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All sequencing data have been deposited at the European Genome-phenome Archive (EGA) which is hosted at the European Bioinformatics Institute and the Centre
for Genomic Regulation, and is publicly available under accession number EGAS00001004704 (https://www.ebi.ac.uk/ega/studies/EGAS00001004704). Data access
can be obtained through a request to the GRAIL Data Access Committee (https://www.ebi.ac.uk/ega/dacs/EGAC00001001769).

Tissue-specific gene files for lung and breast tissues were downloaded from the Human Protein Atlas website (www.proteinatlas.org, version 18.1). Tissue
deconvolution was performed using gene expression data downloaded from the GTEx Portal website (www.gtexportal.org/home/datasets, GTEx analysis V4). TCGA
tumor tissue expression data are publicly available through the TCGA portal (https://portal.gdc.cancer.gov).

The remaining data are available within the article, Supplementary Information, or available from the authors upon request.

For the discovery cohort, we selected stage III breast and lung cancer samples from the CCGA study (NCT02889978). Stage III samples were
selected to maximize signal in the blood while avoiding confounding signal from potential secondary metastases. We required that the
selected patients had at least 2 tubes of unprocessed grade 1-2 plasma (no hemolysis), with 6-8 mL of plasma per patient. We further
required that selected patients had matched cfDNA sequencing data from previous GRAIL studies. All cancer patients (47 breast, 32 lung) that
matched these criteria were utilized for this study in order to maximize the potential for biomarker discovery. We also selected participants
with no known history of cancer to comprehensively characterize cfRNA in non-cancer patients. 93 samples were selected to appropriately
match the cancer samples for age, sex, and ethnicity. This study was not powered to assess the clinical performance of cfRNA for cancer
classification.

For the validation cohort, we obtained 38 breast cancer and 18 lung cancer samples from Discovery Life Sciences. An attempt was made to
validate cfRNA biomarkers in a separate cancer cohort of approximately equal size to the discovery cancer cohort, and was limited based on
sample availability. 32 age-matched non-cancer samples were included as controls of expression in patients without cancer.

One assay metric and 3 pipeline metrics were pre-established as “red flags” and were used to exclude samples with poor metrics. The assay
metric measured whether samples had sufficient material for sequencing, and the pipeline metrics were sequencing depth, RNA purity, and
cross-sample contamination. 1 sample was flagged due to insufficient material for sequencing, and 6 samples were removed from further
analyses due to low RNA purity.

Each patient sample was used in its entirety during RNA-seq library preparation. As such, no replicates were performed for a given patient.
Our CCGA discovery cohort included cancer (stage III breast [n=46] and lung [n=30]) and non-cancer (n=89) participants. The cfRNA
biomarkers identified in the CCGA discovery cohort were validated using a separate cohort of breast (n=38) and lung (n=18) cancer plasma
samples, and 32 age-matched non-cancer samples obtained from a commercial vendor (Discovery Life Sciences). All patient samples were
used in their entirety without replication. Only 1 patient sample in this study failed to yield enough library for sequencing.

Once the cancer and non-cancer samples were selected based on the above criteria, a randomization function in R was used to ensure that
the entire group is fully randomized. The group was then divided into batches that have random mixtures of cancer types (cancer and non-
cancer samples) for sample processing.

Patient samples were assigned anonymized IDs that obscured patient status during sample processing. QC analysis and data exclusions were
applied before unblinding of patient samples. Blinding was not relevant for data analysis, as the study was designed to characterize the cell-
free transcriptome in cancer and non-cancer patients.
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Population characteristics

Recruitment

The demographic characteristics of the discovery and validation cohorts are presented in Supplementary Tables 1-4.

Among the 47 patients in the CCGA breast cancer discovery cohort, 14 (30%) were hormone receptor-positive and HER2-
negative, 11 (23%) were hormone receptor-positive and HER2-positive, 5 (11%) were hormone receptor-negative and HER2-
positive, 14 (30%) were triple negative breast cancers, and 3 (6%) were missing subtype information. All patients were
diagnosed with stage III breast cancer at the time of sample collection. The median age was 53 (IQR range 41-60), and and 47
(100%) were female.

Among the 32 patients in the CCGA lung cancer cohort, 11 (34%) were adenocarcinomas, 10 (31%) were squamous cell
carninomas, 9 (28%) were small cell lung cancers, 1 (3%) was a lung carcinoid, and 1 (3%) was missing subtype information. ,
All patients were diagnosed with stage III lung cancer at the time of sample collection. The median age was 66 (IQR range
60-73), and 18 (56%) were female.

The CCGA non-cancer cohort included 93 non-cancer controls with no known current or prior diagnosis of cancer. The
median age was 62 (IQR range 55-69), and 68 (73%) were female.

The breast cancer validation cohort was comprised of 38 patients (stages I [n=5, 13%], II [n=8, 21%], III [n=10, 26%], IV [n=15,
40%]). The median age was 58 (IQR range 40.5-75.5) and 38 (100%) were female.

The lung cancer validation cohort was comprised of 18 patients (stages I [n=1, 5.5%], II [n=1, 5.5%], III [n=7, 39%], IV [n=9,
50%]. The median age was 63.5 (IQR range 54-73) and 12 (67%) were female.

The non-cancer validation cohort included 32 non-cancer controls with no known current or prior diagnosis of cancer. The
median age was 62 (IQR range 55-69), and 28 (87.5%) were female.

Inclusion Criteria for Non-Cancer Arm Participants:

- Age 20 years or older

- Able to provide a written informed consent

Exclusion Criteria for Non-Cancer Arm Participants:

- Known current or prior diagnosis of cancer except non-melanoma skin cancer

- Oral or IV corticosteroid use in past 14 days prior to blood draw

- Pregnancy (by self-report)

- Current febrile illness

- Acute exacerbation or flare of an inflammatory condition requiring escalation in medical therapy within 14 days prior to
blood draw

- Recipient of organ transplant or prior non-autologous (allogeneic) bone marrow or stem cell transplant

- Poor health status or unfit to tolerate blood draw

Inclusion Criteria for Cancer Arm Participants:

- Age 20 years or older

- Able to provide a written informed consent

- Have either of the following:

A. Confirmed cancer diagnosis. Any stage I-IV, as well as carcinoma in situ (CIS) within 90 days prior to or up to 42 days after
study blood draw, based upon assessment of a pathological specimen

OR

B. A high suspicion for a cancer diagnosis by clinical and/or radiological assessment, with planned biopsy or surgical resection
to establish a definitive diagnosis within 6 weeks (42 days) after study blood draw




