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(https://github.com/SpatialTranscriptomicsResearch/st_pipeline) was used to pre-process the spatial data, ie. spot selection and image
alignment.

The processed count matrices derived from the raw ST data and the associated brightfield images (H/E-images) are available via the repository
https://zenodo.org/doi/10.5281/zenodo.8135721.

Analysis of the spatial data was mainly performed using R package STstuff. Analysis indirectly related to ST analysis such as various plotting
and bioinformatics functions was performed with R package nonSTstuff. All codes associated with the manuscript are available at the github
repository: https://github.com/BCTL-Bordet/ST ([https://doi.org/10.5281/zenodo.13867936]).

The following additional R packages were used: glmGamPoi R package (for the batch correction), R package xgboost (version 1.6.0.1) (for
per-spot regression of morphological categories), GSVA R package version 1.44.5 (for the gene set variation analysis), xCell package (https://
link.springer.com/protocol/10.1007/978-1-0716-0327-7_19) (for cell type enrichment analysis), R package NbClust (for the optimal number of
clusters <spatial archetypes).

All statistical analyses were performed using the R software (v4.2.1).

The raw sequencing files for the ST data and bulk RNA-seq of the ST TNBC cohort generated in this study have been deposited at the European Genome-Phenome
Archive (EGA) under accession code EGAS50000000475 ([https://ega-archive.org/datasets/EGAD50000000686]). The raw sequencing data are available under
restricted access due to data privacy laws. The data can be obtained upon signature of a data access agreement (DAA) between the investigator requesting the
access and Institut Jules Bordet (IJB), subject to applicable laws. Access requests can be initiated by email to the corresponding author
(christos.sotiriou@hubruxelles.be) with an approximate timeframe to reply of 4 weeks. The conditions related to the access to the data are specified in the DAA. In
details, the raw data are accessible for reproducibility purposes and for academic and non-academic investigators aiming to perform original research. The data can
be used for a maximum of 3 years after its reception.

The processed count matrices derived from the raw ST data and the associated brightfield images (H/E-images) are available without any restrictions via the
repository Zenodo ([https://zenodo.org/doi/10.5281/zenodo.8135721]). QC filtering, IHC images, morphological annotations and all the projections on ST slides (ie.
morphological regression, clusters, megaclusters, signatures) are accessible via the repository. The public data sets can all be accessed via https://
www.cbioportal.org/study/summary?id=brca_metabric for METABRIC, https://data.mendeley.com/datasets/yzxtxn4nmd for SCAN-B, https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE194040 for I-SPY2 and https://www.orcestra.ca/clinical_icb for other ICB-treated metastatic cancers. The same
public data sets are also accessible via the repository.

Other data supporting the findings of this study are available within the article. Supplementary information, supplementary data and source data are provided with
this paper. MSigDB is available at https://www.gsea-msigdb.org/gsea/msigdb. The sources of other gene signatures are provided in the Supplementary Table 4.

Our study was focused on breast cancer patients which were exclusively women in the retrospective cohort. We did not
consider sex and gender as stratification factors in our study design due to the higher prevalence of breast cancer among
female patients. Clinical characteristics of enrolled patients are provided in the Supplementary Data 1 and summarized in the
Supplementary Table 1.

Data on race, ethnicity or other socially relevant groupings were not routinely collected as part of the study and were not
controlled for.

Our study analyzed data from 94 samples of 92 early-stage TNBC patients treated with standard-of-care therapies between
2000 and 2016. All patients underwent initial surgery, followed by adjuvant chemotherapy and/or radiotherapy. Clinical
characteristics of enrolled patients is provided in the Supplementary Data 1 and summarized in the Supplementary Table 1.

For each patient, a frozen surgical tumor tissue sample stored at 80 °C was collected from the institutional tissue bank. The
patients provided written informed consent for the storage of their tumor tissue, which was not dedicated for routine use, at
the tissue bank.

The samples were collected in concordance with the Declaration of Helsinki.

The study was approved by the Local Ethical Review Board of the Institut Jules Bordet (Brussels, Belgium) before initiation of
the work (research ethics reference: CE2862).



3

nature
portfolio

|
rep

orting
sum

m
ary

April2023

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

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

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

The sample size was not predetermined. TNBC samples were chosen based on the availability of banked materials and their negative status
for estrogen (ER) and progesterone (PR) receptors and the absence of HER2 amplification. No other selection criteria were used.

Two collected samples were excluded from analysis due to ST sequencing failure.

We verified reproducibility of gene expression profiles across duplicates or tirplicates of ST slides (or subarrays) for each sample (ie. spatial
distribution of ST TLS signature or individual clusters). Two or three consecutive ST tissue sections, named subarrays were available for each
TNBC sample. These tissue sections were distant from each other only by 16 microns, and we found that there were relatively little biological
differences between them. For the analysis, sections were considered as technical replicates. In order to compare them, we first needed to
make them as stackable as possible using rotation, translation, and possibly reversion (if the tissue section was flipped upside down before
being placed on the glass slide). These transformations allowed the analysis for each TNBC sample across the 3D axis and contributed to the
identification of the ‘spatial genes’ across the 2 or 3 consecutive ST tissue sections (described in Methods: “Intrapatient clustering”). The
transformations were performed compared to an unmodified reference slide, that was always the one that had been annotated by the
pathologist.

To validate our ST results, we performed also bulk RNA-seq on the ST TNBC samples and correlated the results between bulk and ST
pseudobulk RNA data (ie. distribution of TNBC molecular subtypes, spatial archetypes or megaclusters). Then, we externally validated our
findings (ie. predictive and pronostic value of our ST TLS signature, molecular features of spatial archetypes across different external breast
cancer datasets: METABRIC (N = 335 TNBCs), SCAN-B (N = 672 TNBCs) and I-SPY2 (N = 987 BCs including 363 TNBCs) and fourteen datasets
with diverse metastatic non-BC cancers (N = 1073 patients).

Given the exploratory nature of our research, randomization of patients was not performed.

Due to the absence of experimental groups, no blinding was performed.

-anti-CD20 antibody (ready-to-use mouse monoclonal, IR604, Dako, USA)

-anti-CD3 antibody (ready-to-use rabbit monoclonal, IR503, Dako, USA).

The double immunohistochemistry CD20 and CD3 was performed according to the previously published protocol by Buisseret, L. et
al (doi: 10.1080/2162402X.2016.1257452).




