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and Salmon v1.5.1 was used for alignment to the human reference GRCh38/hg38 (patch 13), using GENCODE v38 for the gene positions.
Intrinsic subtypes were obtained from a study-effect corrected analysis of the RNA sequencing data. Reads were aligned to the human
reference GRCh38/hg38 genome using STAR v2.4.2a. Transcript (GENCODE v22) abundance estimates were generated by Salmon v0.6.0 in ‘-
quant’ mode, based on the STAR alignments.

For reproducibility purposes, the RNA sequencing data (fastq files) at baseline from NeoALTTO have been deposited to the European Genome-phenome Archive
(EGA) database (https://ega-archive.org) and assigned the accession code EGAS00001007563 (https://ega-archive.org/studies/EGAS00001007563). The data can be
obtained upon signature of a data access agreement between the investigator requesting the access and Institut Jules Bordet (IJB), subject to applicable laws. For
reproducibility purposes, the NeoALTTO clinical data at IJB can be obtained upon signature of a data transfer agreement between the investigator and IJB, subject to
applicable laws. The access to these data can be requested by contacting the corresponding Author (christos.sotiriou@hubruxelles.be).

For investigators aiming to perform original research, the NeoALTTO RNA sequencing data at baseline and the clinical data are available upon request after
submission of a research project proposal (RPP) to the RPP’s administrator (alttoresearchproposals@frontier-science.co.uk). In detail, access to data for research
will be granted upon review of the RPP and its endorsement by the study Steering Committee, and after entering into an appropriate data access agreement
between BIG, IJB, and the investigator, subject to applicable laws. More details and documents required can be found at https://bigagainstbreastcancer.org/clinical-
trials/neoaltto/ under the section “Translational Research”.

The policy for access to residual biological samples and data in the NeoALTTO study is a fair scientific review process set up to ensure precious biological samples or
data collected in the studies are accessed appropriately, to avoid duplication of efforts and foster collaboration. The data from the study are not anonymized yet,
only pseudonymized, therefore they are still considered identifiable, and cannot be made publicly available at this point. In order to ensure that they are shared in a
way that preserves the privacy of patients and complies with the relevant laws and regulations including the European General Data Protection Regulation (GDPR),
researchers can only access the data after they sign the data transfer agreements mentioned above, either for reproducibility or for original research purposes.

Gene expression data from CALGB 40601 is deposited in Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/) (accession code GSE116335)
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116335). Fastq files (RNA sequencing) and clinical data, including TIL levels, from CALGB 40601 are
available at the NCBI database of Genotypes and Phenotypes (dbGaP) repository (https://www.ncbi.nlm.nih.gov/gap/) (accession code phs001570.v3.p1) (https://
www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001570.v3.p1). The data are available under controlled access to ensure that they are shared in
a manner consistent with the research participants’ informed consent, and that the confidentiality of the data and the privacy of participants is protected. Principal
investigators seeking access to dbGaP datasets have to request them through the controlled-access portal. More information can be found at https://
dbgap.ncbi.nlm.nih.gov/aa/wga.cgi?page=login.

Clinicopathological data from NeoALTTO and CALGB 40601 can be obtained as specified above. Other data supporting the findings of this study are available within
the article, supplementary information files, supplementary data and source data provided with this paper. MSigDB is available at https://www.gsea-msigdb.org/
gsea/msigdb.

The NeoALTTO and CALGB 40601 trials recruited women affected by HER2-positive breast cancer.

Patients' characteristics of this translational research study are reported in the manuscript, Table 1.

This is a retrospective translational research study conducted in the context of the NeoALTTO and CALGB 40601 clinical trials.
The recruitment of patients in the two clinical trials has been previously described in the original NeoALTTO (PMID:
22257673) and CALGB 40601 (PMID: 26527775) publications.

The clinical investigators at site selected the patients for screening. The study teams are unaware whether there was any self
selection bias in that area. Even if there was a bias in terms of the people who volunteered for the trial, the fact that they
were randomized to treatment group should mean they were balanced across the arms in that sense.

For NeoALTTO, the full list of eligibility criteria is available at https://clinicaltrials.gov/study/NCT00553358. Key eligibility
criteria included age 18 years, histologically confirmed HER2-positive early breast cancer, tumor size greater than 2 cm,
adequate hepatic, renal, cardiac, and bone marrow function at baseline, and left ventricular ejection fraction at baseline of
50% or more.

For CALGB 40601, the full list of eligibility criteria is available at https://clinicaltrials.gov/study/NCT00770809. Patients eligible
for CALGB 40601 had newly diagnosed, histologically confirmed, untreated clinical stage II to III HER2-positive disease.
Patients were age  18 years, had tumors  1 cm in size, and had a pretreatment left ventricular ejection fraction  50%.

The cohorts with RNA sequencing data available have been previously described for NeoALTTO (PMID: 27684533) and CALGB
40601 (PMID: 26527775, PMID: 33095682).

Ethics committee and relevant health authorities at each participating site approved the NeoALTTO and CALGB 40601 studies
and all patients provided written informed consent including future biomarker research. For NeoALTTO, the the sites which
run the trial are listed in Supplementary data 38. For the CALGB 40601 trial, the protocol was central IRB approved, being the
University of North Carolina the lead Institution and Dr. Lisa Carey the study chair.
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Note that full information on the approval of the study protocol must also be provided in the manuscript.
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The current combined analysis has been approved by the TransALTTO scientific committee and Alliance Publications
Committee, and was conducted in accordance to the Declaration of Helsinki.

Patients included in the present manuscript represent a subgroup with RNA sequencing data available, as previously described for NeoALTTO,
N=254 (PMID: 27684533) and CALGB 40601, N=264 (PMID: 33095682).

No data were excluded.

Findings were assessed in NeoALTTO and independently validated in CALGB 40601. In detail, BCR and TCR repertoires were computed
independently in the two trials and associations with hormone receptor status, PAM50 subtypes and clinical outcomes were analyzed
separately. The prognostic score derived in NeoALTTO was independently validated in CALGB 40601.

Patients included in the retrospective correlative translational research analysis in the current manuscript are a subset with RNA sequencing
data available, as previously described for NeoALTTO (PMID: 22257673) and CALGB 40601 (PMID: 26527775), and received randomized anti-
HER2 treatments (trastuzumab, lapatinib, trastuzumab + lapatinib) as described in the original publications for the two trials (NeoALTTO
PMID: 22257673; CALGB 40601 PMID: 26527775). The distribution of the treatments in the NeoALTTO and CALGB 40601 RNA sequencing
cohorts included in the manuscript is reported in Table 1.

In the NeoALTTO trial, Sites used Frontier Science’s web-based randomization system to register patients and receive treatment assignments
(Frontier Sciences (www.fstrf.org/Portal) for enrolment version: Subject enrolment system (SES) 2.1.6 to 2.4.1 / RAND 3.34 to 3.37).
Treatment allocation was by stratified, permuted blocks randomisation. Block size was six (three groups randomly assigned in a 2:2:2 ratio)
and was masked from any individuals actively participating in the trial. Four stratification factors were used: hormone-receptor status
(oestrogen-receptor or progesterone-receptor positive, or both, vs both oestrogen-receptor and progesterone-receptor negative); clinical
involvement of axillary lymph nodes (N0–1 vs N2); clinical tumour size (T2 [2–5 cm diameter]) vs T3 [>5 cm diameter]); and suitability for
breast-conserving surgery (yes vs no). Randomisation was done centrally at the Frontier Science and Technology Research Foundation
Randomisation Center, which was accessed by participating sites using a web-based system so that patients were enrolled before the
treatment assignment was revealed.

In the CALGB 40601 trial, Sites used the CALGB Web-based Patient Registration system. Randomization was accepted only through CALGB
Main Member Institutions, selected affiliate institutions and CCOPs using the Web-based Patient Registration system. Patients were initially
randomly assigned with equal probability to the three study arms, and randomized according to the stratification factors: Pretreatment
clinical stage: 1) stage II, 2) stage III; Hormone receptor status as defined by local laboratory standards: 1) ER and/or PgR positive, 2) ER and
PgR negative. In December 2010, two neoadjuvant studies were presented at the Cancer Therapy and Research Center-American Association
for Cancer Research (CTRC-AACR) San Antonio Breast Cancer Symposium that affected the scientific and practical enthusiasm for the TL arm:
Geparquinto and NeoALTTO trial. Based on the inferior results and higher toxicity of the investigational lapatinib arms of these studies and in
discussion with CTEP, in January 2011 it was decided to amend CALGB 40601 to omit Arm 3 (TL).

This is a retrospective correlative analysis in the context of already published clinical trials. As such, no blinding was performed for the
analyses in the present manuscript.




