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Summary
Lung cancer varies between Caucasians and Asians. There have been differences recorded in the epidemi-
ology, genomics, standard therapies and outcomes, with variations according to the geography and ethnicity
which affect the decision for optimal treatment of the patients. To better understand the profile of lung
cancer in Southeast Asia, with a focus on India, we have comprehensively reviewed the available data, and
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discuss the challenges and the way forward. A substantial proportion of patients with lung cancer in
Southeast Asia are neversmokers, and adenocarcinoma is the common histopathologic subtype, found in
approximately a third of the patients. EGFR mutations are noted in 23–30% of patients, and ALK rear-
rangements are noted in 5–7%. Therapies are similar to global standards, although access to newer modalities
and molecules is a challenge. Collaborative research, political will with various policy changes and patient
advocacy are urgently needed.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

Keywords: Lung cancer; Chemotherapy; Mutations; Southeast Asia; Access; Equity
Introduction
As per the Global Cancer Observatory, lung cancer was
the second most commonly diagnosed malignancy
worldwide in 2020, with 2,206,771 new cases annually
(11.6% of the total cancer cases), but the leading cause
of cancer-related mortality, causing 1,796,144 deaths
(18% of the cancer deaths).1 In Southeast Asia, although
lung cancer was the third most commonly diagnosed
cancer (185,636 new cases; 7.8%), it surpassed other
cancers as the commonest cause of cancer mortality,
causing 166,260 (10.9%) deaths.2 Most registries from
Southeast Asian countries have reported lung cancer
among the top five leading types of cancer.3,4 In India,
lung cancer accounts for an annual incidence of 72,510
cases (5.8%) and 66,279 deaths (7.8%).5 Thus, lung
cancer is a huge public health problem worldwide, but
more so in Southeast Asia.

The contemporary management of lung cancer has
been completely transformed by precision oncology.
The molecular signature of lung cancer varies widely
between Western (North American/European) and
Asian patients. Geography and ethnicity also play a part
in the risk factors, response to therapy, and prognosis.
Thus, the optimal management of a Southeast Asian
patient with lung cancer requires an in-depth under-
standing of the similarities, differences, and unique
features. In most countries in Southeast Asia, various
issues add to the complexities of management including
lack of access to testing and newer molecular targeted
therapies, financial difficulties, and prevalence of in-
fectious diseases like tuberculosis. To better understand
the profile of lung cancer in Southeast Asia, with a focus
on India, we have comprehensively reviewed the avail-
able data, and discussed the challenges and the way
forward.
Methods and search strategy
To compile this review, we contacted various domain
experts and requested each to write a section compiling
the data available for Southeast Asia in their area of
expertise. This was intended to be a narrative review,
and to be as inclusive as possible, all available literature
was searched using PubMed, Google Scholar, Scopus,
and abstracts of various oncology meetings. There were
no specific search terms, and no limits placed on the
search strategy, except for the section on tobacco
smoking. For this, we conducted a literature search
using the PubMed search engine using the keywords,
‘lung cancer’, ‘pulmonary cancer’, ‘bronchogenic can-
cer’, ‘tobacco’, ‘smoking’ and ‘South East Asia,’ along
with the individual names of the countries. We included
only articles that had been published after the year 2000.
We identified 24 relevant studies (13 case–control
studies, eight cohorts, two meta-analyses, and one
cross-sectional study). For most studies, the eligibility
criteria for cases were microscopically verified primary
lung cancers. We included a total of 7963 cases and
10,765 controls from the case–control studies identified.
Nine of these studies were from India (seven case–
control studies and two cohort studies) covering nine
states of India.
Epidemiology and risk factors
Lung cancer presents approximately a decade earlier in
India as compared to Western countries, with a mean
age at diagnosis of 54–70 years.6 The earlier age of
presentation in India is likely to be a combination of the
overall population pyramid structure in India (younger
population, with a median age of 28.2 years; compared
to the USA in which the median age is 38 years, and
China, with a median age of 39 years),7 and the unique
risk factors in the region, like air pollution and germline
mutations, that predispose to non-smoking related lung
cancers.8 In India, the lung cancer age-standardised
incidence rates (ASIR) increased from 6.62 per
100,000 in 1990 to 7.7 per 100,000 in 2019. The ASIR
increased from 10.36 to 11.16 in men and 2.68 to 4.49 in
women. Possible causes include tobacco smoking, and
indoor and outdoor air pollution, especially considering
the provocative data by Swanton et al. on the etiologic
role of particulate matter of size ≤2.5 μm (PM2.5).9 The
ASIR and mortality rates in neighbouring countries in
the sub-continent are provided in Table 1.1 The number
of cases in metropolitan cities is expected to rise
significantly by 2025 to 81,219 in men and 30,109 in
women.10 There is a male preponderance with over two-
third (76%) of Indian lung cancer cases occurring in
men. This echoes the disproportionate tobacco use
www.thelancet.com Vol 27 August, 2024
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between the sexes, with 42.4% men and only 14.2%
women consuming tobacco.11

Several studies have reported that a substantial pro-
portion of persons with lung cancer in Southeast Asia
are never-smokers: between 40 and 50% in studies from
India, and 83% in South Asian women.6,12,13 Important
risk factors for lung cancer in non-smokers include air
pollution (especially particulate matter, PM2.5), which is
a major concern in urban areas. Occupational exposure
to asbestos in cement, mining, and other construction-
based industries, and exposure to agents like chro-
mium, cadmium, arsenic, and coal products at the
workplace have also been implicated in the causation of
lung cancer.6,14 Second-hand smoke at home in the form
of biomass fuel usage is common in rural and hilly
terrains of Southeast Asia.15 Factors like genetic sus-
ceptibility, hormonal status, and pre-existing lung dis-
ease have also been implicated in the rising lung cancer
incidence in never-smokers.8

The estimated age-standardised 5-year survival for
lung cancer in India (2010–2014) was 3.7% (95% con-
fidence interval [CI], 1.6–5.7), as compared to the USA at
21.2% (95% CI, 21.1–21.3), and Japan at 32.9% (95% CI,
32.3–33.4).16 Inequities in socioeconomic status and
access to healthcare contribute to the differences in the
lung cancer burden and mortality in low- and middle-
income countries (LMICs).10

Tobacco consumption and legislation
Southeast Asian countries rank among the highest
producers and consumers of tobacco.17 India is the
second largest consumer and third largest producer of
tobacco in the world. Among adults, 42% of men and
14.2% women currently either smoke or use smokeless
tobacco; khaini and bidi are the most used smokeless
and smoked products, respectively. The mean age of
starting daily tobacco use is 18.7 years.11,18 Three of every
10 adults who work indoors have been exposed to sec-
ond hand smoke in the workplace.11 In rural areas of
India and Nepal, sociocultural factors contribute to the
use of smoked tobacco, especially local forms like tuibur
(tobacco smoke infused with water) in the Northeastern
region contributing to the highest age-adjusted
Metrics for lung cancer incidence and mortality India Bangla

Age standardised incidence rates for all cancers 97.1 106.2

Age standardised mortality rates for all cancers 63.1 75.3

Lung cancer, % (new cases) 5.5 8.3

Age-standardised incidence rate (lung cancer) 5.4 9.5

Age-standardised mortality rate (lung cancer) 4.9 8.8

Lung cancer rank by mortality 4 2

Population-based cancer registry 36 None

Table 1: Comparison of age-standardised incidence rates (ASR) and mortality
countries (all ASRs are reported as per 100,000 persons); Date extracted from
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incidence and mortality rate (AAMR) amongst men and
women in the Aizawl district of Mizoram (India).3 Thus,
Southeast Asian countries are substantially affected by
tobacco-related morbidity and mortality.18

A statistically significant association was observed
between tobacco smoking and lung cancer,19–24 with the
odds ratios (OR) ranging from 1.7 (95% CI, 1.02–2.81)
in the Northeast23 to 12.3 (95% CI, 6.9–22.0) in Bhopal.21

With regards to histology, tobacco users had a 5.2 times
increased risk of developing small cell lung cancer
(SCLC) and oat cell carcinoma, 3.9 times elevated risk of
developing adenocarcinoma and 26.2 times higher risk
of developing squamous cell carcinoma.21

The Nepalese case–control study, that included over
600 cases, reported five times greater odds of lung
cancer developing in smokers (OR 4.95, 95% CI
3.5–7.01).24 The risk reported by the Sri Lankan case–
control study with 62 cases was double that noted in
the Nepalese study (OR 10.71, 95% CI 3.54–32.59).
About 84% of all male lung cancer cases in Sri Lanka
could be attributed to smoking.25 The estimates in a
study from Bangladesh in 104 cases, reported an OR of
9.71, similar to the Sri Lankan study.26 The two case–
control studies from Pakistan reported an OR of 9.4
(95% CI 6.9–12.8) for Pakistan overall, and 22.8 (95% CI
13.9–37.3) for Karachi.27

Within tobacco smoking, several variables have been
explored as contributory risk factors:

1) Dosage and duration of tobacco smoking: A statis-
tically significant dose response relationship was
observed in most of the studies, i.e., the risk of
developing lung cancer increased with the number
of products smoked per day and the years of
continuing smoking.19,21,23,25–28

2) Type of tobacco product used:
desh

rate
the G
a) Cigarettes: Almost all studies implicated cigarette
smoking as a risk factor with an OR between 2.5
and 20.1.

b) Hookah: A study from the Kashmir valley of
India reported that hookah smokers were at an
almost six times higher risk of developing lung
cancer than never-smokers (95% CI 3.95–8.60).22
Pakistan Sri Lanka Nepal Myanmar

110.4 105.4 80.9 136.8

74.3 57.2 54.8 99.0

5.9 11.0 12.2 11.0

7.0 7.0 10.4 15.7

6.2 11.4 9.5 9.5

4 1 1 1

2 1 3 1

s of all cancers and of lung cancer, in India and the neighbouring
LOBOCAN 2020 fact sheet, available online at https://gco.iarc.fr/.1
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c) Bidi/beedi: Studies from India have reported a
statistically significant association of bidi smok-
ing with lung cancer and collectively, bidis have
been proven to be more dangerous than ciga-
rettes due to the high and uncontrolled con-
centration of carcinogens.19,21,23 The ORs
reported by these studies range from 6.1 to 18.3.
A cohort study from Karunagapally (India) re-
ported a high risk of developing lung cancer
(relative risk [RR] 4.6, 95% CI 2.5–8.5) among
bidi smokers.19 An additional observation was
that the lung cancer risk decreased more rapidly
after cessation of cigarette smoking as compared
to that of bidi.19

d) Choor/Kankat (loose tobacco rolled by the indi-
vidual): This has been reported to be the most
dangerous form of tobacco smoking in Nepal
with an OR of 11.2 (95% CI 6.6–19.3).24

e) Smokeless tobacco: Smokeless tobacco was not
noted to be a significant risk factor for lung
cancer in most studies,23,24,26 except for one study
in Karachi (Pakistan) that reported a signifi-
cantly elevated OR among heavy tobacco
chewers.27 The two possible explanations pro-
vided by the authors were confounding by to-
bacco smoking (as there was a correlation
between smoking and chewing tobacco in their
study population); and absorption of chewing-
derived carcinogens by the respiratory tract
with resulting carcinogenesis.27
Usage of multiple types of tobacco products led
to a significantly increased risk.21,27

3) Tobacco cessation: Multiple studies have shown
that the risk of lung cancer considerably decreases
in those who decrease the amount of smoking and
more so in those who completely quit
smoking.19,20,27

4) Sex: Most studies included only men as their cases
as lung cancer is the leading cancer site in men. A
case–control study from Chandigarh (India) found
that the OR for female smokers was lower than that
for male smokers.28

There is a need to strengthen tobacco control stra-
tegies and programmes in the population. South-
east Asian countries lead the implementation of the
World Health Organization (WHO) MPOWER
programme (a set of six measures designed to lower
the demand for tobacco) and ratification of the
Framework Convention on Tobacco Control
(FCTC). However, a lot of work is needed to achieve
compliance to all laws by the public.11,18,29

Bhutan has been exemplary and has passed one of
the world’s strictest anti-tobacco legislations forbidding
the use, advertisement, sale, or smuggling of tobacco.29
Maldives, and Nepal have comprehensively banned to-
bacco advertising and public smoking.30

The Global Adult Tobacco Survey (GATS) and Global
Youth Tobacco Survey (GYTS) have estimated that 22%
of the world’s adult smokers (aged 15 years and above)
and 34% of children (aged 13–15 years) who use tobacco
reside in Southeast Asia.11,18,31 Despite a decrease in the
prevalence of tobacco use in the region from 47% in
2000 to 29% in 2018, with a further projected decline to
25% by 2025, it still remains the highest in the world.18

Therefore, India established a countrywide telephonic
“Tobacco Quit Line” service on Feb 02, 2019.32 There is
an abundance of literature about the effectiveness of
such services for tobacco cessation and hence, for dis-
ease control.

Tuberculosis and lung cancer
Given that Southeast Asia is a hot spot for both tuber-
culosis (TB) and lung cancer, there has been an
increasing cognizance of the coexistence of TB and lung
cancer in recent years. TB and lung cancer present
concurrently or sequentially, i.e., TB followed by lung
cancer or lung cancer followed by TB. TB results in
chronic inflammation and fibrosis, with the release of
cytokines, especially tumour necrosis alpha (TNFα)
which promotes epithelial metaplasia, angiogenesis, and
lymphostasis.33

Data from the Postgraduate Institute of Medical
Education and Research in Chandigarh, India, reported
that 0.9% of patients with lung cancer had pleuro-
pulmonary TB.34

The symptomatology, scan findings, and risk factors
for TB and lung cancer are similar. Ramachandran et al.
reported that 29% of their patients with lung cancer had
been misdiagnosed as TB, and 27.1% were treated with
antituberculous therapy (ATT) before the correct diag-
nosis was made.35 Other Indian studies have reported
misdiagnosis rates of 17–22%.36

Most tyrosine kinase inhibitors (TKI) are metab-
olised in the liver. Of the first-line ATT drugs, rifam-
picin, is a strong cytochrome (CYP3A4) inducer.
Concomitant administration of rifampicin with a TKI
significantly reduces the concentration (area under the
curve [AUC]) of some molecules. Amongst the TKIs,
alectinib and afatinib are the least affected. Isoniazid is a
weak inhibitor of CYP23A, 3A with negligible effect on
the drug levels of TKIs37 (Supplementary Table S1).
Hence, it is recommended to substitute rifampicin with
rifabutin (weak inducer). An upward daily dose adjust-
ment of TKI may be warranted when it is co-
administered with rifabutin with monitoring of TKI
drug levels (and close liver function monitoring in case
of lorlatinib). If rifabutin is unavailable/not tolerated, a
switch to a non-rifampicin-based ATT regimen or sub-
stitution to the least affected TKI after joint consultation
www.thelancet.com Vol 27 August, 2024
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with TB/infectious disease expert on a case-by-case basis
is recommended.

The blockade of the programmed cell death-1 (PD-1)
ligand axis boosts the type 1 helper cell (Th1)- mediated
inflammatory response and causes a worsening of TB
lesions as seen in immune reconstitution inflammatory
syndrome. Hence, in patients with lung cancer on im-
mune checkpoint inhibitors (ICIs), delaying the dosing
of ICI for 2–4 weeks after ATT initiation is advisable.

The Indian national TB guidelines recommend
screening for latent TB infection (LTBI) in patients
planned for immunosuppressive therapy and/or
TNFα.38 Currently, the Indian guidelines do not
recommend specific LTBI screening in patients with
lung cancer. Screening for LTBI may be considered in
individuals with lung cancer with a history of TB, other
risk factors, and due to receive ICI therapy, until
appropriate guidelines are developed for this.
Pathology, biology, and molecular
characteristics
Histopathology
The pathological spectrum of lung cancer in Southeast
Asia appears to be following the global trends of
increasing incidence of adenocarcinoma as compared to
squamous cell carcinoma (SqCC), similar to most
Western and other Asian countries.6,12,39–41 One of the
largest 10-year analyses from North India reported that
adenocarcinoma was the most common pathological
Author Place and year Patient
number

Male:Female
ratio

Jindal and Behera43 Chandigarh, 1990 1009 4.5:1

Gupta et al.44 Rajasthan, 1998 279 6.1:1

Prasad et al.45 Lucknow, 2004 400 4.3:1

Khan et al.46 Kashmir, 2006 321 11.3:1

Prasad et al.47 Lucknow, 2009 799 4.8:1

Rawat et al.48 Uttarakhand, 2009 203 8.2:1

Sheikh et al.49 Kashmir, 2010 783 7.0:1

Singh et al.42 Chandigarh, 2012 654 5.0:1

Dey et al.50 Kolkata, 2012 607 4.1:1

Noronha et al.12 Mumbai, 2012 489 3.5:1

Krishnamurthy et al.13 Tamil Nadu, 2012 258 3.5:1

Sharma et al.51 Himachal Pradesh, 2012 105 10.6:1

Malik et al.52 New Delhi, 2013 434 4.6:1

Mandal et al.53 Manipur, 2013 466 1.1:1

Baburao et al.54 Bangalore, 2015 96 3.0:1

Mohan et al.41 New Delhi, 2016 397 7.4:1

Murali et al.55 Chennai, 2017 678 3.2:1

Kaur et al.56 Chandigarh, 2017 1301 4.6:1

Mohan et al.39 Delhi, 2020 1862 4.9:1

Table 2: Lung cancer demography and histological subtypes in the Indian su

www.thelancet.com Vol 27 August, 2024
type (34%), followed by SqCC (28.6%) and SCLC
(16.1%)39 [Table 2].12,13,39,41–56

Biology
The genetic makeup of lung cancer in the Indian sub-
continent is shaped by the intricate diversity of its peo-
ple. Data from patients treated at four Indian tertiary
hospitals were presented at a conference, “Lung Cancer
Management in Indian Context”. The prevalence of
EGFR mutations and ALK rearrangements were re-
ported to be 30% and 10%, respectively.57 Fig. 1 provides
a pictorial representation of the genomic alterations in
Indian lung cancer.58–63

Molecular alterations underlying lung
adenocarcinoma
EGFR mutations
The intermediate EGFR mutation rate, ranging from 23
to 30% among modern-day Indians compared to 10–15%
among North Americans/Europeans and 27–62% among
East Asians, reflects an amalgamation of genetic in-
fluences from Middle Easterners, Central Asians, and
Europeans.58,59,64–67 This is the result of different migration
waves and the merging of major ancestral populations
over thousands of years at various points in time. The
PIONEER study conducted in 1482 patients with lung
adenocarcinoma from seven Asian regions (mainland
China, Hong Kong, India, Philippines, Taiwan, Thailand,
and Vietnam) found that the EGFR mutation frequency
was significantly associated with smoking history in pack-
Mean age,
in years

Squamous cell
carcinoma, in %

Adenocarcinoma,
in %

Ratio of squamous
cell carcinoma to
adenocarcinoma

51 34.3 25.9 1.3

57 42.0 20.0 2.1

57 46.5 18.5 2.5

– 77.3 5.3 14.6

– 47.3 18.2 2.6

56.4 44.8 19.4 2.3

57.8 71.3 2.6 27.4

58.2 38.1 27.5 1.4

57.9 35.1 30.8 1.1

56 26.2 43.8 0.6

56 15.8 42.6 0.4

62.7 37.1 36.2 1.0

55 32.1 37.1 0.9

58.5 49.1 30.8 1.6

– 47.9 28.1 1.7

57.8 25.1 24.1 1.0

– 16.1 51.2 0.3

58.6 36.4 36.4 1.0

58 28.6 34.0 0.8

bcontinent.
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Fig. 1: Genomic landscape of lung cancer in the Indian subcontinent. (a) Pie charts showing histological distribution of lung cancer in India.
Non-small cell lung cancer (NSCLC) constitutes 85% of cases, comprising predominantly lung adenocarcinoma and squamous cell carcinoma.
Small cell lung cancer (SCLC) represents 15% of cases. The frequency of key genomic alterations in lung adenocarcinoma and squamous cell
carcinoma is represented. EGFR mutations occur in 23–30% of lung adenocarcinoma, while KRAS and ALK alterations are present in 10–12% and
5–7%, respectively (Noronha et al., 202058 Noronha et al., 202459). FGFR3 mutations occur in 5.5% of cases (Chandrani et al., 201760). The
common mutations associated with EGFR and KRAS are shown. In squamous cell carcinoma, common mutations occur in EGFR, PIK3CA, TP53,
KRAS, PTEN, FGFR2, AKT1, ERBB3 and NRAS (Joshi et al., 202161). (b) Pie charts showing the relative prevalence of EGFR-mutant versus EGFR
wildtype lung adenocarcinoma among males, females, smokers, and non-smokers (Chougule et al., 201362). (c) Pie chart showing mutation
spectrum of KRAS mutations identified in NSCLC cases from the Indian subcontinent (Batra et al., 202363). NOTE: The frequency of gene
alterations shown in the figure is not proportionate to their actual occurrence, as the figure is intended to represent the common genomic
alterations rather than their precise frequencies.
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years and ethnicity; people of Kinh (Vietnamese)
ethnicity had the highest EGFR mutation rate at 64.2%,
and Indians had the lowest at 21.9%.67 Notably, EGFR
exon 19 and 21 mutations are observed in 53% and 38%
of lung adenocarcinoma patients of Indian origin,
respectively, mirroring the prevalence in the East Asian
population.68 The incidence of de novo exon 20 insertions
is 3.4%.69 Women in India exhibit significantly higher
EGFR mutation frequency (51.9%) compared to men
(35.1%).70 Brain metastasis has been reported as a
correlated incidence to EGFR mutation in lung cancer.70

Interestingly, the response to EGFR TKIs can differ
among Indian patients, emphasizing the necessity for
tailored treatment strategies based on the unique muta-
tional landscape.71

KRAS mutations
In contrast to EGFR mutations, KRAS mutations are
more frequent in North Americans/Europeans, with a
prevalence ranging from 25 to 50%, compared to 5–15%
among East Asians.72 A recent study from the Rajiv
Gandhi Cancer Institute, a tertiary care hospital in
Delhi, India, reported a 30.6% alteration rate in
the KRAS gene with G12C in 17 (34%), G12V in 9
(18%), and G12D in 6 (12%) patients with lung cancer.63

ALK rearrangements
The prevalence of anaplastic lymphoma kinase (ALK)
rearrangements ranges from 5 to 7%, similarly exhibit-
ing disparities in prevalence among different ethnic
groups within the Indian subcontinent.73,74,88

FGFR3 alterations
FGFR3 mutations were identified in 20 out of 363 (5.5%)
patients of Indian origin with lung adenocarcinoma.60

This finding implicates FGFR3 as a novel therapeutic
target in lung adenocarcinoma.

Molecular alterations underlying lung squamous
carcinoma
Studies reveal that 19% of patients with SqCC harbour
mutations across TP53, CDKN2A, FGFR1, PTEN,
www.thelancet.com Vol 27 August, 2024
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KMT2C, LRP1B, FAT1, NFE2L2 and PREX2.61 Among
the therapeutically relevant frequent oncogenic muta-
tions, EGFR TKI sensitive alterations were observed at a
frequency of 6% in our cohort, significantly higher than
that reported in The Cancer Genome Atlas (TCGA) and
other studies; KMT2D mutations were observed at a
frequency of 40%, compared to 10% and 24% in the
North American and East Asian populations, respec-
tively; and 10.7% alterations were noted in the PI3K-
AKT pathway.61

Penetration of molecular testing
There are no formal data regarding the uptake of
molecular testing in Southeast Asia, hence, we have
used anecdotal data and personal communication to
describe this. At the Tata Memorial Hospital (TMH) in
Mumbai (India), we register around 2000 patients with
lung cancer every year and perform molecular testing
in over 900 (45%) patients, and almost 700 (35%) pa-
tients undergo programmed cell death ligand 1 (PD-
L1) testing. Molecular testing is available in India,
Pakistan, Nepal, and Bangladesh, but not in Sri Lanka,
Bhutan, or Afghanistan. In Bangladesh, 37 centres
have polymerase chain reaction (PCR) facility. Next
generation sequencing (NGS) testing is widely avail-
able only in India; 3–4 laboratories in Pakistan, some
centres in Nepal, and 5 centres in Bangladesh perform
NGS/Illumina (4 have NGS, and one has both NGS
and Illumina). Over two dozen laboratories in India
perform NGS testing. Although we do not have formal
data from these laboratories, but from personal
communication, we conclude that annually, almost
5000 patients are undergoing NGS testing for lung
cancer in India. Our Indian cancer registry data sug-
gest that the incidence of new patients with lung
cancer is around 70,000 per year. There is a disparity
in the availability of molecular testing in academic
centres and tier 1 or other cities. Molecular testing is
available at three of the top 10 regional cancer centres
in India. Almost all molecular laboratories are present
in tier 1 or tier 2 Indian cities. Majority of molecular
testing is done at central laboratories; most individual
hospitals do not have in-house molecular laboratories.
Molecular testing with NGS has increased over time.
At TMH, almost 400 patients underwent NGS in 2021,
500 in 2022, and 900 in 2023. At Purbanchal Cancer
Hospital in Jhapa, Nepal, 23 (11.2%) of a total of 205
patients with lung cancer underwent NGS testing
in 2023.
Screening
Although early detection can significantly improve sur-
vival rates, lung cancer screening is currently not
implemented in India. Supplementary Table S2 sum-
marises the available data for lung cancer screening
studies worldwide.
www.thelancet.com Vol 27 August, 2024
Data about lung cancer screening are sparse from
India and Southeast Asia. Parang et al. performed a
retrospective study on 350 Indian smokers to assess the
effectiveness of low dose computed tomography (LDCT)
in detecting nodules and cancers.75 They concluded that
in a population with more than 20 pack year smoking
history, LDCT effectively detected potentially malignant
lung nodules (especially in lung-RADS [Reporting and
Data System] category 4).75 Damaraju and colleagues, in
a prospective observational study on 253 individuals
found a screen positivity rate of 32% when applying the
National Comprehensive Cancer Network (NCCN) cut-
off of 6 mm, and 47.8% with the National Lung
Screening Trial (NLST) cutoff of 4 mm.76 Interestingly,
lung cancer was diagnosed on biopsy in only four of the
253 screened individuals (1.6%), thereby concluding
that regions with a high incidence of granulomatous
diseases like TB and histoplasmosis can have high
positivity on LDCT screening due to these chronic
infections.

With scientific evidence mounting in support of lung
cancer screening, a major issue to be addressed is the
cost-benefit ratio of such an approach in LMICs like
India. Other important factors to consider are the sig-
nificant proportion of lung cancers in never smokers
and the earlier age of diagnosis.8,12,13 There is limited
access to computed tomography (CT) scan machines
and a small number of trained personnel who can
interpret the scans.

The way ahead is an uphill task, but LMICs, espe-
cially from the Southeast Asian region need to come
together to design a study to evaluate the benefit of lung
cancer screening in this region.
Staging by radiologic imaging
Issues in the interpretation/implementation of
optimal imaging in Southeast Asia
High incidence of TB
The appearance of spiculation, lobulation, thick-walled
cavity (>3 mm) and a lower lobe mass favour lung
cancer, but characteristic imaging features may not be
present in all patients. Fluorodeoxyglucose (FDG) ac-
cumulates both in TB and lung cancer, and studies have
shown that in TB-endemic areas, the specificity of FDG
PET/CECT reduces from 77–86% to approximately
21–61%.77 A study at TMH (Mumbai, India) reported
that the false positive and false negative rates for PET-
CT in diagnosing lung nodules were 65.2% and 5.5%,
respectively; sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accu-
racy of FDG-PET/CT for detecting malignancy in pul-
monary nodules were 94.4%, 34.7%, 81.9%, 66.6%, and
79.5%, respectively.77 A study at the All India Institute of
Medical Sciences (AIIMS; Delhi, India) reported that the
sensitivity, specificity, accuracy, PPV, NPV, and
7
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accuracy of PET-CT in mediastinal nodal staging (N2
disease) were 60%, 97%, 38%, 99%, and 96%, respec-
tively.78 Moreover, there was no statistical difference in
the metabolic uptake of TB versus lung cancer in the
median maximum standardised uptake (SUVmax)
values.77 The biopsy sample may, therefore, be sent for
both histopathology (for lung cancer) as well as for
GeneXpert (for TB).

Shortage of radiologists/interventional radiologists
There is a dearth of radiologists and interventional radi-
ologists (IR) in many Asian countries with a poor
radiologist-to-population ratio. In some Asian countries,
there is only one radiologist available per million popu-
lation.79 As far as IR is concerned, there is only one IR
available per 0.21 million population in India,80 whereas,
Pakistan has 32 IR fellows practicing within and outside
the country.81 In Myanmar, only nine IR were available in
2019.82

Availability
PET/CECT is not available in all hospitals with approx-
imately 40% medical modalities being non-functional,
hence, it is acceptable to perform contrast enhanced
(CE) CT of the thorax, abdomen, and pelvis for staging,
along with bone scan. To add to the impediment, less
than one CT scanner per million population is available
in low-income countries, compared to approximately 40
per million population in high-income countries.83
Treatment
Surgery
Due to the lack of robust screening programs in
Southeast Asia and clinico-radiological as well as
symptomatologic overlap with TB, most cases present in
advanced and metastatic stages,10 and even in those
where curative intent treatment is feasible, a significant
proportion are either unfit or unwilling for surgery.84

The resection rate is Nepal has been reported to be
3–6.7%.85 A study at AIIMS (Delhi), an Indian tertiary
centre, highlighted that only 31.7% of patients with
Stages I to IIIB NSCLC underwent curative intent
therapy; and only 13.4% underwent curative resection.86

Pre-operative staging and evaluation
There has been an exponential increase in the adoption of
endoscopic techniques in India in the past decade and
only few centres continue to offer mediastinoscopy
(Supplementary Fig. S1). In a survey among clinicians
(surgical oncologists, thoracic surgeons, pulmonologists)
treating patients with lung cancer in India, 89% respon-
ded that invasive mediastinal staging was required even in
the presence of positive lymphadenopathy on PET scans,
56% recommended invasive mediastinal assessment even
in the presence of negative mediastinal nodes on PET,
83% opined that endobronchial ultrasound (EBUS) was
the preferred approach, and only 11% voted for media-
stinoscopy as the preferred investigation.87 The survey also
reported that the availability of mediastinoscopy and
EBUS/endoscopic ultrasound was 53% and 60%, respec-
tively, in most large academic institutions in India.

Surgical approach
The traditional surgical approach has been open thora-
cotomy, however surgeons in Southeast Asia and India
have adopted minimally invasive surgery (MIS)
including video-assisted thoracoscopic (VATS)88 and
robotic approaches.89 The uptake of minimally invasive
surgery has been slow due to few patients with small
tumours, lack of high definition video equipment and
disposables, and a steep learning curve associated with
adopting MIS for pulmonary resection, especially in
Southeast Asian countries,40 with a high incidence of
adhesions and granulomatous nodes. Cost is the major
hindrance to widespread adoption of the VATS and ro-
botic platforms. Table 3 summarises the surgical lung
cancer data from Southeast Asia.84,86,90–94

Radiotherapy
According to the latest data from the International Atomic
Energy Agency–Directory of Radiotherapy Centres (IAEA-
DIRAC) (Supplementary Fig. S2), there are 451 radio-
therapy (RT) centres in India with 779 megavoltage tele-
therapy machines, one light ion therapy, five kilovoltage
therapy machines, and 413 brachytherapy machines.95

There is huge disparity between rural and urban
sectors in terms of accessibility to RT facilities and cost
of treatment.96 The waiting period in private hospitals is
shorter (usually less than a week) as compared to that in
the public sector (typically ranges from 1 week to 2
months).40 The Indian government has taken several
initiatives to address these challenges, including plans
to expand cancer treatment facilities and invest in
additional RT machines.

Advances in RT delivery techniques have made treat-
ment for lung cancer more effective and better tolerated.
Many retrospective case series have discussed the role
of stereotactic body radiation therapy (SBRT) which
showed promising efficacy in appropriately selected
populations.97–102 An overall survival of 41% at 2 years has
been reported in the largest series by Agrawal et al.103

Table 4 summarises the RT data from Southeast Asia.97–105

Systemic therapy, outcomes, and patterns of
practice
Table 5 summarises various studies from the region on
systemic therapy in lung cancer. The major difference
in treatment is due to a lack of access to newer mole-
cules like targeted and immunotherapies.

Non-metastatic
In patients with locally advanced lung cancer, multiple
studies have shown that concurrent chemoradiotherapy
www.thelancet.com Vol 27 August, 2024
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First author Country Year of
publication

Type of study Results Conclusions

Nair CK84 India 2017 Observational,
retrospective (n = 1086)

More than half (55.2%) of the patients with lung cancer presented
with distant metastases, 40.8% presented with locoregionally
advanced disease and 4.1% presented with localised disease. Only
15.7% of patients received curative treatment; only 21 patients
(2%) underwent surgery (alone or as part of a multimodality
regimen)

High prevalence of tuberculosis and lack of widespread availability
of thoracic oncologists could be the possible reasons for low
percentage of patients treated with curative intent

Malik PS86 India 2014 Observational, retrospective Among 104 patients with stage I-IIIB NSCLC, 31.7% patients
underwent curative treatment; 14 (13.5%) underwent surgery and
19 (18.3%) received radical radiotherapy. Reasons for
underutilisation of curative therapy included disease progression,
lost to follow-up, and unindicated palliative radiation or systemic
therapy like TKI. Patients treated with non-curative intent had
inferior survival

Radical intent therapy is grossly underutilised, and results in inferior
survival

Majeed FA90 Pakistan 2023 Observational, retrospective Among 338 patients who underwent cervical mediastinoscopy and
lymph node biopsy, 157 (46%) had tuberculosis, 34 (10.1%) had
sarcoidosis, and 52 (15.3%) had a malignancy (NSCLC, SCLC, or
metastatic carcinoma). Amongst the 60 patients who underwent
staging, 33 (55%) had negative mediastinal disease. Complications
occurred in 3.8%: 3 developed hoarseness of voice, 2 had wound
infection requiring intervention.

Cervical mediastinoscopy is an effective and safe diagnostic tool for
mediastinal nodal evaluation and staging for lung cancer

Mithi MT91 India 2024 Observational, retrospective Less than 2% of patients with lung cancer underwent radical
surgery. Among 92 patients with NSCLC who underwent curative
surgery, right upper lobectomy was the most common surgery.
DFS at 2- and 3-years were 65.4% and 60.8%, respectively. OS at
2- and 3-years were 74.3% and 70.6%, respectively.

Radical surgery is underutilised in patients with NSCLC. In patients
who undergo curative surgery, survival appears to be similar to
global standards.

Thakur B92 Nepal 2014 Observational, retrospective Stage IIIB/IV was noted in 66.8%, and curative resection was done
in 6.7%. Surgery was used as sole treatment in 38%; neoadjuvant
and adjuvant therapies (chemotherapy/radiotherapy/
chemoradiotherapy) were added in 12% and 50%, respectively.
Resections were R0 in 91%; in-hospital mortality was 2% (post
pneumonectomy: 5.5%; post lobectomy: 1.5%; post sub-lobar
resection: 0%). Median and 5-year OS were 36 months and 18%,
respectively.

Patients with early-stage disease, R0 resection, and pathological
N0-1 have the best survival.

Shah SH93 India 2017 Observational, retrospective Among 48 patients with lung cancer who underwent major lung
resections, 80% presented with symptoms and in advanced stages.
Pneumonectomy was required in 41.6% and neoadjuvant
chemotherapy in 45.8% of the patients. Morbidity and mortality
were similar between pneumonectomy (25%, 5%) and lobectomy
(21.2%, 3.5%). DFS at 1, 2, and 3 years were comparable after
pneumonectomy (71.8%, 51.4%, 42.8%) and lobectomy (73.3%,
66.1%, 55.6%). Following neoadjuvant therapy, the type of surgery
had no impact on survival.

Pneumonectomy is commonly done in Indian patients with lung
cancer and leads to acceptable oncologic outcomes.

Kumar A94 India 2018 Observational, retrospective In 102 patients (27 patients had lung cancer) undergoing VATS
lobectomy, the conversion rate was 8.82% (n = 9). There were no
postoperative complications in 82 (80.4%) patients; average blood
loss was 211.37 mL; mean operative time was 173 min; median
length of hospital stay was 5 days; median chest tube duration was
4.9 days. There was no in-hospital or 30-day mortality. Most
common complication was prolonged air leak.

VATS lobectomy can be safely performed even in tuberculosis-
endemic regions

ACRONYMS: NSCLC: Non small cell lung cancer; TKI: Tyrosine kinase inhibitor; SCLC: Small cell lung cancer; DFS: Disease free survival; OS: Overall survival; VATS: Video-assisted thoracoscopic surgery.

Table 3: Selected recent studies on surgical management of lung cancer from Southeast Asia.
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Study (Country,
year)

Type of study Number of
patients

Disease stages included in
analysis

Type of radiotherapy Outcomes Toxicity

Kundu et al.
(India, 2013)97

Retrospective 8 I-IIA (T1-T2N0M0 [medically
inoperable])

SBRT (48 Gy/6–8 fractions) OS at 1.5 years–87.5% Grade 2 pneumonitis—1/8 (12.5%)
No Grade 3 or higher toxicities

Pathak et al.
(India, 2016)98

Retrospective 22 Early lung cancer (T1, T2) SBRT At 12 months: OS-86.4%,
LRFS-88.2%, DMFS-62%;
At 18 months: OS-64.8%,
LRFS-75.6%, DMFS-37.2%

NA

Madhavan et al.
(India, 2017)99

Retrospective 9 Early lung cancer (T1-T2N0M0) SBRT (48–54 Gy/3–4 fractions) Median PFS-27 months (19.5–35.5);
Median OS-28 months (20.5–35.5)

No grade ≥2 acute or late toxicities
noted

Talapatra et al.
(India, 2018)100

Retrospective 18 Early lung cancer SBRT 1-year local control: 87.5% Grade 2 radiation pneumonitis-2
(7%); Grade 3 radiation
pneumonitis–1 (3.5%); Grade 2
esophagitis-3 (11.1%); Grade 1
radiation dermatitis-3 (11.1%)

Agarwal et al.
(India, 2020)101

Retrospective 40 Early lung cancer (70% stage I) SBRT: Median biologically effective
dose (BED) for the initial cohort
treated from 2007 to 2012: 77 Gy10
(range: 77–105); for the next cohort
from 2013 to 2015: 105 Gy10
(range: 77–132)

2-yr OS-41%; 2-year local control:
94%; 2-year cancer-specific survival:
62%

Skin erythema (10%), grade 1
esophagitis (8%), chronic
obstructive pulmonary disease
exacerbation (10%). Grade ≥2 late
radiation pneumonitis = 17.5%. Rib
fracture in 1 patient.

Shrimali et al.
(India, 2020)102

Retrospective 15 Lung primary (T1, T2 N0),
oligometastatic lung metastasis

SBRT (40–60 Gy in 5–8 fractions
with alternate-day treatment)

Locoregional control rate at 17
months: 93.3%

No acute or late toxicities

Agarwal et al.
(India, 2016)103

Retrospective 171 II-III and selected IV 66% concurrent CRT;
28% sequential CRT

Median DFS—7 months
Median OS—13 months

Grade 2 acute
RT pneumonitis–6.4%
Grade 2 esophagitis–32.2%
Grade 3 esophagitis–4.1%

Agarwal et al.
(India, 2014)104

Retrospective 52 IIB-IIIB Radical CRT NA Grade 2+ pneumonitis—35.3%

Alagiyawanna et al.
(Sri Lanka, 2022)105

Retrospective 349 I-IV (excluding metastasis to lungs
from other primaries)

51% RT alone
20% concurrent CRT
17% sequential CRT

Median OS—12 months NA

RT: radiotherapy, CRT: chemoradiotherapy, SBRT: stereotactic body radiation therapy, DFS: disease-free survival, OS: overall survival; PFS: progression-free survival; LRFS: locoregional recurrence free survival; DMFS: distant metastasis free survival;
NA: not available.

Table 4: Studies evaluating the role of radiation, or chemoradiotherapy in early and locally advanced lung cancer in Southeast Asia.
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Eligibility/Stage Type of study Eligibility criteria Enrolment

years

First author Modality Progression free

survival

Overall survival Number

of patients

Locally advanced

Locoregional

advanced

adenocarcinoma

lung with N2

disease

Retrospective Locoregionally advanced non-

metastatic adenocarcinoma

lung, with N2 disease,

borderline for upfront definitive

therapy, and planned for

neoadjuvant therapy

2009–2016 Noronha106 Platinum + pemetrexed every

3 weeks for 2–4 cycles,

followed by evaluation for

definitive therapy

14 months (95% CI, 10.7–17.3);

Following neoadjuvant

chemotherapy, 72.9%

underwent definitive therapy.

Median PFS in patients who

underwent definitive

therapy = 15 months

(11.2–18.8), versus 8 months

(0.2–15.8) in those who did not

undergo definitive therapy;

P = 0.271

22 months (95% CI, 15.6–28.4);

Median OS in patients who

underwent definitive

therapy = 25 months

(19.6–30.4), versus 12 months

(3.2–20.7) in those who did not

undergo definitive therapy;

P = 0.015

96

Stage IIIA Retrospective Stage III 2013–2017 Prabhash107 All (CRT, chemotherapy,

sequential chemo followed by

RT, TKI, RT alone, surgery, IO)

12.8 months (12.2–13.7) 42.3 months (38.1–46.8) 1874

Inoperable Prospective

observational

Inoperable Stage

III NSCLC

2018–2019 Noronha108 CRT → Durvalumab 8.5 months (5.5–11.6) Not reported 15

Locally advanced Retrospective Locally Advanced NSCLC 1992–1996 Sharma109 Sequential CRT

(cisplatin + Ifosfamide

+ Mitomycin C) versus RT

(60 Gy)

Not reported 20% versus 7.4% at 2 years 508

Unresectable Prospective

randomised

phase III trial

Unresectable NSCLC Not reported.

Published in

2006

Dasgupta110 RT alone (65 Gy) versus

sequential CRT

(Cisplatin + Etoposide→ 60 Gy

→ cisplatin + etoposide) versus

concurrent CRT

(cisplatin + etoposide with

50 Gy → cisplatin + etoposide)

16 months (5–20) versus 21

months versus 21 months

(8–22)

59.4% versus 57% versus 66.6%

at 2 years

103

Locally advanced Retrospective Locally advanced NSCLC 2007–2011 Agrawal111 Concurrent CRT versus

sequential CRT

Not reported 12 months versus 12 months 55

Locally advanced Retrospective Locally advanced NSCLC 2008–2012 Agarwal103 Neoadjuvant chemotherapy-

> CRT, CRT, CRT adjuvant,

sequential CRT

7 months 13 months 171

Stage III Retrospective Stage III 2006–2015 Murali55 Concurrent CRT versus

sequential CRT

31% versus 8% (P = 0.29) at 1

year

30% versus 0% (P = 0.51) at 1

year

169

Inoperable Retrospective Inoperable, locally advanced

NSCLC

2011–2016 Shrimali112 Concurrent CRT versus

sequential CRT/RT alone

Not reported 28 months versus 13 months;

P < 0.001

213

Locally advanced Retrospective Locally advanced NSCLC 2007–2015 Srivastava113 Neoadjuvant

chemotherapy→concurrent

CRT versus concurrent CRT

versus sequential CRT/RT alone

13 months versus 13 months

versus 13 months

15 months versus 16 months

(P = 0.75)

114

Locally advanced Randomised

prospective

Locally advanced NSCLC 2013–2014 Kumar114 CHARTWELL (accelerated

hyperfractionation) versus CRT

11 months (8.8–13.1) versus 11

months (8.37–13.62)

12 months (11.38–12.6) versus

12 months (8.86–15.1)

60

(Table 5 continues on next page)
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Eligibility/Stage Type of study Eligibility criteria Enrolment

years

First author Modality Progression free

survival

Overall survival Number

of patients

(Continued from previous page)

Stage III Randomised

prospective

Stage III NSCLC 2016–2017 Sardar115 Concurrent CRT versus

neoadjuvant chemotherapy→

concurrent CRT

9.9 months versus 11.8 months;

P = 0.042

13.3 versus 13.6 months;

P = 0.542

44

Locally advanced Randomised

prospective

Locally advanced NSCLC 2013–2014 Srinivasa116 CRT with

paclitaxel + carboplatin versus

cisplatin + etoposide

1-year PFS: 78% versus 83%;

P = 0.674

Similar OS between the two

arms; P = 0.898

36

Advanced stage: EGFR mutant

EGFR sensitising

mutation, first

line

Phase III

randomised trial

Advanced metastatic NSCLC

with EGFR mutation

2012–2016 Patil117,118 Gefitinib versus pemetrexed +

carboplatin

chemotherapy→maintenance

pemetrexed

Median PFS: 8.4 months

(6.3–10.5) versus 5.6 months

(4.2–7); P = 0.001; HR = 0.66

(0.51–0.85)

Response rate: 63.5% versus

45.3%

P = 0.003

18 months (15.2–20.8) versus

22.6 months (18.6–26.6);

HR = 0.78 (0.56–1.09);

P = 0.133; At follow-up of 104

months: median OS in gefitinib

arm = 19.5 months (16.7–24.8)

versus chemotherapy

arm = 22.6 months (19.2–25.2);

HR = 1.11 (0.87–1.39); P = 0.423

290

EGFR mutated,

first line

Retrospective EGFR positive NSCLC 2007–2018 Garg121 TKI (93% first generation, 7%

second or third generation)

Median PFS: 9.3 months;

Response rate: 65.9%

Not reported 483

Advanced

NSCLC, in a

clinically

enriched

population

(EGFR mutation

testing not

done)

Retrospective

observational

Stage IIIB or Stage IV NSCLC

with the following clinical

features: female sex, non-

smoker, adenocarcinoma, poor

PS

2009–2010 Louis122 Gefitinib 250 mg orally daily Median PFS = 5 months (0–23);

Response rate = 54.2%

7.5 months (1–26) 120

EGFR mutated

NSCLC

Post hoc analysis

of phase III

randomised study

EGFR positive metastatic NSCLC-

exon 19/21

2016–2018 Joshi123 Exon 19 versus 21; Patients

randomised to gefitinib and

pemetrexed + carboplatin

Median PFS: 9.3 months

(6.8–11.7) versus 7.8 months

(5.5–10); P = 0.699

Response rate: 72.9% versus

55.6%; P = 0.046

19.8 months (16.8–22.7) versus

16.5 months (10.9–22.1);

P = 0.215

141

EGFR mutated

NSCLC, first line

Phase III

randomised trial

EGFR mutated lung cancer 2016–2018 Noronha58,59 Gefitinib + pemetrexed +

carboplatin chemotherapy

versus gefitinib alone

Median PFS: 16 months

(13.5–18.5) versus 8 months

(7–9);

HR: 0.51

P < 0.001

Response rate: 75% versus 63%

Not reached versus 17 months

(13.5–20.5); HR: 0.45; P < 0.001.

At a median follow-up of 5

years, median OS in

gefitinib + chemo: 27.5 months

(24.8–30.8) versus gefitinib:

17.6 months (15.3–21.5),

P < 0.001

350

(Table 5 continues on next page)
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Eligibility/Stage Type of study Eligibility criteria Enrolment

years

First author Modality Progression free

survival

Overall survival Number

of patients

(Continued from previous page)

EGFR

uncommon

Retrospective Newly diagnosed advanced

NSCLC, uncommon EGFR

mutation

2013–2017 Kate124 TKI (first generation [FG],

second generation [SG], third

generation [TG])

Median PFS: FG-9.4 months

(7.9–10.9),

SG-15.3 months,

TG-6 months (5.1–7.0);

Response rate: FG-48.7%,

SG-100%, TG-33.3%

FG-18.3 months (5.7–30.9), SG-

Not reached, TG-15.9 months

(6.6–25.2)

83

De novo T790M Retrospective De novo T790M-Mutated

NSCLC

2015–2019 Panda125 All (TG, FG, gefitinib plus

chemotherapy, chemotherapy

alone, gefitinib plus

bevacizumab)

Median PFS: 10.4 months

(7.6–19.7)

Response rate: 48.7%

24.9 months (15.7-NA) 39

EGFR 3rd line

therapy

Post-hoc analysis

of Phase III

randomised trial

EGFR positive metastatic NSCLC

on 3rd line treatment

2012–2016 Noronha126 Multiple (FG, oral

chemotherapy, intravenous

chemotherapy single agent,

intravenous chemotherapy

doublet)

Median PFS: 4.4 months

(3.3–4.9)

Response rate: 44%

8.3 months (6.8–9.8) 85

Advanced stage: ALK fusion

ALK first line Retrospective ALK positive advanced NSCLC 2013–2018 Kapoor127 ALK TKI, chemotherapy, best

supportive care

14.1 months (12.2–15.9) 30.7 months (27.3–34.2) 441

ALK first line Retrospective ALK positive NSCLC Not reported;

Published in 2020

Batra128 Crizotinib 11.8 months 20.6 months 25

ALK first line Subgroup

analysis of a

phase III

randomised trial

(ASCEND-8)

ALK positive metastatic NSCLC 2015–2017 Cho129 Ceritinib 450 mg versus

600 mg versus 750 mg

(fasting)

Not estimated (19.2-NE) versus

21.9 months (4.1 to NE) versus

8.2 months (5.4–16.6)

3-year OS: 93.1% (75.1–98.2)

versus 74.8% (45.3–89.9) versus

70.9% (47.9 versus 85.1)

102

ALK first line Retrospective ALK positive NSCLC 2013–2019 Patel74 Crizotinib, ceritinib 11.1 months 24.7 months 250

ALK poor

performance

status (PS)

Retrospective ALK positive NSCLC with ECOG

PS 2–4

2013–2018 Singh130 ALK TKI, chemotherapy, best

supportive care; PS 2–4 versus

0–1

PS 2–4: 9.3 months (6.6–12)

versus PS 0–1: 14.9 months

(13.4–16.4); HR = 1.38;

P = 0.027

17.9 months (12.8–23.1) versus

33.5 months (28.6–38.4);

HR = 1.89; P < 0.001

441

ALK 2nd/3rd line Retrospective ALK positive NSCLC; Post

progression on crizotinib

2018–2019 Talreja131 Lorlatinib Mean PFS = 9.6 months (range,

7.1–12.1)

Mean OS from the start of

lorlatinib = 13.6 months (range,

10.6–16.6); Mean OS from the

date of diagnosis = 53.5 months

(44.8–62.2)

34
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Eligibility/Stage Type of study Eligibility criteria Enrolment

years

First author Modality Progression free

survival

Overall survival Number

of patients

(Continued from previous page)

ALK 2nd line

and beyond

Retrospective ALK-positive NSCLC post

progression or intolerance on

initial therapy, who received

lorlatinib

2018–2019 Kumar132 Lorlatinib Median PFS = 16 months

(5.4–26.6)

Median OS = 22 months

(9.9–34.1); Median OS from

diagnosis = 55 months

(42.6–67.4)

38

Advanced stage: other mutations

ROS1 Retrospective ROS1 positive 2015–2017 Joshi133 Crizotinib Estimated 2-year PFS = 54%

Response rate: 81%

2-year OS: 54% 22

ROS1 Retrospective Stage IV NSCLC

adenocarcinoma; ROS1 positive

2012–2019 Mehta134 Crizotinib Estimated 1-year PFS—56.2%

Response rate: 64.8%

Estimated 1-year OS- 36.9% 14

ROS1 Retrospective ROS1 rearranged advanced

NSCLC

2015–2021 Panda135 Chemotherapy in 21 (30.9%),

ROS1 TKI in 38 (55.9%)

(crizotinib, ceritinib,

entrectinib), other therapy in 9

(13.2%)

Median PFS = 13 (95% CI, 9.92–

26.1) months; Estimated 3-year

PFS = 26.4% (95% CI, 16.15–

43.2), estimated 5-year

PFS = 15.4% (6.74–35.2);

Response rate (to ROS1

TKI) = 85.3%

Median OS = 37.9 (95% CI,

20.6-NA) months; estimated 3-

year OS = 53.8% (95% CIM

40.3–71.8); estimated 5-year

OS = 38.8% (95% CI, 24.1–62.5)

68

KRAS Retrospective Metastatic NSCLC; KRAS

mutated

2014–2018 Lee136 Chemotherapy with or without

immunotherapy, targeted

therapy

4.5 months (3.4–5.9) 10.3 months (6.9–12.4) 216

KRAS Retrospective Metastatic NSCLC; KRAS

mutated

2016–2020 Batra63 Chemotherapy 5.4 months (G12C cohort = 6.4

months, versus non-G12C

cohort = 3.8 months)

11.1 months (95% CI, 6–18) 36

KRAS Retrospective KRAS-mutant lung cancer 2016–2022 Noronha137 First line: Chemotherapy in 80

(86.9%), TKI (not KRAS

directed) in 9 (9.8%). One

patient received sotorasib in

second-line

Chemotherapy: Median PFS = 6

(95% CI, 2.8–9.2) months

Chemotherapy: Median OS = 12

(95% CI, 9.2–14.8) months

133

Advanced stage: Non-driver mutated, first line palliative setting

Advanced

untreated

squamous cell

lung cancer

Phase III

randomised non-

inferiority trial

Stage IIIB or IV NSCLC, in the

first line setting, squamous

histology

2013–2018 Patil138 Gemcitabine (days 1 and

8) + carboplatin every 21 days

for a maximum of 6 cycles.

Randomisation was to

gemcitabine at standard dose

(1000 mg/m2 over 30 min)

versus low dose (250 mg/m2

over 6 h)

3.1 versus 4 months; HR = 0.95

(0.86–1.28)

6.8 versus 8.4 months;

HR = 0.89 (0.72–1.1); P = 0.006

for non-inferiority

308

First line

advanced NSCLC

Phase II

randomised study

Stage IIIB/IV NSCLC, in the first

line setting

2004–2005 Digumarti139 Chemotherapy

(paclitaxel + carboplatin) + oral

talactoferrin versus

chemotherapy alone

7 months versus 4.2 months;

HR = 0.85; P = 0.24

10.4 months versus 8.4

months; HR: 0.87; P = 0.26

110
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Eligibility/Stage Type of study Eligibility criteria Enrolment

years

First author Modality Progression free

survival

Overall survival Number

of patients

(Continued from previous page)

First line,

advanced NSCLC

Phase II

randomised study

Stage IIIB (unresectable) or IV

NSCLC

Not reported;

Published in 2014

Babu140 Nimotuzumab plus

chemotherapy

(docetaxel + carboplatin)

versus chemotherapy alone

4.9 versus 4.8 months; HR: 0.81

(0.53–1.22); P = 0.31

10.1 versus 10.4 months; HR:

0.84 (0.53–1.35); P = 0.48

110

Advanced first

line NSCLC

Prospective

observational

First line NSCLC patients who

had completed chemotherapy

during a 12 month period

Not reported.

Published in 2010

Singh141 Chemotherapy

(Taxane + platinum for fit

patients; single agent

docetaxel for unfit patients);

Outcomes compared between

patients who had intercycle

chemotherapy delays versus

patients who did not

Not reported 232 days versus 247 days (in

patients with intercycle

chemotherapy dose delays

versus those without delays);

P = 0.604

100

First line, non-

driver mutated

Retrospective Stages IIIB and IV 2002–2006 Rajappa142 Chemotherapy (platinum

doublet)

6 months (2–70) 7 months (2–72) 294

First line, non-

driver mutated

Retrospective Stage IV NSCLC 2008–2012 Tiwana143 Chemotherapy

(carboplatin + paclitaxel/

etoposide + cisplatin/

gemcitabine + cisplatin)

Not reported 5 ± 1.5 months; 2-year OS = 8% 138

Maintenance

therapy

following first

line

Phase III

randomised

controlled trial

EGFR negative non-squamous

metastatic NSCLC, post 4 cycles

platinum doublet

2014–2017 Patil144 Randomisation to pemetrexed

intravenously versus erlotinib

orally

4.5 months versus 4.5 months;

P = 0.94

16.6 months versus 18.3

months; P = 0.49

200

Maintenance

therapy

following first

line in advanced

adenocarcinoma

Retrospective Locally advanced and metastatic

adenocarcinoma, who had

received first therapy with

pemetrexed + carboplatin and

the disease had responded or

was stable

2011–2014 Pandey145 Pemetrexed maintenance 8 months 20 months 188

Advanced (stage

IIIB/IV) NSCLC

(elderly patients)

Prospective

observational

Advanced NSCLC, patients aged

≥60 years

Not reported;

published in 2012

Prasad146 Carboplatin (AUC 5) and

gemcitabine (350 mg/m2 over

4 h, on days 1,8)

chemotherapy for 6 cycles

Not reported 11 months; Statistically

improved OS noted in patients

who completed 6 cycles of

chemotherapy (versus <6

cycles), dose reduction versus no

dose reduction, best response of

partial response or stable

disease (versus progressive

disease), and those treated by a

medical oncologist (versus other

doctor)

75

Advanced

NSCLC in the

second or third

line setting

Randomised

double blind

placebo

controlled Phase

II study

Stage IIIB or IV histologically

confirmed NSCLC, with

progression on first line

platinum-based chemotherapy,

or on second line therapy

2004–2006 Parikh147 Oral talactoferrin (1.5 g in

15 mL phosphate-based buffer)

or placebo (15 mL phosphate-

based buffer) twice a day

Talactoferrin = 7 weeks (90% CI,

6–13); Placebo = 6 weeks (90%

CI, 6–7); HR, 0.73 (90% CI,

0.9–1.07), P = 0.05

Talactoferrin = 6.1 months

(90% CI, 4.7–8.4); Placebo = 3.7

months (90% CI, 2.8–4.9);

P = 0.04

100
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Eligibility/Stage Type of study Eligibility criteria Enrolment

years

First author Modality Progression free

survival

Overall survival Number

of patients

(Continued from previous page)

Advanced

recurrent NSCLC,

and first line in

patients

ineligible for

platinum

Retrospective

analysis of

prospectively

collected data

Recurrent and treatment-naïve

platinum-ineligible advanced

NSCLC

2010–2011 Noronha149 Paclitaxel 80 mg/m2 weekly 4 months 7 months 37

Advanced

NSCLC in the

second- or third-

line setting

Retrospective

analysis of the

Indian patients

enrolled in the

phase III

randomised ISEL

study290 and

patients included

in the gefitinib

expanded access

program

Locally advanced or metastatic

NSCLC, post one or two lines of

chemotherapy, with progression

or intolerance (EGFR testing was

not routine)

ISEL trial290: Not

reported

(published in

2005)

Gefitinib

expanded access

program:

2002–2004

Parikh150 Randomisation was 2:1 to

gefitinib 250 mg orally daily, or

placebo

Not reported Indian subset in the ISEL study:

Gefitinib-6.4 months; Placebo-

5.1 months; Gefitinib expanded

access program: 6 months

Indian subset

of the ISEL

study = 77;

Gefitinib

expanded

access

program = 133

Various lines:

First line (4%),

second line

(67%), third line

and beyond

(29%)

Retrospective

analysis

NSCLC, who had received

immunotherapy.

2016–2018 Kumar152 Nivolumab (n = 70),

pembrolizumab (n = 9),

atezolizumab (n = 9)

4.73 months (95% CI, 3.7–8.9) 11.6 months (95% CI, 7.33-Not

reached)

88

Advanced non-

driver mutated

NSCLC, post

progression on

systemic therapy

Retrospective Advanced NSCLC, with no driver

mutation, progressed on

systemic therapy

Not reported,

published in 2022

Batra153 Immunotherapy 3.2 months 7.1 months 64

ACRONYMS: PFS: progression free survival; OS: overall survival; CRT: chemoradiotherapy; chemo: chemotherapy; RT: radiotherapy; TKI: tyrosine kinase inhibitor; IO: immune checkpoint inhibitor; EGFR: epidermal growth factor receptor; ALK: anaplastic
lymphoma kinase; HR: hazard ratio; FG: first generation; SG: second generation; TG: third generation; ECOG: Eastern Cooperative Oncology Group; PS: performance status; NE: not estimated; AUC: area under the curve

Table 5: Studies from India and Southeast Asia evaluating the role of systemic therapy in lung cancer.

Series

16
w
w
w
.thelancet.com

V
ol

27
A
ugust,

20
24

http://www.thelancet.com


Series
(CRT) is better than sequential chemotherapy followed
by RT. Although prospective data from Dasgupta et al.
were contradictory,110 most studies favoured concurrent
CRT. In terms of the concurrent chemotherapy
regimen, paclitaxel + carboplatin was compared to
cisplatin + etoposide by Srinivasa et al., who reported no
difference in efficacy.116 Our group from the TMH in
Mumbai, India, had published regarding the use of
pemetrexed + platinum as induction chemotherapy in
patients with N2 (ipsilateral mediastinal nodal spread)
disease planned for radical therapy.106

Metastatic
EGFR mutation. Overall, the maximum volume of
Asian data available for NSCLC is for patients with
EGFR-positive metastatic disease. Our group has con-
ducted two phase III trials in this cohort of patents in
the first-line setting. In the first study, we compared
upfront gefitinib to pemetrexed + carboplatin,117,118 and
in the second study, we compared gefitinib to the
combination of gefitinib with pemetrexed + carboplatin
in 350 patients with EGFR-mutant NSCLC.58,59 Consid-
ering that newer medicines like osimertinib are not
accessible or affordable for most patients in Southeast
Asia, the gefitinib + chemotherapy combination became
the standard of care for patients with advanced EGFR-
mutant NSCLC, as reflected in various guidelines.119,120

Other published data include a retrospective audit by
Garg et al.,121 Louis et al. (in a cohort clinically enriched
for a possibility of harbouring EGFR mutation prior to
when EGFR testing was routine),122 post-hoc subset
analysis of the phase III randomised study evaluating
the differential survival in exon 19 versus 21,123 retro-
spective data on uncommon EGFR mutations,124 de
novo T790M,125 and a retrospective analysis of third line
treatment in patients with EGFR-positive NSCLC.126

ALK fusion. Multiple retrospective analyses have been
reported for ALK positive metastatic NSCLC, especially
in the first line setting. With ALK TKI (predominantly
crizotinib), the median PFS is between 11 and 14
months based on data from Kapoor et al.,127 Batra
et al.,128 and Patel et al.74 A retrospective analysis by
Singh et al. showed good outcomes (PFS of 9.4 months)
with ALK TKI even in patients with a poor performance
status (PS).130 A small case series by Talreja et al. found
that following progression on crizotinib, lorlatinib
resulted in a mean PFS and OS of 9.6 and 13.6 months,
respectively (calculating from the start of lorlatinib
therapy); mean OS calculated from the date of diagnosis
was 53.5 months.131 A more recent retrospective analysis
by Kumar et al. in 38 patients with ALK-positive NSCLC,
therapy with lorlatinib in the second line and beyond
setting (84% received ≥2 prior lines of therapy, 76.3%
had received a second generation oral TKI) resulted in a
median PFS of 16 months (95% CI, 5.4–26.6) and a
www.thelancet.com Vol 27 August, 2024
median OS of 22 months (95% CI, 9.9–34.1); median
OS from diagnosis was similar to that reported by
Talreja et al.131 at 55 months. The most common grade
≥3 toxicities included hypercholesterolemia (13%) and
hypertriglyceridemia (11%). There were neurologic
adverse events in 16% patients.132

Other mutations. Data for other rare mutations are
sparse. Analysis from Joshi et al.133 and Mehta et al.134

have reported a 2-year OS of 54% and a response rate
of 64.8%, respectively, with crizotinib in patients with
ROS1-positive disease. Our group at TMH (Mumbai,
India) recently reported the outcomes of 70 patients
with ROS1-altered NSCLC, which underscored the
importance of access to therapy; the median OS and 3-
year OS of patients who received ROS1-directed ther-
apy in the first line were 48.59 months (95% CI, 37.85-
NA) and 71.8%, respectively, compared to 10.9 months
(95% CI, 7.16-NA) and 36.7%, respectively, for those
who received first-line chemotherapy.135 Patients with
KRAS-mutated disease have been reported to have a
poor PFS in studies from Lee et al. (4.5 months)136 and
Batra et al. (5.4 months).63 A recent study on 133 pa-
tients with KRAS-mutant NSCLC from our group at
TMH reported a median OS of 12 months.137

Driver mutation negative
First line. Retrospective studies in driver mutation
negative NSCLC have reported that the median PFS
ranges between 4 and 9 months and OS between 10 and
13 months.141–143 Outcomes, particularly PFS, in SqCC
are lower than those in adenocarcinoma. Most available
data are for chemotherapy, either alone,141–143 or with
targeted drugs like talactoferrin (orally administered
immunomodulatory drug),139 or the EGFR-directed
antibody, nimotuzumab.140 Our group proved in a
randomised phase III trial that low-dose gemcitabine
(250 mg/m2 intravenously over 6 h on days 1 and 8)
with carboplatin led to a non-inferior OS as compared to
standard dose gemcitabine (1000 mg/m2 intravenously
over 30 min on days 1 and 8) with carboplatin every 21
days for up to six cycles, in patients with advanced SqCC
in the first line palliative setting.138 We had found that in
patients with EGFR-negative non-SqCC NSCLC who
had received at least four cycles of first line platinum-
based combination chemotherapy and had not pro-
gressed, maintenance therapy with oral erlotinib led to
similar PFS, OS and quality of life as pemetrexed.144

Data for immunotherapy or immunotherapy plus
chemotherapy in the first line setting are sparse.

Second line and beyond. Parikh et al. showed in a
randomised phase II study conducted in 100 Indian
patients with relapsed refractory NSCLC that oral talac-
toferrin prolonged OS over placebo.147 Unfortunately, a
subsequent global phase III study (FORTIS-M) by
17
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Ramalingam et al. failed to corroborate this benefit of
oral talactoferrin.148 Several retrospective analyses have
been published by various institutes detailing the use of
chemotherapy, targeted therapy, and immunotherapy.
We found that weekly paclitaxel led to a median OS of 7
months.149 Gefitinib in the second line setting (Indian
subgroup analysis of the ISEL trial, as well as Indian
patients who received gefitinib as part of the expanded
access program) resulted in a median OS of 5.6
months.150,151 Nivolumab resulted in a median OS of
11.6 and 7.1 months in studies by Kumar et al.152 and
Batra et al.,153 respectively.
Research
Despite rapid developments in the field of thoracic
oncology, both clinical and translational, the rising
burden of lung cancer in India is juxtaposed against a
lack of protected research time, and exceedingly busy
clinical commitments.154 The research output mainly
comes from studies involving cancer genetics and
medical oncology, which together account for ∼30% of
the total output. A search in the Clinical Trials Registry-
India (CTRI website) revealed that there were two
studies evaluating vaccines, five studies on AYUSH
(Ayurveda, Yoga and Naturopathy, Unani, Siddha and
Homeopathy) and indigenous forms of medicine, only
one study on artificial intelligence (AI), although there
are many real world studies ongoing, and eight studies
on palliative care/quality of life (Supplementary
Tables S3, S3A, and S3B). When compared to the rest
of the world, the India-to-world ratio for the proportion
of cancer research for lung cancer is 0.51.40,155

In terms of published literature, from 1989 to 2017
there were 7545 articles published from India on lung
cancer with an annual growth rate of 18.8%.155 However,
the impact factor trend has plateaued. This could be
overcome by dedicated clauses and policies under the
National Cancer Control Program, and dedicated
Research Methodology Workshops like AAZPIRE, and
workshops conducted by the Indian Council for Medical
Research (ICMR).

The 59th report of the parliamentary standing com-
mittee on health and family welfare revealed many lax
standards and regulatory violations in clinical trials and
marketing authorization. In 2007, a clinical trial registry
for India was attempted however this was not supported
legislatively. Of all the trials registered with the Clinical
Trials Registry-India (CTRI), only 14.9% were related to
lung cancer, with ∼70% being conducted only in India,
whereas the proportion of global clinical trials in the
nation is alarmingly low at only ∼2%.156 This needs
serious policy changes, and more international collabora-
tive efforts, in order to increase access to newer molecules
which are continually being developed for lung cancer.

Efforts to devise better screening and early detection
have been ramped up, for example, the state of
Maharashtra in India, in association with researchers
and investigators from TMH in Mumbai, planned to roll
out a cervical cancer screening statewide trial. However,
a similar study in lung cancer is currently elusive owing
to the cost required for LDCT scans.

Batra et al. have developed and validated an AI tool
capable of predicting oncogene addiction with ∼90%
accuracy for EGFR mutated cases.157 If validated more
extensively, this may translate clinically into a valuable
tool.

Gaps and the way forward
Although several guidelines exist, we require a set of
dynamic guidelines which change with changing sci-
ence, and are region-centric, i.e., developed from data
generated in Southeast Asia rather than based on global
data. To address the issue of availability of trained
manpower, the government of India has modified the
eligibility criteria established by various hospitals to
train people which has led to a jump in the number of
people who get trained every year. Several of these pol-
icies have started showing results, but many more policy
changes will be required to solve the issue of providing
optimal cancer care, especially for patients with lung
cancer in our region. Considering the size and
complexity of Southeast Asian countries, a whole gamut
of research in lung cancer is necessary. There is an
urgent need to conduct well-designed research studies
in most areas, including epidemiology (investigating the
aetiology of non-smoking lung cancer, and possible in-
terventions), molecular and biological studies,
screening, staging, therapies (in all modalities,
including surgery, radiation, systemic therapies, sup-
portive and palliative medicine), and prognosis. The
immediate need would be implementation research
which can provide data related to treatment access,
ability to complete treatment and outcomes in different
parts of the country. We also need to have comparative
studies to choose the right treatment for our patients
which can be delivered in our circumstances. These
should be conducted in various areas considering the
different challenges we face. Given the resource con-
straints and the inability to deliver treatment developed
in the Western world, our region requires to do a lot
more collaborative and innovative research to develop
cost-effective cutting-edge treatments which would be
useful for our patients. Generating data on the current
situation through simple observational studies would be
the first step, followed by various innovative interven-
tional designs, including metronomic dosing, drug
repurposing, and novel interventions.

Conclusion
Thus, lung cancer in Southeast Asia is similar but also
very different in myriad aspects from that in the West,
as well as other parts of Asia. A fair amount of work has
www.thelancet.com Vol 27 August, 2024
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been done, but there is a lot more that can and should
be done to ensure that all patients with lung cancer
receive the same level of high-quality care, regardless of
their geographical location or ethnicity.
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