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Data analysis
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Field-specific reporting

from patients on NEOSTAR trial. Stained slides were scanned using the multispectral microscope, Vectra 3.0.3 imaging system (Akoya 
Biosciences/PerkinElmer). The phenochart 1.0.9 viewer (Akoya Biosciences/PerkinElmer) was employed to select ROIs in each sample using 
the InForm 2.8.2 image analysis software (Akoya Biosciences/PerkinElmer). Data were consolidated using the R studio 3.5.3 (Phenopter 0.2.2 
packet, Akoya Biosciences/PerkinElmer) and SAS 7.1 Enterprise. Data were collected using Microsoft Excel v.2016 and plotted using GraphPad 
prism v.8.0.0.

NanoString and GSEA data: Available nodal samples were collected post neoadjuvant immunotherapy on NEOSTAR trial. Total RNA was 
extracted using the RecoverALL™ Total Nucleic Acid Isolation kit (Ambion, Austin, TX) according to the manufacturer’s instructions. RNA 
quality and quantity were assessed using the Nanodrop spectrometer (ND-Nanodrop1000, Thermo Scientific, Wilmington, MA, USA). For the 
assay, 100 ng of RNA was used to detect immune gene expression using the nCounter PanCancer Immune Profiling panel along with custom 
CodeSet.

Gut microbiome data: Fecal samples were collected from patients on NEOSTAR trial as previously reported (https://
pubmed.ncbi.nlm.nih.gov/33603241/). Total DNA was extracted from fecal samples using the QIAamp DNA Stool Kit (Qiagen, Hilden, 
Germany), including a bead-beating lysis step. VSEARCH v2.10.4 was used to merge and de-replicate paired-end reads and sorted them by 
length and size. Sequences were then error-corrected and chimera-filtered using the UNOISE algorithm v.3 and generated Operational 
Taxonomic Units (OTUs) and presumed chimeras.

Radiological data: Tumor volume measurement was performed using a commercially available semi-automatic software MIM v. 6.6.6 (MIM 
Software Inc., Cleveland, Ohio). Characterization of nodal size on CT was performed by measuring short axis diameter using mediastinal 
window setting (level = 50; width = 350). Characterization of tumor and lymph node 18F-FDG uptake was performed using semiquantitative 
analysis of the SUVmax (MIM version 6.6.6; MIM Software Inc., Cleveland, Ohio).

Linear mixed-effect model was used to consider the intra-individual correlation of multiple lymph nodes for the nodal size and nodal SUVmax 
analyses in ICON and NEOSTAR cohorts and for the tumor volume and tumor SUVmax analyses in the NEOSTAR cohort. Unconditional exact 
test available in the R package “Exact” was used to compare the categorical distributions between patient populations. Analyses were 
performed in R 3.6.3 and UNIVARIATE, NPAR1WAY, and MIXED procedures in SAS 9.4

Tissue IHC and mIF staining data analyses were performed as previously reported (https://pubmed.ncbi.nlm.nih.gov/33603241/) and as 
detailed in the Methods section of the manuscript.

NanoString and Gene Set Enrichment Analysis (GSEA): nCounter Digital Analyzer was used to tabulate the counts of the reporter probes and 
for further analysis raw data output was imported into nSolver (http://www.nanostring.com/products/nSolver). Normalization, cell type and 
differential gene expression analyses were performed using the nSolver Advanced data analysis package. Gene set enrichment analysis (GSEA) 
was performed using GSEA software (https://www.gsea-msigdb.org). The data were collected using Microsoft Excel v.2016 and plotted using 
GraphPad prism v. 8.0.0.

Gut Microbiome: The V4 region of bacterial 16S ribosomal-RNA V4 region was amplified and sequenced on the Illumina MiSeq platform with 2 
x 250 bp reads (Illumina, Inc, San Diego, CA). We used VSEARCH v2.10.4 to merge and de-replicate paired-end reads and sorted them by 
length and size. Sequences were then error-corrected and chimera-filtered using the UNOISE algorithm v. 3 and generated Operational 
Taxonomic Units (OTUs) and presumed chimeras. Later, we added the chimeras sequences identified by the UNOISE algorithm v.3 but 
matched an entry in Silva database v. 138 with a perfect score back to the OTU list and generated a total of 1,849 OTUs. The sequencing 
depths ranged from 1,339 to 175,238, with a median of 11,656 reads per sample. Alpha diversity was calculated using Inverse Simpson Index. 
Weighted-unifrac dissimilarity indices were used to calculate the pairwise dissimilarities and perform principal coordinate analysis (PCoA) 
between samples. Alpha and beta diversities were calculated using QIIME 1.9.0.32. Linear Discriminant Analysis (LDA) was performed using 
the LDA Effect Size (LEfSe) algorithm for comparing bacterial taxa at the genus level between groups. LDA score of 2 and two-sided P value of 
0.05 were used as cutoff. Two-sided P values were from Mann Whitney U test. The results were plotted in R (R Core Team 2020; https://
www.R-project.org) using ggplot2 package (https://ggplot2.tidyverse.org) and GraphPad Prism v.8.00.

The authors declare that the data supporting the findings of this study are available within the manuscript, its supplementary information files and the Source Data.
The 16S fecal microbiome sequencing data (supporting the findings in Fig. 5) are publicly available in the National Center for Biotechnology Information Sequence
Read Archive (SRA BioProject ID PRJNA665109; https://www.ncbi.nlm.nih.gov/bioproject/665109). Taxonomy was assigned using the Silva database (https://
www.arb-silva.de/) for 16S rRNA sequences. The NanoString log2 normalized counts data that support the findings of this study (Fig. 4 and Supplementary Table 2)
are available as Supplementary Data with the manuscript. Other relevant de-identified data/information related to the current study that can be shared will be
available from the corresponding authors (T.C. and J.V.H.) within a reasonable timeframe and upon reasonable academic request and will require the researcher to
sign a data access agreement with the University of Texas MD Anderson Cancer Center as the information includes data collected under an institutional alliance
clinical trial and/or an institutional observational protocol.
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

No specific sample size calculations were performed for this study, as this study focuses on a secondary analysis of a randomized phase 2 trial
(NEOSTAR) from which primary and select secondary and exploratory outcomes have been previously reported (https://
pubmed.ncbi.nlm.nih.gov/33603241/). Forty-four patients included in the NEOSTAR trial (intention-to-treat population) were included in the
present study. For the patients included in this study from the ICON project, no sample size calculations were performed. The ICON project
enrolled patients at our institution with stage IB-IIIA non-small cell lung cancer who underwent surgical resection. Twenty-eight patients
enrolled on the ICON project who received neoadjuvant chemotherapy were included in the current study.

Data for all patients with available datapoints were analyzed; there were no additional exclusions.

In the present study, experiments and scoring/quantification related to the reported results were performed once. Replication was not
performed as the analyzed radiological images and specimens were unique patient imaging scans and samples. All techniques and reagents
used for the correlative analyses of this study had been previously optimized and validated.

In the randomized NEOSTAR trial, after confirmation of eligibility criteria, patients were stratified by stage (I vs. II vs. Ill) and randomized at 1:1
ratio to either nivolumab alone or the combination of nivolumab and ipilimumab using a minimization technique. The results presented in the
current manuscript are based on novel clinical observations that occurred as the NEOSTAR trial was progressing and on retrospective analyses
of the ICON study. All analyses related to the current study were initially unplanned as the NIF phenomenon was not anticipated as part of the
trial and is the result of an ad hoc analysis of the NEOSTAR clinical trial. No randomization was performed as part of the ICON observational
study.

The NEOSTAR trial was not a blinded study. However, the pathological response evaluation after neoadjuvant therapy was reviewed in a
blinded manner by two pathologists. For the current manuscript reporting on the NIF phenomenon, the radiologist who assessed radiological
nodal findings was blinded to the pathological nodal findings of non-caseating granulomas, and the pathologist who evaluated the
pathological nodal findings of non-caseating granulomas was blinded to the radiological nodal findings. The investigators involved in the tissue
immune profiling determining PD-L1 IHC and mIF staining were blinded to the NIF status. The investigators involved in the nodal NanoString
and gut microbiome analyses were not blinded to the NIF status as this information was needed to allocate the samples in each group (NIF vs.
No-NIF) for the data analysis. Blinding was not possible for the ICON observational study.

lmmunohistochemistry (IHC) studies for PD-L1 staining in malignant cells: PD-L1 anti-human antibody clone 28-8, dilution 1:100;
Abcam cat# ab205921, Cambridge, MA, USA.

Multiplex Immunofluorescence studies: antibodies against the following markers were used, Panel 1: cytokeratin (clone AE1/AE3,
cat# M351501-2, dilution 1:300, Dako, Santa Clara, CA), PD-L1 (clone E1L3N, cat# 13684S, dilution 1:3000, Cell Signaling Technology,
Danvers, MA), CD68 (clone PG-M1, cat# M087601-2, dilution 1:450, Dako), CD3 (polyclonal, cat# IS503, dilution 1:100, Dako), CD8
(clone C8/144B, cat# MS-457-S, dilution 1:300, Thermo Fisher Scientific, Waltham, MA), and PD-1 (clone EPR4877-2, cat# ab137132,
dilution 1:250, Abcam, Cambridge, MA); and Panel 2: cytokeratin (clone AE1/AE3, cat# M351501-2, dilution 1:300, Dako), CD3
(polyclonal, cat# IS503, dilution 1:100, Dako), CD8 (clone C8/144B, cat# MS-457-S, dilution 1:300, Thermo Fisher Scientific), CD45RO
(clone UCHL1, cat# PA0146, Cell Signaling Technology), Granzyme B (clone 11F1, cat# PA0291,Cell Signaling Technology), and FOXP3
(clone D2W8E, cat# 98377S, dilution 1:50, Cell Signaling Technology). All markers were sequentially applied and stained using their
respective fluorophores in the Opal 7 kit (catalogue #NEL797001KT; Akoya Biosciences/PerkinElmer, Waltham, MA).

lmmunohistochemistry (IHC) antibody for PD-L1 (PD-L1 anti-human antibody clone 28-8, dilution 1:100; Abcam cat# ab205921,
Cambridge, MA, USA) staining in malignant cells was validated as reported in https://www.ncbi.nlm.nih.gov/pubmed/28719380.






