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Background. In Brazil, cancer is the second most common
cause of death. Most patients in resource-limited countries
are diagnosed in advanced stages. Current guidelines advocate for EGFR mutation testing in all patients with metastatic adenocarcinoma. Tyrosine kinase inhibitors are
recommended in patients with advanced or metastatic disease harboring sensitizing mutations. In Brazil, there are
limited data regarding the frequency of EGFR testing and
the changes in patterns of testing overtime.
Materials and Methods. This was an observational, retrospective study. We obtained deidentiﬁed data from a commercial database, which included 11,684 patients with
non-small cell lung cancer treated between 2011 and 2016
in both public and private settings. We analyzed the frequency of EGFR mutation testing over time. We also
directly studied 3,664 tumor samples, which were analyzed
between 2011 and 2013. These samples were tested for
EGFR mutations through an access program to tyrosine
kinase inhibitors in Brazil.

Results. Overall, 38% of patients were tested for EGFR
mutations; 76% of them were seen in the private sector,
and 24% were seen in the public center. The frequency of
testing for EGFR mutations increased signiﬁcantly over
time: 13% (287/2,228 patients) in 2011, 34% (738/2,142)
in 2012, 39% (822/2,092) in 2013, 44% (866/1,972) in
2014, 53% (1,165/2,184) in 2015, and 42% (1,359/3,226)
in 2016. EGFR mutations were detected in 25.5% of analyzed samples (857/3,364). Deletions in Exon 19 were the
most frequent mutations, detected in 54% of patients
(463/857).
Conclusion. Our ﬁndings suggest that the frequency of
EGFR mutation in this cohort was lower than that found in
Asia but higher than in North American and Western
European populations. The most commonly found mutations were in Exon 19 and Exon 21. Our study shows that
fewer than half of patients are being tested and that the
disparity is greater in the public sector. The Oncologist
2018;23:1–5

Implications for Practice: These data not only indicate the shortage of testing but also show that the rates of positivity in
those tested seem to be higher than in other cohorts for which data have been published. This study further supports the
idea that awareness and access to testing should be improved in order to improve survival rates in lung cancer in Brazil.

INTRODUCTION
Lung cancer is the leading cause of cancer death worldwide
for both men and women [1]. In Brazil, cancer is the second most common cause of death, and there were an estimated 27,330 new cases of lung cancer in 2014 [2]. Most
patients in resource-limited countries are diagnosed in
advanced stages of the disease in which targeted agents
have changed the therapeutic landscape. Overexpression
of the epidermal growth factor receptor (EGFR) is involved

in non-small cell lung cancer pathogenesis by stimulation
of downstream signal transduction that leads to cell proliferation and inhibition of apoptosis. Activating EGFR mutations confer sensitivity to tyrosine kinase inhibitors (TKIs)
and are thus referred to as sensitizing mutations [3–5].
Four EGFR TKIs are available for the treatment of EGFRmutated non-small cell lung cancer, including geﬁtinib,
erlotinib, afatinib, and osimertinib (a ﬁfth, icotinib, is also
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also report on 3,364 patient samples that were tested
directly for EGFR mutations. To our knowledge, this is the
largest data set in the Brazilian population.

MATERIALS AND METHODS
This was an observational, retrospective study involving
practice patterns of over 2,000 cancer physicians in Brazil.
We obtained deidentiﬁed data from a commercial database, which included 11,684 patients with non-small cell
lung cancer treated between 2011 and 2016 in both public
and private settings. We analyzed the frequency of EGFR
mutation over time as well as the rate of EGFR mutation
status in this cohort of patients.
Every 6 months the data administrators of a for-proﬁt
market intelligence company contacted over 400 physicians
from a database that included approximately 2,000 cancer
physicians and surveyed them on practice patterns. There
was a screening questionnaire for physician selection. Physicians must have been in practice for at least 2 years, have
treated a minimum of 30 patients per week, and have had
no direct afﬁliation with pharmaceutical companies. On
average 300 physicians answered each survey, providing deidentiﬁed data on approximately 18,000 patients whom they
treated every semester. Physicians were paid a fee for participation and received feedback (ﬁnal survey results). Every
6 months there was a natural switch of approximately 20%
of the responding physicians. We obtained access to the
lung cancer database, which reported on EGFR mutation
testing patterns in the country over a 6-year period.
We also directly studied 3,664 tumor samples between
2011 and 2013. These samples were tested for EGFR mutations through an access program to TKIs. All patients had
advanced or metastatic lung adenocarcinoma, and samples
were taken from all states of Brazil. Clinical and pathological characteristics of all patients were obtained, and these
data were deidentiﬁed. The Institutional Review Board at
the University of Miami approved the research project.
All analyses were performed at two reference laboratories, as follows: after microdissection, DNA was isolated
from serial sections of formalin-ﬁxed, parafﬁn-embedded
tumor tissue to obtain at least 70% tumor cells. Exons
18, 19, 20, and 21 of the EGFR gene were analyzed using
Sanger sequencing. EGFR mutation rate was calculated,
and its frequency was compared between clinical subgroups using the chi-square test. Data were summarized
using descriptive statistics (mean, standard deviation, minimum, and maximum). EGFR mutation rate was calculated,
and its frequency was compared between clinical subgroups using the chi-square test.

RESULTS
In the commercial database of patients with non-small cell
lung cancer treated in the country, 63% of patients had
adenocarcinomas, 28% had squamous cell carcinoma, 5%
had large cell cancer, and 3% had other histologies. Only
patients with adenocarcinoma were analyzed, which
included 11,684 patients from 2011 to 2016. Overall, 38%
of patients in the commercial database were tested for
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available in Asia). Targeted therapy has markedly changed
outcomes for patients with mutations. Several randomized
clinical trials and meta-analyses have demonstrated an
improvement in clinical efﬁcacy of ﬁrst-line treatment with
EGFR TKIs compared with chemotherapy in patients whose
tumors harbor activating EGFR mutations [6–10]. Current
clinical guidelines advocate for universal testing of patients
with advanced disease for EGFR mutations [11, 12].
Epidemiological studies have reported variable EGFR
mutation prevalence according to ethnic background [5,
10, 13, 14]. The frequency of EGFR mutations varies from
27% to 60% in Asians, 8% to 13% in Europeans, 12% in
Africans, 16% in white Americans, and from 20% to 25% in
India. The most commonly reported mutations are deletions in Exon 19 and a point mutation in Exon 21 (L858R)
[15]. Access to testing is often limited in the developing
world. In the case of Brazil, there are limited data regarding the frequency of testing, the changes in patterns of
testing over time, and whether differences exist across the
public and private sectors.
A few studies have reported on the frequency of EGFR
mutation in Brazilians with non- small cell lung cancer. One
study reported the rates of EGFR mutations in a cohort of
207 Brazilian patients and their association with clinical and
pathological characteristics. EGFR mutations were identiﬁed
in 30.4% of patients. The most prevalent mutation was deletion in Exon 19 (60.3% of patients) followed by amino acid
substitution L858R in Exon 21 in 27% of patients. Higher
EGFR mutation rates were found in nonsmokers and
patients with adenocarcinoma. There was no association
with age, geographic location, or gender [16]. Another study
found a lower rate of EGFR mutation of 21.6% in a cohort
of 125 Brazilian patients. Deletions in Exon 19 (75%), followed by the point mutation of Exon 21 (25%), were also
the most common mutations [17]. The frequency of EGFR
mutations across different countries in Latin America has
also been studied. The overall frequency of EGFR mutation
was 33.2% in this larger cohort of 1,150 patients, but there
was a large variability seen across different countries
(Argentina, 19.3%; Colombia, 24.8%; Mexico, 31.2%; and
Peru, 67%). In adenocarcinoma histology, the frequency was
26%. The researchers found a positive association with
female gender, nonsmokers, and Mestizo/Indigenous ethnicity compared with white self-reported ethnicity. They postulated that the differences might be explained by different
ethnic makeup of these countries. Argentina, for example,
has a predominantly white population, with lower reported
rates than Peru, where there have traditionally been higher
rates of Asian migration [18].
Thus, the few published studies from Brazil have
reported EGFR mutation frequency rates ranging from 12%
to 30%, but most of these studies were small, and the only
large patient cohort in Latin America did not include
patients from Brazil. The data on frequency of testing are
even more limited. Access to EGFR testing at the Brazilian
National Cancer Institute increased from 40% to 85% from
2011 to 2013 [19]. Here, we report on the frequency of
EGFR mutations in Brazil in a cohort of over 11,000
patients, as well as the rate of testing over 5 years. We
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Table 1. Testing in the private and public sector

Year
2011
2012
2013
2014
2015
2016

Patients tested
in the private
sector, %
92
80
76
74
67
68

Patients tested
in the public
sector, %
8
20
24
26
33
32

Table 2. Frequency of EGFR testing among all patients with
lung adenocarcinoma per year
Patients tested
for EGFR
mutation, n (%)

2011
2012
2013
2014
2015
2016

2,228
2,142
2,092
1,972
2,184
3,266

287 (13)
738 (34)
822 (39)
866 (44)
1,165 (53)
1,359 (42)

EGFR mutations. Of those tested, 76% of patients were
seen in the private sector, and 24% were seen in the public
center (Table 1). All patients had adenocarcinoma. The frequency of testing for EGFR mutations increased signiﬁcantly over time (Table 2): 13% (287/2,228 patients) in
2011, 34% (738/2,142) in 2012, 39% (822/2,092) in 2013,
44% (866/1,972) in 2014, 53% (1,165/2,184) in 2015, and
42% (1,359/3,226) in 2016.
We directly tested 3,771 samples for EGFR mutations. Testing could not be reported for 407 patients, mostly because of
an absence of tumor cells in the submitted material (39%) and
inconclusive testing (52%), yielding 3,664 samples with adequate results. The median age of patients was 66 years (range,
18–97); 1,814 were male, and 1,957 were female. EGFR mutation was detected in 25.5% of samples (857/3364). Deletions
in Exon 19 were the most frequent mutations, detected in 54%
(463/857) of patients, followed by point mutations in Exon
21 in 28% (240/857 mutations), Exon 20 in 9.7% (83/857), and,
less frequently, mutations in Exon 18 in 8.3% (71/857 mutations). Figure 1 shows the distribution of EGFR mutations. The
health care providers ordering the test were mainly medical
oncologists (88%, 3,289) or in pulmonary-critical care (5%,
191); 6% (237) were in other specialties.
No increase in the frequency of EGFR mutation
detected was seen between the ﬁrst 500 analyzed samples
and the last 500, decreasing the possibility of phenotypic
selection bias by physicians’ referral (p > .05). We did not
detect any differences in the rate of mutation across different regions in Brazil. For the patients who tested positive,
300 were male, and 557 were female.
Data on histologic subtypes were available for 1,472
samples, as follows: 1,086 patients (74%) had adenocarcinomas and 386 (26%) had carcinomas, not otherwise speciﬁed (NOS). No patients had squamous cell carcinoma, as
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Figure 1. EGFR mutation distribution.

the program only accepted samples with nonsquamous,
non-small cell lung cancer.
As shown in Figure 2, EGFR mutations were more common in patients with adenocarcinoma histology (30.5%)
versus carcinoma NOS (10%; p < .05) and in women
(30.2%) versus men (19%; p < .05).

DISCUSSION
The frequency of EGFR mutations in non-small cell lung cancer
varies across ethnic groups. Our ﬁndings suggest that the frequency of EGFR mutation in this cohort was lower than that
found in Asia but higher than in North American and Western
European populations, conﬁrming ﬁndings seen in other Latin
American countries. Brazil is the ﬁfth largest country in the
world, with a population of approximately 207 million people.
It is also one of the most diverse, with a composition that
includes different racial and ethnic groups, including Indigenous, European, African, and Asian. This heterogeneity might
explain the high rate of EGFR mutations seen in this large
database. Another reason might be the association between
wood smoke exposure and EGFR mutations. Patients with
wood smoke exposure have been found to be more frequently
associated with EGFR receptor mutations, and although this
particular variable was not captured in our study, wood smoke
exposure is known to be higher in the developing world [20].
In our study, the most commonly found mutations were
in Exon 19 and Exon 21, which were most likely to be
L858R mutations. Unfortunately, data on all the speciﬁc
mutations detected were not available. These ﬁndings are
consistent with data from Asian (Exon 19, 60%, and Exon
21, 40%), European (Exon 19 deletion, 62.2%, and Exon
21, 37.8%), and Latin American populations [10]. Both of
these mutations are activating and thus increase sensitivity
to EGFR TKIs. Nonetheless, this study shows that less than
40% of patients are being tested. This disparity is greater
in the public sector. Therefore, improvement in access to
testing, as well as access to targeted EGFR therapy in those
found to have sensitizing mutations, is essential in improving lung cancer outcomes in Brazil. Mutations were more
common in individuals with adenocarcinoma histology and
female gender, which has been previously described.
Several limitations of this study must be noted. Clinical
data were only available on a subset of patients. Similarly,
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Figure 2. Characteristics of patients who tested positive for EGFR mutations. Abbreviation: NOS, not otherwise speciﬁed.

CONCLUSION
Given the increase in overall survival with the use of targeted agents in lung cancer, all patients with adenocarcinoma who have advanced or metastatic disease should be
tested for EGFR mutations. Data regarding testing in
resource limited countries is scant. To our knowledge this
is the largest database describing the patterns of testing in
Brazil. We report on the changes occurring in frequency of
testing over time and the disparities in the public and private sector. Many challenges exist, as less than half of eligible patients are being tested despite EGFR drug availability
in the country and higher rates of positivity than reported
in other cohorts. Of those tested, the majority are in the
private system, but most patients in the country receive
care through the public health care system. Awareness is
a ﬁrst step in advancing access to testing, which in turn is
essential to the improvement of lung cancer outcomes in
Brazil.
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