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Abstract

Lung cancer in India has changed over the years. The subject was reviewed earlier
in 2004. Since then, it has become an important and second common cancer in
Indian males. Although smoking continued to be an important factor for the
causation of lung cancer in this country, particularly bidi smoking, new facts come
into light. Biomass fuel is another important factor in the causation of lung cancer
in non-smoking females. There is also a regional disparity in the prevalence of
lung cancer in India. Aizawl district had the highest rank in incidence rates in both
males (38.8 per 100,000) and females (37.9 per 100,000). There was a significant
increase in the incidence rates of lung cancer in Kamrup (urban), Chennai, Delhi
and Bangalore PBCRs (Population Based Cancer Registries) in both males and
females. Five PBCRs showed a significant increase in incidence rates among males
whereas it was seenin 11 PBCRs among females. In Asia, among males, Yueyanglou
(95.5 per 100,000) in China had the highest incidence rate of lung cancer, whereas
Aizawl district (37.9 per 100,000), had the highest age adjusted ratio in females.
Over the years, there is also marked improvement in the availability of diagnostic
facilities all over the country. There is also a significant transition of the cell type
of lung cancer. While earlier reports showed squamous cell type as the commonest
one, now adenocarcinoma has surpassed that as reported from most centers in the
country including the National Cancer Registry maintained by the Indian Council
of Medical Research. Advent of molecular biology is a new development since we
reviewed the topic nearly 16 years back. This aspect has been discussed in detail
in the second part of the review. However, lung cancer continues to present in a
very advanced stage of the disease where definite therapy, like surgery could not
be offered to most of them. In fact around 3% to 4% of cases could only be offered
surgery in our country. There is a significant improvement in the management
of advanced stage lung cancer with the availability of newer chemotherapeutic
drugs and targeted therapy and immunotherapy (will be discussed in 2nd part)
with better median survival and many centers in the country are now treating this
disease more aggressively. Although smoking continues to be a major problem
in India, more and more anti-tobacco laws are being persued aggressively by the
Government. Lung cancer screening is not yet practised in our country because
of various technical, and other logistic issues. COVID-19 pandemic has created
difficulties in managing such patients.
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Introduction

Lung cancer was considered to be rare in earlier years
in the world as well as in India.'®* However, over the
years, the incidence is gradually increasing with
profound changes in its epidemiology, pathology,
diagnostic modalities and availabilities of various
therapeutic modalities, although there may be some
differences in certain countries. We had reviewed the
problem of lung cancer in India in 2004* and over the
past 16 years, tremendous advances and numerous
developments have taken place with more and better
improvements in our understanding of the disease.
The most significant advances that have taken place
are in the field of molecular biology of lung cancer,
particularly in the knowledge of mutations and
genetic variations in lung cancer with the availability
of targeted therapies with an improved survival by
many folds. Immuno-oncology and its applicability in
lung cancer with further improvements in survival is
another area of advanced development in managing
the disease. Further, in our country there is a change in
the epidemiological pattern of the disease that will be
discussed in detail in this review.

The Global Scenario

Global health has steadily improved over the past 30
years, as measured by the age-standardised disability-
adjusted life-years (DALYs). However, the recent
estimates of incidence, prevalence, mortality, and
DALYs due to 369 diseases and injuries, for two sexes,
and for 204 countries and territories by the Global
Burden of Disease (GBD) surveys revealed that lung
cancer which was the fifth common cause of DALYs lost
in 1990 that was 3.6% (3.3% — 3.9%) of the total, is now
3.9% (3.4% — 4.3%), although still continues to be the
fifth position in 2019 for ages between 50-74 years in
both the sexes.” This is a 64.3 (48.8 — 80.2) percentage
change in number of DALYs between 1990-2019.
For 75 years and above, the DALYs was 1.9% in 1990
(10th position) and the same is 2.6% (7th position) in
2019 with a change of 164.3% between these years.
The percent change in age-standardised DALYs rate
between 1990-2019 was -19.8 for ages between 50-74
years and for ages above 74 years and above this was
16.4%.° Currently non-communicable diseases (NCDs)
in general and cancer in particular are responsible for
most of the global morbidity and mortality® and cancer
is expected to be the leading cause of death and will
be an important barrier to increase life expectancy in
every country of the world in the 21st Century. It is
the second commonest cause of death (16%) following
cardiovascular diseases (31%)"® with an alarming
increase in the rate and mortality world over. The
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Global Cancer Incidence, Mortality and Prevalence
(GLOBOCAN) that reports the global cancer incidence,
mortality and prevalence database is an initiative of
International Agency for Research on Cancer (IARC)
and is a dedicated cancer organisation of the World
Health Organization (WHO). The GLOBOCAN 2018
estimated the Global Cancer Statistics for 2018 that
included the incidence and mortality worldwide for
36 cancers in 185 Countries.” Nearly 18.1 million new
cancer cases were estimated to occur in 2018 and 9.6
million cancer patients died in that year. By 2040, these
figures will be more than one and a half times to about
29.4 million every year with the number of cancer-
related deaths of 16.4 million, with the greatest increase
in LMICs (Lower and Middle Income Countries), where
more than two-thirds of the world’s cancers will occur.
Cancer is the cause of about 30% of all premature deaths
from NCDs among adults aged 30-69 years." Lung
cancer was the most common form of cancer in both
sexes combined (11.6% of the total cases) and was the
leading cause of cancer death (18.4% of the total cancer
deaths), followed by female breast cancer (11.6%),
prostate cancer (7.1%), and colorectal cancer (6.1%) for
incidence and colorectal cancer (9.2%), stomach cancer
(8.2%), and liver cancer (8.2%) for mortality. Among
males, lung cancer was the most frequent cancer and
the leading cause of cancer death and prostate and
colorectal cancer (for incidence) and liver and stomach
cancer (for mortality) followed this. In females, breast
cancer was the most common and was also the leading
cause of cancer death, followed by colorectal and lung
cancer (for incidence), and vice versa (for mortality).
The most frequently diagnosed cancer and the leading
cause of cancer death, however, substantially vary
across countries and within each county depending on
the degree of economic development and associated
social and life style factors although high-quality cancer
registry data, the basis for planning and implementing
evidence-based cancer control programmes use, are not
available in most LMICs. The distribution of incident
cases and deaths for the 10 most common cancers are
shown in table 1 and figure 1.°

The GLOBOCAN 2018 data reveal substantial
global diversity in leading cancer types, particularly
for incidence in men (10 different cancer types) and
mortality in both men (9 types) and women (6 types).
Prostate cancer is the most frequently diagnosed
cancer in 105 countries, followed by lung cancer in 37
countries, and liver cancer in 13 countries. Lung cancer
is the leading cause of cancer death among men in
93 countries, in part because of its high fatality rate,
followed by prostate cancer (46 countries) and liver
cancer (20 countries). In women, the profile of the most
commonly diagnosed cancers across countries is marked
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Table 1. Global incident cases and deaths for some important
cancers and all cancers combined in 2018°

Number of New Number of Deaths
Cases (% of all sites) (% of all sites)

Site of Cancer

Lung 2,093,876 (11.6) 1,761,007 (18.4)
Breast 2,088,849 (11.6) 626,679 (6.6)
Prostate 1,276,106 (7.1) 358,989 (3.8)
Colon 1,096,601 (6.1) 551,269 (5.8)
Non-melanoma 1,042,056 (5.8) 65,155 (0.7)
of skin

Stomach 1,033,701 (5.7) 782,685 (8.2)
Liver 841,080 (4.7) 781,631 (8.2)
Rectum 704,376 (3.9) 310,394 (3.2)
Oesophagus 572,034 (3.2) 508,585 (5.3)
Cervix uteri 569,847 (3.2) 311,365 (3.3)

by its dichotomous nature, with female breast cancer
most frequent in terms of new cases in the majority
(154 countries) of countries and with cervical cancer
leading in most (28 of 31 countries) of the remaining
countries. The mortality profile among women is more
heterogeneous, with breast and cervical cancer as the
leading causes of cancer death in 103 and 42 countries,
respectively, followed by lung cancer in 28 countries.
The incidence and mortality rates vary 20-fold between
the regions. The variation is similarly large across
countries. The highest incidence rates among men are
in Europe, particularly in Eastern European countries,
such as Hungary (77 cases per 100,000 in males) as
well as Western Asia, (particularly in the former Soviet
Union) and in certain countries in Asia, such as Turkey
and China. Among women, lung cancer incidence rates
are highest in Hungary (38 cases per 100,000 in females),
followed by other European countries, Northern
America, Australia, and New Zealand. In general, the
geographic patterns of lung cancer mortality are quite
similar to those of incidence due to the relatively poor
prognosis of the disease after diagnosis. Historically,
lung cancer mortality rates have been higher among
males than females due to an earlier uptake of smoking
in large numbers. More recently, reports have noted a
convergence in incidence and mortality rates between
young men and women in Europe, North America, and
Australia, due to a larger decrease in rates in men and
a substantial rise (or slower decline) in women who
acquired the smoking habit later than men. In Asia,
Latin America, and Africa, however, the lung cancer
burden among men still largely exceeds that of women
atall ages. In the last few decades, mortality rates among
men in these regions have started to decline, however,
with rates among women often remaining low."
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A ) Both sexes
Incidence

Mortality

9.6 million
deaths

18.1 million
new cases

B Males

Incidence Mortality

Leukaemia
2.6%\_

5.4 million
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9.5 million
new cases

C Females

Incidence Mortality

4.2 million
deaths

8.6 million
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Figure 1. Distribution of cases and deaths for the 10 most
common cancers in the world in 2018 for (A) both sexes,
(B) males, and (C) females. For each sex, the area of the Pie-
chart reflects the proportion of the total number of cases
or deaths; non-melanoma skin cancers are included in the
“other” category.

Source: GLOBOCAN 2018°

Thus, as it will be seen from the above description,
lung cancer remains the leading cause of cancer
incidence and mortality worldwide, with 2.1 million
new lung cancer cases and 1.8 million deaths in 2018,
representing close to 1 in 5 (18.4%) cancer deaths.
Among males, lung cancer is the leading cause of
death in most countries in Eastern Europe, Western
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Asia (notably in the former Soviet Union), Northern
Africa, and specific countries in Eastern Asia (China)
and South-Eastern Asia (e.g., Myanmar, the Philippines,
and Indonesia). The highest incidence rates among men
are observed in Micronesia/Polynesia, in Eastern Asia
(rates are above 40 per 100,000 in China, Japan, and the
Republic of Korea), and in most of Europe, especially in
Eastern Europe, with an age-standardised rates (ASRs)
in Hungary as high as 77.4 per 100,000 males (Figure 2).

Lung

Micronesia/Polynesia Hungary

Eastern Europe b--1---- . {Hungary
Eastern Asia

Western Europe
Southern Europe
Northern America . 30.7
Western Asia

Northern Europe
Australia/New Zealand
South-Eastern Asia
Southern Africa
Caribbean

Melanesia

Northern Africa

South America

South Central Asia
Central America
Middle Africa

Eastern Africa

Western Africa

Age-standardized (W) incidence rate per 100,000

vietes I Fmales

Figure 2. Region-specific incidence of age-standardised
rates by sex for lung cancers in 2018. Rates are shown in
descending order of the world (W) age-standardised rate
among men, and the highest national rates among men and
women are superimposed.

Source: GLOBOCAN 2018°

Incidence rates among males remain generally low
in Africa, although these range from intermediate
to high in several countries in both Northern and
Southern regions, notably in Morocco (31.9 per 100,000)
and South Africa (28.2 per 100,000). Among females,
lung cancer is the leading cause of cancer deaths in 28
countries. The highest incidence rates are seen in North
America, Northern and Western Europe (notably in
Denmark and the Netherlands), and Australia/New
Zealand, with Hungary topping the list. It is of note
that the incidence rates among Chinese women (22.8
per 100,000) are not dissimilar to those observed among
females in several Western European countries like
France [22.5 per 100,000], despite substantial differences
in smoking prevalence between the two populations.
The high lung cancer incidence rates in Chinese women,
despite their low smoking prevalence, are thought to
reflect increased exposures to smoke from burning of
charcoal for heating and cooking.
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The 20-fold variation in lung cancer rates by region
largely reflects the maturity of the tobacco epidemic and
differentials in the historic patterns of tobacco exposure,
including intensity and duration of smoking, type of
cigarettes, and degree of inhalation. Among men, a
diminution in smoking prevalence, followed by a peak
and decline in lung cancer rates in the same generations,
was first observed in several high-income countries
where smoking was first established, including the
United Kingdom, the United States, Finland, Australia,
New Zealand, the Netherlands, Singapore, and (more
recently) Germany, Uruguay, and the remaining Nordic
countries. A recent analysis of incidence trends in 26
European countries revealed that rates in men aged
35 to 64 years have been decreasing in recent years,
including Eastern European countries, although rates
were still increasing in Bulgaria. Among women, the
epidemic is less advanced and, in contrast to men, most
countries are still observing a rising trend in incidence,
and only a relatively few populations (e.g., the United
States [whites] and possibly the United Kingdom) are
showing signs of a peak and decline among recent
birth cohorts. Given the differential trends by sex,
rates in men and women are converging in several
European countries, and it is postulated that this is
the result of sex-specific differences in the distribution
of histologic subtypes as well as smoking prevalence.
In the United States, lung cancer incidence rates are
now higher among young women than among young
men, with the pattern confined to non-Hispanic whites
and Hispanics; intriguingly, a sex-specific difference
in smoking behaviour is not considered a likely
explanatory factor. In countries where the epidemic is
at an earlier stage, surveillance data are more limited.
In China and Indonesia, smoking has either peaked or
continues to increase and, in several African countries,
lung cancer rates are likely to continue to increase at
least for the next few decades, barring interventions
to accelerate smoking cessation or reduce initiation.
In India, bidi smoking confers a risk close to that of
cigarette smoking, yet no significant changes in lung
cancer incidence rates (i.e., among males, in whom
prevalence is high) have been observed in either sex, at
least in the urban areas with long-standing and robust
incidence data (Figure 3). With greater than 80% of lung
cancers in Western populations attributed to smoking,
the disease largely can be prevented through tobacco
control. Best-practice measures that effectively reduce
active smoking and prevent involuntary exposure to
tobacco smoke—particularly increasing excise taxes
and prices on tobacco products, as well as implementing
plain packaging and graphic health warnings on
tobacco products and enforcing comprehensive bans
on tobacco advertising—are embedded in the WHO
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Framework Convention on Tobacco Control and, after
its adoption in 2003, 168 signatories have ratified the
agreement. According to the Continuous Update
Project of the World Cancer Research Fund and the
American Institute of Cancer Research, that analyses
the research on cancer prevention and survival, lung
cancer was the most common cancer worldwide in
2018. Figure 3 shows the country-wise ranking of lung
cancer. Hungary had the highest rate of lung cancer in
2018, followed by Serbia in combined both sexes as well
as in men; and while Hungary had the highest rate in
females, Denmark followed it.

GLOBOCAN 2020

The IARC released the updated GLOBOCAN 2020 on
December 14, 2020 with new estimates on the global
cancer burden, indicating that it has risen to 19.3 million
cases and 10 million cancer deaths in 2020."”* The data
provides an update on the global cancer burden using
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the GLOBOCAN 2020 estimates of cancer incidence
and mortality produced by the IARC. Worldwide, an
estimated 19.3 million new cancer cases (18.1 million
excluding non-melanoma skin cancer) and almost
10.0 million cancer deaths (9.9 million excluding non-
melanoma skin cancer) occurred in 2020. Female breast
cancer has surpassed lung cancer as the most commonly
diagnosed cancer, with an estimated 2.3 million (11.7%),
new cases followed by lung (11.4%), colorectal (10.0 %),
prostate (7.3%), and stomach (5.6%) cancers. Lung
cancer remained the leading cause of cancer death,
with an estimated 1.8 million (18%) deaths, followed
by colorectal (9.4%), liver (8.3%), stomach (7.7%), and
female breast (6.9%) cancers. Overall incidence was
from 2-fold to 3-fold higher in transitioned wversus
transitioning countries for both sexes, whereas mortality
varied <2-fold for men and little for women. Death rates
for female breast and cervical cancers, however, were
considerably higher in transitioning versus transitioned

Both Sexes Women
m-s_ m-s_ m-ﬁ-
Hungary 56.7 1 Hungary 77.4 Hungary 41.4
2 Serbia 49.8 2 Serbia 71.6 2 Denmark 36.3
3 New Caledonia 42.3 3 Turkey 70.6 5] Netherlands 32.7
(France)
4 Greece 67.8 4 Iceland 32.5
4 Greece 40.5 )
5 Montenegro 62.9 5 Serbia 30.9
5 French 39.8 )
Polynesia 6 Bosnia & 62.4 6 us 30.8
Herzegovina - UK 20.2
M 7 .
6 ontenegro % 7 New Caledonia 50.9
7 Belgium 39.0 (France) 8 Canada 293
8 Guam 37.9 8 Armenia 58.5 9= Ireland 292
9 Turkey 36.9 9= French 55.7 9= Norway 28.1
Polynesi ;
10 Denmark 36.6 s 1 Belgium 28.0
" Poland 36.5 9= Macedonia 55.7 12 Samoa 27.4
1 Bel 54.5 =
12 North Korea 36.2 elarus 13= Germany 274
12 SI ki 54.3 =
13= Bosnia & 36.1 el 13= North Korea 27.4
Herzegovina 13 Guam 53.7 15 Brunel 26.6
13= France 36.1 14 Poland 52.7 16 New Zealand 26.4
(metropolitan) 3 .
s s 254 15 Lithuania 52.6 17 New Caledonia 26.0
amoa . 16 Belgium 52.2 (France)
16= China 351 17 Latvia 51.8 18 Poland 245
16= us 351 18 Estonia 51.4 19 Guam 243
18 Macedoni 341
acedonia 19 France 513 20 Cuba 24.1
19= Germany 33.7 (metropolitan) 21 Australia 23.6
19= Ireland 33.7 20 Croatia 50.9 22 French 23.4
21 Netherlands 33.3 21 Romania 50.7 Rolynesia
22 Slovenia 32.9 22 Moldova 50.5 23 Austnz 233
23 Croatia 325 23 Bulgaria 50.1 24 China 228
24 UK 325 24 Russia 48.2 25 France 225
(metropolitan)
25 Slovakia 31.2 25 North Korea 48.1

Figure 3. Lung cancer age-standardised rates per 100,000 population in the world.

Souce: GLOBOCAN 2018°
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countries (15.0 versus 12.8 per 100,000 and 12.4 versus
5.2 per 100,000, respectively). The GBD is expected to
be 28.4 million cases in 2040, a 47% rise from 2020, with
a larger increase in transitioning (64% to 95%) versus
transitioned (32% to 56%) countries due to demographic
changes, although this may be further exacerbated by
increasing the risk factors associated with globalisation
and a growing economy.

With an estimated 2.2 million new lung cancer
cases and 1.8 million deaths, this is the second most
frequently diagnosed cancer and the leading cause of
cancer death in 2020, representing approximately one
in 10 (11.4%) cancers diagnosed and one in 5 (18.0%)
deaths (Figure 4). Lung cancer is the leading cause of
cancer morbidity and mortality in men, whereas, in
women, it ranks third for incidence, after breast and
colorectal cancer, and second for mortality, after breast
cancer. Incidence and mortality rates are roughly two
times higher in men than in women, although the
male-to-female ratio varies widely across the regions,
ranging from 1.2 in Northern America to 5.6 in Northern
Africa. Lung cancer incidence and mortality rates are
3 to 4 times higher in transitioned countries than in
transitioning countries; this pattern may well change as
the tobacco epidemic evolves given that 80% of smokers
aged 215 years resided in LMICs in 2016. Among men,
lung cancer is the most commonly diagnosed cancer in
36 countries, while it is the leading cause of cancer death
in 93 countries. The highest incidence rates are observed
in Micronesia/Polynesia, Eastern and Southern Europe,
Eastern Asia, and Western Asia, where Turkey has the
highest rate among men globally (Figure 5). Incidence
rates remain generally low in Africa, although these
range from intermediate to high in both Southern and
Northern regions.

Among women, lung cancer is the leading cause
of cancer death in 25 countries in Northern America,
Oceania, and parts of Europe (Figure 6). The highest
incidence rates are in Northern America, Northern
and Western Europe, Micronesia/Polynesia, and
Australia/New Zealand, with Hungary having the
highest country-specific rates (Figure 5). Rates are also
high in Eastern Asia, largely reflecting the high burden
among Chinese women, which is thought to reflect high
outdoor ambient air pollution and exposures to other
inhalable agents, such as household burning of solid
fuels for heating and cooking given their low smoking
prevalence. The global proportion of lung cancer deaths
attributable to outdoor ambient PM,, (fine particulate
matter) air pollution was 14% in 2017, ranging from 4.7%
in the United States to 20.5% in China. International
variation in lung cancer rates and trends largely reflects
the maturity of the tobacco epidemic, with patterns in
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Liver
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B Males
Incidence Mortality

Liver
10.5%

Colorectum
(S Colorectum

9.3%

5% brostate  Stomach
Stomach 68% 91%
42% giagger LiVEr 71%

44% 6.3%
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Incidence Mortality

Colorectum
9.5%

9%
e Stomach 7-7%
6.0%

Copusutei " Carviy uteri
*Thyroid 6.5%
9.2 million 4.4 million
new cases deaths

Figure 4. Distribution of cases and deaths for the top 10 most
common cancers in 2020 for (A) both sexes, (B) males, and
(C) females. For each sex, the area of the Pie-chart reflects
the proportion of the total number of cases or deaths; non-
melanoma skin cancers (excluding basal cell carcinoma for
incidence) are included in the “other” category.

Source: GLOBOCAN 2020"

mortality paralleling those in incidence because of the
high fatality rate. Smoking was first established among
men in several high-income countries, including the
United Kingdom, the United States, Finland, Australia,
New Zealand, the Netherlands, Singapore, and, more
recently, Germany, Uruguay, and the remaining Nordic
countries and was followed by a steep increase in lung
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Lung

Micronesia/Polynesia

Eastern Europe { Hungary

Eastern Asia

Southern Europe

Western Asia

Western Europe

Northern America | 30.1
Northern Europe . 26.8
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Southern Africa

South-Eastern Asia
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Northern Africa
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Figure 5. Region-specific incidence age-standardised rates
for lung cancer by sex among males and females in 2020.
Rates are shown in descending order of the world (W) age-
standardised rate in men, and the highest national rates
among men and women are superimposed.

Source: GLOBOCAN 2020"

cancer. Subsequent declines in lung cancer followed
peak smoking prevalence by several decades and
were first observed in young birth cohorts. In contrast,
among women, the tobacco epidemic is less advanced
and defined, and most countries are still observing a
rising incidence of lung cancer. Only a relatively few
populations, e.g., the United States and Switzerland,
show signs of a peak and stabilisation or decline, albeit
at a slower pace compared with those in men. As a
result of this sex-specific trend, incidence rates among
women are approaching or equalling those among men
in several countries in Europe and Northern America.
From 2006 to 2008, female incidence rates were even
higher than male incidence (ages 35-64 years) in
Denmark, Iceland, and Sweden. More recent studies
revealed a higher female-to-male incidence ratio in
successively younger birth cohorts in the United States
and subsequently in more countries, including Canada,
Denmark, Germany, New Zealand, the Netherlands,
because of increasing incidence rates among women in
contrast to steep declines among men. The increasing
female-to-male incidence ratio, however, was not
fully explained by sex-specific differences in smoking
behaviour. In countries where the epidemic is at an
earlier stage, including China, Indonesia, and several
African countries, smoking has either peaked recently
or continues to increase, hence, lung cancer rates will
likely increase for at least the next few decades barring
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interventions to accelerate smoking cessation or reduce
initiation. With about two-thirds of lung cancer deaths
worldwide attributable to smoking, the disease can be
largely prevented through effective tobacco-control
policies and regulations.

USA

The American Cancer Society estimates about 228,820
new cases of lung cancer (116,300 in men and 112,520 in
women) in the United States for 2020 and about 135,720
deaths will occur from lung cancer (72,500 in men
and 63,220 in women). The most common cancers in
descending order are breast cancer, lung and bronchus
cancer, prostate cancer, colon and rectum cancer,
melanoma of the skin, bladder cancer, non-Hodgkin
lymphoma, kidney and renal pelvis cancer, endometrial
cancer, leukaemia, pancreatic cancer, thyroid cancer,
and liver cancer (Table 2).

Table 2. Estimated new cases and death due to lung cancer in
2020 in USA (SEER data)

Rank Common Types Estimated New Estimated

of Cancer Cases 2020 Deaths 2020

1. Breast cancer 276,480 42,170
(Female)

2. Lung and bronchus 228,820 135,720
cancer

3. Prostate cancer 191,930 33,330

4, Colorectal cancer 147,950 53,200

5. Melanoma of the 100,350 6,850
skin

6. Bladder cancer 81,400 17,980

7. Non-Hodgkin's 77,240 19,940
lymphoma

8. Kidney and renal 73,750 14,830
pelvis cancer

9. Uterine cancer 65,620 12,590

10. Leukaemia 60,530 23,100

Prostate, lung, and colorectal cancers will account
for an estimated 43% of all cancers diagnosed in men
in 2020. For women, the three most common cancers
will be breast, lung, and colorectal, and these account
for an estimated 50% of all new cancer diagnoses in
women in 2020." Lung cancer mainly occurs in older
people. Most people diagnosed with lung cancer are
65 or older; a very small number of people diagnosed
are younger than 45 years. The average age of people
when diagnosed is about 70 years. Lung cancer is by far
the leading cause of cancer death among both men and
women, making up almost 25% of all cancer deaths.
Each year, more people die of lung cancer than of colon,
breast, and prostate cancers combined. On a positive
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note, the number of new lung cancer cases continues to
decrease, partly because people are quitting smoking.
Also, the number of deaths from lung cancer continues
to drop due to people stopping smoking and advances
in early detection and treatment. There are population-
based differences in the outcome and presentation of
lung cancer patients based upon racial, histologic, and
economic factors.'

The variation was further observed from other
studies. Using the Surveillance, Epidemiology, and End
Results (SEER) data, the clinical and epidemiological
pattern of patients with lung cancer revealed that from
1973 to 2015, the average incidence of lung cancer was
59/100,000 person. The incidence increased initially,
reached a peak in 1992, and then gradually decreased.
A higher incidence rate was observed in males than
in females and in blacks than in other racial groups
in USA. Since 1985, adenocarcinoma became the most
prevalent histopathological type. The surgical rate
for lung cancer was about 25%, and treatment with
chemotherapy showed an increasing trend, while the
radiotherapy rate was in downward trend. The surgical
rate for non-small-cell lung cancer (NSCLC) was higher
than that for small cell lung cancer (SCLC), while
chemotherapy for SCLC far exceeded that for NSCLC.
Treatment with chemotherapy and radiotherapy for
advanced stage had higher rate than early stage. The
5-year relative survival rate of lung cancer increased
with time, but was but <21%." The updated data for
2020 is given in figure 6 and the estimates for 2021 are
shown in table 3.'°

5-Year
Relative Survival

20.5%

2010-2016

Estimated New Cases in 2020 228,820

% of All New Cancer Cases 12.7%

Estimated Deaths in 2020
% of All Cancer Deaths
60
3 W

1992 1996 2000 2004 2008 2012 2018
Year

135,720

22.4%

Rate Per 100,000 Persons
.
&

RateofNewCases W DeathRate

Figure 6. Cancer Stat Facts: Lung and bronchus cancer in
USA over the years.

Source: Surveillance, Epidemiology, and End Results (SEER)
18 registries, National Cancer Institute, 2020

Europe

In Europe, there were an estimated 3.91 million new
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Table 3. Cancer statistics for USA (Lung and Bronchus),
estimates for 2021

Estimated Deaths in 2021

Estimated New Cases in 2021

Males Females Total Males Females Total
119,100 116660 235,760 69,410 62,470 131,880
Incidence  58.4 Average annual rate per 100,000, age
rates adjusted to the 2000 US standard
2013-2017 population

Death Average annual rate per 100,000, age
rates adjusted to the 2000 US standard
2014-2018 population.

Rates for PR are for 2012-2016

Source: American Cancer Society, 2021

cases of cancer (excluding non-melanoma skin cancer)
and 1.93 million deaths from cancer in 2018. The most
common cancer sites were cancers of the female breast
(523,000 cases), followed by colorectal (500,000), lung
(470,000) and prostate cancer (450,000). These four
cancers represent half of the overall burden of cancer in
Europe. The most common causes of death from cancer
were cancers of the lung (388,000 deaths), colorectal
(243,000), breast (138,000) and pancreatic cancer
(128,000). In the European Union (EU)-28, the estimated
number of new cases of cancer was approximately 1.6
million in males and 1.4 million in females, with 790,000
men and 620,000 women dying from the disease in the
same year. The estimates are based on the recorded
data from 145 PBCRs in Europe."’® As per the data
released to the European Cancer Information System
(ECIS) that measures the cancer burden and its time
trends across Europe, the cancer burden is estimated to
have risen to 2.7 million new cases (all types, excluding
non-melanoma skin cancer) and 1.3 million deaths
in 2020. Lung cancer was the second most common
cancer in men (14.2%) and third most common
cancer in women (9.1%). The estimated incidence
and mortality by country is shown in figure 7.

Asia-Pacific Region

Earlier studies about a decade old® has shown that
cancer is becoming an increasingly important health
problem in the low-and middle-income countries
in the Asia-Pacific region, as well as in high-income
countries because of ageing populations and changes
in life-style associated with economic development
and epidemiologic transition (data was limited to East
Asia, South Eastern Asia and Pacific Islands countries,
territories and other areas), with relevant information
primarily extracted from the GLOBOCAN 2008,
Cancer Incidence in Five Continents series and WHO
websites. Most LMICs have a cancer control strategy
and/or an action plan; however, coverage of cancer
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Figure 7. Estimated incidence and mortality by countries in
Europe for 2020.

Source: European Cancer Information System-2020.

registration is still very low and does not meet the
international standard in terms of quality. Therefore,
only limited data were available for the recent global
estimation of cancer burden. Large variations, in both
cancer incidence and mortality, were observed in
the populations in the different sub-regions of Asia.
The most common cancer in males is lung cancer in
the Eastern and South Eastern sub-regions, while
prostate cancer comes close to lung cancer in the Pacific
Island countries. In females, breast cancer is the most
common in all three regions. The predominance of
lung, stomach, colorectal, prostate, breast and cervical
cancers makes cancer control more amenable in the
Asia-Pacific region. Up-to-date statistics on cancer
occurrence and outcome are essential for the planning
and evaluation of cancer control programmes. Priority
can be given to population-based cancer registration,
risk reduction, especially tobacco control, and primary
health-care based enhancement of health-care systems
to diagnose and manage cancer specifically in LMICs.
Lung cancer continued to be a major form of cancer in
Japan.?' Of the five most common cancers in Japan, lung
cancer is the second common in both sexes combined
and also in men following colorectal cancer and third in
women following breast cancer and colorectal cancer.?
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Cancer is still a major health problem in China and
lung cancer remains the most common type of cancer
diagnosed, and was attributed to nearly 30% of all
cancer-related deaths. The incidence of the five most
common cancers, in China, in 2015, including cancers
of the lungs, stomach, colorectum, liver and breast,
accounted for almost 60% of all cancers diagnosed.”
Cancer statistics in China were updated by the National
Central Cancer Registry on the basis of data from 368
qualified cancer registries. It was estimated that the
total number of newly diagnosed cases of lung cancer
in the People’s Republic of China in 2015 was about
787,000, corresponding to over 2100 new lung cancer
diagnoses each day. Lung cancer accounted for about
20% of all cancer diagnoses, and the age-standardised
incidence rate by world standard population was
estimated to be 35.92 per 100,000 in the country in 2015.
The age-standardised incidence rates of lung cancer
for male and female populations were 48.87 and 23.52
per 100,000, respectively, which represented 520,300
male and 266,700 female individuals diagnosed each
year. The urban areas had a lower age-standardised
incidence rate for lung cancer for the male population
than the rural areas, whereas the opposite was true
for the female population (24.17 and 22.61 per 100,000
in urban areas and in rural areas, respectively). The
age-specific lung cancer incidence rate was relatively
low below the age of 40 and increased dramatically
after that, reaching a peak in the age group of 80 to
84 years, both in male and female populations. Before
then, the incidence rates were significantly lower in
female individuals than in male individuals. It was
estimated that about 630,500 patients with lung cancer
died in 2015, which is equivalent to an average of over
1700 deaths each day. Lung cancer accounted for 27%
of the mortality of all sites combined, and the age-
standardised mortality rate was estimated to be 28.02
per 100,000 in the People’s Republic of China in 2015.
The numbers of lung cancer deaths were 433,200 and
197,300, with age-standardised rates for lung cancer
mortality of 40.11 and 16.54 per 100,000 for the male and
female populations, respectively. The rural areas had
relatively higher age-standardised rates of lung cancer
mortality (40.41 per 100,000) for male individuals than
the urban areas (39.85 per 100,000). The trend for lung
cancer mortality in different age groups was similar to
the trend for incidence.?

India

Lung cancer was considered to be rare in earlier reports
till in the late fifties and early sixties, when various
research studies were available in Indian literature.?
Publications on lung cancer started appearing from
all parts of the country as described later. The topic
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was reviewed by us and others**? wherein different
aspects of the disease have been discussed. Further
authentic data is available from the National Cancer
Registry Programme of the Indian Council of Medical
Research (ICMR) which is a reliable source repository of
data for surveillance of cancer in the country through its
36 Population-based Cancer Registries (PBCRs) and 236
Hospital-based Cancer Registries (HBCRs) established
over a period of 38 years since 1982. The other sources
of information are the GLOBOCAN 2018 and 2020"
and the GBD study. Detailed clinical experience and
information is also available from different parts of the
country by various researchers and authors.

The Report of the National Cancer Registry
Programme (NCRP), 2020 released on 18th August
2020 by the ICMR, provides reliable cancer data in
the country between 2012 and 2016. As mentioned
above, initiated in 1982, it has now 36 PBCRs and 236
HBCRs. The current report incorporates data from 28
PBCRs and 58 HBCRs.* Delhi PBCR covered the largest
population person years of 17.3 million and the lowest
was covered by Pasighat PBCR in Arunachal Pradesh
with 0.13 million population person years. The highest
age-adjusted ratios (AARs), was recorded per one lakh
population for all sites of cancer combined was for
Aizawl district (269.4) among males and Papumpare
district of Andhra Pradesh (219.8) had among females.
Onein four persons had a chance of developing cancer in
Papumpare district of Andhra Pradesh in their lifetime
in the age group 0-74 years. The 58 HBCRs registered
a total of 667,666 cases of cancer during this period.
HBCR at Tata Memorial Hospital registered the highest
(81260) number of cases. A rise in the incidence of all
sites of cancer was observed in majority of the PBCRs.
In India, the total number of incidence cases of cancer
in males is estimated to be 679,421 in 2020 and 763,575
in 2025. Among females, the total number of incidence
cases is estimated to be 712,758 in 2020 and 806,218 in
2025. Cancer breast (238908) is expected to be the most
common site of cancer in 2025 followed by cancer lung
(111,328) and mouth (90,060). Tobacco-related cancers
are estimated to constitute 27% of all cancers in India.

Cancer incidence and its pattern among all the
PBCRs for all sites of cancer across 28 PBCRs showed
that Aizawl district (38.8), Mizoram state (32.1) and
Kollam district (23.1) had higher AARs than any other
PBCR in males and in females, the three areas of Aizawl
district (37.9), Mizoram state (27.6) and Imphal West
district (16.6) were at the top followed by Papumpare
district of Andhra Pradesh (12.8) (Figure 8).

Lung cancer was the leading and commonest form
amongst males in 9 of the 28 PBCRs (Delhi, Kolam,
Tiruvanantpuram, Bengaluru, Chennai, Kolkata,
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Mumbai, Manipur, Tripura); second commonest in
six sites (Patiala, Hyderabad, Aurangabad, Wardha,
Bhopal, Pasighat); and third in six sites (Ahmedabad,
Pune, Nagpur, Mizoram, Sikkim, Cachar). Thus,
lung cancer was the commonest form of malignancy
in males in India during this period (2012-2016).
Amongst females, it was the second commonest form
in Manipur and Mizoram. North-East registries had
higher incidence rates of lung cancer than the other
registries. A significant increase in the incidence rates
of cancer lung was observed in 5 PBCRs and 11 PBCRs
in males and females, respectively. Aizawl district had
the highest incidence of lung cancer in Asia among
females. Systemic therapy was the most common mode
of treatment both in males and females. In Asia, Aizawl
district, India (37.9) had the highest AAR per one lakh
among females. Over the years, the incidence of lung
cancer has shown a change in its trend when compared
between 1982-91 and 2006-2015. Lung cancer remained
in the same position as the leading site in both the
periods in Delhi, and similarly, lung cancer continued
to be the top leading site across the years in Mumbai.
In Bangalore, stomach cancer was the top leading site
of cancer followed by lung in the period 1982-1991,
whereas the order interchanged in the period 2005-
2014. In Chennai, stomach was the leading site of cancer
in the period 1988-1991 and lung cancer was the second
leading site. However, both stomach and lung cancer
continued to be at the top but exchanged the top two
positions in 2007-2016. Lung was the most common site
of cancer associated with use of tobacco in the males
in the East (33.8%), North (31.0%), and South (26.1%)
regions. In females, cancer oesophagus and cancer
lung had the highest proportion among the cancers
associated with use of tobacco in north (32.3%).

The number of cases registered for cancer lung
and its relative proportion to all sites of cancer (%),
crude, AARs and truncated incidence rates per 100,000
populations and its rank in 28 PBCRs under the registry
programme is shown in table 3. Crude incidence rate
refers to the rate obtained by division of the total
number of cancer cases by the corresponding estimated
population (mid-year) and multiplying by 100,000;
age adjusted or AARs cancer incidence increases as
age increases. Therefore, higher the proportion of
older population, higher is the number of cancers.
Most developed and western countries have a higher
proportion of older population. So in order to make
rates of cancer comparable between countries, a world
standard population that takes this into account is used
to arrive at age adjusted or age standardised rates. This
is calculated according to the direct method of Boyle
and Parkin, 1991 by obtaining the age specific rates
and applying these rates to the standard population in
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Figure 8. Comparison of age adjusted incidence rates of 28 PBCRs under National Cancer Registry Programme of the Indian
Council of Medical Research.

Reproduced with permission from: NCRP, ICMR (Open Source)
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that age group; truncated age adjusted incidence rate,
this is similar to the except that it is calculated for the
truncated age group 35-64 years of age). Aizawl district
had the highest rank in incidence rates in both males
(38.8 per 100,000) and females (37.9 per 100,000).

There was a significant increase in the incidence
rates of cancer lung in Kamrup urban, Chennai, Delhi
and Bangalore PBCRs in both males and females. Five
PBCRs showed a significant increase in incidence rates
among males whereas it was seen in 11 PBCRs among
females (Figure 9). GLOBOCAN 2018 data for 2018 for
India is shown in table 4 and figures 10-13.%%

Data of GLOBOCAN-2018 and 2020 for India are
presented in table 5 and figures 8-13.%%* Breast cancer
is the most frequently observed cancer (14% of the total
cases) and it is the leading cause of cancer death (11.1%
of the total cases) in India in both the sexes in 2018 (table
4 and figures 8-11). In terms of incidence, breast cancer
is followed by cancers of lip oral cavity (10.4%), cervix
uteri (8.4%), lung (5.9%), and stomach (5%). Cancers of
breast, lip oral cavity, and cervix uteri are responsible for
more than 32% of the total cancer burden. For mortality,
breast cancer is followed by cancers of lip, oral cavity
(9.3%), lung (8.1%), cervix uteri (7.7%), and stomach
(6.6%).>” Figures 10 and 11 shows the distribution of
estimated number of new cases and deaths (both sexes
combined) in 2018 in India.** Cancers of lip, oral cavity
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are the leading cause of cancer incidence (16.1%) and
mortality (12.3%) in males. This is followed by cancers
of lung (8.5%), stomach (6.8%), colorectal (6.4%), and
oesophagus (5.9%). Leading causes of cancer mortality
included lung (11%), stomach (8.5%), oesophagus
(7.6%), and colorectum (6.9%) in males.” Among females,
breast cancer is the commonest (27.7%) followed by the
cancers of cervix uteri (16.5%), ovary (6.2%), lip oral
cavity (4.8%), and colorectum (3.4%). Breast cancer is
also the leading cause of cancer death in women (23.5%)
followed by cancers of cervix uteri (16.2%), ovary (6.5%),
lip, oral cavity (5.9), and lung cancer (74.9%)° indicating
that lung cancer is an important problem in India.

GLOBOCAN 2018 has estimated over 1.1 million
new cases and 0.78 million cancer deaths in India in
2018.° Table 6 shows the distribution of number of
new cases and deaths for the first 10 common cancer
types. Lung cancer is the fourth common cancer type;
however, if the sex specific sites are excluded, like breast
and cervix, then it is the second common cancer type.

Some more and unique information on lung cancer
is available from the recently published comprehensive
picture of the patterns and time trends of the burden
of total cancer and specific cancer types in each state
of India estimated as part of the GBD. Injuries, and
Risk Factors Study (GBD) 2016 and such a systematic
compilation was not readily available.’* The group used
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Figure 9. Annual percent change in AARs over the time period.

Reproduced with permission from: NCRP, ICMR (Open Source)



2021; Vol. 63 The Indian Journal of Chest Diseases & Allied Sciences 155

Table 4. Number of cases (N) registered for cancer lung and its relative proportion to all sites of cancer (%), crude (CR), age
adjusted (AAR) and truncated (TR) incidence rates per 100,000 population and its rank in 28 PBCRs under National Cancer
Registry Programme in males and females.

Registry N (%) CR AAR TR RANK Registry N (% CR AAR TR RANK
Males Females

Delhi 3249 (10.5) 11.8 167 279 9 Delhi 962 (3.3) 40 51 9.2 13
Patiala 374 (6.9) 70 77 158 24 Patiala 134 (2.2) 28 28 5.4 26
Hyderabad 561(109) 92 124 180 14 Hyderabad 262 (4.1) 45 6.0 116 8
Kollam 1833 (18.5) 294 231 347 3 Kollam 359 (3.7) 51 38 6.8 22
Trivandum 1685 (12.5) 213 168 273 8 Trivandum 545 (3.8) 63 47 8.1 15
Bengaluru 1335(10.1) 9.8 13.0 19.1 12 Bengaluru 596 (3.8) 47 58 105 11
Chennai 1397 (9.7) 11.8 119 181 17 Chennai 555 (3.3) 47 44 7.7 16
Kolkata 2040 (20.0) 220 183 281 5 Kolkata 602 (6.6) 70 59 106 9
Ahmedabad 1188 (8.1) 73 88 139 21 Ahmedabad 311 (2.8) 21 24 39 28
Urban Urban

Aurangabad 216 (11.2) 64 88 143 22 Aurangabad 79 (3.9) 25 32 5.7 25
Osmanabad 177 (4.9) 1.9 19 3.5 31 Osmanabad 93 (2.1) 1.1 1.0 2.1 32
and Beed and Beed

Barsi (Rural) 25 (3.4) 19 1.8 3.6 32 Barsi (Rural) 26 (3.2) 2.1 1.9 3.8 31
Mumbai 2554 (9.7) 95 11.0 145 19 Mumbai 1390 (5.1) 6.0 59 8.0 10
Pune 735 (7.6) 51 67 9.3 26 Pune 449 (4.2) 35 40 7.0 20
Wardha 170 (7.1) 50 46 8.5 30 Wardha 85 (3.4) 26 23 4.6 29
Bhopal 390 (109) 9.1 120 202 16 Bhopal 114 (3.2) 29 36 7.4 23
Nagpur 368 (6.2) 55 6.1 9.8 28 Nagpur 177 (2.9) 27 27 5.1 27
Manipur 698 (189) 89 129 125 13 Manipur 649 (144) 83 118 141 5
Imphal West 215(14.3) 155 166 215 3 Imphal West 215(14.3) 155 166 215 3
District District

Mizoram 618 (14.3) 209 321 4112 2 Mizoram 528 (14.1) 180 276 307 2
Aizawl 287 (13.2) 271 388 503 1 Aizawl 304 (16.0) 279 379 341 1
Sikkim 83 (7.1) 49 65 8.1 27 Sikkim 73 (6.5) 49 71 9.1 6
Tripura 1103 (16.8) 113 145 231 10 Tripura 263 (5.4) 28 33 5.6 24
West Arunachal 79 (6.5) 37 70 143 25 West Arunachal 46 (3.9) 22 50 9.7 14
Papumpare 38 (8.1) 76 201 380 4 Papumpare 21 (4.0) 42 128 218 4
Meghalaya 286 (6.1) 56 124 217 15 Meghalaya 116 (4.1) 23 43 7.9 17
East Khasi 153 (5.3) 69 141 224 11 East Khasi 70 (4.0) 3.1 53 8.7 12
Hills District Hills District

Nagaland 84 (6.0) 45 84 122 23 Nagaland 37 (3.7) 21 43 8.2 18
Pasighat 25 (7.8) 71 97 19.8 20 Pasighat 9 (3.0) 26 42 7.2 19
Cachar District 400 (8.6) 85 119 184 18 Cachar District 125 (3.2) 28 39 6.9 21
Dibrugarh 135 (5.3) 39 51 7.6 29 Dibrugarh 52 (2.3) 1.5 20 3.6 30

Kamrup Urban 494 (7.9) 151 181 239 Kamrup Urban 181 (3.8) 57 67 13.1 7
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Figure 10. Distribution of new cases of cancer in 2018.
Source: GLOBOCAN, INDIA, 2018°
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Table 5. Summary of cancer statistics in India for the years 2018 and 2020
Males Females Both Sexes
2018 2020 2018 2020 2018 2020
Population 701546980 717100976 652504 878 662903 415 1354051 1380 004
855 378
Number of new cancer cases 570 045 646 030 587 249 678 383 1157 294 1324413
Age-standardised incidence rate (World) 89.8 95.7 90.0 99.3 89.4 97.1
Risk of developing cancer before the 9.8% 10.4% 9.4% 10.5% 9.6% 10.4%
age of 75 years
Number of cancer deaths 413 519 438 297 371302 413 381 784 821 851 678
Age-standardised mortality rate (World) 65.8 65.4 57.5 61.0 61.4 63.1
Risk of dying from cancer before the 7.3% 7.4% 6-3% 6.7% 6.8% 7.1%
age of 75 years
5-year prevalent cases 1 000 485 1208 835 1257723 1511 416 2258 208 2720251
Top 5 most frequent cancers (including  Lip, Oral Lip, oral Breast Breast Breast Breast
non-melanoma skin cancer) cavity cavity Cervix uteri Cervix uteri Lip, Oral Lip, oral
Lung Lung Ovary Ovary cavity cavity
Stomach Stomach Lip, Oral Lip, oral Cervix uteri  Cervix uteri
Colorectum  Colorectum cavity cavity Lung Lung
Oesophagus Oesophagus Colorectum Colorectum Stomach Colorectum
Top 5 cancers in terms of mortality Lip, Oral Breast Breast
(including non-melanoma skin cancer) ~ cavity Cervix uteri Lip, Oral
Lung Ovary cavity
Stomach Lip, Oral Lung
Oesophagus cavity Cervix uteri
Colorectum Lung Stomach

Source: GLOBOCAN 2018 and 2020°2

Table 6. Distribution of new cancer cases and deaths in 2018
in India (Data for first 10 common cancers are presented).

Deaths
Number (%)

New Cases
Rank

Cancer Site
Rank

Number (%)

Breast 162468 (14) 1 87090 (11.1) 1
Lip, Oral 119992 (10.4) 2 72616 (9.3) 2
cavity

Cervix uteri 96922 (8.4) 3 60078 (7.7) 4
Lung 67795 (5.9) 4 63475 (8.1) 3
Stomach 57394 (5) 5 51429 (6.6) 5
Oesophagus 52396 (4.5) 6 46504 (5.9) 6
Leukaemia 42055 (3.6) 7 32471 (4.1) 7
Ovary 36170 (3.1) 8 24015 (3.1) 9
Larynx 28721 (2.5) 9 17640 (2.2) 15
Brain, CNS 28142 (2.4) 10 24003 (3.1) 10

CNS=Central nervous system

data from multiple sources, including 42 PBCRs and
the nationwide Sample Registration System of India,
to estimate the incidence of 28 types of cancer in every
state of India from 1990 to 2016 and the deaths and

DALYs caused by them, as part of GBD 2016.

The findings suggested that 8.3% (95% uncertainty
interval [UI] 7.9-8.6) of the total deaths and 5.0% (4.6~
5.5) of the total DALYs in India in 2016 were due to
cancer, which was double the contribution of cancer in
1990. However, the age-standardised incidence rate of
cancer did not change substantially during this period.
The age-standardised cancer DALY rate had a 2.6
times variation across the states of India in 2016. Ten
cancers responsible for the highest proportion of cancer
DALYs in India in 2016 were stomach (9.0% of the total
cancer DALYs), breast (8.2%), lung (7.5%), lip and oral
cavity (7.2%), pharynx other than nasopharynx (6.8%),
colon and rectum (5.8%), leukaemia (5.2%), cervical
(5.2%), oesophageal (4.3%), and brain and nervous
system (3.5%) cancer. There was substantial inter-state
heterogeneity in the age-standardised incidence rate of
the different types of cancers in 2016, with a 3.3 times to
11.6 times variation for the four most frequent cancers
(lip and oral, breast, lung, and stomach). Tobacco use
was the leading risk factor for cancers in India to which
the highest proportion (10.9%) of cancer DALYs could
be attributed in 2016.
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The investigators included tracheal, bronchus, and
lung cancer as lung cancer for sake of simplicity. The
number of incident lung cancer cases in India in 2016
was 67,000 (95% UI 63,000-72,000), 72.2% of which
were in males, and the prevalent cases were 74,000
(70,000-80,000). This cancer was the second most
common incident cancer among males in 2016. The
age-standardised incidence rate of lung cancer varied
8 times in both sexes combined across the states of
India in 2016. The crude lung cancer incidence rate
in males was highest in Kerala and Mizoram, and in
females was highest in Mizoram and Manipur. There
was a 6.3 times difference between the highest and
lowest state-specific crude DALY rates for lung cancer
in 2016. The crude DALY rate for lung cancer in 2016
was highest in Mizoram, followed by Kerala, Manipur,
and Jammu and Kashmir. Lung cancer was the first or
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second leading cause of cancer deaths in 19 states for
males (Ist in Bihar, Uttarakhand, Tripura, Manipur,
Delhi, West Bengal, Msharastra, Kearala, Tamilnadu,
Punjab; second in Odisha, Mizoram, Gujrat, Haryana,
Telengana, Andhra, J&K, UTS (Union Teritorries) other
than Delhi and Himachal Pradesh); and four states for
females in 2016 (1st in Mizoran and Manipur; 2nd in
Sikkim, J&K). Tobacco use and air pollution were the
leading risk factors in GBD for lung cancer in India
in 2016 to which 43.2% and 43.0% of the lung cancer
DALYs could be attributed, respectively.

As will be seen from figure 14, lung cancer
contributed about 7.5% (3rd commonest) of total cancer
DALYs in 2016 for both sexes. This was 4.4% in females
(7th common) and contributed 10.4% of the total cancer
DALYs in males (commonest, first in rank).

Both sexes combined Females Males
Types of cancers* % of Types of cancers* % of Types of cancers*® % of
total total total
cancer cancer cancer
DALYs DALYs DALYs
1 Stomach cancer 9.0% 1 Breast cancer 16.8% 1 Lung cancer 10.4%
2 Breast cancer 8.2% 2 Cervical cancer 10.5% 2 Lip and oral cavity cancer 9.6%
3 Lung cancer 7.5% 3 Stomach cancer 9.0% 3 Pharynx cancer other than nasopharynx 9.1%
4 Lip and oral cavity cancer 7.2% 4 Colon and rectum cancer 6.1% 4 Stomach cancer 9.0%
5 Pharynx cancer other than nasopharynx | 6.8% 5 Lip and oral cavity cancer 4.6% 5 Leukaemia 6.0%
6 Colon and rectum cancer 5.8% 6 Ovarian cancer 4.6% 6 Colon and rectum cancer 5.6%
7 Leukaemia 5.2% 7 Lung cancer 4.4% 7 Oesophageal cancer 5.1%
8 Cervical cancer 5.2% 8 Leukaemia 4.3% 8 Larynx cancer 4.8%
9 Oesophageal cancer 4.3% 9 Gallbladder and biliary tract cancer 4.3% 9 Liver cancer 4.6%
10 Brain and nervous system cancer 3.5% 10 Pharynx cancer other than nasopharynx | 4.3% 10 Brain and nervous system cancer 4.0%
11 Liver cancer 3.5% 11 Oesophageal cancer 3.5% 11 Non-Hodgkin lymphoma 3.7%
12 Non-Hodgkin lymphoma 3.2% 12 Brain and nervous system cancer 2.9% 12 Prostate cancer 2.9%
13 Gallbladder and biliary tract cancer 3.1% 13 Non-Hodgkin lymphoma 2.6% 13 Pancreatic cancer 2.6%
14 Larynx cancer 3.0% 14 Liver cancer 2.3% 14 Gallbladder and biliary tract cancer 21%
15 Pancreatic cancer 2.4% 15 Pancreatic cancer 2.2% 15 Bladder cancer 1.5%
16 Ovarian cancer 2.2% 16 Uterine cancer 1.7% 16 Nasopharynx cancer 1.4%
17 Prostate cancer 1.5% 17 Thyroid cancer 1.3% 17 Hodgkin’s lymphoma 1.2%
18 Bladder cancer 1.1% 18 Larynx cancer 1.1% 18 Multiple myeloma 1.0%
19 Nasopharynx cancer 1.0% 19 Multiple myeloma 1.0% 19 Kidney cancer 0.9%
20 Thyroid cancer 1.0% 20 Nasopharynx cancer 0.7% 20 Thyroid cancer 0.7%
21 Multiple myeloma 1.0% 21 Hodgkin’s lymphoma 0.6% 21 Testicular cancer 0.5%
22 Hodgkin’s lymphoma 0.9% 22 Bladder cancer 0.6% 22 Mesothelioma 0.4%
23 Uterine cancer 0.8% 23 Kidney cancer 0.4% 23 Breast cancer 0.3%
24 Kidney cancer 0.7% 24 Malignant skin melanoma 0.2% 24 Non-melanoma skin cancer 0.3%
25 Mesothelioma 0.3% 25 Mesothelioma 0.2% 25 Malignant skin melanoma 0.3%
26 Malignant skin melanoma 0.3% 26 Non-melanoma skin cancer 0.1%
27 Testicular cancer 0.2%
28 Non-melanoma skin cancer 0.2%

Figure 14. Percentage of total cancer DALYs due to different types of cancers by sex in India in 2016.**
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Compared to 1990, DALYs due to lung cancer
changed from 7th position to 3rd position in 2016. This
was a 136.0% (106.5 to 157.8) mean percentage change
in number of DALYs, a 54.9% (35.6 to 69.2) mean
percentage change in crude DALY rate, and 15.3% (1.1
to 26.2) mean percentage change in age-standardised
DALY rate, between 1990-2016 (95% Ul), indicating its
significance for India.

Some variation in the number of cancers diagnosed
in India in 2012, according to GLOBOCAN estimates,
was 1,157,294, wversus 1,069,000 in the GDB India
study. The GBD study, which reported on 28 types of
cancers, used data from 42 PBCRs in India, whereas
GLOBOCAN 2018, which reported on 36 types of
cancers, was based on Cancer incidence in five continents
(volume XI)*® and used data from 16 Indian cancer
registries. Both studies used the data available in
their selected population-based cancer registries from
2008 to 2012 to calculate estimates of cancer incidence
between 2016 and 2018. Unfortunately, the data from
different PBCRs vary in accuracy, which might be
the reason why GLOBOCAN 2018 only retrieved
data from the 16 cancer registries, they deemed were
of better quality to estimate the incidence. Similarly,
according to the GBD study, the highest estimate of
crude cancer incidence in India was in the state of
Kerala® (135.3 per 100,000 people), which may not be
a true reflection. The data from Kerala were retrieved
from the population-based cancer registry maintained
by the Regional Cancer Centre in Trivandrum.* This
registry has better manpower, infrastructure, and
resources to capture accurate cancer data from the
region than registries in the rest of India. The average
life expectancy in Kerala is seven years higher than that
of the rest of India (mean 67.9 years versus 74.9 years),
which might be due to a better socio-demographic
index and health-care delivery system in the region.*
Both the data published indicated that lung cancer in
India is growing and is a matter of concern.

The GLOBOCAN-2020 data released in December
2020 for India'? showed that lung cancer continues
to be a growing problem for the country (Figures
15, 16). Five most frequent cancers in 2020 according
to GLOBOCAN are given in table 5. The age-
standardised incidence and death rates in India are
shown in figure 16.

The other source of clinical information on
lung cancer in India is through clinical studies and
publications from different authors throughout the
country (Tables 7 and 8). These publications as depicted
show the pattern of the disease including the age and
sex profile and the cell type of lung cancer with the
relationship of smoking (Tables 7 and 8).%1%
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Various other authors have highlighted some other
important issues on lung cancer in India.'®'" About
eight years back a mini-symposium on lung cancer
epidemiology provided a contemporary view of lung
cancer epidemiology from tertiary care centers in West,
South, and East India.?*®7%112 In this context, we had
shared our assessment of the clinico-epidemiological
profile of lung cancer in North India at that time.""* One
of the most important observations by us in North India
(our center) was the lack of change in the distribution
of different histologic types with time. At our center,
squamous cell carcinoma continued to remain the most
common histologic type overall as well as amongst
smokers (approximately 38%).'* Frequency of other

Number of new cases in 2020, both sexes, all ages

Breast
178 361 (13.5%)

“

Lip, oral cavity
135929 (103%)
Cervix uteri

Other cancers 123 907 (9.4%)
748 348 (56.5%)

Lung

72510(5.5%)

Colorectum

65 358 (4.9%)

Total: 1324 413

Number of new cases in 2020, males, all ages

Lip, oral cavity

104 661 (162%)
Lung
51675 (8%)

‘ Stomach
Other cancers 40 686 (6.3%)
368417 (57%) Colorectum
40 408 (63%)
Oesophagus

40183 (6.2%)
Total: 646 030

Number of new cases in 2020, females, all ages

Breast
178 361 (26.3%)

Other cancers
274 196 (40.4%)
Colorectum Cervix uteri
24950 (3.7%) 123907 (18.3%)
Lip, oral cavity Ovary
31 268 (4.6%) 45701 (6.7%)

Total: 678 383

Figure 15. Distribution of new cases of lung cancer in India,
sex-wise in the year 2020.

Source: GLOBOCAN 2020
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Incidence Mortality

Breast

Cervix uteri
Lip, oral cavity
Ovary
Prostate

Lung
Colorectum
Oesophagus
Stomach

Leukaemia

40 Y 2 1 0 1 20 30
ASR (World) per 100.000

40

Figure 16. Age-standardised (World) incidence and mortality rates for top 10 cancers in India for 2020.
Source: GLOBOCAN-2020"

Table 7. Lung cancer as reported from different Indian studies (1962-2001)

Authors®and Year s Age

(Years)
Viswanathan et al*® 1962 95 - - - 50.5 - 28.4
Wig et al*” 1961 65 49 55.8 - - - -
Basu and Ghosh* 1971 24 7 48.3 5 62.5 8.3 25
Sinha* 1961 33 45 57.1 - - - -
Karai et al** 1967 100 24 52.1 - 41 - 20
Shankar* 1967 20 AllM 54 5.7 73.3 6.7 20
Nagrath et al*> 1970 35 4 47.7 1.9 25.7 - 34.3
Reddy et al** 1970 46 6.4 50 0.1 50 25 25
Guleria et al** 1971 120 7.6 57.2 2 46.2 36.5 17.3
Jha et al**1972 25 29 46.6 5.3 44 20 20
Nafae et al*® 1973 25 AllM 51 7.3 56 20 12
Malik and Aikal? 1976 136 5.2 48.5 3.5 40.4 21.3 16.9
Narang et al* 1977 58 8.7 51.3 4.8 37.9 51.8 10.4
Jindal et al* 1979 150 5.5 51.7 2.4 325 19.3 15.8
Notani and Sanghavi® 1974 520 - - 3.9 27.5 11.3 7.3
Garg et al’' 1973 82 - - - 46.3 28 20.7
Malhotra et al®> 1986 70 7.8 49.6 4.8 50 17 14.3
Jindal and Behera® 1990 1009 45 54.3 2.7 34.3 27.6 25.9
Arora et al>* 1990 100 4.05 40-60 1.2 27 1 21
Rao et al® 1992 539* - - - - - -
Rajasekaran et al** 1993 232 7.9 53 2.7 72 4.3 3.9
Gupta et al® 1998 279 7.41 56.7 4.5 42.3 322 19.9
Thippanna et al*® 1998 160 8.4 40-60 4 67.5 8.8 18.7
Arora et al®® 1998 200* - - - - - -
Gupta et al® 2001 265 7.8 50-70 3.6 60 21.5 16.2
Kashyap et al®" 2001 638** 6.17 54.6 2.4 58.3 - 10.81

21.1

21.9
53.4

17.1
12.2
41

15.1
5.6
5.1

2.3

*=Data described only for those below 40 years of age; **=Data reported for 281 cases of bidi smokers, quoted in Ref No. 46.
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histologic types has also remained similar to what was
witnessed at our center three decades ago.” In addition
to histology, the other clinico-epidemiological variables,
namely gender, disease stage, and smoking profile have
also not changed substantially with time.'* However,
the authors observed a change since then; and majority
of 1301 patients who had advanced disease (Stage I1IB
= 30.1%; IV = 53.3%) were males (82.3%) and current/
ex-smokers (76.9%).%* Adenocarcinoma and squamous
cell carcinoma (36.4% each) were equally prevalent.
As compared to our previous study (1,131,140),
adenocarcinoma increased (36.4% wversus 27.5%)
and NSCLC-not otherwise specified (NSCLC-NOS)
decreased (5.1% wversus 10.9%) significantly (P<0.001).
The present study had more heavy smokers (68.3%
versus 61.1%; P=0.013) and median smoking index (SI)
was also higher (500 versus 400; P=0.001). Among SI-
based groups, significant differences were observed
for age, gender, body mass index, histology, TNM
stage, and metastatic disease distribution. Reduction
in NSCLC-NOS had led to adenocarcinoma and
squamous cell carcinoma being equally prevalent at
their centre in North India, despite an increase in heavy
smokers. Accurate histological NSCLC sub-typing is
necessary for optimal epidemiological assessment.®
The second important observation at that time'* was
the presence of significant differences in the key clinico-
epidemiological characteristics between current/
former smokers and non-smokers. Current/former
smokers had higher mean age, higher percentage of
males, higher frequency of squamous and small cell
histologies as well as lower percentage of advanced
NSCLC." Furthermore, when we assessed for presence
of these differences in relation to quantified smoking
status (using the SI)'*® amongst NSCLC patients, the
authors observed a strong and the inverse association
between heavy smoking and presence of advanced
stage as well as of extra-thoracic disease (ETD) at
diagnosis.'® On multivariate analysis, heavy smoking
had significantly lower odds as compared to never-
smokers for the presence of advanced NSCLC (odds
ratio [OR] = 0.25; 95% confidence interval [CI] = 0.11-
0.61) and for ETD (OR=0.29; 95% CI=0.16-0.53). Even on
subgroup analyses by histology and gender, the inverse
and independent association of heavy smoking with
advanced disease and ETD was consistently observed
amongst NSCLC patients. Interestingly, non-squamous
histology had significantly higher odds as compared to
squamous histology for the presence of ETD (OR=2.31;
95% ClI=1.50-3.57). The third important association
that they have noted has been the high incidence
(approximately 45%) of low body mass index (BMI)
among newly diagnosed lung cancer patients.'”
Here again, heavy smoking was found to have an
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independent association with the presence of low BMI
(OR=3.74; 95% CI=1.59-8.80). Bidi smoking is the most
common type of smoking product in India overall, and
the same has been observed by the authors amongst
lung cancer patients presenting to our center."®!"® The
issue will be discussed in more detail later. It is possible
that some or all of the above-mentioned observations
are in part linked to the continued predominance of
bidi smoking in North India. These data also suggest
that India has geographical diversity not just for its
population profile, but even for a disease, like lung
cancer. Longitudinal studies can help to assess whether
temporal trends that have been witnessed globally
and perhaps in some geographical regions of India are
observed in other areas as well.

Updated data extracted from the NCRP of the ICMR
showed that East Khasi Hills district of Meghalaya had
the highest relative proportion of cancers associated
with the use of tobacco, (70.4% for males and 46.5%
for females)."® The higher proportion of cancers
associated with the use of tobacco was in the North-
Eastern states, followed by registries in the West and
Central regions). Lung (9 PBCRs), mouth (9 PBCRs),
oesophagus (5 PBCRs), stomach (4 PBCRs), and
nasopharynx (1 PBCR) cancers were the most common
cancers in males. Lung cancer was the leading site in
metropolitan cities and the southern region, whereas
mouth cancer was the leading site in the West and
Central regions. Lung cancer and oral/mouth cancer
were the most common cancers among males in the
Indian subcontinent. The projected incidence of patients
with cancer in India among males was 679,421 (94.1 per
100,000) and among females 712,758 (103.6 per 100,000)
for the year 2020. One in 68 males (lung cancer), 1 in 29
females (breast cancer), and 1 in 9 Indians will develop
cancer during their lifetime (0-74 years of age). The
projected five most common cancers in 2020 for males
(lung, mouth, prostate, tongue, and stomach) constitute
36% of all cancers and for females (breast, cervix uteri,
ovary, corpus uteri, and lung) constitute 53% of all
cancers. The number of lung cancer cases in males is
projected to be 71788 and for females it will be 26490
with a total of 98278 cases (Table 9). The crude rate
and cumulative risk of lung cancer in India for both
the sexes for 2020 are shown in table 9. The majority
of the patients with lung cancer were diagnosed with
distant metastasis in males (44.0%) and females (47.6%);
(Figure 17).

North-Eastern region of the country has the highest
burden of cancer as reported in the Cancer Registry. The
PBCR in Tripura (2010-2014) was published recently.'*
The protocol collected data on all cancer cases from
Tripura. A total of 10251 cases of cancer of all types
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Table 9. Projected incidence of cancer statistics in India, 2020.

Male

CR Cum Risk

Patients

Lung Cancer in India—Part I

Patients

D. Behera

Both sexes
CR Cum Risk

Female

CR Cum Risk Patients

Lung and bronchus 71788 9.9 11in 68 26490 3.9 1in 201 98278 7.0 1in 101
Lung (male) Lung (female)

< <

< 60 £ 60 476

= 44.0 =
37.0

© 40 = 40 29.8

= S '

2 20| 139 a 2| 10

c | & |

o 9 | — o o |

Localized Loco Distant  Unknown Localized Loco Distant  Unknown
only regional metastasis extent only regional metastasis extent

Figure 17. Proportion of cases (%) of lung cancer according to the extent of disease between 2012-2016.

were registered during the period, with an overall age-
adjusted incidence rates of 75.7 and 54.9 per 100,000 for
males and females, respectively. Crude incidence rate
and AAR were among the lowest reported in India,
probably due to associated socio-economic factors.
The most prevalent cancers were lung (18.1%), and
oesophageal (8.3%) for men and cervix uteri (17.6%),
breast (13.8%) for females. Rate of cancer mortality
in the population was quite high and significantly
increased with time, probably accounting for dearth
in early detection and feasible treatment alternatives.
Tobacco-related cancers were quite high among both
men and women with differential distribution of
the various sites. While lung and oesophagus cancer
were the highest tobacco related cancers in males,
oesophageal (5.4%) and lung (4.5%) were the highest
among females. For smoking related cancers, among
men, highest mortality was due to lung and liver
cancers (5-year average mortality to incidence ration
[M/I] 61.3, 59.7 respectively). This highlights the fact of
regional differences in the country.

The history of cancer with the growing burden in
India from antiquity has recently been reviewed.'”! The
authors searched PubMed, Internet Archive, the British
Library, and several other sources for information on
cancer in Indian history. The earliest paleopathology
studies from Indus Valley Civilisation sites did not
reveal any malignancy. Cancer-like diseases and
remedies are mentioned in the ancient Ayurveda and
Siddha manuscripts from India. Cancer was rarely
mentioned in the medieval literature from India. Cancer
case reports from India began in the 17th Century.
Between 1860 and 1910, several audits and cancer case
series were published by Indian Medical Service doctors

across India. The landmark study by Nath and Grewal’
used autopsy, pathology, and clinical data between
1917 and 1932 from various medical college hospitals
across India to confirm that cancer was a common cause
of death in middle-aged and elderly Indians. India’s
cancer burden was apparently low as a result of the short
life expectancy of the natives in those times. In 1946, a
National Committee on Health Reforms recommended
the creation of sufficient facilities to diagnose and
manage the increasing cancer burden in all Indian states.
Two publications in 1927 (study over 50 years between
1877-1926) and 1928'>!'* did not mention about lung
cancer, even the study refers to similar study of this
kind was carried out by Sir Leonard Rogers with regard
to Calcutta, and published under the title as “pathological
evidence bearing on disease incidence in Calcutta” by Sir
Leonard Rogers, as Glasgow Med | 1925;103(1):1-27). in
January 1925. The 1928 publication has mentioned
about 1000 or more cases of various malignant and
innocent tumours in Bombay, Calcutta and London,
but did not mention about the lung cancer. However,
a subsequent study of 4321 autopsy cases between the
period 1926-46 at the Grant Medical College, Bombay,
the author found 131 tumours and chest tumour was
the common form (n=22; 21 in males and 1 in female).!*
Another subsequent study from Calcutta reported 23
cases of lung cancer in males and 11 cases in females
in 1954 which constituted 5.7% and 3.2% of the total
cancer cases, respectively; and in 1955 there were 49
cases in males and 11 cases in females constituting 9.6%
and 2.8% of all cancers, respectively.'?®

Subsequently awareness and interest in lung cancer
is growing over the years and rightly so parallel to
the rise of the incidence of the disease in India. An
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online PubMed search using the words “lung cancer
in India” as on 20th October 2020 was made. The
nlm.nih.gov website in the PubMed Medline database
showed 4900 publications on various aspects of the
disease. It is heartening to note that the health-care
community in general and oncologists in particular
are steadily increasing their contribution to global
medical knowledge on lung cancer. From mere one
publication in the year 1961, it has crossed 500 in
2019 (Figure 18) and till October 2020, there are 91
contributions already. The real increased after the year
2000 onwards. The citation index of some of the articles
from India is really impressive and matches many of
landmark publications. This is because some original
research work included the largest series of patients
of lung cancer from India, showed pharmacogenomic
differences in any cancer for the first time in the world
and also documented that selection of one of the
options from the standard of care can be personalised to
optimise outcome based on hitherto unknown criteria.'*
Still other publications*®* highlight the comparison of
features and outcomes among patients of Asian origin
(including India) and also document the survival benefit
when patients with advanced lung cancer are treated
by medical oncologists as opposed to other oncologist
or health-care professionals that will be deliberated
subsequently.

Histology of Lung Cancer in India

Over the years, there is a gradual but significant change
in the histopathology type of lung cancer observed
in India. This is shown in Figure 19. It will be noted
that adenocarcinoma is now the predominant type of
lung cancer in India. This transition is more evident
from 2015 onwards, although since 2004, there was a
rising trend (squamous cell was still the commonest).
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This predominant cell type of adenocarcinoma is
reported from all major centers of India (Table 8). The
NCRP report 2020* of the ICMR has also revealed that
adenocarcinoma is the predominant cell type in India,
both in males and females (Table 10).

Thus, 52.8% of all female lung cancers and 34.4% of all
male lung cancers in India were due to adenocarcinoma
which was the commonest cell type in both the sexes.
Squamous cell carcinoma was present in 23.5% of males
and 11.5% females with lung cancer. Figure 19 shows
that the incidence of adenocarcinoma has risen by
2.5 times over a period of about 15 years. This rise of
adenocarcinoma of the lung occurred decades after that
was seen in lung cancer cell types in other developed
countries. Such a rising trend was observed in USA
way back in 1977.'% More recently, while analysing the
Surveillance, Epidemiology, and End Results (SEER)
data of USA to investigate the changes in incidence,
treatment, and survival of lung cancer from 1973 to
2015, it was found that since 1985, adenocarcinoma
has become the most prevalent histopathological
type.'”” Factors, which in part, may account for this
increased prevalence are: (1) changes in the criteria
for reading histopathology of lung cancer, particularly
since 1967; (2) the increased incidence of lung cancer
among the female population who have a propensity
for adenocarcinoma; and (3) occupational and
environmental factors. It may be pertinent to mention
that in India immunohistochemistry (IHC) was not
universally available, which is now the recommended
method for histology (Table 11). As more and more
centers are using IHC, more cases adenocarcinoma
are being diagnosed and undifferentiated types are
diminishing. Further, as mentioned previously, lung
cancer showed significant increase in males and females
by 7.2% and 9.0%, respectively between 2003 and 2016
in India.®
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Figure 19 A-B-C. Histological pattern of lung cancer as seen
in India over the years.

Table 10. Histological types of lung cancer in India (NCPR data).

Males Females

Number (%) Number (%)

Histology

Epithelial tumours

Adenocarcinoma 5979 (34.4) 2773 (52.8)
Squamous cell 4083 (23.5) 604 (11.5)
Small cell 1755 (10.1) 317 (6.0)
Non-small cell 2727 (15.7) 619 (11.8)
Others 970 (5.6) 329 (6.3)
Lymph hystiocytic tumours 28 (17)

Mesenchymal tumours 46 (22)

Tumours of ectopic origin 2 (10.8)

Others 1801 573 (11.6)
Total 17391 (100.0) 5254 (100)

Lung Cancer in India—Part I

D. Behera

Table 11. Recommended immunihistochemistry for lung cancer

Histology ITHC Recommended/Should
be Done
Adenoarcinoma TTF-1, Napsin, CK7

Squamous carcinoma P40; p63; CK 5/6; desmocolin

Chromogranin,
synaptophysin, CD 56

Neuroendocrine tumours

Aetiology of Lung Cancer in Indian Context

The issue was discussed in the earlier review*; however,
some of the newer information subsequent to that will
be presented here.

Smoking

Smoking continues to be the most important factor for
lung cancer world-over.'?*3! In patients with lung cancer
a history of active tobacco smoking is present in 76% of
the cases. One of the important smoking product is bidi,
which is a major product used by most people in India.
Notani and Singhvi'*> way back in 1974 had reported
the relative risk of developing lung cancer is 2.6 for bidi
smokers and 2.2 for cigarette smokers with 2.5 as the
overall relative risk in smokers. It was reported also
that Bidi is more carcinogenic than other products.'?!3
Subsequently, more reports highlighted the risk of bidi
smoking and lung cancer in India (Table 12).13>1%

Hookah smoking has also been associated with lung
cancer as reported by Nafae et al.* Subsequently,
similar observations were also made from Kashmir,!*
who reported that hookah smokers were nearly six
times more at risk for lung cancer as compared to
non-smokers (OR=5.8, (95% CI=3.9-8.6, P<0.0001). In
another study, Gupta et al'* reported that smoking of
bidi and hookah as well as cigarettes had similar ORs for
cumulative consumption. The risk increased with both
the duration and quantity of all smoking products.
Some larger studies on other issues related to smoking
and lung cancer in India will be discussed later.

About 25% of lung cancer cases worldwide are not
attributable to tobacco smoking. Thus, lung cancer in
never smokers is the seventh leading cause of cancer
deaths in the world, killing more people every year
than pancreatic or prostate cancers. Globally, lung
cancer in never smokers demonstrates a marked
gender bias, occurring more frequently among
women. In particular, there is a high proportion
of never smokers in Asian women diagnosed with
lung cancer. Although smoking-related carcinogens
act on both proximal and distal airways inducing all
the major forms of lung cancers, cancers arising in
never smokers target the distal airways and favour
adenocarcinoma histology.
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Environmental tobacco smoke (ETS) is a relatively
weak carcinogen and can only account for a small
number of lung cancers arising in never smokers. ETS
is an important indoor air pollutant that may be a
contributing risk factor. A meta-analysis of 41 studies
showed that environmental tobacco exposure carries a
relative risk of developing lung cancer of 1.48 (1.13-1.92)
in males and 1.2 (1.12-1.29) in females."*! Subsequently,
many more reviews have highlighted the issue.**'*
In a study on non-smoking lung cancer patients, ETS
exposure during childhood carries an OR of 3.9 (95%
CI 1.9-8.2)."5 There is an increase risk with increase
in number of smokers in the house and duration of
exposure. Women had high OR of 5.1. Although multiple
risk factors, including environmental, hormonal,
genetic and viral factors, have been implicated in the
pathogenesis of lung cancer in never smokers, no clear-
cut dominant factor has emerged that can explain
the relatively high incidence of lung cancer in never
smokers and the marked geographic differences in
gender proportions (Table 13).

Indoor air pollution is an important attributable risk
factor for lung cancer in women who are not smokers.
In a case-control study, we have shown that in non-
smoker females, out of all the cooking fuels, the risk of
development of lung cancer was highest for biomass
fuel exposure with an OR of 5.33 (95% CI 1.7- 16.7). Use
of mixed fuels was associated with a lesser risk (OR=
3.04,95% CI1.1-8.4). ). In multivariate logistic regression

Table 12. Bidi smoking and lung cancer.

Author® and Place
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analysis biomass fuel exposure was still significant with
OR of 3.59 (95% CI 1.1-12.0) even after adjusting for
smoking and passive smoking. This study'*® indicated
that biomass fuel exposure is an important risk factor in
the causation of lung cancer among women, in addition
of exposure to tobacco smoke (Table 14). Similar
observations are also made earlier by others."*¥

Outdoor air pollution is an important factor in
the causation of lung cancer and the subject has been
reviewed by many other authors.”!' Qutdoor air
pollution is a major contributor to the burden of the
disease worldwide. Most of the global population
resides in places where air pollution levels, because
of emissions from industry, power generation,
transportation, and domestic burning, considerably
exceed the WHO's health-based air-quality guidelines.
Outdoor air pollution poses an urgent worldwide
public health challenge because it is ubiquitous and
has numerous serious adverse human health effects,
including cancer. Currently, there is substantial
evidence from studies of humans and experimental
animals as well as mechanistic evidence to support a
causal link between outdoor (ambient) air pollution,
and especially particulate matter (PM) in outdoor
air, with lung cancer incidence and mortality. It is
estimated that hundreds of thousands of lung cancer
deaths annually worldwide are attributable to PM air
pollution. Epidemiological evidence on outdoor air
pollution and the risk of other types of cancer, such

Odds Ratio

Cigarette

Prasad et al'® Lucknow 284 1L.C s 852 C 6.1 (14.3-8.7) 5.3 (2.7-10.4)
Gupta et al'* Chandigarh 265 LC vs 525 C 5.76 (3.4-9.7) 3.86 (2.1-7.0)
Gajalakshmi et al*” Chennai 778 LC vs 3430 C 6.45 (4.4-9.5) 4.54 (3.0-7.0)
Notani et al'® Mumbai 683 LC vs 1279 C 3.47 2.4 vs non-smokers
Jayalekshmy et al'* Kerala 212 cases 3.9 (95% CI =2.6-6.0)
P<0.001)
Table 13. Passive smoking and lung cancer in Chandigarh.**

Timing of Exposure to ETS OR Comments

(95% CI)
Childhood 3.9 e Effect for cigarette only

(1.9-52) e Either smoking father or mother

e Risk increases with duration or number

Spouse 5.1 Higher OR for women

(1.5-17)

Work-place

Exposure in vehicles

Weak association

The risk for cigarettes only

Increases with number of years of exposure

Risk in non-smokers
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Table 14. Domestic fuel use and lung cancer

Lung Cancer in India—Part I
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Smoking Status Univariate Analysis Multivariate Analysis
Odds Ratio 95% CI Odds Ratio 95% CI

Smoking 4.8 1.337-17.753 2.6 0.639-10.70

Passive Smoking 2.9 1.322-6.571 2.1 0.825-4.917

Cooking Fuel

LPG* 1 1

Kerosene 2683.4 0.000-Infinity 1827.5 0.000-Infinity

Biomass 5.333 1.700-16.731 3.6 1.079-11.966

Mixed 3.048 1.108-8.381 2.8 0.997-7.950

*Reference

as bladder cancer or breast cancer, is more limited.
Outdoor air pollution may also be associated with
poor cancer survival, although further research is
needed.’ Indian literature on lung cancer is silent on
this specific aspect. Occupational exposure is another
important risk factor for lung cancer that was reviewed
earlier* and more recently.'®'* Although many Indian
reports describe the occupation of lung cancer patients,
systematic information on occupation and lung cancer
has not been clearly defined from India.

Cancer in women is a matter of great debate. Are
they different than men? Current epidemiological
data show the increasing female to male incidence
ratio for this type of cancer. A high incidence of
lung cancer in never smokers with importance of
environmental agents makes a problem among women.
Adenocarcinoma is noted in women with increasing
rate and ethnic background impacts female lung cancer
with differences in the incidence of genetic aberrations.
The conception of different hormonal status is taken
into consideration as potential explanation of variant
cancer biology and clinical manifestation in women and
men. The impact of 17-f3-estradiol, estrogen receptors,
aromatase expression, pituitary sexhormones receptors
in carcinogenesis with relation between estrogens and
genetic aberrations are investigated. Mutation rates
particularly the epidermal growth factor receptor
epidermal growth factor receptor (EGFR) is more
common in never-smokers women. The response
to newest therapies among female is also different
than in men.”'¥ There are major clinical differences
between lung cancers arising in never smokers and
smokers and their response to targeted therapies.
Indeed, non-smoking status is the strongest clinical
predictor of benefit from the EGFR tyrosine kinase
inhibitors. The above-mentioned facts strongly suggest
that lung cancer arising in never smokers is a disease
distinct from the more common tobacco-associated
forms of lung cancer. Further efforts are needed to

identify the major cause or causes of lung cancers
arising in never smokers before successful strategies
for prevention, early diagnosis and novel therapies can
be implemented. Lung cancer in women in India also
is showing a similar trend. In a series of 489 patients
from Mumbai, with a median age of 56 years, 255
(52%) were non-smokers and 234 (48%) were smokers
and the authors concluded that a considerably higher
numbers of Indian patients with lung cancer are non-
smokers, compared to the West. The global trend of
rise in adenocarcinoma is paralleled in India and they
suggested that non-tobacco-related risk factors need
further investigation.?

Diet, oxidants-anti-oxidant imbalance as possible
contributors to development of lung cancer in India
was reviewed in our earlier publication.*

Genetics and Lung Cancer

A number of genetic factors have been identified in the
causation of lung cancer."®'* More than 1000 candidate-
gene association studies on genetic susceptibility to
lung cancer have been published over the last two
decades but with few consensuses for the likely culprits.
A comprehensive review, meta-analysis and evidence
strength evaluation of published candidate-gene
association studies in lung cancer up to November 1,
2015 was carried outby Wang et al.’*® The epidemiological
credibility of cumulative evidence was assessed using
standard criteria. A total of 1018 publications with 2910
genetic variants in 754 different genes or chromosomal
loci were included. Main meta-analyses were performed
on 246 variants in 138 different genes. Twenty-two
variants from 21 genes (APEX1 rs1130409 and rs1760944,
ATM 15664677, AXIN2 152240308, CHRNA3 rs6495309,
CHRNA5 1516969968, CLPTMIL 1s402710, CXCR2
rs1126579, CYP1A1l 1s4646903, CYP2E1 1s6413432,
ERCC1 1rs11615, ERCC2 1513181, FGFR4 rs351855, HYKK
rs931794, MIR146A rs2910164, MIR196A2 rs11614913,
OGG1 151052133, PON1 rs662, REV3L rs462779, SOD2
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rs4880, TERT rs2736098, and TP53 rs1042522) showed
significant associations with lung cancer susceptibility
with strong cumulative epidemiological evidence.
No significant associations with lung cancer risk were
found for other 150 variants in 98 genes; however, seven
variants demonstrated strong cumulative evidence.'*
Many Indian researchers have also studied various
genetic susceptibility issues and genetics associated
with lung cancer.'®-1%

Tuberculosis and Lung Cancer

Tuberculosis (TB) is a major health problem in India
and is quite prevalent. Lung infections, including
TB, have been implicated as potentially contributing
to the etiology of lung cancer.'”” TB may increase the
risk of lung cancer through substantial and prolonged
pulmonary inflammation, leading to host tissue damage,
fibrosis, scar formation, and genetic alterations.'#”2%
A meta-analysis reported TB to be associated with a
1.7-fold elevation in the risk of lung cancer.*™ However,
the majority of prior investigations'”?* have been case—
control studies, and there are very limited prospective
data regarding TB and lung cancer risk. As cigarette
smoking is such a strong risk factor for lung cancer, it
is possible that smoking and TB act synergistically to
cause damage to the lungs, and subsequently, increase
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in lung cancer risk. In another study,*? 44 lung cancer
cases occurred among 273 men with TB (incidence rate
of 1786 per 100,000 person-years). TB was associated
with a two-fold elevation in lung cancer risk (HR=1.97;
95% CI=1.46-2.65) with significant associations
observed for both incident (HR=2.05; 95% CI=1.42-2.96)
and prevalent TB (HR=1.82; 95% CI=1.09-3.02). Lung
cancer risk was greatest in the 2-year window after TB
diagnosis (HR=5.01; 95% CI=2.96-8.48) but remained
elevated at longer latencies (HR = 1.53; 95% CI=1.07-
2.20). Though TB was associated with an increased risk
of squamous cell carcinoma (HR=3.71), adenocarcinoma
(HR=1.71), small cell carcinoma (HR=1.72), and lung
cancer of other (HR=1.23) and unknown histologies
(HR=1.35), only the association for squamous cell
carcinoma was statistically significant. TB is associated
with an increased lung cancer risk in male smokers.?”
Other studies and reviews had pointed out the
association and causation of TB and lung cancer and
scar carcinoma.®2”

Other Demographic Features of Lung Cancer in India

Detailed demographic features of lung cancer, from
other studies as reported by different authors including
three major studies with more than 1000 cases are
summarised in table 15.

Table 15. Demographic data, presenting symptoms and signs of lung cancer in India

Kaur et al®*

Demographics

Mohan et al'®®

Other Indian
Studies*

Jindal and
Behera*

Age (years) Mean+SD <45 256 (13.8) Mean age — 54.6 years in males and
58.6+10.8 46-70 1410 (75.7) 52.8 years in females
Median (IQR) >70 196 (10.5)
60 (51-65)
Sex
Male (M) M: 1071 (82.3%) M:1544 (82.9%) Male-to-female ratio ranging from
Female (F) F: 230 (17.7%) F: 318 (17.1%) 5.76:1 — 6.67:1 in various studies
M:F::4.6:1 M:F::4.8:1
BMI (Kg/m?) <16 22.4%
>16<18.5 14.5% -
>18.5 <23 40%
>23 23%
Smoking history Current or Ex-smokers ~ Non-smokers Smokers: Non-smokers:: 2.5-2.7:1

1000 (76.9%)
Non-smokers

425 (23.8%)

Current smokers

301 (23.1%) 697 (39%)

S:NS:: 3.3:1 Reformed smokers
666 (37.2%)
S:NS:3.21:1

Conti...
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Demographics Kaur et al® Mohan et al'® Jindal and Other Indian
Behera® Studies*
Smoking index 1-100: 10.7% <100: 95 (8.4%)
101-300: 21.8% 100-300: 254 (22.4%)
>301: 65.5% 301-600: 385 (33.9%)
>600: 402 (35.3%)
Literacy status [literate (27.4%)
Primary (27.3%)
- Secondary (matric)
24.4%)
Higher secondary (9.9%)
Graduation (8.3%)
Post-graduation (2.7%)
Symptoms/Signs (%)
Cough 81.3 88 40-94.3
Loss of appetite 65.9 90 20.5-70
Dyspnoea 64.9 Not mentioned 24-59
Fatigue (weakness) 60.4 90 4-60
Weight loss 58.1 90 11.4-77
Chest pain 48.9 52.2 16-66.7
Haemoptysis 36.1 69.2 8-60
Fever 19.6 22-68.6
Hoarseness of voice - 29.9 9-33
Nausea, Vomiting 6 25
Digital clubbing 18.7
Peripheral-lymph adenopathy 13.3
Neurological manifestations 2.1
Superior vena cava obstruction 3.4 19.8 2.9-8.3
Dysphagia 20.8 2.9-6
Others Not mentioned Not mentioned 30.5 Not mentioned
Duration of Symptoms <3 months in 32.6% — 44% cases,
3-6 months in 16.0%-34.3% cases
> 6 months in 21.0% - 24.0 % of cases
Diagnostic Methods
Flexible bronchoscopy 890 (50.2)
CT/USG-guided 577 (32.6)
FNAC/biopsy (lung)
Thoracoentesis 95 (5.4)
Thoracoscopic pleural biopsy 19 (1.1)
Peripheral lymph node 100 (5.6)
sampling
EBUS 47 (2.7)
Lung biopsy (surgical) 6(0.3)

Others 38 (2.1)
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In the study by Kaur et al*é, majority (76.9%) were
smokers, especially heavy smokers (SI = Number
of bidi/cigarette smoked per day x number of years
smoked); SI 2301; 51.9%). Significant differences were
observed in relation to age, gender, BMI, histology,
TNM stage, metastatic disease, and extra-thoracic
metastasis among Sl-based groups. Mean age was
highest among heavy smokers. Never smokers were
predominantly females (55.5%) and their percentage
progressively decreased as SI increased (23.4% in light
smokers, 7.8% in moderate smokers, and only 3.1%
in heavy smokers). BMI had an inverse relationship
with severity of smoking, being the highest in never
smokers and lowest in heavy smokers. Overweight/
obese individuals (BMI 223 Kg/m? were most
frequent in never smokers (43.2%) and this reduced
progressively as SI increased (25.0% in light smokers,
18.9% in moderate smokers, and 15.7% in heavy
smokers). Conversely, underweight individuals were
highest in heavy smokers (41.2%) and lowest in never
smokers (20.7%). In an earlier study'”, it was reported
that low BMI is common among newly diagnosed
lung cancer patients in North India. Heavy smoking is
independently associated with the presence of low BMI
at presentation among NSCLC patients.?® Even for
histological distribution, as SI increased, a progressive
decrease in the prevalence of adenocarcinoma (66.8%
versus 37.4% versus 33.0% versus 23.9%) accompanied
by progressive increase in squamous cell carcinoma
(9.6% versus 32.7% wversus 40.4% versus 47.7%) was
observed. Frequency of SCLC was the lowest in never
smokers. There was an inverse relationship of smoking
status with disease stage at presentation (Stage IV
being highest in never smokers [77.1%] and lowest
in heavy smokers [43.6%]). Conversely, Stage IIIB
increased progressively as SI increased (17.6% versus
27.1% wversus 31.2% wversus 35.9%). All groups had
<5% patients in Stages I-II. Extra-thoracic metastatic
disease at presentation was also highest amongst non-
smokers and reduced progressively in light, moderate,
and heavy smokers. On subgroup analysis based on
histology, stage distribution was significantly different
with percentages of Stages I-IIIA versus IIIB-IV being
24.9% wversus 75.1% in squamous cell carcinoma, 11.6%
versus 88.4% in adenocarcinoma, 20.4% versus 79.6% in
NSCLC-NOS/large cell NSCLC, and 8.8% versus 91.2%
in SCLC (P<0.0001). Among newly diagnosed NSCLC
patients in North India, significant differences exist,
based upon S, for disease stage. Heavy smoking was
independently associated with lower odds of having
advanced stage as well as with lower odds of having
extra-thoracic disease at the time of diagnosis®®,
although the authors concluded that this needs
confirmation through alarger studies. The demographic
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profile of the reported cohort (time period 2011-2015)
was compared with previous (time period 2008-2011)
from the same center at PGI, Chandigarh. Although
there was no change in age/gender distribution and
ratio of current/ex-smokers to never smokers (3.3:1 in
both cohorts), percentage of heavy smokers among
all current/ex-smokers increased significantly from
59.8% to 67.5% in between the two study periods.
Median (IQR) SI was also higher (500 [290-800] versus
400 [240-700]; P=0.001). Histological distribution also
changed significantly (adenocarcinoma increased from
27.5% to 36.4% [P<0.001]). However, on analysing
squamous cell carcinoma versus all other types (non-
squamous NSCLC and SCLC), statistical significance
was not achieved (P=0.47). Stage distribution could
not be compared as different TNM classification
schemes were used during the two study periods (6th
and 7th edition of the IASLC).

The PGI, Chandigarh has done continuous
evaluation of the clinico-epidemiological profile of
lung cancer over the years in that centre and it has
shown several interesting observations. While the
initial publication involving 250 patients few years back
showed no change as compared to the profile observed
three decades earlier, the next publication with greater
number of patients (>650) showed that quantified
tobacco smoke exposure (QTSE) is able to categorise
patients into groups that differ significantly among
each other in terms of age, gender, histology, stage,
and BMI distribution. Going further with the current
analysis with a large number of lung cancer cases
with a cohort size of 1300+ patients, the authors were
able to document two important observations: First,
the observations related to Sl-based groups (never,
light, moderate, and heavy smokers) in the previous
publication have been replicated in the current study.
Thus, QTSE was able to segregate patients with distinct
clinico-epidemiological profiles with heavy smokers
(SI 2301) characterised by higher age, predominantly
male gender and squamous histology, lower BMI, and
lesser prevalence of Stage IV/extra-thoracic metastatic
disease at one end and never-smokers characterised
by younger age, predominantly female gender and
adenocarcinoma histology, higher BMI, and higher
prevalence of Stage IV/extra-thoracic metastatic disease
at the other end. The strength of this current analysis
as compared to previous one is not only a two-fold
increase in number of patients but also that Sl-based
groups continued to show these differences even when
the denominator was all histological types and not just
NSCLC (latter being the denominator for the previous
analysis). This also lends support to small cell lung
cancer (SCLC) being equally well staged as NSCLC
using 7th TNM staging system, something which are
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already carrying out in routine clinical practice by
the group. Majority of patients had locally advanced/
metastatic disease which is similar to the previously
reported observations. Secondly, results of the current
analysis and its comparison with their previous study
revealed a changing trend in histological distribution
of lung cancer at diagnosis. Both previous and current
cohorts included consecutive patients registered.
Increasing adenocarcinoma prevalence in the current
cohort has occurred in conjunction with a reduction in
NSCLC-NOS (undifferentiated NSCLC). Numerically,
SCLC appeared to be lesser in the current cohort.
However, statistical analysis showed no difference
even if patients were categorised into three broad
groups, viz small cell lung cancer, squamous cell and
non-squamous NSCLC.

While one of the earliest reports (almost 25 years
ago) from this center comprising >1000 patients
had frequencies of squamous cell carcinoma and
adenocarcinoma of approximately 34% and 26%,
respectively, it refers to an era wherein histological
classification was primarily based on microscopy
alone with minimal/no use of immunochemistry.”
Histological distribution observed was almost similar
in a subsequent assessment and comparison published
by us five years ago. Bidi smoking is known to provide
a concentration of carcinogens similar to that of an
unfiltered cigarette, and thatis why one bidiis considered
to be equivalent to one cigarette for calculating time
intensity (smoking pack-years/SI). This hypothesis is
to some extent substantiated even in the subsequent
studies wherein squamous cell type continues to be
>35% in the backdrop of increasing percentage of heavy
smokers and similar overall percentage of current/
ex-smokers. However, what is clearly different is that
unlike previous papers, frequency of NSCLC-NOS
(undifferentiated NSCLC) has reduced successively
with time (20% in initial studies to 10% in subsequent
analysis and in the latest publication down to 5%.%
The most likely reason for change in histological
distribution seems to be an improvement in histological
classification. The current WHO classification puts
more emphasis on using molecular and immune-histo/
cyto-chemical techniques for accurate diagnosis in
small biopsy/fine-needle aspiration cytology samples.

The major limitation of this study® is that the patient
population and consequently analysis was akin to that
of a hospital-based cancer registry. Being retrospective
in nature and having associated inherent flaws of such
a study design, it can not necessarily extrapolate these
observations to population-based data. However, even
the available population-based cancer registries in
India (http://www.icmr.nic.in/ncrp/cancer_reg.htm)
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do not include QTSE, and hence, it is not feasible to
carry out such an analysis from the published data. The
other major limitation is that since this a cross-sectional
analysis, it was not possible to provide prognosticrole of
histological subtype and stage similar to what had been
done in longitudinal (prospective and retrospective)
studies. These results suggest the persistence of
smoking as a risk factor for lung cancer in India with
a greater percentage of heavy smokers in comparison
to previous studies from that center. Implementation
of strict tobacco control measures seems to be the only
measure that is likely to reverse the ratio of current/
ex-smokers to never smokers and also to prevent and
reduce lung cancer incidence. The study also reinforces
the need for reporting pathologists and cytologists to
use immunochemistry to accurately classify lung cancer
histological type as per guidelines; frequency of NSCLC-
NOS continues to be lowest among major cancer centers
in India — a country wherein geographical diversity is
manifest even in a disease such as lung cancer.

Another study from AIIMS, New Delhi, which is a
10-year analysis from the largest single centre study to
evaluate the clinical spectrum of lung cancer in India,
revealed some interesting trends.'®® The average age of
patients was 58 years, which is similar to that reported
in previous Indian studies, but almost 10 years less than
the mean age reported in most Western studies.>”>113114
No changing trend in age was seen during the study
period. Similarly, the male predominance was similar
to other Indian reports but higher than the Western
studies. This may be a reflection of higher smoking
prevalence in females in the West or possibly due
to the fact that males tend to seek medical attention
more frequently than females in our societal set-up.
However, the authors observed a definite increase in
the proportion of females from 7.9% in 2008 to 20.6%
in 2017. Interestingly, the smoking prevalence among
females did not increase proportionally during the same
period. The likely explanation may be due to increase in
females seeking medical attention over the last decade,
or exposure/susceptibility to other unknown risk
factors. Most patients had poor educational status, with
as many as 54.7% being either illiterate or educated up
to primary level only. The prevalence of smoking in
this series (80%) is comparable to other Indian studies,
but lower than most Western data®7>!13114225  which
have reported smoking prevalence between 87% and
93%. This observation supports the possibility of other
contributing factors in lung cancer aetiology, such as
genetic predisposition, passive smoking, air pollution,
and biomass fuel that is commonly used in rural India.
However, the prevalence of smoking in this cohort
remained largely unchanged over 10 years.



2021; Vol. 63

Although majority of patients in AIIMS study had
a reasonably good performance status at the time of
initial presentation (50.8% had Eastern Cooperative
Oncology Group (ECOG) 0 or 1; and 53.3% had KPS
more than 70, this was lower than most Western
reports. This may be due to morbidity associated
with more advanced stage of the disease at the time
of diagnosis and seeking medical care. In the initial
years of this study, squamous cell type dominated the
morphological type of NSCLC but was overtaken by
adenocarcinoma in 2012, and this trend continued till
2018. Similar to the observations made by the PGI group,
the distribution of squamous cell and small cell types
remained largely unchanged, the frequency of NSCLC-
NOS declined. This occurred most likely due to the
changing practices of pathological reporting keeping
in tune with the advancement in IHC techniques and
based on the revision of guidelines for pathological
reporting for lung cancer. Another contributory factor
may be an increase in the proportion of females over
the 10-year period. Several studies, including from this
group, have previously reported that adenocarcinoma
has surpassed SCC as the most common histological
subtype of lung cancer. This shift seems to be

Table 16. Stage of presentation of lung cancer in India
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attributable partly to the changed smoking pattern
and the increasing incidence of lung cancer in females
and non-smokers. At the same time, it is worthwhile to
note that most previous Indian studies have described
squamous histology as the most common pathological
subtype. Although bronchoscopy and transthoracic-
guided sampling remain the most common diagnostic
modalities for lung cancer, the past decade has seen
the emergence of newer techniques, such as convex-
probe EBUS, radial probe EBUS, and thoracoscopy
with impressive diagnostic yield and sensitivity. Lung
cancer is now being diagnosed with more and more
diagnostic procedures, like fine needle aspiration,
bronchoscopy, transbronchial lung biopsy (TBLB),
EBUS, CT/PET guided biopsies, and thoracoscopy etc.
CT scan and PET scans are now available freely. Less
than 3% of their patients underwent surgery, and this
probably reflects the relatively poor survival among
these patients. Many of the Indian patients with lung
cancer have low performance status that as been
highlighted in many studies.?’®?? Although staging of
lung cancer is not done very aggressively, most authors
mention that lung cancer in this country presents in a
very advanced stages (Tables 16 and 17).86105213

Author®®  Number Non-Small Cell Lung Cancer Small Cell Lung Cancer
of Cases
7th Edition TNM Staging (%) 8th Edition TNM Staging (%) Limited Extensive
Stage (%) Stage (%)
I III v I III v
Mohan NSCLC 14 44 337 766 7 8 127 279 68 207
et al'® 1582 (1.2) (3.8) (29.1)  (65.9) (1.6) (1.9) (30.2) (66.3)  (24.8) (75.2)
SCLC 275
Kaur 1301 Stage I and II-46 (3.5%); Stage IIIA-170 (13.1%); 125 125
et al® Stage I11B-392 (30.1%); Stage IV-693 (53.3%). (50) (50)
NCRP?* 23,055 Localised—14.6%; Loco-regional-35.3%; Distant metastasis—44.8%; Unknown-5.3%

Loco-regional in 37.0% in males and 29.8% in females with lung cancer

Note: 7th Edition of TNM staging by the IASLC (International Association for the Study of Lung Cancer) in 2010; and 8th Edition in 2017.

Table 17. Stage at diagnosis and relationship with smoking from PGI, Chandigarh studies****

Characteristic Heavy Smokers

Never-smokers

Light/Moderate smokers

(SI2301; n = 235)

Females 2.1%
Mean age (years) 61.2 (9.4)
SqCC 57.9%
KPS 90-100 63.4%
Stage IV NSCLC 39.1%
Advanced NSCLC 81.2%
Extra-thoracic disease 16.6%

(SI = 1-300; n = 150) (n =135)
12.0% 51.9%
58.6 (9.9) 54.5 (12.5)
50.0% 28.1%
58.9%

46.0%

80.7%

28.0%

All group differences (except PS) were highly statistically significant (P<0.001)
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Table 15 shows various symptoms present in
lung cancer patients. Rare manifestations are also
described.?”® In the country, now various diagnostic
modalities are widely available that includes chest
radiograph, CT scan*”?¥, PET scan*?, and various other
invasive and semi-invasive methods.??** Molecular
methods are now widely available in the country®'*?
and are discussed in greater detail in the 2nd part of
the review.

Management of Lung Cancer in India

Management of lung cancer has undergone major
changes over the years with advancements in
surgery, radiotherapy techniques, availability of
newer generations of chemotherapeutic agents, and
more recently the advent of molecular therapies and
our understanding of immunooncology wherein
immunotherapy has changed the scenario. Mortality
from NSCLC decreased even faster than the incidence
of this subtype, and this decrease was associated with
a substantial improvement in survival over time that
corresponded to the timing of approval of targeted
therapy. Among men, incidence-based mortality from
NSCLC decreased 6.3% annually from 2013 through
2016, whereas the incidence decreased 3.1% annually
from 2008 through 2016. Corresponding lung cancer—
specific survival improved from 26% among men with
NSCLC that was diagnosed in 2001 to 35% among those
in whom it was diagnosed in 2014. This improvement in
survival was found across all races and ethnic groups.
Similar patterns were found among women with
NSCLC. In contrast, mortality from SCLC declined
almost entirely as a result of declining incidence, with
no improvement in survival.® CONCORD-3 survey
of global surveillance of cancer survival included
37.5 million patients diagnosed with cancer during
the 15-year period 2000-14. Data were provided by
322 PBCRs in 71 countries and territories, 47 of which
provided data with 100% population coverage. The
study includes 18 cancers or groups of cancers including
lung. For most cancers, 5-year net survival remains
among the highest in the world in the USA and Canada,
in Australia and New Zealand, and in Finland, Iceland,
Norway, and Sweden. Survival trends are generally
increasing, even for some of the more lethal cancers: in
some countries, survival has increased by up to 5% for
cancers of the liver, pancreas, and lung. Lung cancer
survival trends between 1995-1999 and 2000-2014 were
generally flat, but survival increased by 5% to 10% in
21 countries. But survival was below 10% in Thailand,
Brazil, Bulgaria and India® during this period of 15
years. The newer therapeutic approaches, particularly
Stage IV NSCLC have been reviewed and recommended
recently.®*?” Like many other countries, the median
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survival was very poor in Indian patients with lung
cancer. In earlier years in the 1980’s median survival
was only in weeks and with the advent of better drugs,
molecular targeted therapy and immunotherapy, the
situation has changed. In one of the earlier studies®®
we have shown that chemotherapy is better than best
supportive care alone. As mentioned earlier, lung cancer
in India is diagnosed in advanced stage of the disease.
Therefore, more definite therapy, like surgery could not
be offered to many and radiotherapy is only a localised
form of treatment not able to take care of the distant
metastatic sites. Hence, more and more patients will
require systemic therapy like chemotherapy, and more
recently available treatment modalities, like molecular
targeted therapy and immunotherapy. However, the
later two are more costly and could not be afforded by
many. Many publications and experience are available
in the Indian literature®-3#¢, both in terms of clinical
experience and reviews. A detailed summary has been
reviewed by Ghadyalpatil ef al.3*

The largest cases reported from India'® showed
that among the total 1803 patients, treatment
details were available for 1013 (56.2%) patients,
with the most common treatment modality being
chemotherapy (87.5%) followed by radiotherapy
(15.3%), targeted therapy (8.6%), and surgery (3.0%).
The most common chemotherapy regimens were
carboplatin-paclitaxel ~ (53.4%), cisplatin-etoposide
(18.4%), carboplatin-gemcitabine (7.4%), and
carboplatin-pemetrexed (9.0%). The median overall
survival was 8.8 months (IQR, 3.7-19) for all patients,
and 12.6 (IQR, 6.2-28.7) months among the 1013 patients
who underwent specific treatment (chemotherapy,
targeted therapy, radiotherapy, or surgery) and had
at least one additional follow-up visit. The remaining
participants were either unwilling for chemotherapy,
unsuitable due to poor performance status, opted
for alternative systems of medicine, (ayurvedic or
homeopathic) or were those in whom treatment
details were not known. Other Indian studies have
also reported a high proportion of patients unwilling
or unsuitable for cancer-specific treatment for reasons
similar to what was observed in one of the largest series
from India.'%520228-261,265267 The median overall survival in
this study was similar to that reported in various other
Indian studies (6.0-7.8 months), especially in advanced
NSCLC. However, the overall survival of the patients
who received at least some cancer-specific treatment
was higher at 12.6 (6.2-28.7) months.

The NCRP of the ICMR* data give an idea about
different management practices in the country for lung
cancer (Table 18). Practices of molecular targeted theray
will be discussed in the 2nd part of the review.
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Table 18. Different management practices in India for lung cancer®

Extent Localised Loco-regional Distant Metastasis Unknown

Sex M F M F M F M F
Surgery 5.8 6.9 2.1 23 0.6 0.6 4.6 8.6
Radiotherapy 12.4 9.6 14.3 9.3 242 17.4 17.0 13.3
Systemic therapy 49.0 533 47.6 58 423 50.9 48.8 55.5
Multi-modality therapy* 31.3 27.7 34 28 31.1 28.6 28.1 20.6
Palliative care 1.6 24 2.0 23 1.9 2.5 1.5 2.0

*combination of surgery and/or radiotherapy and/or chemotherapy

Figures are presented as percentage of cases

Tobacco Control in India

Tobacco use continues to be important due to the
significant amount of tobacco-attributable NCDs and
deaths in India and lung cancer in particular and its
use continues to be a significant burden due to its
magnitude and different forms of use in India.*” The
pattern and predictors of smoking, chewing, and any
tobacco use among adults of age 1549 years in India
was studied using secondary data from the fourth
round of the National Family and Health Survey
(NFHS, 2015-2016) which collected information on
tobacco use from men and women in the age group
15-49 years (n = 803,097). Bivariate and multivariate
analyses were conducted to understand the socio-
economic and demographic predictors. Geographic
Information System (GIS) maps have been used to show
inter-state variation by gender in smoking, chewing,
and any tobacco use. About one out of every 10 adults
aged 1549 use any tobacco, predominantly in chewing
forms. Women are significantly less likely to smoke
(OR=0.05, CI=0.04-0.05), chew (OR=0.25, CI=0.24-0.25),
and use any tobacco (OR=0.14, CI=0.13-0.14) compared
with men. Tobacco usage was found more common
among the uneducated and economically weak people.
There is considerable inter-state heterogeneity in the
prevalence and type of tobacco use, and adults in
the north-east region are among the most vulnerable
population subgroups. The higher use among males,
illiterates, economically weak, socially backward and
alcohol users suggest the need for targeted efforts to
improve their knowledge and awareness about the
harmful effects of tobacco use and stronger enforcement
of tobacco control policies. The Global Adult Tobacco
Survey-2 (GATS-2) in India was a household survey of
74037 persons, aged 15 or more, which was conducted
in all 30 states of India and two union territories in 2016-
17. As per this survey, 6% of adults aged 15 and above
(267 millions) used tobacco in any form with 199 million
use smokeless tobacco, 100 million smoke tobacco and

32 million smoke as well as chew tobacco.***** The
most commonly used tobacco products are “khaini” (a
type of smokeless tobacco) with 85 million users and
bidi (hand rolled cigarette) 67 million users. About 199
million users live in rural area and 68 million in urban
area. Currently, 19.0% of men, 2.0% of women and
10.7% (99.5 million) of all adults smoke tobacco. The
prevalence of cigarette smoking was in 7.3% in men
and 0.6% in women, with an overall percentage of 4.0%.
Bidi smoking is more common in India with bidi being
the most common product. Whie 14.0% men and 1.2%
women smoked in this country as per the survey.’¥
Currently, 29.6% of men, 12.8% of women and 21.4%
(199.4 million) of all adults use smokeless tobacco
and 42.4% of men, 14.2% of women and 28.6% (266.8
million) of all adults currently use tobacco (smoked
and/or smokeless tobacco). Current smokers (55.4%)
are planning or thinking of quitting smoking and
49.6% of current smokeless tobacco users are planning
or thinking of quitting smokeless tobacco use. Nearly,
48.8% of current smokers were advised by health-
care providers to quit smoking and 31.7% of current
smokeless tobacco users were advised by health-care
providers to quit the use of smokeless tobacco. About
38.7% of adults were exposed to second-hand smoke at
home, 30.2% of adults who work indoors were exposed
tosecond-hand smoke at their workplace, 7.4% of adults
were exposed to second-hand smoke at restaurants and
23% adults are still exposed to second- hand smoke at
public places. 19.2% of adults noticed smoking tobacco
advertisement and 18.3% of adults noticed smokeless
tobacco advertisement. 68.0% of adults noticed anti-
smoking tobacco information on television or radio
and 59.3% of adults noticed anti-smokeless tobacco
information on television or radio. 92.4% of adults
believed that smoking causes serious illness and 95.6%
of adults believed that use of smokeless tobacco causes
serious illness. There are significant changes compared
to GATS-1 with 17% relative decrease in tobacco
prevalence and the tobacco use among 15-24 year olds
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showed relative reduction of 33% and for 15-17 year
olds, there was a 54% reduction. The age of initiation
of tobacco use increased by 1 year (17.9 to 18.9). While
there was a decrease in second-hand smoke exposure
in public places (6%) and at home (13%), there was no
decrease in workplaces. Between these two surveys, 9%
(83% to 92%) more believed that second-hand smoke
is harmful and 7% (89% to 96%) more believed that
smokeless tobacco is harmful. However, the areas of
concern are that 68% of smokers, 17% of bidi smokers,
and 50% of smokeless tobacco users purchase loose
tobacco. Nearly 10% of people still notice some form
of tobacco advertisement and despite the gutka ban, 51
million people were still able to buy gutka. The 2017
National Health Policy of the Government of India had
set a target of relative reduction in current tobacco use
by 15% by 2020; a target which has now been exceeded.
The next target is a 30% reduction by 2025.

The National Tobacco Control Programme (NTCP)
of India is mainly focussed on controlling tobacco
use in the country and the main aim is to bring about
greater awareness about the harmful effects of tobacco
use and about the Tobacco Control Laws; and also
to facilitate effective implementation of the Tobacco
Control Laws (COTPA 2003). India became a Party to
the WHO Framework Convention on Tobacco Control
on February 27, 2005. The Cigarettes and Other Tobacco
Products (Prohibition of Advertisement and Regulation
of Trade and Commerce, Production, Supply and
Distribution) Act, 2003 (COTPA) is the principal
comprehensive law governing tobacco control in India.
The Act was passed before India became a Party to the
WHO Framework Convention on Tobacco Control.
Various laws and enactments in the country are given
below.

Smoke Free Places

Smoking is completely banned in many public places
and work-places, such as health-care, educational, and
government facilities and on public transport. The law,
however, permits the establishment of smoking areas
or spaces in airports, hotels having 30 or more rooms,
and restaurants having seating capacity for 30 or more.
With respect to outdoor places, open auditoriums,
stadiums, railway stations, bus stops/stands are smoke
free. Sub-national jurisdictions may enact smoke free
laws that are more stringent than the national law.

Tobacco Advertising, Promotion and Sponsorship

Advertising through most forms of mass media is
prohibited. There are some restrictions on tobacco
sponsorship and the publicity of such sponsorship.
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Tobacco Packaging and Labelling

Health warning labels are pictorial and text; cover 85%
of the front and back panels of the tobacco product
package parallel to the top edge; and are rotated
every 12 months. Misleading packaging and labeling,
including terms such as “light,” and “low-tar” and
other signs, is prohibited.

Cigarette Contents and Disclosures

The law does not grant the authority to regulate the
contents of cigarettes. The law does not require that
manufacturers and importers disclose to government
authorities information on the contents and emissions
of their products.

Sales Restrictions

The law prohibits the sale of tobacco products via
vending machines and within 100 yards of any
educational institution. In addition, several states ban
the sale of single cigarettes and gutka and other forms
of smokeless tobacco. There are no restrictions on
internet sales or the sale of small packets of cigarettes or
other tobacco products. The sale of tobacco products is
prohibited to persons under the age of 18 years.

E-Cigarettes

The law prohibits the production, manufacture, import,
export, transport, sale, distribution, and advertising of
e-cigarettes. However, there are no restrictions on the
use of e-cigarettes.

This period also witnessed the emergence of new
contributors outside the Ministry of Health providing
additional powerful tools for tobacco control. The
Ministry of Women and Child Development amended
the Juvenile Justice Act to make the sale of tobacco to
minors as a non-bailable offence punishable by seven
years of rigorous imprisonment and a fine of up to
100,000 Indian Rupees. The Department of Consumer
Affairs amended the Legal Metrology Act to prohibit
sale of loose cigarettes, which currently accounts for over
70% of the country’s total cigarette sales. Meanwhile, a
regulation under the Food Safety Act (2011) prohibited
addition of tobacco and nicotine to any food substance.
Through public interest litigation, this regulation
enabled the Supreme Court to order a nationwide ban
on gutka (a combination of flavored smokeless tobacco
and areca nut). In addition, more than a dozen states
have independently prohibited flavoured smokeless
tobacco products — an important step given gutka is a
risk factor for oral cancers. The issue of tobabacco use
in India has been highlighted by other authors also.%'%!

To assist the country-level implementation of
effective interventions to reduce the demand of
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tobacco, the WHO Framework Convention on Tobacco
Control introduced the MPOWER package, consisting
of six policy intervention strategies: Monitor tobacco
use and prevention policies, Protect people from
tobacco smoke, Offer help to quit tobacco use, Warn
about the dangers of tobacco, Enforce bans on tobacco
advertising, promotion and sponsorship, and Raise
taxes on tobacco.

Screening of Lung Cancer in India

Although screening for lung cancer in specific
population groups is now accepted as a routine practice
in many developed nations,***%* implementation of lung
cancer screening is challenging in developing countries,
even though there is an increasing trend in lung cancer
incidence in these countries attributed to tobacco
smoking and various environmental and occupational
risk factors. So organised lung cancer screening is
practically non-existent in these countries including
India. There are numerous challenges in implementing
such programmes ranging from infrastructure, trained
human resources, referral algorithm to cost and
psychological trauma due to over-diagnosis. Pulmonary
TB and other chest infections are important issues to be
addressed while planning for lung cancer screening in
the developing countries. Burden of these diseases is
very high and can lead to over-diagnosis in view of cut-
off of lung nodule size in various studies. Assessment
of high risk cases for lung cancer is difficult as various
forms of smoking make quantification non-uniform
and difficult. Lung cancer screening targets only high
risk population unlike screening programmes for other
cancers where entire population is targeted. There is
a need for lung cancer screening for high risk cases as
it saves lives. Tobacco control and smoking cessation
remain the most important long-term intervention to
decrease morbidity and mortality from lung cancer in
the developing countries. There is no sufficient evidence
supporting the introduction of population-based
screening for lung cancer in public health services.**%7
However, many centres do the screening programme
like the Dharamshila Narayana Superspeciality
Hospital (A Unit of Dharamshila Cancer Foundation
and Research Centre), New Delhi and others. Through
this programme, the center provides low-dose CT
screening for people who were between the ages of 55
and 74, and have smoked 30 or more pack years. (This is
the number of years smoked multiplied by the number
of packs of cigarettes smoked per day, e.g. one pack per
day for 30 years equals 30 pack years.)

Most countries or organisations have not framed
any guidelines for lung cancer screening due to cost
effectiveness and morbidity issues related to low-dose
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computed tomography (LDCT). Various methods have
been tried, such as chest radiography, sputum cytology;
however, low dose computed tomography has been
shown to be an effective screening modality for lung
cancer. Along with an overall increase in the incidence,
there is a rapid increase amongst non-smokers and
women. The patients are being seen at younger and
younger age group. While smoking continues to be
the primary cause, extremely high air pollution levels
are a possible contributory factor for exponential
rise in the incidence of lung cancer in non-smoking
population. Another screening trial is being studied
at the PGIMER, Chandigarh where 200 individuals
aged 55-74 years with at least 30 pack-year history
of smoking (or smoking index >600) who are current
smokers or quit within the last 15 years or individuals
aged 50-74 years with at least 20 pack-year history of
smoking (or smoking index >400) who are current or
former smokers with COPD or family history of lung
cancer in any first-degree relatives.”*

Amongst the various methods for early detection,
the only one that has proven to reduce the lung cancer
mortality is the “Low Dose Computed Tomographic
Screening” as demonstrated in the “National Lung
Cancer Screening Trial (NLST)”. The NLST showed
that a LDCT screen followed by two annual screens,
compared to standard lung x-ray screening, reduced
the lung cancer mortality by 20% and overall mortality
by 7% over a 6-year follow-up period in individuals
at high-risk for developing lung cancer. Despite such
promising outcomes, the results have to be analysed
with care, particularly from the Indian perspective. The
NLST demonstrated a reduction in mortality, but with
high false positive rates mostly attributed to benign
infective lesions. That raises serious concerns regarding
its usefulness in countries with TB as a widely prevalent
endemic problem. However, there have been no studies
from India which actually evaluate the feasibility of
LDCT in early diagnosis of lung cancer.

COVID and Lung Cancer

While all types of malignancies seem to be associated
with high COVID-19 prevalence, morbidity and
mortality, lung cancer represents a specific scenario of
cumulative risk factors for COVID-19 complications,
including older age, significant cardiovascular
and respiratory co-morbidities, smoking-related
lung damage, as well as the unavoidable addition
of treatment-related immune impairment or
suppression.*”” In a retrospective analysis of 1524
patients with cancer, it is reported and highlighted
that patients with cancer harboured a higher risk of
SARS-CoV-2 infection (OR=2.31; 95% CI=1.89 to 3.02)
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compared to the general population. This risk appears
increased in both patients with or without active
anti-cancer treatments. The most likely to develop
COVID-19 were patients with NSCLC and above the
age of 60.8 Subsequently, there are many other studies
which describe various aspects of lung cancer during
COVID-19 pandemic.”*?% In India also management
issues during the pandemic have been discussed by
various authors.*#3%
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ABBRIVATIONS USED IN THIS
ARTICLE

ECIS=European Cancer Information
System

ICMR=Indian Council of Medical
Research

HBCRs=Hospital-based Cancer Registries

NCRP=National Cancer Registry
Programme

AARs=Age adjusted ratios
Ul=Uncertainty interval

NSCLC-NOS=NSCLC-not otherwise
specified

ETD= Extra-thoracic disease
BMI=Body mass index

CR= Crude rate

CUM= Cumulative risk

M/I=....

IHC= Immunohistochemistry
OR=0dds ratio

CI=Confidence interval

ETS= Environmental tobacco smoke
VS=versus

PM= Particulate matter

EGFR= Epidermal growth factor receptor

TB=Tuberculosis
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HR= Hazard ratio
IQR= Interquartile range

QTSE= Quantified tobacco smoke
exposure

ECOG= Eastern Cooperative Oncology
Group

EBUS= Endobronchial ultrasound
PET= Positron emission tomography
CT=Computed tomography

TBLB= Transbronchial lung biopsy

NFHS= National Family and Health
Survey

GATS=Clobal Adult Tobacco Survey

NTCP= National Tobacco Control
Programme

COTPA= Cigarettes and Other Tobacco
Product Act

LDCT= Low-dose computed tomography

COPD= Chronic obstructive pulmonary
disease

NLST= National Lung Cancer Screening
Trial
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