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Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender

Reporting on race, ethnicity, or
other socially relevant groupings

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

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

id=IPX0000937000] or PXD006512[https://www.ebi.ac.uk/pride/archive/projects/PXD006512].

Datasets UPS2-M and UPS2-Y can be downloaded from the iProX database under the accession number IPX00075500[https://www.iprox.cn//page/project.html?
id=IPX0000755000] or PXD008428[https://proteomecentral.proteomexchange.org/cgi/GetDataset?ID=PXD008428].

Datasets HCC-R, EC-H, AT, SC, MI and CD can be downloaded from the PRIDE database under the accession numbers PXD022881[https://www.ebi.ac.uk/pride/
archive/projects/PXD022881], PXD003881[https://www.ebi.ac.uk/pride/archive/projects/PXD003881], PXD027546[https://www.ebi.ac.uk/pride/archive/projects/
PXD027546], PXD025634[https://www.ebi.ac.uk/pride/archive/projects/PXD025634], PXD002838[https://www.ebi.ac.uk/pride/archive/projects/PXD002838] and
PXD002882[https://www.ebi.ac.uk/pride/archive/projects/PXD002882], respectively.

Datasets NCC19, SM1100, MM, SO and GUS can be downloaded from the MetaboLights database under the accession numbers MTBLS1866[https://www.ebi.ac.uk/
metabolights/editor/MTBLS1866], MTBLS733[https://www.ebi.ac.uk/metabolights/editor/MTBLS733], MTBLS5430[https://www.ebi.ac.uk/metabolights/editor/
MTBLS5430], MTBLS492[https://www.ebi.ac.uk/metabolights/editor/MTBLS492] and MTBLS650[https://www.ebi.ac.uk/metabolights/editor/MTBLS650],
respectively.

Datasets HCC-R2, Benchmark-FC, Benchmark-QC-H, Benchmark-QC-E, Benchmark-RT and Benchmark-MV can be downloaded from the iProX database under the
accession numbers IPX0006622000[https://www.iprox.cn//page/project.html?id=IPX0006622000], IPX0006638000[https://www.iprox.cn//page/project.html?
id=IPX0006638000], IPX0006819000[https://www.iprox.cn//page/project.html?id=IPX0006819000], IPX0006819000[https://www.iprox.cn//page/project.html?
id=IPX0006819000], IPX0006820000[https://www.iprox.cn//page/project.html?id=IPX0006820000] and IPX0007319000[https://www.iprox.cn//page/project.html?
id=IPX0007319000], respectively.

All other relevant data supporting the key !ndings of this study are available within the article or the Supplementary Information !les. Source data are provided with
this paper.

In this study, patients were randomized according to inclusion criteria and sex was not considered in study design. Sex was
determined based on patient self-reporting. The sex information was collected from case report of each patient and written
informed consents were obtained from all patients (N=23). Sex-based analyses were not involved in this study. Because HCC
has a strong male predominance (male to female ratio of 2-3:1) as stated in an HCC review (Llovet, J.M., Kelley, R.K.,
Villanueva, A. et al. Hepatocellular carcinoma. Nat Rev Dis Primers 7, 6 (2021). https://doi.org/10.1038/s41572-020-00240-3).
We did not enroll enough female HCC patients.

All patients (N=23) in dataset HCC-R2 were Chinese. We did not include socially relevant categorical variables except for sex
and age. HCC-R2 includes 22 male and 1 female. 14 patients were younger than 60 years old and 9 patients were over 60
years old when they underwent the surgery.

See above.

HCC tissues were obtained from patients underwent a curative-intent liver resection at the Eastern Hepatobiliary Surgery
Hospital in Shanghai between 2012 and 2014.

All patients met the following eligibility criteria: had a histopathologically-confirmed hepatocellular carcinoma; underwent a
curative-intent liver resection that was defined as complete removal of macroscopic tumor nodules with microscopic tumor-
free resection margins, and without macroscopic vascular invasion or extrahepatic metastasis; had tumors at stage 0, A or B
according to the Barcelona Clinic Liver Cancer (BCLC) staging system (European Association for the Study of the Liver, 2018);
had no preoperative anti-cancer therapy; did not die during the perioperative period; had no disease residue on imaging
studies within two months of surgery; did not participate in any clinical trials before disease recurrence; and had complete
clinicopathological and prognostic data.

Written informed consent was obtained from all patients. The study was approved by the ethics committee of the Eastern
Hepatobiliary Surgery Hospital in Shanghai.

The HCC datasets in this study were from observational studies. Sample size was not predetermined.

No data exclusions are involved.

To evaluate and validate the reproducibility of the RT alignment algorithm DeepRTAlign considering technical or biological variances, some
datasets had technical or biological repeats using one LC-MS instruments or several different instruments. All attempts at replication were
successful.




