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Summary
Background Driver alterations in�uence lung cancer management and vary among ethnicities. Patients from Latin 
America remain underrepresented in genomic studies. We characterized the molecular and ancestry pro�les of 
Brazilian patients with lung cancer using real-world data and evaluated associations with clinicopathological 
features.

Methods We retrospectively analyzed 1131 patients with lung cancer from a referral center, using DNA/RNA-based 
Next-generation Sequencing (NGS), immunohistochemistry, and ancestry-informative markers to assess molecular 
pro�les and associate them with clinical features.

Findings Oncogenic alterations were detected in 988 (88%) of patients, mainly at TP53 (Tumor Protein p53) [656 
(58%)], KRAS (Kirsten Rat Sarcoma Viral) [289 (25.6%)], and EGFR (Epidermal Growth Factor Receptor) [228 (20.6%)] 
genes. TP53 mutations were associated with former smoking (OR: 2.04, 95% CI: 1.43–2.90), current smoking (OR: 
3.79, 95% CI: 2.65–5.41), central nervous system (CNS) metastases (OR: 1.75, 95% CI: 1.18–2.58), and higher Af-
rican ancestry (OR: 1.53, 95% CI: 1.08–2.18). KRAS mutations were associated with former smoking (OR: 6.47, 95% 
CI: 3.59–11.68) and current smoking (OR: 7.42, 4.13–13.31). EGFR mutations were associated with never smoking 
(OR: 12.87, 95% CI 7.12–23.2). Worse cancer-speci�c survival was observed among patients who currently smoke 
(HR: 1.38, 95% CI: 1.07–1.78), with poor performance status  (HR: 1.99, 1.64–2.41), and  those with CNS 
metastases (HR: 6.38, 4.80–8.47). In patients with TP53 mutations, treatment with chemotherapy was associated 
with longer survival (15.0 vs. 2.0 months; log-rank p < 0.0001). In the subset of patients harboring EGFR 
mutations and treated with targeted inhibitors, TP53 co-mutations were associated with shorter cancer-speci�c 
survival (24.0 vs. 61.0 months; log-rank p = 0.003).
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Interpretation Most Brazilian patients with lung cancer harbor actionable genomic alterations. TP53 status is 
prognostically relevant, including in the EGFR-mutant disease, and should be routinely incorporated. It provides 
region-speci�c evidence to inform equitable access to molecular diagnostics and targeted therapies in Latin America.

Funding Public Ministry of Labor Campinas (Research, Prevention, and Education of Occupational Cancer—15th 
zone, Campinas, Brazil), PRONON—PRONON/MS (Abordagens móveis e de tecnologia para prevenção primária e 
secundária de câncer—NUP: 25000.015000/2019-53), and Barretos Cancer Hospital.
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Introduction
Lung cancer is the most common and deadliest ma-
lignancy  worldwide. 1  Non-small  cell  lung  cancer 
(NSCLC) is the most frequent histological type, ac-
counting for 85% of cases. 2 Molecularly, NSCLC is a 
highly heterogeneous disease, characterized by alter-
ations in multiple driver genes, including the most 
common mutations in Epidermal Growth Factor Receptor 
(EGFR), V-raf Murine Sarcoma Viral Oncogene Homolog 
B (BRAF), Erb-B2 Receptor Tyrosine Kinase 2 (ERBB2), 
and Kirsten Rat Sarcoma Virus (KRAS), as well as gene

rearrangements involving Anaplastic Lymphoma Kinase 
(ALK),  Rearranged  During  Transfection  (RET),  ROS 
Proto-Oncogene 1, Receptor Tyrosine Kinase (ROS1), and 
Neurotrophic Receptor Tyrosine Kinase (NTRK)1, 2, and 
3. 2–7  Of note, this molecular pro9le can vary signi9-
cantly based on factors such as smoking history and the 
patient’s ethnicity. 8–10 Clinically, in recent decades, tar-
geted  therapies  such  as  TKIs  (tyrosine  kinase  in-
hibitors) and other speci9c small molecules targeting 
additional  transmembrane  and  intracellular  kinases 
have  revolutionized  the  clinical  management  of

Research in context

Evidence before this study

We searched PubMed and Web of Science from Oct 2020 to 

Jan 2025, with periodic updates during the study period, 

using the terms “lung cancer”, “non-small cell lung cancer”, 

“Brazil”, “Latin America”, “molecular profiling”, “next-

generation sequencing”, “gene fusions”, “genetic ancestry”, 

“driver mutations”, “actionable alterations”, “smoking”, 

“survival”, and “clinicopathological features”. We prioritized 

studies reporting molecular profiling and/or outcomes in 

Brazilian or Latin American populations and, when available, 

analyses incorporating genetic ancestry. Previous evidence 

shows that lung cancer is molecularly heterogeneous and 

that the distribution of actionable alterations varies across 

populations. In Brazil, available studies have most often 

focused on the alteration frequency of selected targets 

(Epidermal Growth Factor Receptor [EGFR], Kirsten Rat Sarcoma 

Virus [KRAS], and Anaplastic Lymphoma Kinase [ALK]), often 

limited by small sample sizes and restricted to single regions 

of the country. Evidence linking comprehensive genomic 

profiles with genetic ancestry and outcomes in Brazilian real-

world scenarios remains scarce.

Added value of this study

This study provides a large real-world molecular 

characterization of lung cancer in Brazil, integrating next-

generation sequencing–based profiling, gene fusion 

assessment, Programmed death-ligand 1 (PD-L1) 

immunohistochemistry, and genetic ancestry estimates in a 

nationwide referral-center cohort. By combining genomic

data with clinicopathological features and survival, we 

describe regional variation in alteration frequencies and 

clarify associations between genetic ancestry, smoking 

exposure, and key oncogenic alterations. Treatment with 

chemotherapy showed better prognosis in patients harboring 

Tumor Protein p53 (TP53) mutations. Moreover, in patients 

with EGFR-mutant tumors treated with tyrosine kinase 

inhibitors, TP53 co-mutations were associated with poorer 

cancer-specific survival, suggesting a potential role for 

treatment stratification in this subgroup in routine practice.

Implications of all the available evidence

Together with existing evidence, our findings support the 

need for comprehensive molecular profiling in lung cancer 

care in Brazil and other highly admixed populations. The 

consistent association between TP53 alterations and poorer 

outcomes in EGFR-mutant disease, alongside the improved 

prognosis observed in TP53-mutant patients receiving 

chemotherapy, suggests that TP53 status may provide 

clinically relevant information to support therapeutic 

decision-making and potential treatment stratification in 

routine practice. These data also highlight the importance of 

strengthening molecular diagnostic capacity within publicly 

funded health systems to reduce regional disparities and 

promote equitable implementation of precision oncology. 

Prospective studies are needed to validate these real-world 

observations and to determine the most effective way to 

integrate expanded molecular testing into routine care in 

resource-constrained settings.
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patients diagnosed with lung cancer. 2 This treatment is 
designed  to  target  cancer  cells  harboring  speci9c 
actionable  alterations. 2  Consequently,  international 
guidelines  for molecular  testing  have  emerged  as 
crucial for identifying actionable mutations in NSCLC, 
guiding targeted therapies. 2,7,11

EGFR mutations and ALK fusions are successful 
examples of targeted therapies, as patients harboring 
these alterations are eligible for treatment with anti-
EGFR and anti-ALK agents, resulting in a signi9cant 
improvement in overall survival. 7,12 Despite the ef9cacy 
of TKIs, the presence of co-occurring alterations may 
modify the ef9cacy of targeted therapies or even cause 
resistance to them. 2,7,13  Therefore, beyond identifying 
actionable  mutations,  understanding  the  broader 
mutational context is essential to anticipate resistance 
mechanisms and optimize treatment options.

The Brazilian population is highly admixed, re?ecting 
its diverse migration origins and distinct ancestral con-
tributions, including Europeans, Africans, Asians, and 
Native Americans. 14,15 This high admixture may lead to a 
distinctive mutational pro9le, since many mutations 
may be associated with a speci9c genetic ancestry back-
ground. 9,16–18 However, the molecular pro9le of lung tu-
mors  in  Brazil  remains  poorly  understood,  and  a 
comprehensive, large-scale molecular pro9le, along with 
its clinical impact, is critically needed.

Therefore, in this study, we evaluated the mutational 
status of key driver alterations in a cohort of 1131 
Brazilian patients with lung cancer, pro9led their ge-
netic ancestry, and investigated associations with clini-
copathological features in a real-world setting.

Methods
Study population
A retrospective series of 1131 consecutive Brazilian 
patients with lung cancer, diagnosed between 2018 and 
2023, was evaluated from two units of Barretos Cancer 
Hospital, a tertiary philanthropic referral center oper-
ating within the Brazilian Public Health System (SUS), 
with nationwide patient referral pathways: the central 
unit in Barretos, São Paulo State (93.4%; n = 1056), and 
the regional unit in Porto Velho-Rondônia, in the Oci-
dental Amazonia  region  (6.6%; n = 75).  Inclusion 
criteria were a con9rmed diagnosis of lung cancer and 
participation in routine molecular testing at the Labo-
ratory of Molecular Diagnostics of Barretos Cancer 
Hospital, using a prede9ned, sequenced re?ex test as 
reported. 19 Exclusion criteria included patients with bi-
opsies containing less than 20% tumor content, DNA 
quanti9cation below 2ng/μl, and those with inconclu-
sive  next-generation  sequencing  (NGS)  results 
(Supplementary Figure  S1). Brie?y,  all  cases were 
evaluated for single-nucleotide variants using an NGS 
panel,  followed  by mRNA  fusion  panels  in  cases 
without actionable mutations (EGFR, KRAS, BRAF,

and ERB2). ALK and PD-L1 (programmed death-ligand 
1) immunohistochemistry (IHC) were performed for 
the majority of cases, and, in a subset, ?uorescence in 
situ hybridization (FISH) and the cobas® EGFR Mu-
tation Test  v2  assay were  also  used  as  validation 
methods (Supplementary Figure S1).

A sample size calculation was performed to ensure 
that the cohort had suf9cient statistical power to detect 
rare variants (occurring at a frequency of 1% or less). 
The calculation was based on the standard sample size 
formula n = 

( 
Z 2 ⋅p(1 − p) 

) 
/E 2 , where n is the required 

sample size, p is the expected proportion of the variant 
(0.01), E is the acceptable margin of error (5%), and Z is 
the z-score corresponding to the desired con9dence 
level (typically 1.96 for 95% con9dence). The calculation 
also considered the mutual exclusivity of alterations in 
key oncogenes, including EGFR, KRAS, ALK, ERBB2, 
BRAF, RET, and ROS1, with a signi9cance level of 0.05. 
Based on these parameters, a minimum of 1000 pa-
tients was deemed suf9cient to detect rare variants with 
adequate power. Therefore, the 9nal cohort of 1131 
patients met the sample size requirements established 
to identify meaningful molecular associations. 

Sociodemographic, clinicopathological, and molec-
ular data were collected from patients’ medical records. 
Ethnicity was treated as a sociocultural construct and 
recorded based on patients’ self-reported skin color, 
according to the of9cial criteria of the Brazilian Insti-
tute of Geography and Statistics (IBGE). 20 Associations 
and survival analyses by ethnicity were performed for 
descriptive and exploratory purposes only and were not 
interpreted as re?ecting biological differences. Genetic 
ancestry estimates were prioritized when addressing 
population structure.

The Institutional Review Board approved the study 
protocol  (CAAE  05744712.3.0000.5437)  and  waived 
written informed consent due to the study’s retrospec-
tive nature.

DNA and RNA isolation
DNA and RNA isolation were performed from FFPE 
(formalin-9xed paraf9n-embedded) tumor tissue sec-
tions as reported. 19 Brie?y, one slide was stained with 
hematoxylin  and  eosin  (H&E)  and  evaluated  by  a 
pathologist for sample adequacy and selection of the 
tumor area. DNA was isolated using the commercial kit 
QIAamp DNA Micro Kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s speci9cations. DNA 
concentration and purity were evaluated by NanoDrop 
2000 (Thermo Fisher Scienti9c, Waltham, MA, USA) 
and by Qubit 2.0 Fluorometer (Thermo Fisher Scienti-
9c) with Qubit dsDNA HS assay kit (Thermo Fisher 
Scienti9c). RNA was isolated using the RNeasy FFPE 
Mini Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions. RNA concentration and 
purity  were  measured  using  the  NanoDrop  2000 
(Thermo Fisher Scienti9c, Waltham, MA, USA).
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Mutation detection and classification
Mutational analysis (n = 1131) was performed with the 
TruSight  Tumor  15  (TST15)  panel  (Illumina,  San 
Diego, CA, USA) using NGS on the MiSeq instrument, 
following the manufacturer’s instructions as previously 
described. 21  The read alignment and variant calling 
were  performed with BaseSpace BWA Enrichment 
version 2.1 (Illumina, San Diego, CA, USA) and Sophia 
DDM® software version 4.2  (Sophia Genetics SA, 
Saint Sulpice, Switzerland). Variants were 9ltered out 
according  to  the  following criteria:  intronic  (except 
splicing variants), synonymous single nucleotide vari-
ants (SNVs), population frequency >1%, low read depth 
<500, allele frequency <5%, and non-pathogenic vari-
ants according to Sophia DDM®.

The  retained  variants  were  classi9ed  based  on 
oncogenicity, using the scoring system proposed by the 
most recent guidelines as follows: Oncogenic, Likely-
Oncogenic,  VUS  (variant  of  undetermined

signi9cance), Likely-benign, and Benign. 22 These vari-
ants were  then  classi9ed  according  to  the  clinical 
impact into four categories (TIERs): actionable onco-
genic and likely-oncogenic variants with targeted ther-
apies (TIER I), oncogenic and likely-oncogenic variants 
with potential clinical signi9cance (TIER II), VUS var-
iants with unknown clinical signi9cance (TIER III), and 
likely benign and benign variants (TIER IV). 23 Finally, 
only the oncogenic and likely-oncogenic variants were 
retained.

A subset of patients (n = 81/1131), the NGS results 
of EGFR status were also validated by real-time PCR 
using the cobas® EGFR Mutation Test v2 (Roche Di-
agnostics,  Basileia,  Switzerland)  as  previously 
described. 24

Gene fusions and METex14 detection
Distinct methodologies  (Supplementary  Figure  S1) 
were used to assess the presence of ALK/RET/ROS1/

Fig. 1: Geographic distribution and ancestry analysis of patients. (a) Distribution by state and region of Brazil, based on the address provided 
at diagnosis (n = 1131). States without patients are shown in gray; (b) Distribution of ancestry proportions for each ancestry group (n = 941). 
The X-axis represents each patient, while the Y-axis indicates the proportion of ancestry; (c) Distribution of ancestry proportions for each 

Brazilian region, based on the address provided at diagnosis (n = 941).
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NTRK1,2,3  fusions,  and  METex14  (MET  exon  14 
skipping).

mRNA fusion transcripts were analyzed in 40.3% of 
the samples (n = 456/1131) using RNA-based plat-
forms, including the Archer FusionPlex Custom Solid 
Panel  with  Anchored  Multiplex  PCR  (ArcherDX, 
Boulder, CO, USA), the Idylla™ Gene Fusion Assay 
RT-PCR  kit  (Biocartis, Mechelen, Belgium),  and  a 
custom  nCounter  Elements  XT  panel  (NanoString 
Technologies,  Seattle, WA, USA).  The NanoString 
panel was designed to detect ALK, RET, ROS1, and 
NTRK1/2/3 fusions by identifying speci9c fusion part-
ners and assessing 3ʹ/5ʹ expression imbalance, as well 
as METex14. 6 Data obtained from the nCounter custom 
panel were analyzed using the R environment (version 
3.4.1).

In addition to RNA-based assays, ALK fusions were 
also evaluated by immunohistochemistry in 81.4% of 
cases (n = 921/1131) using the Ventana ALK (D5F3) 
CDx Assay (Roche, Basel, Switzerland) on an auto-
mated BenchMark Ventana Ultra™ platform. Further-
more, FISH was used  to evaluate RET and ROS1 
fusions in 0.2% (n = 2/1131) and 17.8% (n = 201/1131) 
of cases, respectively, employing commercial break-
apart probes (ZytoLight SPEC RET and ROS1 Dual 
Color Break Apart; ZytoVision) and the FISHView 7.0 
software (Applied Spectral Imaging). 4

PD-L1 expression by immunohistochemistry
In 790 patients, PD-L1 expression was evaluated by 
immunohistochemistry using the 22C3 clone (Phar-
maDx antibody) as described. 25 PD-L1 expression was 
reported as tumor proportional score (TPS), with re-
sults categorized as no expression (<1%), low expres-
sion (1–49%), and high expression (≥50%). 25

Genetic ancestry analysis
In the tumor DNA, the genetic ancestry background 
was evaluated using a set of 46 ancestry-informative 
markers  (AIMs),  including  INDELs  for  European 
(EUR), African (AFR), Asian (ASN), and Native Amer-
ican (AME) ancestry, as previously reported. 16

Statistical analysis
For  statistical  analysis,  percentages  were  used  to 
describe categorical variables, and medians were used 
to  describe  continuous  variables.  As  previously 
described, individual ancestry proportions were de9ned 
as categorical variables and divided into tertiles (low, 
intermediate, and high). 17 The Mann–Whitney U test 
was used to assess associations involving continuous 
variables. For univariate analysis, Fisher’s exact test and 
the Chi-square test were used to assess the association 
between the clinicopathological and molecular data in 
categorical  variables.  Multivariate  analysis  was

Characteristic Parameters n %

Age at diagnosis (years)  Median (Q1–Q3) 64.0 (57–71)

≤64 587 51.9

>64 544 48.1

Sex Female 508 44.9

Male 623 55.1

Self-declared skin color a  White 708 62.6

Non-White 231 20.4

N.I. 192 17.0

Smoking status Never 297 26.2

Quitter 372 32.9

Current 419 37.0

N.I. 44 3.9

Weight loss within 6 
months prior to diagnosis

No 385 34.0

Yes 520 46.0

N.I. 226 20.0

ECOG Performance Status  0–1 672 59.4

2–4 313 27.7

N.I. 140 12.9

Histology Adenocarcinoma 909 80.4

Squamous 65 5.7

NSCLC NOS 119 10.5

Others b 38 3.4

Stage at diagnosis  I/II 192 17.0

III 181 16.0

IV 727 64.3

N.I. 31 2.7

Metastasis at diagnosis  No 374 33.1

Yes, CNS 256 22.6

Yes, others 473 41.8

No 28 2.5

Evolution after first 
treatment

No 243 21.5

Locoregional recurrence 30 2.7

Systemic recurrence 39 3.4

Locoregional and systemic recurrence  15 1.3

Locoregional progression 88 7.8

Systemic progression 200 17.7

Locoregional and systemic progression  74 6.5

Death by cancer-specific 319 28.2

Lost of follow-up/Missing 123 10.9

Chemotherapy 1 st line  No 481 42.5

Yes, curative 172 15.2

Yes, palliative 399 35.3

Lost of follow-up/Missing 79 7.0

Chemotherapy 2 nd line  No 173 15.3

Yes, palliative 262 23.2

Not applicable 562 49.7

Lost of follow-up/Missing 134 11,8

Radiotherapy 1 st line No 601 53.1

Yes, curative 152 13.4

Yes, palliative 298 26.3

Lost of follow-up/Missing 80 7.2

(Table 1 continues on next page)
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conducted using  logistic  regression,  including only 
variables with a p-value <0.20 in the univariate analysis, 
to identify independent associations between clinico-
pathological and molecular features. The log-rank test 
and  Kaplan–Meier method  were  used  to  estimate 
cancer-speci9c survival (CSS) and time to event (TTE) 
after 9rst  treatment, and Cox proportional hazards 
regression was applied to assess the association be-
tween clinicopathological variables and outcomes. For 
CSS, the time origin was the date of diagnosis con9rmed 
by biopsy. Cancer-speci9c death was considered the event. 
Patients were censored at the date of last follow-up if alive, 
at the date of loss to follow-up, or at the time of death from 
causes unrelated to lung cancer. For TTE, the time origin 
was the date on which patients initiated 9rst-line systemic 
therapy. Events were de9ned as any disease progression, 
recurrence,  or  cancer-related  death.  Patients  were 
censored at the date of last follow-up without evidence of

progression or recurrence, or at the time of death due to 
causes other than lung cancer. Missing data were handled 
using complete case analysis. All analyses were conducted 
in IBM SPSS Statistics Version 25 (IBM, Armonk, New 
York, USA) with a limit of statistical signi9cance of 0.05. 
Kaplan–Meier curves were generated using the function 
surv9t from the package survival and the forest plots were 
designed using the function forestplot from the package 
forestplot using R environment version 4.4.2.

Role of the funding source
The funding source had no role in the study design; in 
the collection, analysis, and interpretation of data; in 
the writing of the report; and in the decision to submit 
the paper for publication.

Results
Demographic, clinicopathological, and genetic 
ancestry features
The study included a total of 1131 patients diagnosed 
with lung cancer who were routinely evaluated for a set 
of key driver genes.

Demographically, based on patients’ addresses pro-
vided at diagnosis, all Brazilian regions were repre-
sented  in  our  cohort, with  the majority  from  the 
Southeast (65.2%) (Fig. 1a). Genetic ancestry was reli-
ably determined in 941 patients, with the following 
proportions: 71.7% European, 14.6% African, 7.4% 
Native American, and 6.1% Asian  (Fig. 1b). When 
stratifying patients by their genetic ancestry and region 
of residence (n = 941), we observed a difference be-
tween the North and other regions of Brazil (Fig. 1c), 
with a higher proportion of Native American ancestry 
(12%) and a lower proportion of European ancestry 
(63.7%) compared to the other regions. Additionally, 
varying proportions of ancestry were observed across all 
regions (Fig. 1c).

The main clinicopathological features of the study 
population are summarized in Table 1. The median 
age  at diagnosis was 64  years  (interquartile  range 
[57–71]), most were male (55.1%; n = 623/1131), self-
identi9ed as White (62.6%; n = 708/1131), and were 
current or  former  smokers  (69.9%; n = 790/1131) 
(Table 1). The great majority of cases (80.4%) were 
adenocarcinoma. Clinically, 46.0% (n = 520/1131) of 
patients experienced weight loss within six months 
before diagnosis, 59.4% (n = 671/1131) had an ECOG 
(Eastern Cooperative Oncology Group) performance 
status of 0 or 1 at diagnosis, 64.3% (n = 727/1131) 
were stage IV at diagnosis, and 22.6% (n = 256/1131) 
presented with central nervous system (CNS) metas-
tases. Most patients  (67.6%; n = 765/1131) experi-
enced progression or recurrence of disease after 9rst 
treatment, and the great majority received systemic 
therapies,  including  chemotherapy,  TKIs,  and 
immunotherapy (Table 1).

Characteristic Parameters n %

(Continued from previous page) 

Radiotherapy 2 nd line No 270 23.9

Yes, palliative 166 14.7

Not applicable 562 49.7

Lost of follow-up/Missing  133 11.7

Surgery 1 st line No 844 74.6

Yes, curative 176 15.6

Yes, palliative 31 2.7

Lost of follow-up/Missing  80 7.1

Surgery 2 nd line No 424 37.5

Yes, palliative 12 1.1

Not applicable 562 49.7

Lost of follow-up/Missing  133 11.7

TKI 1 st line No 903 79.8

Yes, curative 2 0.2

Yes, palliative 146 12.9

Lost of follow-up/Missing  80 7.1

TKI 2 nd line No 374 33.1

Yes, palliative 62 5.5

Not applicable 562 49.7

Lost of follow-up/Missing  133 11.7

Immunotherapy 1 st line  No 993 87.8

Yes, curative 9 0.8

Yes, palliative 49 4.3

Lost of follow-up/Missing  80 7.1

Immunotherapy 2 nd line No 410 36.3

Yes, palliative 26 2.3

Not applicable 562 49.7

Lost of follow-up/Missing 133 11.7

Q1–Q3, interquartile range; N.I., no information available; NSCLC NOS, Non-Small Cell Lung Cancer not 

otherwise specified; CNS, Central Nervous System. a According to the IBGE (Brazilian Institute of Geography 

and Statistics). b Includes Large Cell Carcinoma (n = 4), Adenosquamous Carcinoma (n = 18), Sarcomatoid 

Carcinoma (n = 1), small cell carcinoma/oat cell (n = 1), atypical carcinoid (n = 1), Large Cell Neuroendocrine 

Carcinoma (n = 8), No information (n = 2), Undifferentiated Carcinoma (n = 3).

Table 1: Clinicopathological characteristics of the series (n = 1131).
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Molecular profile
Molecularly, 88.0% of patients exhibited at least one 
oncogenic alteration (Fig. 2), and 58.4% carried at least 
one  actionable  mutation  (TIER  I)  (Supplementary 
Table S1). The TP53 gene was the most commonly 
mutated,  observed  in  58.0%  (n  =  656/1131; 
Supplementary Figure S2) of cases, followed by KRAS 
mutations  in 25.6%  (n = 289/1131; Supplementary 
Figure S3), EGFR mutations in 20.1% (n = 228/1131; 
Supplementary Figure S4), and ALK fusions in 6.1% 
(n = 69/1049). Alterations in Phosphatidylinositol-4,5-
Bisphosphate  3-Kinase  Catalytic  Subunit  Alpha 
(PIK3CA), ERBB2, BRAF, METex14, Neuroblastoma Rat 
Sarcoma Virus (NRAS), KIT Proto-Oncogene, Receptor 
Tyrosine Kinase (KIT), RET, ROS1, NTRK1, and NTRK3 
were present in fewer than 5% of cases. No mutations 
or fusions were found in the AKT Serine/Threonine 
Kinase 1 (AKT1), Forkhead Box L2 (FOXL2), G Protein 
Subunit Alpha 11 (GNA11), G Protein Subunit Alpha Q 
(GNAQ), Platelet Derived Growth Factor Receptor Alpha 
(PDGFRA), and NTRK2 genes.

In patients with EGFR mutations (n = 228), the most 
common co-occurring mutations were in the TP53 gene 
(58.8%; n = 134/228), followed by PIK3CA mutations 
(3.5%; n = 8/228). Similarly, among patients with KRAS 
mutations (n = 289), the most frequent co-occurring 
mutations were in TP53 and PIK3CA (50.5%; n = 146/ 
289 and 3.5%; n = 10/289, respectively). BRAF mutations 
(n = 31) commonly co-occurred with TP53 and PIK3CA 
(35.5%; n = 11/31 and 9.7%; n = 3/31, respectively).

ERBB2  alterations  (n  =  33) were most  commonly 
concomitant with TP53 mutations (38.5%; n = 10/26). 

For patients harboring METex14, TP53 mutations 
(52.9%; n = 9/17) were the most frequent co-occurring 
alteration, and one case also harbored the KRAS mu-
tation p.Gly12Cys. ALK fusions co-occurred only with 
TP53 mutations (26.1%; n = 18/69), and one case co-
occurred with the KRAS mutation p.Gly12Ala. ROS1 
and RET  fusions co-occurred with TP53 mutations 
(n = 2/4 and n = 4/6, respectively). NTRK fusions 
(n  =  2)  had  no  concurrent mutations. A  detailed 
description of co-occurring mutations is provided in 
Supplementary Table S1.

Geographical tobacco consumption and 
association with mutational distribution
The frequency of EGFR and KRAS mutations, ALK 
fusions,  and  tobacco  consumption  was  evaluated 
across the 9ve Brazilian regions (Fig. 3a–b). EGFR 
mutations  were  more  frequent  in  the  Northeast 
(28.6%) and North (25.8%), and ALK fusions were 
more frequent in the South (18.2%). Similarly, the 
Northeast, South, and North had higher proportions 
of patients who never smoked (71%, 59%, and 39%, 
respectively).  KRAS mutations  showed  similar  fre-
quencies  across  the  Southeast, North,  and Center 
regions  (25.4%,  24.2%,  and  27.8%,  respectively), 
while  a  higher  frequency  was  observed  in  the 
Northeast  (35.7%)  and  a  lower  frequency  in  the 
South (9.1%).

Fig. 2: Molecular profile of Brazilian patients with lung cancer (n = 1131). Only variants classified as oncogenic or likely oncogenic were 
considered. Patients are classified by histology as follows: Adenocarcinoma, NSCLC NOS (Non-small Cell Lung Cancer, Not Otherwise 

Specified), squamous cell carcinoma, and Other histologies.
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Clinicopathological, ancestry, and molecular 
associations
We next examined the clinicopathological characteris-
tics and genetic ancestry of patients harboring gene 
alterations present in more than 2% of cases. Univari-
ate analysis identi9ed several signi9cant associations, 
which are summarized in Supplementary Table S2. To 
assess  the  independence  of  these  associations,  a

multivariate analysis was performed on the variables 
found to be signi9cant in the univariate analysis (Fig. 4 
and Table 2).

TP53 mutations were independently associated with 
patients with the following features: male sex, tobacco 
consumption,  non-adenocarcinoma  histology,  CNS 
metastasis,  and  higher  African  ancestry  (Fig.  4a; 
Table  2).  EGFR  mutations  were  independently

Fig. 3: Distribution of (a) smoking history (n = 1088) and (b) mutations (n = 1131) based on the address provided at diagnosis.
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associated with patients who never smoked or were 
former  smokers,  adenocarcinoma  histology,  CNS 
metastasis, and no PD-L1 expression (Fig. 4b; Table 2). 
KRAS mutations were independently associated with 
ever-smoker patients, adenocarcinoma histology, and 
PD-L1 expression (Fig. 4c; Table 2). ALK fusions were 
associated with younger patients at diagnosis, patients 
who never smoked, and low PD-L1 expression (Fig. 4d; 
Table 2). PIK3CA mutations were independently asso-
ciated with older patients at diagnosis and with squa-
mous histology (Supplementary Figure S5a; Table 2). 
BRAF mutations were independently associated with 
older and female patients (Supplementary Figure S5b; 
Table 2). Finally, METex14 mutations were indepen-
dently associated with patients who never smoked and 
high expression of PD-L1 (Supplementary Figure S5c; 
Table 2). ERBB2 mutations were independently asso-
ciated with patients who never smoked and low PD-L1 
expression (Supplementary Figure S5d; Table 2).

Impact of clinicopathological and molecular 
features on patient outcomes
The median CSS for the entire patient population was 
20.0 months  (95% CI:  16.95–23.05; Supplementary

Figure S6a), with a median follow-up of 12.0 months 
(0.0–161.0), and a median TTE of 9.0 months (95% CI: 
7.99–10.00;  Supplementary  Figure  S6b). Univariate 
analysis identi9ed clinical and molecular factors asso-
ciated with CSS (Table 3). Poorer survival was observed 
for male sex, tobacco consumption, weight loss prior to 
diagnosis, higher ECOG score, advanced stage, and 
CNS  metastases  (Table  3;  Supplementary 
Figure S7a–f). Conversely, adenocarcinoma or squa-
mous histology, along with systemic therapies (TKIs, 
chemotherapy, immunotherapy), was associated with 
improved  survival  (Table  3;  Supplementary 
Figure S7g–j). At the molecular level, mutations in 
TP53, KRAS, and BRAF were associated with worse 
outcomes, whereas EGFR mutations and ALK fusions 
were associated with better survival (Table 3; Fig. 5a–d; 
Supplementary Figure S7k).

Moreover, we applied a multivariate Cox regression 
analysis  to  identify  patient  characteristics  indepen-
dently  associated  with  worse  outcomes.  Current 
smoking (p = 0.011; HR: 1.38, 95% CI: 1.07–1.78), 
higher ECOG performance status (p < 0.0001; HR: 1.99, 
95%  CI:  1.64–2.41),  non-adenocarcinoma  histology 
(p = 0.028; HR: 1.34, 95% CI: 1.03–1.76; and p = 0.021;

Fig. 4: Forest plot illustrating the multivariate logistic regression analysis of associations between patient features and molecular alterations. 
Significant associations are indicated for alterations in the following genes: TP53(a), EGFR(b), KRAS(c), and ALK(d). OR, odds ratio; NS, Not 

Significant, in the final multivariate logistic regression model; CI, confidence interval; NSCLC NOS, Non-Small Cell Lung Cancer not otherwise 

specified.
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HR: 1.73, 95% CI: 1.08–2.76), and the presence of 
metastases at diagnosis (p < 0.0001; HR: 5.33, 95% CI: 
4.10–6.93), particularly CNS metastases (p < 0.0001; 
HR:  6.38,  95% CI:  4.80–8.47), were  independently 
associated with an increased risk of death (Table 3;

Fig. 6). In contrast, systemic treatments such as TKIs 
(p < 0.0001; HR: 0.35, 95% CI: 0.26–0.46), immuno-
therapies (p < 0.0001; HR: 0.49, 95% CI: 0.36–0.66), and 
chemotherapies  (p  <  0.0001;  HR:  0.53,  95%  CI: 
0.44–0.65),  were  independently  associated  with  a

Characteristics Parameters TP53 mutations EGFR mutations KRAS mutations ALK-fusions

OR 95% CI p-value  OR 95% CI p-value  OR 95% CI p-value  OR 95% CI p-value

Min Max Min Max Min Max Min Max

Sex Female –  – – – –  – – – –  – – – –  – – –

Male –  – – – –  – – – –  – – – –  – – –

Smoking status  Never Ref Ref Ref Ref 12.87 7.12 23.2 <0.0001 Ref Ref Ref Ref 14.81 4.36 50.32 <0.0001

Quitter 2.04 1.43 2.90 <0.0001 2.81 1.52 5.22 0.0009 6.47 3.59 11.68 <0.0001 8.03 2.30 28.01 <0.0001

Current  3.79 2.65 5.41 <0.0001 Ref Ref Ref Ref 7.42 4.13 13.31 <0.0001 Ref Ref Ref Ref

Histology Adenocarcinoma  Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref – – – –

Squamous  3.07 1.55 6.05 0.001 0.29 0.08 1.03 0.06 0.21 0.06 0.71 0.012 – – – –

NSCLC NOS  1.97 1.19 3.26 0.0081 0.34 0.12 0.90 0.029 0.39 0.22 0.69 0.06 – – – –

Others a 1.14 0.47 2.91 0.73 1.24 0.38 4.02 0.71 0.34 0.11 1.03 0.027 – – – –

Metastasis at diagnosis  No Ref Ref Ref Ref Ref Ref Ref Ref – – – – –  – – –

Yes, CNS 1.75 1.18 2.58 0.0047 1.88 1.08 3.27 0.025 – – – – –  – – –

Yes, Others  1.07 0.77 1.48 0.68 1.15 0.70 1.89 0.56 – – – – –  – – –

African ancestry  Low  Ref Ref Ref Ref – – – – –  – – – –  – – –

Intermedium  1.28 0.91 1.81 0.15 – – – –  – – – –  – – –

High 1.53 1.08 2.18 0.016 – – – – –  – – – –  – – –

PD-L1 expression No (<1%) – – – – 1.84 1.05 3.23 0.032 Ref Ref Ref Ref Ref Ref Ref Ref

Low (1%–49%) – – – – 1.13 0.59 2.19 0.69 1.52 1.01 2.29 0.042 2.57 1.28 5.18 0.0084

High (≥50%) – – – – Ref Ref Ref Ref 1.63 1.09 2.45 0.017 1.62 0.71 3.72 0.25

Age at diagnosis  Age (years) b  – – – – – – – – – – – – 0.96 0.93 0.98 0.0050

Characteristics Parameters PIK3CA mutations BRAF mutations METΔex14 mutation ERBB2 mutations

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

Min Max Min Max Min Max Min Max

Sex Female –  – – – 2.54 1.19 5.4 0.015 – – – – –  – – –

Male –  – – – Ref Ref Ref Ref – – – – –  – – –

Smoking status  Never –  – – – –  – – – 13.05 2.36 72.01 0.0032 4.43 1.37 14.30 0.013

Quitter –  – – – –  – – – 3.37 0.57 19.73 0.17 0.84 0.18 3.81 0.82

Current  –  – – – –  – – – Ref Ref Ref Ref Ref Ref Ref Ref

Histology Adenocarcinoma  Ref Ref Ref Ref –  – – – –  – – – –  – – –

Squamous  7.43 3.33 16.16 <0.0001 – – – – –  – – – –  – – –

NSCLC NOS  1.00 0.29 3.41 0.99 – – – – –  – – – –  – – –

Others a 2.38 0.53 10.63 0.25 – – – – –  – – – –  – – –

Metastasis at diagnosis  No –  – – – –  – – – –  – – – –  – – –

Yes, CNS –  – – – –  – – – –  – – – –  – – –

Yes, Others  –  – – – –  – – – –  – – – –  – – –

African ancestry  Low  –  – – – –  – – – –  – – – –  – – –

Intermedium  –  – – – –  – – – –  – – – –  – – –

High –  – – – –  – – – –  – – – –  – – –

PD-L1 expression No (<1%) –  – – – –  – – – Ref Ref Ref Ref Ref Ref Ref Ref

Low (1%–49%) – – – – –  – – – 1.69 0.10 27.90 0.71 3.39 1.17 9.79 0.024

High (≥50%) – – – – –  – – – 31.76 3.84 262.34 0.0013 1.34 0.32 5.54 0.67

Age at diagnosis Age (years) b 1.04 1.01 1.08 0.010 1.04  1.00 1.07 0.024 – – – – – – – –

METex14, MET exon 14 skipping; OR, Odds Ratio, CI, Confidence Interval, Min, Minimum value, Max, Maximum value. Significant statistical values (p < 0.05) are in bold. a Includes Large Cell Carcinoma, 

Adenosquamous Carcinoma, Sarcomatoid Carcinoma, and Large Cell Neuroendocrine Carcinoma. b Continuous variable.

Table 2: Multivariate logistic regression test with patients’ features for mutations in TP53, EGFR, KRAS, PIK3CA, BRAF, ERBB2, METex14, and fusions in the ALK gene.
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Characteristics Parameters n Univariable analysis Multivariable analysis d

Event  Censored  Time, months p-value a HR 95% CI p-value

Median 95% CI

Age ≤64 years 584 330 254 18.0 13.97–22.03 0.65

>64 years  543 310 233 20.0 15.56–24.43

Sex Female 508 266 242 24.0 18.82–29.18 0.001

Male 619 374 245 15.0 11.73–18.27

Self-declared race b  White  706 409 297 20.0 16.58–23.41 0.71

Nonwhite  230 134 96 17.0 12.21–21.78

Smoking status Never 296 140 156 32.0 25.04–38.95 <0.0001 Ref Ref Ref

Quitter 372 207 144 18.0 11.05–29.94 1.20 0.94–1.54 0.13

Current 418 274 165 12.0 9.46–14.53 1.38 1.07–1.78 0.011

Loss of weight No 384 170 214 41.0 25.48–56.51 <0.0001

Yes 520 352 168 10.0 7.81–12.18

ECOG PS 0–1 672 339 333 30.0 23.99–36.00 <0.0001 Ref Ref Ref

2–4  313 230 83 5.0 3.44–6.55 1.99 1.64–2.41 <0.0001

Histology Adenocarcinoma  906 494 412 21.0 17.11–24.88 <0.0001 Ref Ref Ref

Squamous Cell  65 37 28 25.0 1.02–48.97 1.46 0.98–2.15 0.06

NSCLC NOS  118 83 35 6.0 3.87–8.12 1.34 1.03–1.76 0.028

Other 38 26 12 15.0 5.00–24.99 1.73 1.08–2.76 0.021

Stage at diagnosis  I/II 192 35 157 146.0 55.72–236.27 <0.0001

III 181 86 95 32.0 22.69–41.30

IV 726 508 218 11.0 9.34–12.65

Metastasis at diagnosis  No 374 119 255 82.0 50.03–113.96 <0.0001 Ref Ref Ref

Yes, CNS 255 192 63 7.0 4.10–9.89 6.38 4.80–8.47 <0.0001

Yes, others c  473 318 155 12.0 9.99–.14.00 5.33 4.10–6.93 <0.0001

Asian ancestry Low  308 171 137 22.0 15.24–28.75 0.21

Intermedium  318 184 134 16.0 12.28–19.71

High 311 192 119 15.0 10.96–19.03

African ancestry  Low  306 165 141 23.0 14.65–31.34 0.32

Intermedium  322 193 129 16.0 12.14–19.85

High 309 189 120 16.0 12.10–19.89

European ancestry  Low  311 187 124 16.0 11.73–20.26 0.17

Intermedium  313 192 121 15.0 11.25–18.74

High 313 168 145 22.0 15.02–28.97

Native American ancestry  Low  295 168 127 19.0 12.44–25.55 0.14

Intermedium  328 185 143 18.0 13.00–22.99

High 314 194 120 15.0 11.18–18.81

TP53 status Wild-type  475 231 244 32.0 24.77–39.22 <0.0001

Mutant  652 409 243 15.0 12.52–17.47

KRAS status Wild-type  839 474 365 20.0 16.58–23.41 0.042

Mutant  288 166 122 14.0 9.71–18.28

EGFR status Wild-type  900 532 368 15.0 12.69–17.30 <0.0001

Mutant  227 108 119 36.0 28.93–43.06

ALK-fusion status Negative  978 575 403 18.0 15.11–20.88 0.0027

Positive  69 28 41 56.0 Not reached

ERBB2 status Wild-type  1101 626 475 19.0 16.00–21.99 0.96

Mutant  26 14 12 28.0 3.25–52.75

BRAF status Wild-type  1097 618 479 20.0 16.83–23.16 0.0060

Mutant  30 22 8 7.0 2.14–11.85

PIK3CA status  Wild-type  1090 616 474 19.0 15.82–22.17 0.83

Mutant 37 24 13 20.0 13.45–26.54

METΔex14 status Not detected  355 185 170 18.0 13.23–22.76 0.16

Detected 17 11 6 7.0 0.74–13.26

(Table 3 continues on next page)
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reduced risk of death (Table 3; Fig. 6). Likewise, survival 
analyses  strati9ed  by metastatic  status  at  diagnosis 
con9rmed the prognostic relevance of ECOG perfor-
mance status  in both non-metastatic and metastatic 
groups. At the same time, systemic therapies were pre-
dominantly associated with outcomes in metastatic dis-
ease, whereas tobacco exposure and histological subtype 
were  primarily  associated  with  prognosis  in  non-
metastatic patients (Supplementary Tables S3 and S4).

TP53 mutations as predictors of shorter cancer-
specific survival in patients treated with TKI
We then evaluated CSS and TTE survival in patients 
with metastatic disease harboring EGFR mutations or 
ALK fusions who were treated with TKIs (anti-EGFR 
and anti-ALK; Supplementary Table S5; Supplementary 
Figure S8a–d).

In this cohort, patients with TP53 mutations had 
signi9cantly shorter CSS (Fig. 5a). Among patients with 
EGFR-mutant  tumors  treated with TKIs, TP53  co-
mutations were associated with markedly worse out-
comes, including shorter CSS (p = 0.0032; 24.0 months 
[95%  CI:  19.48–28.51]  vs.  61.0 months  [95%  CI: 
29.00–92.99]; Fig. 7a) and a trend toward shorter TTE 
(p = 0.11; 13.0 months [95% CI: 9.63–16.36] vs. 20.0 
months  [95% CI: 13.81–26.19]; Fig. 7b). Moreover, 
when considering patients with TP53-mutated tumors, 
those receiving chemotherapy had signi9cantly longer 
CSS (p < 0.0001; 15.0 months [95% CI: 12.41–17.58] vs. 
2.0 months  [95% CI: 1.58–2.41]; Fig. 7c) and TTE 
(p < 0.0001; 7.0 months [95% CI: 5.63–8.37] vs. 2.0 
months [95% CI: 1.38–2.62]; Fig. 7d) compared with 
patients not treated with chemotherapy. Statistical an-
alyses were not conducted for patients with concurrent 
ALK fusions and TP53 mutations treated with TKIs due 
to the very limited sample size (n = 4).

Discussion
In this genomic analysis of 1131 patients with lung 
cancer across Brazil, we present a comprehensive view of 
the molecular landscape shaped by demographic, clin-
ical, and ancestry-related  factors. Beyond con9rming 
mutation patterns observed in global cohorts, such as the 
predominance of TP53, KRAS, and EGFR mutations, 
our study also highlights the impact of TP53 status on 
survival in patients with EGFR mutations and the fea-
tures unique to the highly admixed Brazilian population. 

Ancestry estimation in our cohort revealed mean-
ingful regional and tumor molecular differences in 
genetic backgrounds. The North region had the highest 
proportion of Native American ancestry, whereas the 
South region had the highest proportion of European 
ancestry. This regional ancestry diversity aligns with 
studies  from  our  group  and  others. 14,18,26  Recently, 
Nunes et al. reported a slightly distinct ancestry distri-
bution in the general Brazilian population, with a lower 
proportion of European ancestry (59% vs. 71% in our 
cohort) and higher African (27% vs. 22%) and Native 
American contributions (13% vs. 7%). 14  These differ-
ences likely stem from both population-speci9c factors 
and methodological  factors.  Nunes  et  al.’s  cohort 
included healthy individuals evenly distributed across 
Brazilian regions, while our cohort contains a higher 
proportion of patients from the Southeast. 14 Addition-
ally,  the  authors  estimated  ancestry  using  whole-
genome sequencing, whereas our study employed a 
46–AIM panel. 14 Despite methodological and popula-
tion differences across studies, these 9ndings consis-
tently  highlight  the  extensive  genetic  admixture 
characterizing the Brazilian population. Importantly, 
our analysis  re?ects a  clinical  lung  cancer  cohort 
rather than a general population sample, underscoring 
that ancestry-informed molecular pro9ling may have

Characteristics  Parameters  n  Univariable analysis  Multivariable analysis d

Event Censored Time, months p-value a HR 95% CI p-value

Median 95% CI

(Continued from previous page)

PD-L1 expression No (<1%)  408 218 190 25.0 19.19–30.80 0.0032

Low (1%–49%)  193 99 94 23.0 11.59–34.40

High (>50%)  188 119 69 14.0 8.70–19.29

TKI treatment  No 861 519 342 15.0 12.50–17.49 <0.0001 Ref Ref Ref

Yes 189 89 100 36.0 25.75–46.24 0.35 0.26–0.46 <0.0001

Immunotherapy treatment  No 945 549 396 18.0 14.77–21.22 0.013 Ref Ref Ref

Yes 106 59 47 31.0 23.86–38.13 0.49 0.36–0.66 <0.0001

Chemotherapy treatment No 408 236 172 8.0 2.64–13.35 0.0013 Ref Ref Ref

Yes 643 372 271 22.0 18.23–25.76 0.53 0.44–0.65 <0.0001

NSCLC NOS, Non-Small Cell Lung Cancer not otherwise specified; CNS, Central Nervous System; HR, Hazard Ratio; CI, Confidence Interval. Significant statistical values (p < 

0.05) are in bold. a p-value from Log-rank test. b According to the IBGE (Brazilian Institute of Geography and Statistics). c Includes Large Cell Carcinoma, Adenosquamous 

Carcinoma, Sarcomatoid Carcinoma, small-cell carcinoma/oat cell and Large Cell Neuroendocrine Carcinoma. d Only significant variables in the final model are shown 

(Total, n = 897; Event, n = 529; Censored, n = 368).

Table 3: Cancer-specific survival analysis for patients diagnosed with lung cancer.
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direct implications for diagnostic strategies and ther-
apeutic  decision-making  in  real-world  oncology 
practice.

We observed that 88% of cases harbored oncogenic 
molecular alterations. The prevalence of EGFR muta-
tions (20.5%) and their higher frequencies in Brazilian 
regions with higher proportions of Native American or 
Asian  ancestry  indicate  the  in?uence  of  genetic 
ancestry  on  actionable  genomic  alterations. 9  EGFR 
mutations were associated with patients who never 
smoked, CNS metastasis, adenocarcinoma histology, 
and no expression of PD-L1, which is in agreement

with previous studies. 8,17,19,24,27,28  Similarly, our 9nding 
that KRAS mutations  (25.6%) were more common 
among smokers but were not in?uenced by ancestry 
supports prior literature from TCGA and Latin Amer-
ican studies, although the ancestry-neutral distribution 
in our cohort suggests population-speci9c nuances. 5,17,29 

In addition to the tobacco association, we observed that 
KRAS mutations were associated with adenocarcinoma 
histology, and PD-L1 expression, as previously reported 
in the literature. 2,3,5,17  The frequency of ALK fusions 
(6.1%) and METex14 (4.8%) aligns with international 
estimates and af9rms  the  importance of  including

Fig. 5: Representation of cancer-specific survival (CSS) analysis for patients by molecular alterations: (a) TP53 status CSS; (b) EGFR status CSS; 
(c) ALK fusion status CSS; (d) BRAF status CSS.
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these targets in routine diagnostic panels. 4,29–31  More-
over, ALK fusions were associated with younger pa-
tients, never-smokers, and low expression of PD-L1, 
whereas METex14 alteration were associated with pa-
tients who never smoked and high expression of PD-L1 
in agreement with previous studies. 4,8,19,32

Fusions were observed in less than 1% of patients in 
the genes RET, ROS1, NTRK1, and NTRK3, while 
mutations in the genes BRAF, PIK3CA, NRAS, KIT, 
and ERBB2 were found in less than 3% of patients, a 
9nding  consistent  with  previous  studies  world-
wide. 4,6,8,19,31  In contrast, PIK3CA is described as more 
frequent  (6%)  in  the TCGA  (The Cancer Genome 
Atlas), and in Brazil, a previous study reported PIK3CA 
at a higher frequency (8.8%) in lung tumors, such as 
ERBB2 mutations (4.9%), which may be explained by 
distinct methodologies applied in the studies. 3,29

The most  frequently mutated  gene  was  TP53, 
observed in 58.0% of the patients, and was associated 
with tobacco consumption, squamous histology, CNS 
metastasis, and high African ancestry, in accordance 
with the literature. 3,16,33–36 Our study also indicates the 
frequent co-occurrence of TP53 mutations with other

driver alterations, notably EGFR and KRAS. This is 
consistent with several studies, including those from 
Asian  cohorts, which  report TP53  co-mutations  in 
30–50% of EGFR-mutated NSCLCs. The clinical im-
plications of this genomic background are substantial: 
EGFR/TP53 co-mutation was associated with poorer 
CSS in our cohort, supporting growing evidence that 
TP53 mutations contribute to therapeutic resistance, 
disease aggressiveness, and a worse prognosis. Inter-
estingly,  recent  clinical  trials  such  as NEJ009  and 
FLAURA2, explored combination of chemotherapy and 
TKI  approaches  to  overcome  resistance  in  this 
subgroup. 37,38

Although ancestry proportions in Brazil have been 
linked to differences in mutation pro9les and clinical 
outcomes, most genomic datasets still disproportion-
ately  represent  individuals  from  North  America, 
Europe, and Asia, leaving Latin American populations 
markedly underrepresented. In Brazil, individuals with 
higher African ancestry, who are more frequently clas-
si9ed as Black or Pardo, tend to have lower incomes, 
reduced educational access, and higher smoking prev-
alence,  factors  that may  in?uence  both molecular

Fig. 6: Forest plot of the multivariate Cox regression analysis for association with an increased risk of death due to cancer-specific causes. Only 
significant associations in the final model are shown. HR stands for hazard ratio; CI stands for confidence interval; ECOG PS refers to Eastern 

Cooperative Oncology Group Performance Status; NSCLC NOS indicates Non-Small Cell Lung Cancer not otherwise specified; CNS denotes 

central nervous system; and TKI stands for tyrosine kinase inhibitor.

Articles

14  www.thelancet.com Vol 56 April, 2026

http://www.thelancet.com


patterns and survival outcomes. 39,40  Moreover, socio-
economic disparities often translate into unequal access 
to  timely  diagnosis  and  treatment,  contributing  to 
poorer  outcomes  in  groups  with  higher  African 
ancestry. 41

Our study addresses this critical gap by including 
diverse and admixed populations in molecular studies 
to ensure that biomarker discoveries and therapeutic 
advances are applicable and equitable across ances-
tries. Our cohort derives from a national referral can-
cer center that attends only patients from the public 
Brazilian health system, with approximately 20% of 
participants  self-identifying  as  non-White  (Black,

Yellow,  Pardo,  translated  as  Brown/Mixed,  and 
Indigenous—in accordance with the Brazilian IBGE 
census), consistent with expected demographic pat-
terns in the Brazilian populations. 20  Moreover, the 
genetic ancestry estimates were broadly concordant 
with self-reported skin color and varied across regions, 
re?ecting the country’s highly admixed population. 
Taken  together,  these  observations  suggest  that, 
although not population-based, the cohort provides 
insight into geographic and demographic representa-
tiveness within a real-world clinical context and high-
lights the importance of equity inclusion in precision 
oncology research.

Fig. 7: Analyses of cancer-specific survival (CSS) and time to event (TTE) by treatment and molecular alterations in patients diagnosed with 
metastatic disease. (a) CSS of patients with EGFR mutations who received TKI treatment, comparing those with TP53 mutations to those with 

wild-type TP53; (b) TTE of patients with EGFR mutations who received TKI treatment, comparing those with TP53 mutations to those with 

wild-type TP53; (c) CSS of patients with TP53 mutations, comparing those treated with chemotherapy at any line to those who were not; (d) 

TTE of patients with TP53 mutations, comparing those who received first-line chemotherapy to those who did not. CSS, cancer-specific 
survival; TTE, time to event; CI, confidence interval; TKI, tyrosine kinase inhibitor.
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Despite our 9ndings, some limitations should be 
acknowledged, most of which are inherent to retrospec-
tive  real-world  analyses  conducted  in  resource-
constrained settings. These include convenience sam-
pling, incomplete follow-up data in some regions, and 
the predominance of patients from the Southeast region. 
Moreover, the limited gene content of our DNA NGS 
panel, followed by gene fusion assessment, together with 
the heterogeneity of molecular methods used in routine 
care, may have contributed to the underestimation of 
rare alterations, gene fusions, or complex co-mutation 
patterns. Additionally, therapeutic data were not always 
uniform across sites, which may confound treatment-
related outcomes and is an inherent limitation of retro-
spective studies. Nevertheless, these limitations re?ect 
the complexity of implementing precision oncology in 
routine clinical practice and highlight the challenges 
faced by publicly funded healthcare systems in ensuring 
equitable access to molecular diagnostics in Brazil and 
across Latin America.

Conclusion
Our study indicates that most Brazilian patients diag-
nosed with lung cancer have at least one oncogenic 
alteration, with over half showing actionable genomic 
targets. These results emphasize the potential bene9ts 
of precision oncology in this group. The association 
between TP53 co-mutations and worse cancer-speci9c 
survival in metastatic EGFR-mutated patients treated 
with EGFR-TKIs highlights the need to include TP53 
status in molecular assessments and treatment plan-
ning. Notably, better outcomes seen with combined 
EGFR-TKI and chemotherapy strategies are consistent 
with emerging clinical trial data and support a more 
personalized approach for this high-risk group. Overall, 
our research offers real-world molecular evidence from 
a large national referral center serving a socioeconom-
ically  and  geographically  diverse  population. These 
9ndings add to the regional evidence base required to 
guide policy, improve access to molecular diagnostics, 
and optimize targeted therapy use. Ultimately, such 
efforts are vital to enhancing lung cancer outcomes 
across Latin America.
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