (B) KM curves for PFS of

ICI treatment, comparing favorable TME (clusters 2 and 6) and unfavorable TME (other
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365  clusters) based on tumor histology. The P values were determined with the log-rank test. Vertical

366  bars on the KM curves indicate censoring.
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Supplemental Figure 10. External validation of mIHC-derived TME features using a bulk

RNA-sequencing cohort. (A) KM curves for PFS of ICI treatment stratified by expression

levels of CD8B, MRC1 (CD206), and FAP in the SU2CLC-MGH bulk RNA-sequencing cohort

(N =44). (B) KM curves for PFS based on a composite gene expression profile composed of

CDS8B, MRC1, and FAP expression. Patients were classified as good

(CD8BMeh/MRCI1'"°Y/FAP"Y), intermediate (neither good nor poor), or poor

(CD8B""/MRC1"e"/FAPhieh). The P values for survival analyses were determined using the log-

rank test. Vertical bars on KM curves indicate censoring.
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379  Supplemental Figure 11. Differential gene expression between favorable and unfavorable
380 TMEs. A volcano plot (top) shows —logio(P value) and logz(fold change [FC]) of gene

381  expression levels for 726 genes evaluated by nCounter 0360, comparing favorable TME (N =
382 4] and unfavorable TME (N = 18). The top 30 upregulated genes (bottom left) and

383  downregulated genes (bottom right) in favorable TME are listed with P values, ranked by the
384  logx(FC).
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Supplemental Figure 12. Clinical features and minor TME features of EGFR/ALK-
oncogene-positive NSCLC. (A) Tumor histology (left) and smoking status (right) compared
between EGFR/ALK-oncogene—negative tumors (N = 71) and EGFR/ALK-oncogene—positive
tumors (N = 32). (B-E) Densities of CD8* T cells (B), Tregs (C), PD-1" Tregs (D), and MDSCs
(E) in ISA compared between EGFR/ALK-oncogene—negative tumors (N = 71) and EGFR/ALK-
oncogene—positive tumors (N = 32). (F) Gene expression signature scores for MAPK and NF-kB
signalling compared between EGFR-mutation-negative NSCLC (N = 18) and EGFR-mutation—
positive NSCLC (N =9). (G) Top 30 downregulated genes in EGFR-mutation-positive tumors
from Figure 10A are listed with g-values and ranked by the log>(FC). Data are provided by
violin plots in (B-E). Each dot represents each patient in the violin plots, where tumors with
EGFR-mutations are colored red, while those with ALK-fusions are colored green. Bars indicate
mean =+ standard error of the mean in the scattered dot plots in (F). Fisher’s exact test was used to
determine the P value in (A). P values indicated above horizontal bars in (B-F) were determined

using the Mann—Whitney U test, and P values in (G) were determined using unpaired t tests.
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Supplemental Figure 13. TCGA dataset-based transcriptome analysis. (A) Flow diagram for
case selection. (B—D) Gene expression levels of NTSE (B), VEGFB, TGFB2, TGFBR2 (C), and
MRC1 (D) compared between EGFR/ALK-oncogene-positive and EGFR/ALK-oncogene-
negative cases. Data are provided by violin plot in (B—D). Mann-Whitney U test was used to
determine the P values shown on the horizontal bars. P values from unpaired ¢ tests and FDR g-
values were also provided. Ranking percentiles are determined based on log:(FC) across all
evaluable 20,247 genes. Abbreviations: TCGA, The Cancer Genome Atlas; FDR, false discovery

rate.
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409  Supplemental Table 1. Characteristics of 81 patients treated with PD-1/PD-L1 inhibitors (ICI-cohort)

Characteristics N=281 (%)
Median age (range), years 71 (43-89)
Sex
Male 59 (73)
Female 22 (27)
ECOG performance status
0-1 72 (90)
> 9 (10)
Smoking status®
Current or former 69 (85)
Never 12 (15)
Diagnosis pattern at first line therapy
Recurrence 17 (21)
De-novo IIIB-IV 64 (79)
CNS metastasis
Yes 19 (23)
No 62 (77)
Histology
Non-squamous® 57 (70)
Squamous 24 (30)
Biopsy site
Primary 61 (75)
Metastatic? 20 (25)
EGFR mutation status®
Ex19del 1(1)
Ex19del + T790M 3(4)
L858R 6 (7)
Wild 71 (88)
Next generation sequencing in EGFR/ALK-wild-type tumors
Performed® 36 (44)
Not performed 35(43)
PD-L1-TPS
>50 % 28 (34)
1-49 % 27(33)
<1 % 19 (23)
Unknown 79
Regimen
ICI monotherapy 52 (64)
Chemo + ICI combination 29 (36)
PD-1/L1 antibodies
Nivolumab 25 (31)
Pembrolizumab 50 (62)
Atezolizumab 6 (7)
Anti-PD-1/L1 antibodies treatment lines
1 59 (73)
2 11 (14)
>3 11 (14)
410 Percentages may not add up to 100 because of rounding. ®Current smokers were defined as individuals who had smoked a cigarette within the
411 previous year; former smokers were defined as those who had smoked >100 cigarettes but had quit >1 year before initiating anti-PD-1 antibody
412 treatment; never-smokers were defined as individuals who had smoked <100 cigarettes. “Non-squamous histology includes adeno/adenosquamous
413 (N = 50), sarcomatoid (N = 1), large cell (N = 2), and not-otherwise-specified (N = 4). ‘Metastatic sites include pleura (N = 7), lymph node (N = 5),
414 brain (N = 3), bone (N = 2), adrenal (N = 1), lung (N = 1), and subcutaneous (N = 1). “Mutational status for the specimens with which mIHC was
415 performed. ‘See Supplemental Table 2 for details. Abbreviations: CNS, central nervous system; ex19del, exon 19 deletion.
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416  Supplemental Table 2. Details and results of NGS performed in 36 EGFR/ALK-wild-type NSCLC

N=36(%)"
NGS panel
Foundation One CDx 9 (25)
Oncomine Dx Target Test Multi-CDx System 23 (64)
Ion AmpliSeq Colon and Lung Cancer Panel & Ion AmpliSeq RNA Fusion Lung Cancer Research Panel 3(8)
Ion AmpliSeq™ Cancer Hotspot Panel v2 & FusionPlex Comprehensive Thyroid and Lung Kit 1(3)
Positive for driver oncogenes 14 (39)
KRAS 9(24)
Gl2C 2(6)
G12C + G12F 1(3)
G12D 3(8)
Gl12V 1(3)
GI13R 1(3)
Q61L 1(3)
PIK3CA 2(5)
E542K 1(3)
H1047R 1(3)
MET ex14del 1(3)
BRAF V600E 1(3)
ROS-1 fusion 1(3)
Wild-type (no apparent driver-oncogenes) 22 (61)

417 *Percentages may not add up to 100 because of rounding. Abbreviations: ex14del, exon 14 deletion.
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418  Supplemental Table 3. Definition of cell lineages based on multiplex immunohistochemistry staining
419  pattern

420

Panel 1
Lineages Identification biomarkers
Tumor cell panCK*CD45"
Leukocyte panCK CD45*
T cell panCK CD45*CD3*
CD8" T cell panCK CD45°CD3*CD8"
Trm-like CD8" T cell panCK CD45°CD3*CD8'CD39°CD103"
Regulatory T cell panCK CD45"'CD3*CD8 NKp46 FOXP3*
T-helper 1 cell panCK CD45"'CD3"CD8 FOXP3 NKp46 Tbet"
NK cell panCK CD45"CD3 NKp46*
NKT cell panCK CD45"CD3"CD8 NKp46*
Panel 2
Lineages Identification biomarkers
Tumor cell panCK*CD45~
Leukocyte panCK CD45*
B cell panCK"CD45"CD3-CD20*
Myeloid cell panCK CD45"'CD3 CD20"
Macrophage panCK CD45"CD3°CD20 CD68*
M1 macrophage panCK CD45"'CD3 CD20"CD68"CD163"CD206 CD80"
CD163* M2 macrophage panCK CD45'CD3 CD20 CD68*CD163"
CD206* M2 macrophage panCK CD45"'CD3 CD20 CD68*CD206"
MDSC panCK " CD45*CD3 CD20 CD33'HLA-DPB1~
PMN-MDSC panCK " CD45*CD3 CD20 CD33"HLA-DPB1 CD66b*
Dendritic cell (DC) panCK CD45*CD3 CD20 CD68 HLA-DPB1*
DC-LAMP* DC panCK CD45*CD3 CD20 CD68 HLA-DPB1'DC-LAMP*
CD80" DC panCK " CD45*CD3 CD20 CD68 HLA-DPB1°CD80*
Fibroblast panCK"CD45 FAP*

Abbreviations: MDSC, myeloid-derived suppressor cell; HLA-DPB1, human leukocyte antigen-DPB1; PMN, polymorphonuclear.
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421  Supplemental Table 4. Characteristics of patients in EGFR/ALK-wt, EGFR-mutant or ALK-fusion
422 cohorts

Number of patients (%)*

Characteristics EGFR/ALK-wt cohort EGFR-mutant cohort ALK-fusion cohort
(N=171) (N=19) (N=13)
Median age (range), years 71 (43-89) 73 (55-84) 72 (53-77)
Sex
Male 56 (79) 6 (32) 6 (46)
Female 15 (21) 13 (68) 7 (54)
ECOG performance status
0-1 62 (87) 19 (100) 13 (100)
>2 9 (13) 0 (0) 0 (0)
Smoking status®
Current or former 65 (92) 6 (32) 6 (46)
Never 6 (8) 13 (68) 7 (54)
Histology
Non-squamous® 47 (66) 19 (100) 13 (100)
Squamous 24 (34) 0 (0) 0 (0)
EGFR mutation status?
Ex19del 0(0) 6 (32) 0 (0)
Ex19del + T790M 0(0) 3 (16) 0 (0)
L858R 0(0) 10 (53) 0 (0)
Wild 0(0) 0(0) 0 (0)
PD-L1-TPS
>50% 27 (38) 2 (11) 3(23)
1-49% 26 (37) 4 (21) 0 (0)
<1% 12 (17) 10 (53) 3(23)
Unknown 6 (8) 3 (16) 7 (54)
423 aPercentages may not add up to 100 because of rounding. *Current smokers were defined as individuals who had smoked a cigarette within
424 the previous year; former smokers were defined as those who had smoked >100 cigarettes but had quit >1 year before initiating anti-PD-1
425 antibody treatment; never-smokers were defined as individuals who had smoked <100 cigarettes. “Non-squamous includes 72
426 adeno/adenosquamous, 1 sarcomatoid carcinoma, 2 large cell, and 4 not otherwise specified cases. ‘Mutational status for the specimens
427 with which multiplexed immunohistochemistry was performed. Abbreviations: wt, wild-type.
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Supplemental Table S. Summary of representative pilot studies and comparison with the present study

Category Rt Journal name | Year Author Assay Spaua.l Spatial measure (Clies Grilliaticdl o TIL | Trm-like CD8' TIL [ TAM | CAF Summary Difference from our work
Number analysis ICI efficacy
ITME classification based on PD-L1 expression and CD8* I:;(jgg’y"l&llizgl\f;;?l;uxtr)r\:/sﬁ:efir?}?el:[)-Ll
Conventional 1 J Thorac 2021 | Shirasawa M et al Conventional IHC No N/A 28 Yes No No No ITIL density in advanced NSCLC patients predicts anti-PD- fncornorates %l:ni'il rofiling of additional
HC Oncol. rrasaw 2 markers (CD8, PD-L1) 7 1/PD-L1 therapy response, with PD-L1 High/TIL High imane an:i ;ﬂoléalr)com;)oient; in::ludi(ng
tumors showing the most favorable outcomes. TAMs and CAFs.
|Al-powered analysis of TILs on whole-slide images using . - .
H&E based Al detection . ILunit SCOPE IO stratifies NSCLC into three immune Th.ls study highlighted mmune ph_enotypes
. Tissue . . using Al-based H&E analysis, while our work
H&E based Al 12 J Clin Oncol. | 2022 Park S ot al multiplex IHC Yes compartment 518 Yes No Yes No henotypes that correlate with ICI outcomes and provide a complements this with high-plex mIHC and
detection - | 5 markers (CD3, CD8, FOXP3, CD68, - compartn (mIHC cohort 99) - - lcomplementary biomarker to PD-L1-TPS. 99 cases were (comp S this w gh-plex mint-
. evaluation . ~ . : Ispatial profiling of tumor-reactive CD8* T
Cytokeratin) subjected to mIHC for evaluating CD8" T cells, regulatory T lcells. TAMs, and CAFs
lcells, and macrophages. > > o
IMachine learning was used to quantify TILs on standard [This study quapuﬁed T”“S.On HA&E images to
H&E based Al 239 IH&E images from NSCLC patients treated with show prognostic value, while our work adds
" 13 JAMA Oncol. [2023| Rakaee M et al H&E based Al detection No N/A (Discovery cohort Yes No No No | 68 X P Ny 5 Ispatially resolved analyses of tumor-reactive
detection immunotherapy. High TIL levels (=250 cells/mm?) were
446) N > AR . ICD8" T cells, TAMs, and CAFs to reveal
lindependently associated with improved survival. - i <
ns underlying ICI efficacy.
|A spatial immune score combining PD-L1 expression, CTL-, . N L I
multiplex IF + image analysis Nearest neighbor lepithelial cell engagement, and CTL-helper T cell ;l'nlllsnstu_lt_iyc eflol:u;,eli1‘;“&2?:;“;3?332;1
mIHC 28 Sci Rep 2022 Qin A etal 6 markers (CD3, CD8, CD163, PD-L1, | Yes N ¢ 52 Yes No Yes No |engagement outperforms PD-L1 alone in predicting ICI non- ng N Y
: distance . T . o . considers other components such as TAMs and
FOXP3, Pancytokeratin) response in mNSCLC and can identify responders even in CAFs,
IPD-L1-negative tumors. o
Immunoscore-IC (immune checkpoint), a digital pathology [This study centered on CD8 and PD-L1
. . - S . multiplex THC + image analysis . ~ P 132 . test quantifying CD8 and PD-L1 markers, is a powerful and |markers, while our work extends analyses to
mlHC 2 EbioMedicine | 2023 (Ghiringhelli F et al 2 markers (CD8, PD-L1) Yes | Cell-cell distance (Training cohort 133) Yes No No No superior predictor of anti-PD-1/PD-L1 immunotherapy ITAMs, CAFs, and tumor-reactive CD8" T cell
lefficacy in NSCLC patients, guiding treatment selection. subsets.
J Thorac multiplex IHC ICD39°CD8" T cell proportion and that this marker can serve ;l'l:l;nq:i{ hf;eaeh?leg‘?;tv(;ixi’nzlﬁzgz ll:raer-
mIHC 30 2021| YeonglJetal [6markers (only CD39,CD8, and PD-L1{ No N/A 35 Yes Yes No No |as a potential biomarker that predicts response to ICB " L . .. S arg
Oncol. as described in the manuscript) herapy in patients with NSCLC. iscale spatial profiling with additional cell types
Wwas dese ) userip rapy in p s Wi - such as TAMs and CAFs.
. . . Tissue . . . . L [This study linked CD103°CD8" T cell density
mIHC 31 Cell Rep Med | 2020 Corgnac S. et al 3 m:ﬁl&?izx[)lg z]l;])t:?)g; 2§?éﬁlrsatin) Yes compartment 86 Yes Yes No No gg:gj I\?S])(ig cell density predicts better PFS in ICL- with outcome, while our work integrates spatial
- ’ ’ evaluation | lanalyses.
Flow cytometry Co-localization [This study highlighted PD-1* T cells within
- . e . . . . A . "
mIHC 56 Nat Med  |2018 [Thommen DS et alf multiplex THC + image analysis Yes analysis within 21 Yes Partially, Ye‘s. No No PD-1" T cells in NSCLC localize to TLSs and predict TLSS’. while our work e{(panfis l? spatial
2 markers (CDS, PD-1) TLS (only PD-1") response to PD-1 blockade. [profiling of tumor-reactive CD8" T cells,
> T [TAMs, and CAFs.
multiplex IF + image analysis
CAI;CAO: oﬁ:an;Trlrguga‘gfél(;D& [This study investigated CAF and immune
D8’ T’cell coho;t* 6 ma;ker% (CD8 Tissue CAF cohort: 77 imature TLSs correlate with ICI benefit in NSCLC, while  |subsets separately, while our work
mIHC 57 Cell Rep Med |2025| Peyraud F et al PD-1. CD39. LAG '3 TIGIT ATIM 3; Yes compartment CD8 cohort: 64 No No No Yes |distinct CAF subsets promote resistance via immune simultaneously analyzes spatial interactions
Re‘ |;1ato ’T cell ::o’hon"() ;rlarke-rs evaluation Treg cohort: 64 lexclusion and T cell exhaustion. lamong CD8" T cells, TAMs, and CAFs,
(CgD4 C]T)yx D20 FOXP} ICOS‘ lincluding EGFR-mutant cohorts.
TIGIT)
- - - DI07CDRY
[Single-cell RNA-seq and flow cytometry were used to I::;t‘::g lgf::aelﬁcl;el\rlife(&]::g f?o?\?c;:k:etry
scRNA/FCM 65 Immunity [2023| Chow A etal Single-cell RNA-seq No N/A 23 Yes Yes No No f:haract‘enze CD39'CD8" TILs as neoantigen-reactive cells while our work complements this with spatial
Flow cytometry lin NSCLC. In 23 ICI-treated Stage IV cases, higher CD39 ; .
. . . ImIHC analyses incorporating TAMs, CAFs,
lexpression was associated with longer PFS.
land TME context.
Tissue [This study evaluated CD8" T cells and M2
~ . mIHC + image analysis . ) . Stage IV: 20 . ICD8*, CD8'PD-L1" T cells, and M2 macrophages by mIHC jmacrophages by mIHC, while our work
mIHC 66 Front Oncol 2021 LilLetal 4 markers (CD8, CD68, CD163, PD-L1) Yes L(:;r;i:g:;:“ Other stage: 13 No No Yes No redict ICI benefit; joint analysis enhances prognostic value.[expands the analysis to include CAFs and
spatial profiling across broader cohorts.
[This study was based on a very small cohort
lonly including 4 responders and 4 non-
responders. All 4 responders developed disease
progression after 1-year ICI response,
[Tumor-reactive CD39*CD103*CD8" T cells were associated If)er:ﬂ:::?‘% ;}::02?:;?‘:1%[;0 ee‘;:}f:‘e‘:tll-llx\fnir
Isomoto K and multiplex THC + image analysis Tissue with long-term ICI response in NSCLC. However, their U persis
. . . " PFS >12 months: 4 R . control. Driver-oncogene-positive cancers were
mIHC 32 Lung Cancer [2022| Haratani K et al Panel 1: 15 markers + hematoxylin Yes compartment Yes Yes Yes Yes |presence alone was insufficient for durable tumor control, A h ; .
. . . PFS <9 weeks: 4 . . lalso excluded in this previous study, given its
(Our prior work) Panel 2: 16 markers + hematoxylin evaluation lunderscoring the role of heterogeneous TME profiles in . N e i
cquired ICI resistance. ilot nature. Nuanced analysis involving other
) ITME features such as TAM, CAF, detailed
ICD8" TIL phenotypes including other co-
linhibitory checkpoint molecules or Ki-67, as
well as locations of Trm-like CD8" TILs was
thus deferred to the current study.
ICI cohort: 81
Isomoto K and multiplex THC + image analysis Tissue (including EGFR
mIHC - - - Haratani K et al Panel 1: 15 markers + hematoxylin Yes compartment positive case 10) Yes Yes Yes Yes - -
((The current work)|  Panel 2: 16 markers + hematoxylin evaluation Driver oncogene’
cohort: 32

Abbreviations: Al, artificial intelligence; IF, immunofluorescence; MYH11, myosin heavy chain 11; aSMA, alpha smooth muscle actin DAPI, 4',6-diamidino-2-phenylindole; TLS, tertiary lymphoid
structure; ICOS, inducible T-cell co-stimulator.
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431  Supplemental Table 6. Driver oncogenes examined by next generation sequencing panels
432 used in this study

DNA (mutation)

AKTI ALK BRAF CTNNBI EGFR
ERBB2 ERBB4 FGFR2 FGFR3 KRAS
MET NRAS PIK3CA

RNA (fusion)

ALK NTRK1 RET ROS!I
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Supplemental Table 7. Details of the multiplex immunohistochemistry panel adopted in this study

434
435
436 Panel 1
Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 Round 7 Round 8
Primary Ab Hematoxylin TIGIT PD-1 CD45 GzmB LAG-3 CD103 CD3
Supplier Dako Dianova Abcam Then‘poFlsher Cell Marque Abcam Abcam Then‘poFlsher
Invitrogen Invitrogen
Clone/catalog# S3301 TG1 NATI105 HI30 EP230 EPR4392 EPR4166(2) SP7
Dilution 1:50 1:50 1:100 1:100 1:1000 1:500 1:150
Reaction 1 min RT, 60 min RT, 60 min RT, 30 min RT, 60 min RT, 30 min RT, 30 min RT, 30 min
Histofine Anti-mouse Anti-mouse Anti-mouse Anti-rabbit Anti-rabbit Anti-rabbit Anti-rabbit
Reaction RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min
AEC reaction time 40 min 40 min 40 min 40 min 20 min 20 min 20 min
Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16
Primary Ab CD8 T-bet FOXP3 Ki-67 TIM-3 NKp46 CD39 panCK
. Agilent ThermoFisher Cell Signaling . .
Supplier Technologies Abcam eBioscience Abcam Technology R&D Systems Abcam Leica Biosystems
Clone/catalog# C8/144B EPR9301 236A/E7 SP6 DSD5SR 195314 EPR20267 AE1/AE3
Dilution 1:100 1:100 1:50 1:500 1:100 1:20 1:1000 1:200
Reaction RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 60 min RT, 30 min RT, 30 min RT, 30 min
Histofine Anti-mouse Anti-rabbit Anti-mouse Anti-rabbit Anti-rabbit Anti-mouse Anti-rabbit Anti-mouse
Reaction RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min
AEC reaction time 20 min 20 min 20 min 20 min 40 min 20 min 20 min 10 min
437
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438 Panel 2
Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 Round 7 Round 8 Round 9
Primary Ab Hematoxylin CD68 CD45 CD80 CD206 CD163 CD33 CD66b CD73
Supplier Dako Abcam TherrpoFlsher R&D Systems Abcam Abcam Abcam BioLegend Cell Signaling
Invitrogen Technology
Clone/catalog# S3301 PG-M1 HI30 MAB14037711 Polyclonal 10D6 SP266 GI10F5 D7F9A
Dilution 1:50 1:100 1:25 1:2500 1:100 1:50 1:200 1:50
Reaction 1 min RT, 60 min RT, 30 min RT, 60 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min
Histofine Anti-mouse Anti-mouse Anti-mouse Anti-rabbit Anti-mouse Anti-rabbit Anti-mouse Anti-rabbit
Reaction RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min
AECtirriaectlon 40 min 40 min 20 min 20 min 20 min 20 min 20 min 20 min
Round 10 Round 11 Round 12 Round 13 Round 14 Round 15 Round 16 Round 17
Primary Ab B7-H3 HLA-DPB1 DC-LAMP FAP CD20 PNAd CD3 panCK
Supplier R&D Systems Abcam Merck Millipore Abcam Abcam BioLegend TherrpoFlsher Leica Biosystems
Invitrogen
Clone/catalogt AF1027 EPR11226 16H11.2 EPR20021 L26 MECA-79 SP7 AE1/AE3
Dilution 1:40 1:5000 1:200 1:150 1:50 1:100 1:150 1:200
Reaction RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min
. Anti-Goat . . . . . . . . . .
Histofine Anti-rabbit Anti-mouse Anti-rabbit Anti-mouse Anti-rat Anti-rabbit Anti-mouse
polyclonal
Reaction RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min RT, 30 min
AEC reaction 20 min 10 min 30 min 20 min 20 min 20 min 20 min 10 min

time

439
440
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Abbreviations: Ab, antibody; AEC, alcohol-soluble peroxidase substrate 3-amino-9-ethyl-carbazole; RT, room temperature; min, minutes; PNAd, peripheral lymph node addressin.
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