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Global perspective on lung cancer: disease management in
Brazil & lung cancer research in Asia

A challenge for less developed
nations

Cancer incidence rates have increased
in most countries since 1990 [1]. “This
trend is a particular threat to developing
nations with health systems that are ill-
equipped to deal with complex and ex-
pensive cancer treatments,’” empha-
sized Carlos H. Barrios, MD, Hospital do
Cancer Mae de Deus, PUCRS School of
Medicine, Porto Alegre, Brazil. Overall,
56 % of new cancer cases and 62 % of
cancer-related deaths occur in develop-
ing countries.

Lung cancer is the most common
cancer in men worldwide and the lead-
ing cause of cancer death in men in 87
countries and in women in 26 countries.
Global patterns of mortality mirror those
of incidence, because survival varies lit-
tle by region. As Dr. Barrios explained,
58 % of lung cancer cases occur in less
developed regions (Table 1) [2]. Accord-
ing to the Brazilian National Cancer In-
stitute, 27,000 lung cancer cases were di-
agnosed in Brazil in 2014, constituting
9.4 % of total incident cancer cases [3].
Lung cancer is the second and fourth
most common type of cancer among
men and women, respectively (Table 2).
The age-standardized 5-year survival in
Brazilian lung cancer patients amounts
to 18 % (worldwide: 10 %-20 %) [4].
“Lung cancer is the main cause of cancer
death in Brazil Dr. Barrios stated.

Nevertheless, data on diagnosis,
staging, treatment and outcomes are
generally scarce, and the lengthy clini-
cal research approval process limits ac-
cess to clinical trial opportunities. The
entire Latin American region is charac-
terized by significant inequities be-
tween public and private health systems
with regard to access to diagnosis, ther-
apy and molecular testing.

Risk factors: smoking and
pollution

Of course, smoking accounts for the ma-
jority of lung cancer cases. The total
prevalence of adult tobacco use in Bra-

TABLE 1
Global distribution of lung cancer

cases (percentages of

180,000,000 cases)

Region %
China 35.8
India 89
Other East and Central Asian countries 15.6
Europe 22.5
Northern America 13.1
Latin America & the Caribbean 4.6
Middle East & North Africa 2.9
Sub-Saharan Africa 0.9
Oceania 0.8

zil currently amounts to 17 %, with men
and women making up 22 % and 13 %,
respectively [5]. However, tobacco use is
considerably more common in young
people aged 13 to 15 (30.1 %); here, the
female smoking rate (30.8 %) even ex-
ceeds the male smoking rate (28.7 %).
For 2020, the population-attributable
fractions of lung cancer burden associ-
ated with smoking in Brazil were calcu-
lated at 83.28 % and 64.78 % for men
and women, respectively [6].

This illustrates the necessity of na-
tional anti-tobacco policies that have
been successfully implemented in Brazil
in the past. No-smoking rules in all public
spaces, higher cigarette prices, and health
warning labels on cigarette packages
have contributed to decreasing tobacco
use. “Smoking prevalence has dimin-
ished by around 50 %, as have tobacco-
related deaths,” Dr. Barrios emphasized.
In 2008, 18.9% of men and 11.5 % of
women aged > 15 years smoked on a
daily basis; this represents a considerable
improvement compared to the rates as-
sessed in 1989 (43.3 % and 27 %, respec-
tively).

Another risk factor of growing im-
portance is ambient air pollution, which
is promoted by economic growth and
increased urbanization [7]. As Dr. Bar-
rios pointed out, epidemiological evi-
dence that links air pollution to mortal-
ity from lung cancer is robust.

High-quality scientific research that ad-
dresses these risks and the ability of lo-
cal health authorities to understand and
respond to them are required to solve
the conflict between economic devel-
opment and the preservation of human
health. “However, this is currently far
from being achieved,” Dr. Barrios said.

Evidence on the usefulness of
screening

Screening of lung cancer as a popula-
tion-based strategy was assessed in the
Brazilian Lung Cancer Screening Trial
(BRELT1) [8], which followed the same
criteria as the US National Lung Screen-

TABLE 2
Brazilian National Cancer

Institute estimates for new
cancer cases in 2016 in men and
women

Men n %
61,200 28.6%

Lung 17,330 81%
Colon & rectum 16,660 7.8%
Stomach 12,920 6.0%
Oral cavity 11,140 5.2%
Esophagus 7,950 3.7%
Urinary bladder 7,200 3.4%
Larynx 6,360 3.0%
Leukemias 5,540 2.6%
CNS 5,440 2.5%
Women n %
Breast 57,960 28.1%
Colon & rectum 17,620 8.6%
Uterine cervix 16,340 7.9%
Lung 10,890 5.3%
Stomach 7,600 3.7%
Uterine corpus 6,950 3.4%
Ovary 6,150 3.0%
Thyroid 5,870 2.9%
NHL 5,030 2.4%
CNS 4,830 2.3%
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ing Trial (NLST) [9]. From January 2013
to July 2014, 790 people participated in
the program. “The positive scan rate was
39.4, and NSCLC was diagnosed in 10
cases, which equals 1.3 %,” Dr. Barrios
reported. “Most of these patients be-
longed to stage 1 In the NLST, the de-
tection rate was 1.98 %. No routine pop-
ulation-based program has been
implemented in Brazil based on this ex-
perience, however.

General screening might make
sense, though, because early-stage pres-
entation is a relatively infrequent event
in Brazilian lung cancer patients. Ac-
cording to an analysis conducted be-
tween 2000 and 2010 in 20,850 lung can-
cer patients, only 8.8 % had stage I
disease [10]. This compared unfavoura-
bly to the rates assessed in the United
States (15.4 %; 2004-2010) and the
United Kingdom (14.5 %; 2003-2006).

Diagnosis in Brazil: imaging

With regard to diagnostic procedures, in-
equalities between the lower-income
and the higher-income segments of the
Brazilian population are striking. A sur-
vey conducted in 2005 showed that the
rate of CT scans available per 1,000,000
inhabitants was 4.9 in the public health
system and 30.8 in the private health sys-
tem [10, 11]. “The rates in the private sec-
tor resemble those in developed coun-
tries,” noted Dr. Barrios (31.5 in the
United States and 32.2 in Japan). Also,
there are disparities according to the ge-
ographic distribution, with lower CT
availability in the northern and north-
eastern regions of Brazil, which are less
wealthy than the regions in the South.

The use of PET scans for lung cancer
was approved in 2010, but this technol-
ogy has not been implemented until
2014 by Brazil’s publicly funded health
care system. Over the last years, the
number of PET scan facilities has in-
creased markedly. As Dr. Barrios said,
124 PET scanners and 15 cyclotrons
were distributed throughout 21 of the 27
states in 2014. “However, the lower avail-
ability in the public health system is
again striking”

With respect to bronchoscopy, the
SBPT survey showed that 56.7 % of re-
spondents performed at least 100 bron-
choscopies per year, which meets inter-
national recommendations [10, 12]. For
bronchoscopy-guided transbronchial

needle aspiration, satisfactory samples
were obtained in 57 %, and definitive di-
agnosis was made in 81 %. Endobron-
chial ultrasound has been introduced
only recently at large centers. According
to early experiences, 74 % of examina-
tions yielded adequate specimens.

Molecular testing

“The introduction of molecular testing is
key to improving therapeutic results in
patients with lung cancer,” Dr. Barrios
pointed out. As an analysis of the Lung
Cancer Mutation Consortium showed,
lung cancer patients with oncogenic
driver mutations who received geno-
type-directed therapy had significantly
longer median overall survival than
those who were not treated with geno-
type-directed therapy (3.5 vs. 2.4 years;
HR, 0.69; p =0.006) [13]. From a global
perspective, however, it must be said
that access, affordability and incorpora-
tion strategies remain significant chal-
lenges, particularly in low-income and
middle-income countries. Issues in the
context of the incorporation of molecu-
lar testing into clinical routine include
factors such as reimbursement, access
to targeted therapies, and patient educa-
tion (Table 3).

Among molecularly targeted thera-
pies, erlotinib, gefitinib, afatinib, and cri-
zotinib are available for the treatment of
lung cancer in Brazil. However, a market-
ing survey conducted in 1,700 patients in
2014 revealed that fewer than 50 % are
tested for their EGFR mutation status in
Brazil [10]. “It was estimated that 60 % of
cases are tested in the private sector,
while this proportion was 30 % or less in
the public setting,” Dr. Barrios said. “The
respective percentages are likely to be
considerably lower for EML4-ALK rear-
rangement testing” In Brazilian study
cohorts, the prevalence of EGFR muta-
tions ranged between 22 % and 33 % [10].
The frequency of EML4-ALK transloca-
tions has been estimated at 3 %-4 %.

TABLE 3

Treatment: surgery and
radiotherapy

Approximately 25 % of Brazilian lung
cancer patients overall and 61 % of
those with stage I disease undergo sur-
gery [10, 14-16]. Patients with lower ed-
ucational levels are less likely to receive
surgery. This might also be due to geo-
graphic inequalities: overall, 763 tho-
racic surgeons work in Brazil, but 51 %
of them practice in cities with more than
1 million inhabitants.

Shortages are also a significant issue
in the context of radiotherapy, as a defi-
ciency in machines prevents full treat-
ment coverage in the country. “Due to
the lack of 150 radiotherapy machines,
the treatment demands of approxi-
mately 100,000 patients per year cannot
be met,” Dr. Barrios stressed [10, 17, 18].
The average waiting time is 113 days,
which mainly applies to public centers.
As for surgeons, the distribution of radi-
ologists is uneven across the country,
because most of the 550 radiation on-
cologists work in the Southeast region.
Only few centers offer stereotactic body
radiotherapy or stereotactic ablative ra-
diotherapy for the treatment of local-
ized disease.

Belated and limited access to
systemic agents

Significant delays in the approval of
drugs by local regulatory agencies tend
to impede systemic oncological treat-
ment in Brazil. For example, the ALK in-
hibitor crizotinib was registered in 2016,
while approval by the FDA occurred five
years earlier, in 2011. It has been calcu-
lated that 772 patients died in Brazil ow-
ing to the lack of access to crizotinib
[19]. Access to systemic therapy is gen-
erally inadequate. Pemetrexed is still
unavailable in the public health system,
and bevacizumab can only be obtained
by patients with private health coverage.
"EGFR TKIs were included in the public

Issues with regard to the incorporation of molecular testing into clinical
routine

+ Reimbursement and logistics

+ Access to targeted therapies

+ Patient education and medical information

+ Established laboratory infrastructure for molecular testing (limited to a few large centers/cities)
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Figure 1: Differences in distribution of oncogenic driver mutations between Caucasian patients and

East Asian patients

health system in 2015, but both muta-
tion testing and drugs are neither ade-
quately covered nor routinely provided
to patients,” Dr. Barrios reported.

The expert listed several major barri-
ers to access to high-cost drugs in the
Latin American region, such as the fact
that each government has different pol-
icies for drug approval and the lack of
adequate investments in research and
development [20]. Limitations in cur-
rent lung cancer services are not neces-
sarily considered a priority. Also, afford-
ability of the new targeted medications
poses problems; policies are called for
to allow better coverage with the most
important drugs.

Measures to be taken include rein-
forcement of the role of tobacco control
and stimulation of programs directed at
the whole population and particularly
teenagers. Furthermore, collection of
high-quality epidemiological and
health-economy data is necessary. “We
should stimulate productive dialogue
between medical societies, advocacy
groups, government, pharmaceutical
companies, and regulatory agencies,’
Dr. Barrios suggested. Local funding
should be dedicated to lung cancer pre-
vention, diagnosis and treatment re-
search. Development of research units,
participation in clinical trials and inter-
national collaboration need to be stim-
ulated.

Lung cancer research in Asia:
patients with distinct
genomics

With a total population of 4.227 million,
Asia is the most densely populated con-
tinent. This also means that it has the

largest percentage of lung cancer pa-
tients in the world, which provides am-
ple opportunity to study this disease.
Asia as a place to recruit patients and
conduct clinical trials has gained im-
portance after the detection of genetic
driver alterations such as EGFR muta-
tions that commenced in 2004. “A
unique feature of lung cancer patients
in East Asia is that driver alterations dif-
fer from those in western populations’,
explained Chia-Chi Lin, MD, PhD, De-
partment of Oncology, National Taiwan
University Hospital, and Graduate Insti-
tute of Oncology, National Taiwan Uni-
versity College of Medicine (Figure 1).
In East Asia, EGFR mutation is pre-
sent in approximately 50 % of NSCLC
patients, as opposed to only 10% in the
western population. This means that pa-
tient enrichment in clinical trials can be
achieved rather effortlessly. Other mo-
lecular alterations such as MET, HER2
and ALK aberrations show similar prev-
alence across the ethnicities, while the
proportion of KRAS-positive tumors is
markedly smaller in East Asian patients
than in Caucasian patients. Important
achievements that were mainly pro-
moted at Asian sites included the estab-
lishment of EGFR-targeted tyrosine ki-
nase inhibitors (EGFR TKIs) in patients
with EGFR-mutation-positive NSCLC
and the identification of the EML4-ALK,
ROS1 and RET fusion proteins as targ-
etable drivers of genetic alteration.

Large phase lll trials of Asian
origin

Not surprisingly, the Asian contribution
to the advancement of NSCLC treat-
ment in the EGFR-targeted area has

been huge. “The important phase III tri-
als to establish the efficacy of EGFR TKIs
as first-line treatment were conducted
in Asia,” Dr. Lin reported. These com-
prise NEJ002 (gefitinib vs. carboplatin
and paclitaxel) [21], WJITOG3405 (gefi-
tinib vs. cisplatin and docetaxel) [22],
IPASS (gefitinib vs. carboplatin and pa-
clitaxel) [23], OPTIMAL (erlotinib vs.
carboplatin and gemcitabine) [24], and
LUX-Lung 6 (afatinib vs. cisplatin and
gemcitabine) [25]. “All of them enrolled
cohorts with patient numbers ranging
from more than 100 to more than 1,000.”
Likewise, the large phase III LUX-Lung 3
trial that compared afatinib with cispl-
atin plus pemetrexed contained mainly
East Asian patients, even though it was
conducted globally [26].

The combined analysis of the data
from LUX-Lung 3 and 6 led to further
classification of lung cancer [27]. ”"EGFR
mutations were divided into deletion 19
and L858R mutations, which responded
differently to treatment,” Dr. Lin empha-
sized. Patients with deletion 19 derived
a significant overall survival benefit of
11 months from afatinib therapy, while
those with L858R mutation fared better
with chemotherapy than with afatinib.

Two aspects within the EGFR-mu-
tant lung cancer research landscape are
currently investigated at Asian sites.
They relate to overcoming T790M resist-
ance mutation on one hand and to the
study of special populations on the
other. Specific drugs have been devel-
oped with the aim of overcoming T790M
resistance mutation. “The phase I devel-
opment for almost all of these agents
has been conducted in Asia,” Dr. Lin
pointed out. For instance, development
of the third-generation EGFR TKI osi-
mertinib, which is the first drug of this
type to gain approval, took place in Asia
from the very beginning.

CNS-targeted agents on the
rise

The topic of special populations has be-
come clinically relevant in light of the
major improvements in life expectancy
that have been achieved with modern
agents. Many patients with EGFR-mu-
tant adenocarcinoma who receive opti-
mal treatment will live for time spans
unprecedented in this setting. “In the
past, we rarely ever saw any NSCLC pa-
tients developing detrimental conse-
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quences such as brain metastases or
leptomeningeal disease,” Dr. Lin noted.
“Now this is very common.” Combined
data from the LUX-Lung 3 and 6 trials
indicated that patients with brain me-
tastases and common EGFR mutations
also derive benefit from afatinib treat-
ment (Figure 2) [28].

Updated findings from the phase I
BLOOM study demonstrated intracra-
nial activity of osimertinib in heavily
pre-treated patients with leptomenin-
geal disease due to EGFR-mutant
NSCLC [29]. Apart from targeting
T790M as well as activating EGFR muta-
tions, osimertinib crosses the blood-
brain barrier to a greater extent than
other EGFR TKIs. This is also true for
AZD3759, which is the first EGFR inhib-
itor designed to tackle central nervous
system metastases in patients with
EGFR-positive NSCLC. According to a
phase I trial, AZD3759, at doses of =50
twice daily, induced intracranial tumor
shrinkage in 11 of 21 patients with brain
metastases [30]. Phase II studies have
been initiated. “Thanks to this type of
treatment, patients can be spared
whole-brain radiation therapy that has
late sequelae such as cognitive dysfunc-
tion,” Dr. Lin stressed.

Outlook: immunotherapy in
patients with driver mutations

The first drug to be approved for the
treatment of NSCLC patients with
EML4-ALK rearrangement was crizo-
tinib. Almost half of the patients partici-

PROFILE 1014 and 1007 that compared
crizotinib with first-line and second-
line chemotherapy, respectively, were
Asian [31, 32]. As crizotinib-treated pa-
tients invariably develop resistance over
time, this treatment is usually suc-
ceeded by second-generation ALK in-
hibitors such as ceritinib. “The AS-
CEND-1 and ASCEND-2 studies that
investigated ceritinib were conducted
in Asia,” Dr. Lin said [33, 34]. Asian sites
are also playing a prominent role in the
evaluation of the second-generation
ALK inhibitors alectinib and brigatinib.

Referring to future aspects of lung
cancer research in Asia, Dr. Lin noted
that immunotherapy is of course a ma-
jor issue in the months and years to
come. “I believe that Asian centers can
play a very important role in determin-
ing the role of immunotherapy in lung
cancer, especially in the presence of ge-
netic driver alterations,” the expert said.
One obvious question relates to the
ideal combinations of immunotherapy
and targeted therapies for patients with
driver mutations. As Dr. Lin pointed
out, the agents can be used concur-
rently or sequentially. “However, pre-
liminary results showed that combina-
tions might not be the best option
because of common toxicities.” A viable
concept might therefore be determina-
tion of the sequence with which to
achieve the greatest benefit for the pa-
tient. “In the future, we will use our in-
frastructure and the present energy as a
momentum to continue further in the
field of lung cancer research,” Dr. Lin
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brain metastases and common EGFR mutations (combined analysis from LUX-Lung 3 and 6)
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Congress Report ASCO 2017

Forthcoming Special Issue

This special issue will be offering a synopsis from the ASCO 2017 that will
be held in Chicago, in June of this year. The report promises to make for
stimulating reading, as the ASCO Congress itself draws on the input from a
number of partner organizations, representing a multidisciplinary approach
to cancer treatment and care. Again, lung cancer will be at the heart of this
special issue.

ASCO 2017

Annual Meeting

CHICAGO, 2-6 JUNE 2017
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