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Abstract 
Background:  Targeted and immunotherapies are currently moving toward early-stage settings for patients with non-small cell lung cancer 
(NSCLC). Predictive biomarkers data are scarce in this scenario. We aimed to describe the frequency of EGFR mutations and PD-L1 expression 
levels in early-stage non-squamous patients with NSCLC from a large, single Brazilian oncology center.
Methods:  We retrospectively evaluated patients with NSCLC diagnosed at an early-stage (IB to IIIA-AJCC seventh edition) at Barretos Cancer Hospital 
(n = 302). EGFR mutational status was assessed in FFPE tumor tissues using distinct methodologies (NGS, Cobas, or Sanger sequencing). PD-L1 
expression was evaluated by immunohistochemistry (clone 22C3) and reported as Tumor Proportion Score (TPS), categorized as <1%, 1-49%, and 
≥50%. We evaluated the association between EGFR mutational status and PD-L1 expression with sociodemographic and clinicopathological parame-
ters by Fisher’s test, qui-square test, and logistic regression. Survival analysis was assessed by the Kaplan-Meier method and Cox regression model.
Results:  EGFR mutations were detected in 17.3% (n = 48) of cases and were associated with female sex, never smokers, and longer overall 
and event-free survival. PD-L1 positivity was observed in 36.7% (n = 69) of cases [TPS 1-49% n = 44(23.4%); TPS ≥50% n = 25(13.3%)]. PD-L1 
positivity was associated with smoking, weight loss, and higher disease stages (IIB/IIIA).
Conclusion:  The frequencies of EGFR mutations and PD-L1 positivity were described for early-stage non-squamous patients with NSCLC. These 
results will be essential for guiding treatment strategies with the recent approvals of osimertinib and immunotherapy in the adjuvant setting.
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Implications for Practice
Recent approvals of targeted therapies and immunotherapy for non-metastatic patients with NSCLC have paved the way for the tailored 
treatment in the adjuvant setting. Herein, we described the frequency of EGFR mutations and the PD-L1 positivity in early-stage patients 
with NSCLC from a single Brazilian center. In this early-stage series, the frequency of EGFR mutations was 17.3% and the PD-L1 positivity 
was 36.7%. Early-stage EGFRm and PD-L1-positive patients could be eligible for adjuvant treatment with osimertinib and immunotherapy 
treatments. Our results can expand the knowledge for the oncologists about the early-stage NSCLC related to EGFR and PD-L1.

Introduction
Lung cancer is one of the most frequent cancers diagnosed world-
wide and is the first cause of cancer-related death in many coun-
tries.1 The observed high mortality rate is directly influenced by 
the late diagnosis of this disease. In Brazil, approximately 30% 
of patients with non-small cell lung cancer (NSCLC) are diag-
nosed at early stages and hence treated with curative intent sur-
gery, whether or not followed by adjuvant chemotherapy and/
or radiotherapy.2 Although the number of early-stage patients 
with NSCLC that may benefit from curative intent treatment is 
currently scarce, it is projected to increase in the near future due 
to the uptake of lung cancer screening programs.3,4 Early-stage 
patients with NSCLC experience high recurrence rates, exhibit-
ing a 5-years overall survival (OS) rate of approximately 30%-
50%.5-7 Thus, adjuvant therapy is needed to reduce the risk of 
disease recurrence or death for resected patients with NSCLC.8 
Adjuvant cisplatin-based chemotherapy is currently considered 
the standard of care, however, at 5 years, the overall survival 
(OS) benefit is only 5%.8,9

Over the last years, targeted therapies have dramatically 
improved survival of patients whose tumors harbor somatic 
driver oncogenes, such as the mutant Epidermal Growth 
Factor Receptor gene (EGFRm). EGFR tyrosine kinase inhib-
itors (EGFR-TKis) are currently the standard of care for 
EGFRm NSCLC with advanced disease.10 Recently, osim-
ertinib (a third-generation EGFR-TKi) was approved by the 
Food and Drug Administration (FDA) and Agência Nacional 
de Vigilância Sanitária (ANVISA) as an adjuvant treatment 
for resected NSCLC with EGFR mutation. Studies from all 
over the world have reported a wide range of EGFR mutation 
frequency in distinct ethnic groups, associated with genetic 
ancestry and disease stage.11-16 However, most of these stud-
ies enrolled patients with advanced-stage NSCLC, and data 
for early-stage setting patients remain lacking, particularly in 
Latin-America.17

In addition to targeted therapies, immunotherapy has also 
improved the outcome of patients with NSCLC with advanced 
disease. Programmed death-ligand 1 (PD-L1) expression 
remains the only biomarker used in clinical practice for pre-
dicting response to anti-PD-(L)1 therapies.18-20 Approximately 
a quarter of patients with NSCLC have high PD-L1 expres-
sion (≥50%)19-with no actionable alterations-and are more 
likely to benefit from these therapies. Patients with advanced 
NSCLC EGFRm with high PD-L1 expression did not 
respond to pembrolizumab, which is an anti-PD-1 antibody.21 
Similarly to targeted therapies, immunotherapies are now 
being assessed in various nonmetastatic settings. In 2017, the 
FDA approved durvalumab as consolidation therapy, after 
concomitant chemoradiotherapy, for unresectable stage III 
NSCLC. Neoadjuvant durvalumab combined with radiother-
apy has also emerged as a promising approach, yielding good 
pathological response rate in early-stage NSCLC.22 The FDA 
and Brazilian Health Regulatory Agency (ANVISA) have also 

approved atezolizumab for adjuvant treatment after surgery 
and platinum-based chemotherapy in NSCLC patients diag-
nosed at stages II to IIIA whose tumors express PD-L1 in 
≥1% of tumor cells.23

The frequency of EGFR mutations and PD-L1 expression 
levels has been recently explored in admixture populations, 
including Brazilian patients with NSCLC. However, these 
studies focused exclusively on patients with advanced-stage 
disease.11,12,24-26 Herein, we evaluated the frequency of EGFR 
mutations and PD-L1 expression in an early-stage NSCLC 
series from a single center in Brazil and explored the associ-
ation between these biomarkers with patients’ clinicopatho-
logical features.

Patients and Methods
Study Oversight
The institutional review board approved the study protocol 
(CAAE 05744712.3.0000.5437) and waived the need for 
written informed consent from patients, because of the retro-
spective nature of the study. The study was performed accord-
ing to relevant guidelines and regulations.

Study Population
This study comprises a retrospective screened series from a 
2599-patients pre-existing cohort diagnosed with non-small 
cell lung cancer at the Barretos Cancer Hospital, between 
2006 and 2020. The Barretos Cancer Hospital is one of the 
most prominent non-profit cancer centers in Latin America 
with fully free assistance to cancer pateints, being part of the 
Brazilian Health System (SUS), with approximately 6000 
daily consultations.27,28

Patients with histologically confirmed NSCLC patients 
with clinical stages IB-IIIA (AJCC 7th edition) were included. 
For resected patients (most cases), the pathological stage was 
used. For those who did not undergo surgery, the clinical stage 
was used for the analyses. As per institutional guidelines, all 
patients were staged with computed tomography (CT) scans 
or PET/CT and brain magnetic resonance imaging (MRI) to 
exclude metastases. Mediastinoscopy was performed when 
indicated. According to the General Personal Data Protection 
Law, patients’ data were stored and managed on Research 
Electronic Data Capture (REDCap) system.29

Molecular Analysis: EGFR Mutational Status
All eligible cases (n = 315) were qualified for molecular 
analysis, but 13 cases were excluded due to screening fail-
ure, and 5 cases were excluded due to unsuccessful sample 
retrieval (FFPE availability) (Supplementary Fig. S1). Thus, 
FFPE samples that qualified for molecular analysis included 
297 patients genotyped by NGS (n = 71; 23.9%), Realtime 
Cobas-Roche (n = 85; 28.6%) and Sanger Sequencing (n = 
141; 47.5%).
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Next-Generation Sequencing
The mutational analysis for EGFR hotspots regions (exons 
18, 19, 20, and 21) was performed in a subset of cases (n = 
71) using NGS, as previously described.30 Briefly, targeted 
sequencing was performed using the TruSight Tumor 15 
panel (Illumina, USA). Sample DNA libraries were prepared 
using 10 ng of frozen tissue genomic DNA as input, follow-
ing the manufacturer’s sample preparation protocols. The 
TruSight Tumor 15 panel covers the hotspot regions of 15 
high-risk cancer-associated genes, namely: AKT1, GNA11, 
NRAS, BRAF, GNAQ, PDGFRA, EGFR, KIT, PIK3CA, 
ERBB2, KRAS, RET, FOXL2, MET, and TP53. The Qubit 
dsDNA HS assay kit (Thermo Fisher Scientific, Eugene, OR, 
USA) was used to quantify the enriched libraries on the Qubit 
2.0 Fluorometer (Thermo Fisher Scientific). Amplification 
quality assessment was performed using 2% agarose gel elec-
trophoresis. Individual samples were diluted to the molarity 
of 2 nM with the buffer provided by the reagent kit and then 
pooled in a batch of 8 samples. Up to 8 pM of the pooled 
library was submitted to cluster generation on the flow cell. 
Paired-end sequencing (2 × 150) using MiSeq Reagent Kit 
v3 in a MiSeq sequencer platform (Illumina) was performed.

Data demultiplexing and FASTQ file generation were per-
formed by the BaseSpace Sequence Hub platform (Illumina). 
Alignment, variant calling, and annotation steps were per-
formed using the Sophia DDM version v5.4.2.5. (SOPHiA 
GENETICS, Saint Sulpice, Switzerland) software. The 
hg19 human reference sequence was used for alignment 
(EGFR:NM_005228.5). Variant calling was focused on 
exonic nonsynonymous alterations that had a read depth of 
at least 500 × and a variant allele frequency (VAF) no lower 
than 3%. Any variant that did not fit these parameters was 
filtered out. Annotation was also manually curated for patho-
genicity using the ClinVar database.31

Real-Time PCR for EGFR Testing
The mutational analysis for EGFR hotspot regions (exons 18, 
19, 20, and 21) in a subset of cases (n = 85) was analyzed 
by real-time PCR using the COBAS platform (Roche). First, 
we used the Cobas DNA Sample Preparation Kit (Roche) 
for manual sample preparation followed by the Cobas z 480 
analyzer for automated amplification and detection follow-
ing Cobas EGFR Mutation Test v2 kit (Roche), according to 
manufacturer’s instructions.

Sanger Sequencing
The mutational analysis for EGFR hotspot regions (exons 
18, 19, 20, and 21) in a subset of cases (n = 141) was ana-
lyzed by PCR, followed by direct sequencing, as previously 
described.11,32 Direct sequencing was carried out using 
BigDye Terminator v3.1 Cycle Sequencing kit (ThermoFisher 
Scientific), and sequencing products were purified using 
BigDye Xterminator (ThermoFisher Scientific) and ana-
lyzed on a 3500 Genetic Analyzer, capillary electrophoresis 
system (Applied Biosystems). Sequences were captured by 
the SeqScape software (Applied Biosystems) and manually 
compared with reference sequences collected from GenBank 
(EGFR: NG_007726.3). All mutations were confirmed twice.

Immunohistochemistry for PD-L1 Expression
FFPE sections were also used to assess PD-L1 expression 
by immunohistochemistry (IHC), with the 22C3 clone 
(PharmaDx antibody), as previously described.33 PD-L1 

expression was reported as Tumor Proportion Score (TPS), 
defined as the percentage of viable tumor cells showing par-
tial or complete membrane staining for PD-L1, with results 
categorized as <1%, 1-49%, and ≥ 50%33 FFPE tumor sam-
ples with less than 100 tumor cells were considered unsuit-
able for PD-L1 expression analysis. In addition to TPS, PD-L1 
was also used as a dichotomized variable-negative (TPS <1%) 
vs. positive (TPS ≥ 1%).

Statistical Analysis
All clinicopathological variables were reported as absolute 
numbers and frequencies. For all variables, 95% CI were 
calculated and properly presented when applicable. The 
frequency of EGFR mutations was expressed as an abso-
lute number and frequency of patients harboring it and also 
dichotomized as wild type or EGFRm. PD-L1 expression 
was described as TPS. PD-L1 expression was categorized as 
<1%, 1-49%, and ≥50%33 and dichotomized as negative (TPS 
<1%) and positive (TPS ≥1%).

Chi-square and Fisher’s exact test were used to compare 
EGFR mutational status and PD-L1 expression with the 
sociodemographic and clinicopathological features. All vari-
ables´ exhibiting a P-value <0.2 (Chi-square and Fisher’s 
exact test) were considered eligible for logistic regression to 
assess the association between EGFR mutational status and 
PD-L1 expression with all relevant sociodemographic and 
clinical variables mentioned above. Results were reported as 
odds ratio (ORs) with 95% CIs.

Kaplan-Meier method was used to estimate patient’s sur-
vival. Overall survival (OS) was defined as the time inter-
val between surgery date (for resected patients) or sample 
retrieval (for irresectable patients) and death, or loss of fol-
low-up (censored). Event-free survival (EFS) was considered 
the time interval between surgery date or sample retrieval 
(for irresectable patients) and relapse/recurrence, or loss of 
follow-up (censored) or (event of interest). The log-rank test 
was used to compare survival curves.

We evaluated the association between the disease out-
comes (OS and EFS) and the following variables: sex, age, 
self-reported race (White vs. non-White), smoking status, per-
formance status, weight loss (6 months prior to diagnosis), 
disease staging (according to AJCC 7th edition), first treatment 
type [curative surgery (with or without adjuvant systemic 
treatment), systemic curative treatment only (chemotherapy 
and/or radiotherapy), and palliative treatment], EGFR muta-
tional status (wild-type vs. EGFRm), and PD-L1 expression 
(PD-L1 <1% vs. 1-49% vs. ≥50%).

The adjusted analyses allowed us to explore the associ-
ation between EGFR mutational status and PD-L1 expres-
sion with disease outcome, by computing the hazard ratio 
(HRs) with 95% CIs. The EGFR wild-type and PD-L1 neg-
ative (<1%) were considered reference categories for the 
Cox Regression Model. Significance was set at adjusted P 
values < 0.05. All statistical analyses were performed using 
IBM SPSS Statistics, version 21.0 (IBM Corp, Armonk, NY, 
USA).

Results
A cohort of NSCLC diagnosed at Barretos Cancer Hospital 
(n = 2599) between 2006 and 2020 was screened. In detail, 
302 early-stage NSCLC were included in the study (Table 1; 
Supplementary Fig. S1) as per the eligibility criteria. Although 
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all tumors were potentially resectable, half of the patients  
(n = 147) were not submitted to surgery as the first curative 
treatment. The most common reasons for not performing 
resection in these patients were worsening performance sta-
tus, comorbidities, unsatisfactory pulmonary function, and 
unresectable tumors. Among unresected patients, 15.6%  
(n = 23) were diagnosed with stage IB, 10.2% (n = 15) with 
stage IIA, 18.4% (n = 27) with stage IIB and 55.8% (n = 82) 
with stage IIIA. Moreover, 81.9% (n = 112) of the patients 
were treated with chemotherapy and/or radiotherapy with 
curative intent, and 18.1% (n = 25) were submitted to sys-
temic palliative treatments (one patient underwent pallia-
tive surgery and 9 patients had no available information; 
Table 1).

EGFR Mutational Status
EGFR mutational status was analyzed in 98% of the cases 
(n = 297; Supplementary Fig. S1), and a failure rate of 6.4% 
(n = 19) was observed. The frequency of EGFR mutation 
was 17.27% (n = 48; Table 1; Supplementary Table S1). 
The most commonly detected EGFR mutations were exon 
19 deletions, followed by the p.(Leu858Arg) point mutation 
(Supplementary Table S1). Among all EGFRm cases, 10%  
(n = 5) of the tumors harbored resistance mutations at diag-
nosis [p.(Thr790Met) and exon 20 deletions; Supplementary 
Table S1]. The presence of EGFR mutations was associated 
with the female sex (P = .011) and never smokers (P = .011; 
Supplementary Table S2). No significant associations were 
observed with age, self-reported race, weight loss (6 months 
prior diagnosis), disease stage at diagnosis-as well as both T 
and N isolated-or PD-L1 expression (Supplementary Table 
S2). In the multivariate-adjusted analysis, the presence of 
EGFR mutations was independently associated with never 
smokers (OR = 20.5; P < .0001) and smoking quitters (OR = 
3.75; P = .014; Table 2).

In the present series, 52% of the patients with early-stage 
NSCLC who experienced disease relapse after the first treat-
ment. Among those patients experiencing relapse, 14% were 
EGFRm, whereas among those without relapse, 24% were 
EGFRm (P = .06; Supplementary Table S3).

After disease relapse, most patients were treated with 
palliative intent. Treatment regimens after relapse were 
described according to EGFR status (Supplementary Table 
S4). The EGFRm patients received different EGFR-TKI 
therapies, mostly of first-generation (Supplementary Table 

Table 1. Major clinicopathological and molecular features (n = 302).

Variables Parameters n (%) 

Age, yearsa ≤66 166 (54.97)

>66 136 (45.03)

Sex Male 143 (47.35)

Female 159 (62.65)

Self-reported ancestryb White 219 (72.74)

Brown 30 (9.97)

Black 19 (6.31)

Yellow 3 (0.99)

Not well defined 30 (9.97)

Missing 1

Smoking history Never smoker 58 (19.46)

Current smoker 133 (44.63)

Quitter 107 (35.91)

Missing 4

Disease staging IB 75 (24.83)

IIA 43 (14.24)

IIB 45 (14.90)

IIIA 139 (46.03)

PS ECOG 0 107 (39.48)

1 141 (52.03)

2 16 (5.91)

3/4 7 (2.58)

Missing 31

Weight lossc No 161 (61.68)

<10% 63 (24.14)

>10% 37 (14.18)

Missing 41

Stage T T1a 5 (1.65)

T1b 14 (4.64)

T2a 114 (37.75)

T2b 46 (15.23)

T3 83 (27.49)

T4 39 (12.92)

Tx 1 (0.32)

Stage N N0 160 (52.99)

N1 49 (16.23)

N2 89 (29.47)

N3 1 (0.32)

Nx 3 (0.99)

EGFR mutational status Wild type 230 (82.73)

Mutatedd 48 (17.27)

Missing 24

PD-L1 expression TPS <1% 119 (63.30)

TPS 1%-49% 44 (23.40)

TPS ≥50% 25 (13.30)

Missing 114

First treatment intent Curative 267 (91.1)

Palliative 265 (8.9)

Missing 9

Surgery approach Segmentectomy 7 (4.5)

Lobectomy 134 (86.5)

Pneumonectomy 5 (3.2)

Other 9 (5.8)

Not applicable 147e

Variables Parameters n (%) 

Progression after curative 
treatment

Yes 128 (43.4)

No 167 (56.6)

Missing 7

n, number of patients; PS ECOG, performance status ECOG (Eastern 
Cooperative Oncology Group); TPS, Tumor Proportion Score (TPS).
aMedian age.
bSelf-reported ancestry according to Brazilian Institute of Geography and 
Statistics (IBGE).
cWeight loss <10% and >10% of total body weight in the last 6 months.
dMutated cases at diagnosis, which includes 43 cases harboring sensitizing 
mutations and 5 cases harboring resistance mutations.
eOne patient underwent palliative surgery.

Table 1. Continued
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S5). However, the small sample sizes precluded further 
analyses.

PD-L1 Expression
PD-L1 expression was analyzed in 62% of cases (n = 188; 
Supplementary Fig. S1). We found that 36.7% of the cases 
were PD-L1-positive (n = 69). The frequency of PD-L1 
expression in the TPS <1%, TPS 1-49%, and TPS ≥50% sub-
groups were 63.3% (n = 119), 23.4% (n = 44), and 13.3%  
(n = 25), respectively (Table 1; Supplementary Tables S6 and 
S7; Supplementary Fig. S2).

PD-L1 expression was associated with more advanced 
stages (IIB and IIIA) at diagnosis (P < .0001) and weight 
loss (P = .003) (Supplementary Tables S6 and S7). No sig-
nificant associations were observed between PD-L1 expres-
sion and age, sex, self-reported race, smoking, nodal invasion, 
performance status (PS ECOG), or EGFR mutational status 
(Supplementary Tables S6 and S7).

In the adjusted analysis, PD-L1 expression was associated 
with smoking quitters (OR = 3.35; P = .029) and narrowly 
missed significance for smokers (OR = 2.95; P = .051). The 
PD-L1 expression was also associated with weight loss and 
advanced stages at diagnosis (IIB and IIIA) (Table 2).

Outcome Measures
We further analyzed the association between clinicopatholog-
ical features and overall and event-free survival. Smoking his-
tory was associated with worse event-free survival, but it did 
not affect overall survival (Supplementary Fig. S3A and S3B). 
In the EGFRm group, smoking history did not affect over-
all or event-free survival (Supplementary Fig. S4A and S4B). 
Patients with better performance status, lower disease staging 
at diagnosis and patients who underwent surgical resection 
(with or without adjuvant treatment) showed increased over-
all survival and event-free survival (Supplementary Fig. S3C 
to S3F, S5A and S5B, respectively).

Additionally, we observed increased overall and event-
free survival in EGFRm patients (Fig. 1). We further evalu-
ated whether the mutation type could influence the outcome 

in the EGFRm subset, including the co-occurrence of the 
p.(Thr790Met) and p.(Leu858Arg) mutations at admission. 
We observed no association between mutation type and over-
all and event-free survival (Supplementary Fig. S6A and S6B).

There was no association between PD-L1 expression and 
overall survival (Fig. 2A). Instead, we observed a decreased 
event-free survival for tumors with high PD-L1 expres-
sion (TPS ≥50%) compared with low or negative PD-L1 
expression (Fig. 2B). A similar result was also observed for 
the analysis conducted with only EGFR wild-type patients 
(Supplementary Fig. S7A and S7B).

As aforementioned, a subset of patients was treated 
with TKi after progression, which could influence overall 
survival analysis. To overcome this caveat, we conducted 
an adjusted analysis to evaluate the independent effect of 
EGFR mutations and PD-L1 expression on overall and 
event-free survival along with all variables that might have 
influenced disease outcome. Being nonwhite (self-declared 
race) was independently associated with better overall sur-
vival (HR = 0.0455; P = .005; Table 3). Higher performance 
status was associated with poorer overall and event-free 
survival (Table 3; Supplementary Table S8). Male sex was 
associated with worse event-free survival (Supplementary 
Table S8), but it was not associated with overall survival. 
The first treatment type-systemic treatment-either curative 
and palliative, was associated with poorer event-free sur-
vival (Supplementary Table S8), but it was not associated 
with overall survival. EGFR mutations were independently 
associated with better overall survival (HR = 0.528;  
P = .022; Table 3), but they were not associated with event-
free survival (Supplementary Table S8). The PD-L1 expres-
sion was not associated with disease outcome-overall and 
disease-free survival.

Discussion
Real-world data of predictive biomarkers in early-stage 
NSCLC patients, especially those from Latin America, are 
scarce. Herein, we reported the frequency of EGFR muta-
tions and the rate of PD-L1 expression in early-stage patients 
with NSCLC from a single center in Brazil. The frequency of 
EGFR mutations was 17.3% and the presence of the EGFR 
mutations was associated with better overall survival. PD-L1 
expression was detected in 36.7% of all cases-including 
EGFRm cases.

The frequency of EGFR mutations in this early-stage series 
is lower than previously reported by our group in advanced 
adenocarcinomas (22.7%).11 In agreement, previous studies 
and datasets reported that EGFR mutations are less com-
monly found in early-stage NSCLC.17 In Asian patients, 
instead, the frequency of EGFR mutations does not differ 
among early and advanced stages.34 Similar to previous stud-
ies enrolling mostly advanced and metastatic NSCLC cases, 
in this early-stage series, the presence of EGFR mutations 
was also associated with never smokers and the female gen-
der.11,35-38 Although this association has been widely reported 
for advanced cases, there were no published data on the real-
world early-stage NSCLC setting in Brazil.

Our study also showed that EGFR-mutated patients had 
better outcomes. This association between EGFR mutations 
and better outcomes for patients with early-stage NSCLC 
should be further addressed in an independent and larger 
cohort. Although more favorable outcomes would be expected 

Table 2. Multivariate analysis of the association between EGFR 
mutational status and PD-L1 expression with clinicopathological 
characteristics (logistic regression).

 Variables Parameters OR 95%CI P-value 

EGFR mutational  
status

Smoking Current 1 Ref. Ref.

Quitter 3.75 1.30-10.83 .014

Never 20.52 7.28-57.79 <.0001

PD-L1 expression Smoking Never 1 Ref. Ref.

Quitter 3.35 1.13-9.92 .029

Current 2.85 0.99-8.15 .051

Loss of 
weight

No 1 Ref. Ref.

≤10% 4.25 1.82-9.93 .001

>10% 1.11 0.40-3.05 .051

Disease 
staging

IB 1 Ref. Ref.

IIA 0.44 0.09-1.96 .282

IIB 4.58 1.40-15.00 .012

IIIA 2.78 1.11-6.96 .029

Significant P-values are presented in bold.
Abbreviations: OR, odds ratio. CI, confidence interval.
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for TKi-treated patients, none of the patients received TKi in 
the adjuvant setting in our study. Only a subset of the patients 
was treated with TKi after disease progression (palliative 
intent)-a few with third-generation TKi-hence not reflecting 
the whole series. In naïve patients with advanced NSCLC, 
osimertinib, which is third-generation EGFR-TKi, dramati-
cally improved progression-free survival (PFS) and OS when 

compared with first-generation EGFR-TKIs for advanced 
EGFRm tumors, in addition to bestowing a remarkable 
effect on central nervous system metastases.39,40 In previously 
treated patients, osimertinib demonstrated greater efficacy 
than platinum-based therapy associated with pemetrexed 
for advanced NSCLC harboring EGFR resistance mutation 
[p.(Thr790Met)], who progressed during first-line EGFR-TKI 

Figure 1. Kaplan-Meier curves for overall survival (OS) and event-free survival (EFS) of patients with NSCLC according to EGFR mutational status. (A) 
EGFR mutational status overall survival. Median OS: EGFR wild-type = 41.2 months; Median OS: EGFRm positive = 114.9 months. (B) EGFR mutational 
status event-free survival. Median EFS: EGFR wild type = 16 months; Median EFS: EGFRm positive = 44 months. Survival time is presented in months; 
P-values are related to log-rank test results.

Figure 2. Kaplan-Meier curves for overall survival (OS) and event-free survival (EFS) of patients with NSCLC according to PD-L1 positivity. (A) PD-L1 
expression stratified according to TPS categories overall survival. Median OS: TPS <1% = 50.4 months; Median OS: TPS 1%-49% = 46.5 months; 
≥50% = 37.5 months. (B) PD-L1 expression stratified according to TPS categories event-free survival. Median EFS: TPS <1% = 26 months; median EFS: 
TPS 1%-49% = 34 months; ≥50% = 9 months. Survival time is presented in months; P-values are related to Log-rank test results.
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therapy.41 Recently, in the phase III ADAURA trial, osimertinib 
dramatically improved disease-free survival, showing benefit 
for completely resected naïve or previously treated patients 
(HR = 0.8) with NSCLC EGFRm in the adjuvant setting.42 
Thus, adjuvant osimertinib provided a highly effective treat-
ment for resectable patients with early-stage NSCLC harbor-
ing EGFR mutations.43,44 Recently, the FDA and the Brazilian 
Health Regulatory Agency (ANVISA) approved osimertinib 
as an adjuvant treatment for fully resected EGFR-mutated 
patients with NSCLC.45

The PD-L1 expression in early-stage NSCLC cases has not 
been well characterized since this predictive biomarker has 
been mostly assessed in advanced cases. The frequency of 
high PD-L1 expression was lower in our study compared with 
other series from around the world.20 Conversely, the PD-L1 
positivity-approximately 36%-is similar to other studies in the 
advanced setting, including a Brazilian study, which reported 
that 35% of Brazilian NSCLC cases presented PD-L1 posi-
tivity.12,46,33 PD-L1 expression was associated with smoking 
habits, weight loss, and a more advanced disease stage at diag-
nosis, but not with overall survival, as previously described 
for the whole series and only for EGFR wild-type patients. 
Moreover, PD-L1 expression was previously associated with 
younger age at diagnosis and higher tumor grade.46 Data sug-
gest that PD-L1 expression may be subclonal, which requires 
this specific question to be addressed in a different study.

Despite the many caveats, PD-L1 expression remains the 
most frequently used biomarker for predicting clinical ben-
efit from anti–PD-(L)1 therapies in the advanced setting.18-20 
Approximately a quarter of the patients with NSCLC presents 
high PD-L1 expression (higher than 50%)19 and may benefit 
from pembrolizumab, which is an anti-PD-1 that has been suc-
cessfully used for the treatment of advanced NSCLC with no 
actionable EGFR and ALK alterations. Patients with actionable 
mutations-such as EGFR mutations or ALK rearrangements-do 
not seem to benefit from anti-PD-1 agents, irrespective of 
PD-L1 expression.21 In a previous study, first-line pembrolizum-
ab-treated patients with advanced NSCLC expressing PD-L1 
in more than 50% of tumor cells showed significantly longer 
progression-free survival and OS versus platinum-based com-
bination chemotherapy.20 Other anti-PD-(L)1 therapies have 
also been successfully used, such as durvalumab and atezoli-
zumab, which are selective, high-affinity, human IgG1 mono-
clonal antibodies that block PD-L1 binding to PD-1 and CD80, 

allowing T cells to recognize and to target tumor cells.47,48 In 
the PACIFIC trial, durvalumab significantly improved PFS 
among patients with unresectable stage III NSCLC, irrespective 
of PD-L1 expression on tumor cells.22,49 Also independently of 
the PD-L1 status, atezolizumab improved PFS and OS among 
patients with metastatic non-squamous NSCLC.48 Conversely, 
in the Impower010 trial, atezolizumab improved disease-free 
survival compared with best supportive care after adjuvant 
chemotherapy in patients with resected stages II-IIIA NSCLC 
tumors, with prominent benefit for patients whose tumors 
displayed PD-L1 expression on 1% or more of tumors cells.23 
Hence, the clinical value of PD-L1 expression to predict the 
benefit of antibody-based immunotherapeutic drugs remains 
undetermined and controversial.

Molecular classification and the integration of both targeted 
and immunotherapies in defined subsets of NSCLC have dra-
matically changed the standard of care, improving patients’ 
survival.50,51 Until very recently, these advances were restricted 
to advanced cases. Even when patients with NSCLC are diag-
nosed in early stages of the disease, they commonly experience 
disease relapse and progression. Half of the patients experi-
enced disease progression in the present series after receiving a 
first treatment, rendering the adjuvant setting a key role in the 
disease course for early-stage NSCLC patients.

Due to the retrospective nature of this analysis, patients 
were not homogeneously treated, which have introduced 
potential biases in a purely observational design. Moreover, 
PD-L1 expression is prone to false-negative results due to 
tissue antigenicity, bestowing a challenge to the retrospective 
analysis of PD-L1 expression. Nevertheless, despite the retro-
spective nature of the current study, all medical records were 
inspected, all data were thoroughly revised by physicians 
(thoracic oncologists) and expert pathologists conducted all 
PD-L1 analyses.

Conclusion
In conclusion, we described the frequency of EGFR muta-
tions and the PD-L1 positivity rate in patients with early-stage 
NSCLC from a single Brazilian center. These resectable 
EGFR-mutated and PD-L1-positive patients could be eligible 
for adjuvant treatment with osimertinib and immunother-
apy treatments, respectively. Recent approvals of targeted 
therapies and immunotherapy treatments for patients with 

Table 3. Multivariate analysis of the association between clinicopathological characteristics and overall survival.

Variables Parameters n HR 95% CI P-value 

Ancestrya White 183 1 Ref. Ref.

Non-White 44 0.455 0.264-0.785 .005

PS ECOG 0 49 1 Ref. Ref

1 117 1.741 1.165-2.602 .007

2 14 4.406 2.153-9.016 <.0001

3 or 4 7 6.070 2.483-14.84 <.0001

EGFR Wild type 188 1 Ref. Ref.

Mutated 39 0.528 0.306-0.912 .022

aSelf-reported ancestry according to Brazilian Institute of Geography and Statistics (IBGE).
Abbreviations: n, number of patients; HR, hazard ratio; 95%CI, 95% confidence interval; P-value: significance of Cox Regression; Ref., reference group; PS 
ECOG, performance status ECOG (Eastern Cooperative Oncology Group).
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early-stage NSCLC have paved the way to the establishment 
of a tailored treatment approach in the adjuvant setting.

Acknowledgments
The present study was sponsored by AstraZeneca do Brasil 
Ltda. We also thank Barretos Cancer Hospital and the Public 
Ministry of Labor Campinas (Research, Prevention, and 
Education of Occupational Cancer) for partially funding this 
study. ROC is sponsored by Coordenação de Aperfeiçoamento 
de Pessoal de Nível Superior, Brazil (CAPES). GMSC is spon-
sored by the Sao Paulo Research Foundation, Brazil (FAPESP). 
R.M.R. is sponsored by the National Council for Scientific 
and Technological Development, Brazil (CNPq, Brazil).

Funding
The present study was sponsored by AstraZeneca do Brasil 
Ltda.

Conflict of Interest
Josiane Mourão Dias: AstraZeneca, Bristol-Myers Squibb, 
Janssen, Merck, MSD, Novartis, Pfizer, Roche, Xcovery (RF), 
AstraZeneca (H), Janssen, Boheringer Ingelheim (Other) (sup-
port for attending meetings and/or travel); Alexandre Jacinto: 
AstraZeneca (H); Rui Manuel Reis: AstraZeneca (RF); Pedro 
De Marchi: AstraZeneca, MSD (RF), AstraZeneca (H), 
AstraZeneca (SAB), AstraZeneca (support for attending meet-
ings and/or travel); Letícia Ferro Leal: AstraZeneca (RF). The 
other authors indicated no financial relationships.

(C/A) Consulting/advisory relationship; (RF) Research funding; (E) 
Employment; (ET) Expert testimony; (H) Honoraria received; (OI) 
Ownership interests; (IP) Intellectual property rights/inventor/patent 
holder; (SAB) Scientific advisory board.

Author Contributions
Conception/design: P.D.M., L.F.L. Provision of study material 
or patients: R.M.R., J.M.D., I.V.S., V.D.dS., A.J., E.C.A.dS., 
V.D.dS. Collection and/or assembly of data: I.A.P., A.L.V.dS., 
I.V.S., J.M.D., I.V.S., L.C.S., E.A.F.dS., M.F.B.F., G.D.J.P., 
I.S.N., F.E.dP., G.N.B., M.F.S.G., G.M.S.C., M.O.dS. Data 
analysis and interpretation: L.F.L., I.A.P., R.dO.C., M.A.dO., 
P.D.M. Manuscript writing: L.F.L., I.A.P. Final approval of 
manuscript: All authors.

Data Availability
The data underlying this article will be shared on reasonable 
request to the corresponding author; however, restrictions re-
lated to patients’ personal data will apply to the availability 
of these data.

Supplementary Material
Supplementary material is available at The Oncologist online.

References
1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: 

GLOBOCAN estimates of incidence and mortality worldwide for 

36 cancers in 185 countries. CA Cancer J Clin 2021;71(3):209-
249:caac.21660.

2. Winton T, Livingston R, Johnson D, et al. Vinorelbine plus cisplatin 
vs. observation in resected non–small-cell lung cancer. N Engl J Med. 
2005;352(25):2589-2597. https://doi.org/10.1056/NEJMoa043623.

3. de Koning HJ, van der Aalst CM, de Jong PA, et al. Reduced 
lung-cancer mortality with volume CT screening in a randomized 
trial. N Engl J Med. 2020;382(6):503-513. https://doi.org/10.1056/
NEJMoa1911793.

4. Chiarantano R, Vazquez F, Junior RH, et al. EP1.11-06 design 
and implementation of an integrated lung cancer prevention and 
screening program using a mobile CT in Brazil. J Thorac Oncol 
2019;14(10):S1009-S1010.

5. Uramoto H, Tanaka F. Recurrence after surgery in patients with 
NSCLC. Transl. Lung Cancer Res 2014;3(4):242-249. https://doi.
org/10.3978/j.issn.2218-6751.2013.12.05.

6. Al-Kattan K, Sepsas E, Fountain SW, et al. Disease recurrence 
after resection for stage I lung cancer. Eur J Cardio-thoracic Surg. 
1997;12(3):380-384.

7. Kawachi R, Tsukada H, Nakazato Y, et al. Early recurrence after 
surgical resection in patients with pathological stage i non-small 
cell lung cancer. Thorac Cardiovasc Surg. 2009;57(8):472-475. 
https://doi.org/10.1055/s-0029-1185734.

8. Pignon JP, Tribodet H, Scagliotti GV, et al. Lung adjuvant cisplatin 
evaluation: a pooled analysis by the LACE collaborative group. J 
Clin Oncol. 2008;26(21):3552-3559.

9. Cortés AA, Urquizu LC, Cubero JH. Adjuvant chemotherapy in 
non-small cell lung cancer: State-of the-art. Transl. Lung Cancer 
Res. 2015;4(2):191-197.

10. Ettinger DS, Aisner DL, Wood DE, et al. NCCN guidelines insights: 
non–small cell lung cancer, version 5.2018. J Natl Compr Canc 
Netw. 2018;16(7):807-821.

11. Leal LF, de Paula FE, De Marchi P, et al. Mutational profile of Bra-
zilian lung adenocarcinoma unveils association of EGFR mutations 
with high Asian ancestry and independent prognostic role of KRAS 
mutations. Sci Rep. 2019;9(1):3209.

12. Andreis TF, Correa BS, Vianna FS, et al. Analysis of predictive bio-
markers in patients with lung adenocarcinoma from southern Brazil 
reveals a distinct profile from other regions of the country. J Glob 
Oncol. 2019;1(5):1-9. https://doi.org/10.1200/JGO.19.00174.

13. Palacio S, Pontes L, Prado E, et al. EGFR mutation test-
ing: changing patterns of molecular testing in Brazil. 
Oncologist. 2019;24(4):e137-e141. https://doi.org/10.1634/theon-
cologist.2018-0254.

14. Chen J, Yang H, Teo ASM, et al. Genomic landscape of lung adeno-
carcinoma in East Asians. Nat Genet. 2020;52(2):177-186. https://
doi.org/10.1038/s41588-019-0569-6.

15. Reinersman JM, Johnson ML, Riely GJ, et al. Frequency of EGFR 
and KRAS mutations in lung adenocarcinomas in african amer-
icans. J Thorac Oncol. 2011;6(1):28-31. https://doi.org/10.1097/
JTO.0b013e3181fb4fe2.

16. Calvayrac O, Pradines A, Pons E, et al. Molecular biomarkers for 
lung adenocarcinoma. Eur Respir J. 2017;49(4):1-17.

17. Skoulidis F, Heymach JV. Co-occurring genomic alterations in 
non-small-cell lung cancer biology and therapy. Nat Rev Cancer. 
2019;19(9):495-509.

18. Brahmer J, Reckamp KL, Baas P, et al. Nivolumab versus 
docetaxel in advanced squamous-cell non–small-cell lung cancer. 
N Engl J Med. 2015;373(2):123-135. https://doi.org/10.1056/NEJ-
Moa1504627.

19. Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the treatment 
of non–small-cell lung cancer. N Engl J Med. 2015;372(21):2018-
2028. https://doi.org/10.1056/NEJMoa1501824.

20. Reck M, Rodríguez-Abreu D, Robinson AG, et al. Pembroli-
zumab versus chemotherapy for PD-L1–positive non–small-cell 
lung cancer. N Engl J Med. 2016;375(19):1823-1833. https://doi.
org/10.1056/NEJMoa1606774.

21. Lisberg AE, Cummings AL, Goldman JW, et al. A phase II study of 
pembrolizumab in EGFR-mutant, PD-L1+, tyrosine kinase inhibitor  

https://doi.org/10.1056/NEJMoa043623
https://doi.org/10.1056/NEJMoa1911793
https://doi.org/10.1056/NEJMoa1911793
https://doi.org/10.3978/j.issn.2218-6751.2013.12.05
https://doi.org/10.3978/j.issn.2218-6751.2013.12.05
https://doi.org/10.1055/s-0029-1185734
https://doi.org/10.1200/JGO.19.00174
https://doi.org/10.1634/theoncologist.2018-0254
https://doi.org/10.1634/theoncologist.2018-0254
https://doi.org/10.1038/s41588-019-0569-6
https://doi.org/10.1038/s41588-019-0569-6
https://doi.org/10.1097/JTO.0b013e3181fb4fe2
https://doi.org/10.1097/JTO.0b013e3181fb4fe2
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa1501824
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1606774


The Oncologist, 2022, Vol. 27, No. 11 e907

(TKI) naïve patients with advanced NSCLC. J Clin Oncol. 
2018;36(15_suppl):9014-9014.

22. Altorki NK, McGraw TE, Borczuk AC, et al. Neoadjuvant 
durvalumab with or without stereotactic body radiotherapy in 
patients with early-stage non-small-cell lung cancer: a single-cen-
tre, randomised phase 2 trial. Lancet Oncol. 2021;22(6):824-835. 
https://doi.org/10.1016/S1470-2045(21)00149-2.

23. Felip E, Altorki N, Zhou C, et al. Adjuvant atezolizumab after 
adjuvant chemotherapy in resected stage IB–IIIA non-small-cell 
lung cancer (IMpower010): a randomised, multicentre, open-label, 
phase 3 trial. Lancet. 2021;398(10308):1344-1357. https://doi.
org/10.1016/S0140-6736(21)02098-5.

24. de Melo AC, Karen de Sá V, Sternberg C, et al. Mutational profile 
and New IASLC/ATS/ERS classification provide additional prog-
nostic information about lung adenocarcinoma: a study of 125 
patients from Brazil. Oncology. 2015;89(3):175-186. https://doi.
org/10.1159/000376552.

25. Bacchi CE, Ciol H, Queiroga EM, et al. Epidermal growth factor 
receptor and KRAS mutations in Brazilian lung cancer patients. 
Clinics. 2012;67(5):419-424. https://doi.org/10.6061/clin-
ics/2012(05)03.

26. Carrot-Zhang J, Soca-Chafre G, Patterson N, et al. Genetic ances-
try contributes to somatic mutations in lung cancers from admixed 
latin american populations. Cancer Discov. 2021;11(3):591-598. 
https://doi.org/10.1158/2159-8290.CD-20-1165.

27. Guimarães DP, Mantuan LA, De Oliveira MA, et al. The perfor-
mance of colorectal cancer screening in Brazil: the first two years 
of the implementation program in barretos cancer hospital. Cancer 
Prev Res. 2021;14(2):241-251.

28. Palmero EI, Galvão HCR, Fernandes GC, et al. Oncogenetics ser-
vice and the Brazilian public health system: the experience of a 
reference cancer hospital. Genet Mol Biol. 2016;39(2):168-177. 
https://doi.org/10.1590/1678-4685-GMB-2014-0364.

29. Harris PA, Taylor R, Thielke R, et al. Research electronic data cap-
ture (REDCap) - a metadata-driven methodology and workflow 
process for providing translational research informatics support. 
J Biomed Inform. 2009;42(2):377-381. https://doi.org/10.1016/j.
jbi.2008.08.010.

30. Campanella NC, Silva EC, Dix G, et al. Mutational profiling of 
driver tumor suppressor and oncogenic genes in Brazilian malig-
nant pleural mesotheliomas. Pathobiology 2020;87(3):208-216. 
https://doi.org/10.1159/000507373.

31. Landrum MJ, Lee JM, Benson M, et al. ClinVar: improving access 
to variant interpretations and supporting evidence. Nucleic Acids 
Res. 2018;46(D1):D1062-D1067. https://doi.org/10.1093/nar/
gkx1153.

32. de Oliveira Cavagna R, Leal LF, de Paula FE et al. A PCR-based 
approach for driver mutation analysis of EGFR, KRAS, and BRAF 
genes in lung cancer tissue sections. In: Methods in Molecular Biol-
ogy. Humana Press, 2021: 109-126. 

33. De Marchi P, Leal LF, Duval Da Silva V, et al. PD-L1 expression 
by Tumor Proportion Score (TPS) and Combined Positive Score 
(CPS) are similar in non-small cell lung cancer (NSCLC). J Clin 
Pathol. 2021;74(11):735-740. https://doi.org/10.1136/jclin-
path-2020-206832. 

34. Pi C, Xu CR, Zhang M, et al. EGFR mutations in early-stage and 
advanced-stage lung adenocarcinoma: analysis based on large-scale 
data from China. Thorac Cancer 2018;9(7):814-819.

35. Pao W, Miller V, Zakowski M, et al. EGF receptor gene muta-
tions are common in lung cancers from “never smokers” and are 
associated with sensitivity of tumors to gefitinib and erlotinib. 
Proc Natl Acad Sci USA. 2004;101(36):13306-13311. https://doi.
org/10.1073/pnas.0405220101.

36. Varghese AM, Sima CS, Chaft JE, et al. Lungs don’t forget: com-
parison of the KRAS and EGFR mutation profile and survival of 
collegiate smokers and never smokers with advanced lung can-
cers. J Thorac Oncol. 2013;8(1):123-125. https://doi.org/10.1097/
JTO.0b013e31827914ea.

37. Dogan S, Shen R, Ang DC, et al. Molecular epidemiology of 
EGFR and KRAS mutations in 3,026 lung adenocarcinomas: 
Higher susceptibility of women to smoking-related KRAS-mutant 
cancers. Clin Cancer Res. 2012;18(22):6169-6177. https://doi.
org/10.1158/1078-0432.CCR-11-3265.

38. Shigematsu H, Lin L, Takahashi T, et al. Clinical and biological 
features associated with epidermal growth factor receptor gene 
mutations in lung cancers. J Natl Cancer Inst. 2005;97(5):339-346. 
https://doi.org/10.1093/jnci/dji055.

39. Soria J-C, Ohe Y, Vansteenkiste J, et al. Osimertinib in untreated 
EGFR-mutated advanced non–small-cell lung cancer. N Engl 
J Med. 2018;378(2):113-125. https://doi.org/10.1056/NEJ-
Moa1713137.

40. Ramalingam SS, Vansteenkiste J, Planchard D, et al. Overall survival 
with osimertinib in untreated, EGFR-mutated advanced NSCLC. 
N Engl J Med. 2020;382(1):41-50. https://doi.org/10.1056/NEJ-
Moa1913662.

41. Mok TS, Wu Y-L, Ahn M-J, et al. Osimertinib or platinum–peme-
trexed in EGFR T790M–positive lung cancer. N Engl J Med. 
2017;376(7):629-640. https://doi.org/10.1056/nejmoa1612674.

42. Wu Y-L, Tsuboi M, He J, et al. Osimertinib in resected EGFR-mu-
tated non–small-cell lung cancer. N Engl J Med. 2020;383(18):1711-
1723. https://doi.org/10.1056/NEJMoa2027071.

43. Herbst RS, Tsuboi M, John T, et al. Osimertinib as adjuvant ther-
apy in patients (pts) with stage IB–IIIA EGFR mutation positive 
(EGFRm) NSCLC after complete tumor resection: ADAURA. J 
Clin Oncol. 2020;38(18_suppl):LBA5-LBA5.

44. Planchard D. Adjuvant osimertinib in EGFR-mutated non–small-
cell lung cancer. N Engl J Med. 2020;383(18):1780-1782. https://
doi.org/10.1056/NEJMe2029532.

45. FDA approves osimertinib as adjuvant therapy for non-small 
cell lung cancer with EGFR mutations | FDA. – Accessed April 
4, 2021. Available at https://www.fda.gov/drugs/drug-approv-
als-and-databases/fda-approves-osimertinib-adjuvant-thera-
py-non-small-cell-lung-cancer-egfr-mutations.

46. Cooper WA, Tran T, Vilain RE, et al. PD-L1 expression is a favor-
able prognostic factor in early stage non-small cell carcinoma. 
Lung Cancer. 2015;89(2):181-188. https://doi.org/10.1016/j.lung-
can.2015.05.007.

47. Stewart R, Morrow M, Hammond SA, et al. Identification and 
characterization of MEDI4736, an antagonistic anti-PD-L1 mono-
clonal antibody. Cancer Immunol Res 2015;3(9):1052-1062. 
https://doi.org/10.1158/2326-6066.CIR-14-0191.

48. Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab for 
first-line treatment of metastatic nonsquamous NSCLC. N Engl 
J Med. 2018;378(24):2288-2301. https://doi.org/10.1056/NEJ-
Moa1716948.

49. Antonia SJ, Villegas A, Daniel D, et al. Durvalumab after chemo-
radiotherapy in stage III non–small-cell lung cancer. N Engl J 
Med. 2017;377(20):1919-1929. https://doi.org/10.1056/NEJ-
Moa1709937.

50. Sharma P, Siddiqui BA, Anandhan S, et al. The next decade of 
immune checkpoint therapy. Cancer Discov. 2021;11(4):838-857. 
https://doi.org/10.1158/2159-8290.CD-20-1680.

51. König D, Prince SS, Rothschild SI. Targeted therapy in advanced 
and metastatic non-small cell lung cancer. An update on treatment 
of the most important actionable oncogenic driver alterations. 
Cancers (Basel). 2021;13(4):804.

https://doi.org/10.1016/S1470-2045(21)00149-2
https://doi.org/10.1016/S0140-6736(21)02098-5
https://doi.org/10.1016/S0140-6736(21)02098-5
https://doi.org/10.1159/000376552
https://doi.org/10.1159/000376552
https://doi.org/10.6061/clinics/2012(05)03
https://doi.org/10.6061/clinics/2012(05)03
https://doi.org/10.1158/2159-8290.CD-20-1165
https://doi.org/10.1590/1678-4685-GMB-2014-0364
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1159/000507373
https://doi.org/10.1093/nar/gkx1153
https://doi.org/10.1093/nar/gkx1153
https://doi.org/10.1136/jclinpath-2020-206832
https://doi.org/10.1136/jclinpath-2020-206832
https://doi.org/10.1073/pnas.0405220101
https://doi.org/10.1073/pnas.0405220101
https://doi.org/10.1097/JTO.0b013e31827914ea
https://doi.org/10.1097/JTO.0b013e31827914ea
https://doi.org/10.1158/1078-0432.CCR-11-3265
https://doi.org/10.1158/1078-0432.CCR-11-3265
https://doi.org/10.1093/jnci/dji055
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1056/NEJMoa1913662
https://doi.org/10.1056/NEJMoa1913662
https://doi.org/10.1056/nejmoa1612674
https://doi.org/10.1056/NEJMoa2027071
https://doi.org/10.1056/NEJMe2029532
https://doi.org/10.1056/NEJMe2029532
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-osimertinib-adjuvant-therapy-non-small-cell-lung-cancer-egfr-mutations
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-osimertinib-adjuvant-therapy-non-small-cell-lung-cancer-egfr-mutations
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-osimertinib-adjuvant-therapy-non-small-cell-lung-cancer-egfr-mutations
https://doi.org/10.1016/j.lungcan.2015.05.007
https://doi.org/10.1016/j.lungcan.2015.05.007
https://doi.org/10.1158/2326-6066.CIR-14-0191
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1158/2159-8290.CD-20-1680

