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Summary

The underrepresentation of Brazil and other Latin American nations in global genomic research is a consequence of
multifaceted challenges. Persistent underfunding and infrastructure limitations have hampered the development
and implementation of large-scale genomic studies in medicine. This imbalance creates a significant barrier to
realizing the potential of precision medicine for the Brazilian population. The disparity in genomic data is partic-
ularly concerning in Brazil, given its genetically diverse population with unique ethnic characteristics. This critical
need for representative data is precisely why the Brazilian Population Tumor Atlas (Atlas Tumoral da Populacdo
Brasileira, ATPBR) was conceived. Funded by public health initiatives, ATPBR aims to comprehensively map the
molecular signatures of cancer and promote responsible data sharing, supporting a future of more equitable care. Its
primary objective is to establish a secure platform for the storage and dissemination of multi-omics tumor data.
ATPBR has the potential to strengthen Brazil’s role in advancing cancer genomics and contributing to local and
global cancer control.
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Twenty-two years ago, the Human Genome Project
(1990-2003)"* delivered the first complete human
reference genome, establishing a foundation for
studying genetic variation and disease. This project
anticipated an era of medicine where diseases would be
decoded, treatments personalized, and all patients
served. However, more than two decades later, this
vision remains unfulfilled, particularly in low- and
middle-income countries.

Building on the foundation of the Human Genome
Project, large-scale initiatives such as The Cancer
Genome Atlas (TCGA),’ the International Cancer
Genome Consortium (ICGC),* and UK Biobank’ have
propelled cancer research through extensive
sequencing and data sharing. By systematically
sequencing and analyzing tumor samples, both from
primary and metastatic sites, and in many cases,
matched normal samples across diverse cancer types,
these and other projects have built a comprehensive
multi-omics resource. By integrating genomics,
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transcriptomics, epigenomics, and proteomics, these
resources provide researchers with deep insights into
the molecular mechanisms driving cancer biology.

Over the years, the knowledge generated has paved
the way for groundbreaking studies on novel drugs,
biomarkers, and innovative strategies for diagnosing,
preventing, and treating cancer. Additionally, it has
enabled comparisons across different patient cohorts
and facilitated large-scale pan-cancer studies, which
examine multiple cancer types simultaneously to un-
cover shared molecular mechanisms, regardless of tis-
sue or organ origin.

Prior to these initiatives, cancer classification relied
predominantly on histopathology and limited molecu-
lar markers. Now, we have fundamentally shifted this
paradigm by defining tumors based on comprehensive
molecular landscapes, revealing new insights into tu-
mor heterogeneity and evolution. These insights have
been pivotal in advancing precision oncology, facili-
tating biomarker-driven therapies, and the development
of novel drug strategies. The identification of critical
mutations, such as IDH in gliomas,® and the charac-
terization of molecular subtypes, such as in melanoma,’
enabled the development of tailored treatments,
improving patient outcomes. These projects have also
been crucial in advancing immunotherapy by providing
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insights into tumor mutational burden (TMB), neo-
antigens, and immune microenvironment interactions,
which are now recognized as key determinants in pre-
dicting responses to immune checkpoint inhibitors.*”
Nonetheless, the vast amount of data and many data
types produced by these projects have spurred
tremendous growth in the computational biology field
and data science.

Notably, Brazil and many Latin American countries
have not been at the forefront of this genomic revolu-
tion in oncology. While our hospitals address
numerous cancer cases daily, the genetic information
that guides precision oncology is overwhelmingly
derived from populations in the Global North. This
reliance on data from other populations can be prob-
lematic, as genetic information may not accurately
reflect the diversity of our population.”® Furthermore,
evidence indicates that ancestry-related differences in
methylation and mRNA expression are causally linked
to cancer and cancer-related immune pathways." This
vast imbalance underscores the urgent need to develop
large-scale genomic studies that specifically include
Latin American populations. The generation of region-
specific genomic data would allow researchers to
improve the accuracy of risk assessments, enhance
treatment efficacy, and develop targeted therapies that
better address the unique genetic and environmental
factors influencing cancer in Latin America.

However, this goal is hindered by the continued
underrepresentation of genetic data from Latin Amer-
ican nations in global cancer genomic research, com-
bined with a lack of robust regional initiatives. In
Brazil, over the past decades, federal funding for
genomic research has consistently prioritised the agri-
culture sector (Fig. 1A), a strategic sector for national
development that generated substantial economic and
scientific returns. Although the COVID-19 pandemic
prompted an increase in science and technology in-
vestments, including the launch of the Genomas Brasil
initiative in 2020, this shift has not been sufficient to
close the investment gap. An analysis of CNPq funding
patterns, one of Brazil's main research funding
agencies, reveals that Agronomy, the leading area
within Agricultural Sciences, has received significantly
more support than Genetics, an important area within
Biological Sciences (Fig. 1B). Brazil has demonstrated
remarkable capacity in genomic studies, as exemplified
by the successful sequencing of the Xylella fastidiosa
genome, a landmark project"” that brought considerable
benefits to science, the economy, and society.”* How-
ever, this success has not been mirrored in the oncology
and precision medicine fields.

Persistent underfunding and infrastructure limita-
tions have not only hampered the development and
implementation of local large-scale genomic studies in
healthcare, restricting the generation of crucial
genomic data relevant to Brazilians, but also hindered

the training of specialized personnel in clinical geno-
mics. Key areas such as computational oncology remain
underdeveloped, limiting the national capacity to
analyze large-scale cancer datasets, build predictive
models of tumor progression, and implement Artificial
Intelligence (Al)-driven strategies for personalized
treatment. Compounding these challenges is the slow
progress in establishing national biobanks, which are
essential resources for storing and analyzing biological
samples. Their development is often obstructed by a
range of ethical, regulatory, and logistical hurdles,
including informed consent procedures, data privacy
concerns, sample transport limitations, and the lack of
guidelines that respect the cultural sensitivities of
diverse communities within the region.

Furthermore, the paucity of Brazilians and other
Latin American populations in global genomic data-
bases creates a substantial knowledge gap, limiting the
applicability of findings from other populations and
potentially resulting in suboptimal treatment strategies.
For example, a study analyzing genetic ancestry across
33 cancer types in a cohort of 9.818 patients from TCGA
found that, among the 8.010 participants with available
race and/or ethnicity information, 79.01% identified as
White (non-Hispanic or unknown ethnicity), while only
4.09% identified as Hispanic/Latino.”” Notably, these
proportions vary by tumor type, but overall reflect a
striking lack of representation. This gap is especially
concerning given the growing body of evidence
showing that population-specific genetic variants can
influence cancer risk, prognosis, and therapeutic
response.

The disparity in genomic data is particularly con-
cerning in Brazil, given its highly genetically diverse
population with unique ethnic characteristics. This di-
versity, resulting from contributions from European,
African, and Indigenous ancestries, along with exten-
sive miscegenation and immigration, has created a ge-
netic “melting pot”'®'” and offers a unique opportunity
to understand cancer genetic features in a diverse
population. A recent large-scale genomic study
analyzing 2.723 high-coverage whole-genome se-
quences from diverse Brazilian cohorts identified over
8.7 million previously unreported genetic variants,'®
underscoring the vast, unexplored genomic diversity
of Brazilians. Moreover, recent evidence indicates that
some of these variants are not adequately captured by
existing international or mnational genetic testing
guidelines.”*' As a result, current criteria fail to iden-
tify between 17% and 25% of carriers of clinically
relevant mutations,” highlighting the urgent need to
tailor genetic screening protocols to better reflect the
genetic architecture of underrepresented populations.
In addition, some germline variants previously associ-
ated with hereditary cancer syndromes show markedly
higher allele frequencies in Brazilians compared to
global reference datasets (Table 1). A well-known
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Fig. 1: Disparities in Brazilian federal investments in Agricultural vs. Biomedical Research in Brazil. (A) Annual federal budget allocated to
the Agriculture and Science and Technology sectors from 2005 to 2024. Data obtained from the Federal Budget Panel available at the SIOP
platform-https://www.siop.planejamento.gov.br. (B) Annual funding disbursed by CNPq to projects in Agricultural Sciences and its main
subfield Agronomy, as well as Biological Sciences and its main subfield Genetics, from 2005 to 2024. Data retrieved from the CNPq Science,
Technology, and Innovation Funding Panel-http://bi.cnpq.br/painel/fomento-cti/index.html.

example is the pathogenic germline variant R337H
(c.1010G > A, p.Arg337His) in the TP53 gene, linked to
Li-Fraumeni Syndrome (LFS), a hereditary cancer pre-
disposition syndrome characterized by a high risk of
early-onset malignancies. While LFS is considered rare
worldwide, the R337H variant exhibits a dispropor-

founder effect.”? This has led to the implementation of
mass newborn screening programs in the state of
Parana.”

These findings also expose the limitations of relying
on self-reported race and ethnicity as a proxy for genetic
ancestry. Studies within Brazil have shown that self-

tionately high prevalence in Southern Brazil due to a  reported skin color/race is often an unreliable

15121912664 rs80356898  rs28909982 1536053993 1534612342

Gene TP53 BRCA1 CHEK2 MUTYH MUTYH

Variant ID 17-7670699-C-T 17-43093844- 22-28725338-T-C 1-45331556-C-T 1-45332803-T-C

G-A

Protein Change p-Arg337His p.GIn563Ter  p.Arg117Gly p.Gly368Asp p.Tyr151Cys

ClinVar Significance Pathogenic/Likely  Pathogenic Pathogenic/Likely Pathogenic/Likely Pathogenic/Likely
pathogenic pathogenic pathogenic pathogenic

Condition(s) Li-Fraumeni Breast-Ovarian Breast, Prostate, MUTYH-associated Colorectal Cancer
Syndrome Cancer Colorectal Cancer polyposis (MAP)

Reference 19, 20 20 19, 20 19, 20, 21 21

Brazil AF* 0.000367242 0.000183621  0.00128535 0.00642674 0.000918105

gnomAD Genomes AF 0.00001315 0.000006576  0.00008542 0.003349 0.001563

gnomAD Exomes AF 0.000002052 0.000009581  0.0001929 0.003714 0.001959

1000 Genomes AF - - - 0.002396 0.0002013

Fold Enrichment” Brazil vs. gnomAD 27.93/179.06/- 27.91/19.17/- 15.05/6.66/- 1.92/1.73/2.68 0.59/0.47/4.56

Genomes/Exomes/1000G

independently for each database.

?Brazilian allele frequencies (Brazil AF) were obtained from the DNA do Brasil project,18 using data available at: https://lookerstudio.google.com/u/0/reporting/4b3cb1c9-
5f26-4278-98d5-9fcb68432ba4/page/p_jsjqkOxugd?s=hRdwUhMcftc. bFold Enrichment was calculated by dividing the allele frequency observed in the Brazilian
population (Brazil AF) by the corresponding allele frequency in each international database (gnomAD Genomes, gnomAD Exomes, and 1000 Genomes), calculated

Table 1: Comparative frequencies of germline pathogenic variants linked to hereditary conditions in Brazil versus global populations.

www.thelancet.com Vol 56 April, 2026


https://www.siop.planejamento.gov.br
http://bi.cnpq.br/painel/fomento%2Dcti/index.html
https://lookerstudio.google.com/u/0/reporting/4b3cb1c9%2D5f26%2D4278%2D98d5%2D9fcb68432ba4/page/p_jsjqk0xugd?s%3DhRdwUhMcftc
https://lookerstudio.google.com/u/0/reporting/4b3cb1c9%2D5f26%2D4278%2D98d5%2D9fcb68432ba4/page/p_jsjqk0xugd?s%3DhRdwUhMcftc
http://www.thelancet.com

Viewpoint

predictor of genetic ancestry,” highlighting the critical
need for robust genetic ancestry markers in pharma-
cogenomic research and clinical practice. This approach
is consistent with the recognition that race and ethnicity
are sociocultural constructs rather than biological
determinants.

The consequence of this complex genetic landscape
is that the prevalence of specific cancer-driving muta-
tions, as well as individual responses to therapies, may
differ substantially from those observed in primarily
European populations. This disparity is particularly
concerning, as less than 2% of NCI-funded clinical
trials have included non-White participants, limiting
the generalizability of findings and potentially leading
to suboptimal treatment outcomes for underrepre-
sented populations.”

This critical need for representative data is precisely
why ATPBR is more than a mere database. Funded by
the Brazilian Ministry of Health in partnership with
Brazilian National Council for Scientific and Techno-
logical Development (CNPq) in December 2023,
ATPBR is a long-awaited scientific and public health
initiative aimed at comprehensively mapping the ge-
netic signatures of cancer within our diverse popula-
tion, ensuring a future of more equitable care. Its
primary objective is to establish a secure platform for
the storage and sharing of multi-omics tumor data. By
centralizing this information on a user-friendly web
platform (www.atpbr.com.br), ATPBR will bolster
collaboration and data accessibility for researchers
nationwide, facilitating a deeper understanding of the
molecular underpinnings of various tumors in Brazil-
ians. This repository will house the multi-omics data
generated during the project’s lifespan, alongside data
from parallel initiatives like Genomas Brasil in Cancer
(an initiative of the Ministry of Health), which is
generating omics data from Brazilian individuals with
breast, penile, prostate, oropharyngeal, cervical,
ovarian, and endometrial cancers, among others. These
malignancies represent a significant public health
challenge in the country. A core focus of ATPBR will be
the inclusion of underrepresented populations, and
representatives from all regions. The inherent genetic
diversity of the Brazilian people can influence both the
predisposition to and molecular characteristics of these
tumors, making in-depth, context-specific in-
vestigations essential. In ATPBR, self-reported race/
ethnicity will be collected as part of the sociodemo-
graphic metadata to support contextual and compara-
tive analyses. However, acknowledging the limitations
of this measure, the initiative will also incorporate
genomiic strategies, whenever possible, to infer ancestry
with greater precision. The integration of multi-omics,
clinicopathological, and sociodemographic data from
patients, combined with machine learning approaches,
will enable the identification of clinically relevant
diagnostic, prognostic, and treatment response

biomarkers. This, in turn, will pave the way for preci-
sion medicine within the Brazilian Public Health Sys-
tem (SUS).

To ensure the highest standards of data quality,
reproducibility, and comparability, all data submitted to
the ATPBR platform will adhere to the FAIR principles
(Findable, Accessible, Interoperable, and Reusable) and
undergo rigorous quality control procedures. Sample
and raw sequencing file inclusion will be contingent
upon three mandatory criteria: (i) the presence of high-
quality sequencing data, (ii) proper informed consent
from the donor, and (iii) the submission of a complete
set of minimal metadata fields. These metadata fields
include key clinical variables such as cancer classifica-
tion, disease stage, treatment regimens, and response
to therapy, as well as sociodemographic information,
including age, sex, self-reported race/ethnicity, and
geographic origin. All downstream data processing
steps will be conducted using rigorously validated and
community-endorsed protocols, including GATK Best
Practices for variant discovery,” Best Practices for RNA-
Seq,””* and established guidelines for epigenomic data
processing.” To ensure full traceability, version control,
and reproducibility, all bioinformatics pipelines will be
implemented using workflow management systems
based on Nextflow,” facilitating data provenance and
allowing for consistent reanalysis as methods evolve.
Processed multi-omics data, along with clinical anno-
tations, will be made available through interactive
dashboards and visual analytics tools, enabling users to
explore anonymized, non-sensitive data. Raw
sequencing files and intermediate analysis outputs will
remain under controlled access and will be made
available upon request, subject to review and approval
by an independent Data Access Committee.

Beyond national efforts, ATPBR has the potential to
enhance collaborations with international consortia,
such as the Human Tumor Atlas Network (HTAN),* a
National Cancer Institute (NCI)-funded Cancer Moon-
shot SM initiative aimed at constructing three-
dimensional atlases of human cancers. Additionally,
ATPBR can engage with the Human Cell Atlas (HCA),*
a global, open-science initiative focused on mapping all
human cell types in healthy tissues. Notably, the HCA
consortium has made efforts to diversify sample rep-
resentation worldwide and is now entering its second
phase, which aims to develop comprehensive disease
atlases, including cancer.

In this context, ATPBR represents a pivotal
advancement, positioning Brazil as a key player in the
rapidly evolving field of genomics-driven cancer
research. However, its long-term success and sustain-
ability depend on a sustained and coordinated
commitment to public and private investment. Beyond
scientific goals, continued funding must be recognized
as a public health priority, essential to ensuring that the
benefits of precision medicine are accessible within the
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SUS. Immediate priorities include scaling up tumor
sequencing efforts, particularly for cancers that
disproportionately affect the Brazilian population, while
ensuring representation across all five macroregions of
the country to capture its genetic diversity and address
regional disparities in cancer incidence and outcomes.

Rather than duplicating existing infrastructures,
ATPBR is designed to promote integration, interoper-
ability, and data harmonization among public and pri-
vate biobanks, research centers, and related initiatives.
At the same time, it is important to acknowledge that
ATPBR addresses only part of a broader challenge: ge-
netic diversity across Latin America reflects distinct
Indigenous ancestries, heterogeneous African diaspora
contributions, and country-specific colonization and
admixture histories, meaning that Brazilian data,
despite its diversity, cannot be considered representa-
tive of the region as a whole. Accordingly, ATPBR is
positioned not as a regional substitute, but as an
enabling platform, providing standardized, FAIR-
compliant frameworks for data generation, gover-
nance, and interoperability that can support future
federated analyses and catalyze coordinated, locally
driven cancer genomics initiatives across Latin Amer-
ica. By enhancing the use and sharing of existing high-
quality data and promoting the generation of new,
demographically and regionally diverse datasets,
ATPBR seeks to strengthen an inclusive foundation for
precision oncology in Brazil, while contributing mean-
ingfully to global cancer genomics and control efforts.
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