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A B S T R A C T

Background & objectives: An assessment of transition of cancer in India during the past 30 years, according to
changes in demographic and epidemiologic risk factors was undertaken.
Materials & methods: Cancer registry data (http://www.ncdirindia.org), (population coverage< 10%), was
compared with transition in life-expectancy and prevalence on smoking, alcohol and obesity. We fitted linear
regression to the natural logarithm of the estimated incidence rates of various cancer registries in India.
Results: Burden of cancer in India increased from 0.6 million in 1991 to 1.4 million in 2015. Among males,
common cancers are lung (12.0%), mouth (11.4%), prostate (7.0%), and tongue (7.0%) and among females, they
are breast (21.0%), cervix-uteri (12.1%), ovary (6.9%), and lung (4.9%) in 2012. Increased life-expectancy and
population growth as well as increased use of alcohol and increased prevalence of overweight/obesity reflected
an increase in all cancers in both genders except a reduction in infection-related cancers such as cervix-uteri and
tobacco-related cancers such as pharynx (excludes nasopharynx) and oesophagus.
Interpretation & conclusion: Transition in demographics and epidemiologic risk factors, reflected an increase in all
cancers in both genders except a reduction in a few cancers. The increasing incidence of cancer and its associated
factors demands a planned approach to reduce its burden. The burden assessment needs to be strengthened by
increasing the population coverage of cancer registries. Continued effort for tobacco prevention and public
health efforts for reducing obesity and alcohol consumption are needed to reduce the cancer burden.

1. Introduction

Cancer incidence rates in India, still lower compared to many
western countries [1] have been changing over the recent decades.
Transition in the economic status and life-style modification happened
in many countries reflected a drastic increase in cancer burden and that
are associated with demographic changes and epidemiologic factors
such as alcohol, obesity and physical inactivity [2]. Transition of cancer
in India resulted, an increase in the burden of the disease, contributing
the third highest number of cases globally after China and USA.

In each year, the number of new cancer cases is rising largely in
India, mainly due to the demographic changes such as increased po-
pulation growth and ageing. Further, India has emerged as a fast
growing economy and thus occurred changes in the life-styles, in-
cluding alcohol use, consumption of highly calorific food, increased
obesity and a reduction in physical activity. From the 27 cancer re-
gistries in India, a total of nearly 1.4 million cancer cases were esti-
mated for the year 2015 (males: 692,704; females: 695,693) and it is

predicted that, without any control measures, this figure would increase
to 1.74 million cases (males: 871,756; females: 863,130) for the year
2020 [3].

Cancer registry reports in India indicated that there are distinct
patterns in the types of cancer at a regional level, mainly due to the
heterogeneity in underlying risk factors. Nationally, the five common
cancers in men were lung, oral cavity, stomach, colo-rectum, and
pharynx (excluding nasopharynx) and in women, breast, cervix uteri,
colo-rectum, ovary and oral-cavity [4] and estimated the burden of
some of these cancers for the year 2015 (oral cavity: 149,978; female
breast: 134,214; lung: 106,794; cervix-uteri: 97,909; colo-rectum:
73,725 and stomach: 44,998) [3].

Several cancers are showing increasing trend and some are de-
clining regionally [3]. Other than the demographic transition, epide-
miologic transition in the prevalence of risk factors might have attrib-
uted to the transition of cancer in populations. Further, changes in the
detection practices, cancer screening and better access to care might
have resulted, increased burden of many cancers now. This paper
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assesses the transition of cancer in India according to the changes in the
demographic and epidemiologic risk factors occurred during the past 30
years.

2. Materials and methods

India has one of the oldest cancer registries in the world dating back
to 1964 when the Indian Cancer Society established one at Mumbai.
The Indian Council of Medical Research (ICMR), initiated a network of
three population-based cancer registries (PBCRs) through the National
Cancer Registry Programme (NCRP) of Govt. of India, in 1982 at
Mumbai, Bangalore and Chennai. In 1985, three more PBCRs at Delhi,
Bhopal and Barshi (rural population-based) were established (Fig. 1).
Currently there are 27 PBCRs under the NCRP with coverage of less
than 10% of the 1.27 billion populations in India [3,5].

In India, for cancer case-ascertainment, ‘active-system’ is being
followed since there is no legislation in the country concerning regis-
tration and notification of cancer either at the national or state-level
(except administrative orders in some areas). The data collection in
each of the PBCRs in India is being carried out by visiting the hospital/
nursing homes/laboratories/specialists to enumerate the cancer cases.

Medical records and other source documents are abstracted and coded
for the registry database. Even though duplicate registrations are to be
excluded, the uses of multiple sources for data collection is to prevent
cases being missed and ensure that only a few cases may escape from
the registry. Information on deaths is also being collected from the
departments of vital statistics of the respective cities for adding DCO
(death certificates only) cases to the incident database to have complete
information on number of cancer cases (Fig. 2).

Data sources for cancer rates were national cancer registry reports
(http://www.ncdirindia.org) [6–8]; estimates of cancer incidence in
1991 [9] and estimates of cancer incidence in 2012 [4]. Data sources
for life-expectancy, tobacco prevalence, per-capita consumption of al-
cohol, and prevalence in overweight and obesity were from world
health organization, global health observatory data (http://www.who.
int/gho/en) [10] and for Gross Domestic Product (GDP) were from
world bank (https://data.worldbank.org/country/india) [11].

The various measures used are age-standardised (world population)
incidence rate, to compare the rates with various countries (ASR) and
annual percent change (APC), to assess the transition in rates. Data on a
long time period are available only from registries such as Bangalore,
Barshi, Bhopal, Chennai, Delhi and Mumbai. We fitted linear regression

Fig. 1. Transition of Population Based Cancer Registries in India: 2014.
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to the natural logarithm of the estimated rates APC on incidence rates of
these registries. JoinPoint linear regression was used to determine
trends in cancer incidence (APC), a statistical algorithm detects
Joinpoints, or points in time where the slope of the regression line
significantly changes. Thus, the model described trends during different
time segments. At each segment, trends in rates were measured using
the estimated APC, which assumes that rates changes by a constant
percentage each year. The JoinPoint regression software was used for
the trend analysis [12].

3. Results

Proportion of population growth was 42% and 44% (Fig. 3a & d);
increased life-expectancy was 10 years and 11 years (Fig. 3b & e),
however, increase in cancer burden was 93% and 64% (Fig. 3c & f) in
2012 compared to 1991 among males and females respectively. Among
males, lung is the leading cancer sites in most of the cancer registries in
India except in the central region. Mouth is another leading site in the
southern, central and western regions in India. In the north-eastern
region, among males, stomach is the leading site in many of the re-
gistries along with lung and oesophagus where as in Nagaland, naso-
pharynx holds the position of top leading site (Table 1). Among females,
breast is the leading cancer site in the southern, western, and northern
registries in India whereas in some of the central and north-eastern
registries, cervix-uteri is the leading cancer site. Among the north-
eastern registries, oesophagus and stomach are respectively the leading
cancer sites in Meghalaya and Naharlagun (Table 2).

The pooled data indicated that lung is the leading cancer site even
after 20 years, among males in India. Pharynx (excludes nasopharynx)
and oesophagus, which were among the top five leading sites in 1991
found their ranking to be lowered in 2012. Colo-rectum, prostate and
stomach were the other emerging cancer sites in males in 2012 (Fig. 4).
The pooled data among females indicated that cervix-uteri and breast
which were the top leading sites in 1990 interchanged their ranking

positions in 2012. Colo-rectum and corpus-uteri, which were not pre-
dominant sites earlier, emerged as leading cancer sites in 2012. Ovary
maintains its position in the top five leading cancer sites, even though
its ranking has declined. Mouth which had fifth position earlier had
come down to the tenth position (Fig. 5).

Tobacco prevalence has declined in India in both genders (Fig. 6a &
b). Parallel to this, a decline in other pharyngeal and oesophageal
cancers was observed in the oldest registries such as Mumbai, Chennai,
Bangalore and Delhi. However, increase in lung cancer incidence was
observed in both genders (Fig. 6c & d). Among females, statistically
significant APCs were 3.9% [95% CI: 2.9–5.4], 4.6% [95% CI: 2.1–5.8],
2.8% [95% CI: 1.5–3.1], and 1.3% [95% CI: 1.1–2.1], in Bangalore,
Chennai, Delhi and Mumbai respectively. Also, increase in tongue and
mouth cancer incidence was observed in these registries (Fig. 6e & f).

Parallel to the increased aging population (Fig. 3b), prostate cancer
rates showed increasing trend in all the older registries except Bhopal
(Fig. 7b). Statistically significant APCs were 2.8% [95% CI: 1.9–3.5],
4.1% [95% CI: 3.1–5.2], 3.4% [95% CI: 2.8–4.9], and 1.2% [95% CI:
1.0–2.2], in Bangalore, Chennai, Delhi and Mumbai respectively.
Transition in the economic status (Fig. 9a) resulted decline in infection-
related cancers mainly cervix-uteri (Fig. 9b). Statistically significant
APCs were −2.3% [95% CI: −3.1 to −1.5], −2.2% [95% CI: −2.9 to
−0.9], −1.8% [95% CI: −1.1 to −2.8], −3.5%[95% CI: −1.9 to
−6.5], −2.7% [95% CI: −2.0 to −5.9], and −2.0% [95% CI: −1.0 to
−4.6], in Bangalore, Barshi, Bhopal, Chennai, Delhi and Mumbai re-
spectively.

Life-style modification resulted increasing trend for breast cancers
in all the six older registries (Fig. 7a). APCs were 2·8% [95% CI:
1.1–3.2], 1.9% [95% CI: 0.8–2.5], 2.0% [95% CI: 1.7–4.1], 2.5% [95%
CI: 2.2–2.9], 1.5% [95% CI: 0.6–2.4], and 1.4% [95% CI: 0.9–2.3] in
Bangalore, Barshi, Bhopal, Chennai, Delhi and Mumbai respectively.
Increased prevalence in over-weight/obesity in both genders was ob-
served (data not shown among males) (Fig. 8b). Parallel to this, corpus-
uteri and ovarian cancers showed increased trend in all the older

Fig. 2. Active case ascertainment methods in a cancer registry in India.
NCRP: National Cancer Registry Programme of Govt. of India.
IARC: International Agency for Research on Cancer.
RCCs: Regional Cancer Centres.
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registries (Fig. 7e & f). Statistically significant APCs for corpus-uteri
cancer were 5.5% [95% CI: 2.7–7.2], 3.8% [95% CI: 1.6–5.8.], 3.6%
[95% CI: 2.0–4.1], and 2.7% [95% CI: 1.9–3.6], in Bangalore, Chennai,
Delhi, and Mumbai respectively. APCs were 2.0% [95% CI: 1.2–3.3],
2.4% [95% CI: 1.6–3.7], 1.6% [95% CI: 1.0–3.3], 1.0% [95% CI:
0.7–1.9], and 0.9% [95% CI: 0.4–1.1], for ovarian cancers in Bangalore,
Bhopal, Chennai, Delhi and Mumbai respectively.

Increased prevalence in alcohol consumption among males was
observed (Fig. 8a). Some of the related cancers such as colo-rectal
cancers showed increased prevalence in some older registries (Fig. 7c &
d). Among males, statistically significant APCs for colon cancer were

2.5% [95% CI: 1.4–5.1], 4.0% [95% CI: 3.1–6.3], 2.1% [95% CI:
1.8–3.0], and 1.0% [95% CI: 0.5–1.4], in Bangalore, Chennai, Delhi and
Mumbai respectively and for rectal cancers significant APCs were 1.9%
[95% CI: 0.8–2.5], 2.6% [95% CI: 1.3–3.6], and 1.3% [95% CI:
0.6–2.2], in Bangalore, Chennai and Delhi were respectively.

4. Discussion

In the present analysis, it was observed that the estimated burden of
cancer is huge and it has been increasing with a very high proportion
(93.0%) among men in India. Even though cancer registration has a

Fig. 3. Demographic Transition vs. Transition of Cancer Burden in Men vs. Women.
Sources: WHO Global health observatory (GHO) data [10] (Fig. 3a–b, d–e); Estimate of cancer incidence in India in 1991 [9]; NCRP Report 2012–14 [3] (Fig. 3c, f)
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Table 1
Leading cancer sites in various cancer registries in India (2012–2014): Males.

Leading cancer sites %

South
Bangalore Lung Stomach Prostate Oesophagus Brain 36.2
Chennai Lung Stomach Mouth Tongue Prostate 39.5
Kollam Lung Mouth Prostate Liver Stomach 38.4
Trivandrum Lung Prostate Mouth Tongue Rectum 34.6

West
Ahmedabad Mouth Tongue Lung Oesophagus Prostate 49.5
Aurangabad Lung Mouth Tongue Oesophagus Larynx 47.1
Mumbai Lung Mouth Prostate Liver Tongue 37.7
Pune Mouth Lung Prostate Tongue NHL 36.6

North
Delhi Lung Mouth Prostate Tongue Larynx 36.3
Patiala Oesophagus Lung Prostate Tongue Mouth 34.3

Central
Barshi Rural Mouth Oesophagus Liver Rectum Tongue 31.3
Bhopal Mouth Lung Tongue Larynx Prostate 46.3
Nagpur Mouth Tongue Oesophagus Lung Larynx 43.5
Wardha Mouth Oesophagus Lung Liver Tongue 39.4

North East
Cachar Oesophagus Hypopharynx Lung Mouth Larynx 38.3
Dibrugarh Oesophagus Hypopharynx Stomach Mouth Lung 46.7
Kamrup Oesophagus Hypopharynx Lung Stomach Mouth 43.5
Kolkata Lung Prostate Mouth Tongue Larynx 44.9
Manipur Lung Stomach Nasopharynx Oesophagus NHL 40.1
Meghalaya Oesophagus Hypopharynx Stomach Lung Tongue 58.7
Mizoram Stomach Oesophagus Lung Liver Hypopharynx 59.3
Nagaland Nasopharyx Stomach Oesophagus Lung Hypopharynx 50
Naharlagun Stomach Liver Oesophagus Lung Nasopharynx 63.4
Pasighat Stomach Liver Hypopharynx Oesophagus Rectum 43.3
Sikkim Stomach Liver Lung Oesophagus Nasopharynx 42.8
Tripura Lung Oesophagus Larynx Stomach Mouth 44.2

Table 2
Leading cancer sites in various cancer registries in India (2012–2014): Females.

Leading cancer sites %

South
Bangalore Breast Cervix uteri Ovary Thyroid Mouth 53
Chennai Breast Cervix uteri Ovary Corpus uteri Stomach 58.6
Kollam Breast Thyroid Cervix uteri Ovary Mouth 54.9
Trivandrum Breast Thyroid Cervix uteri Ovary Corpus uteri 55.1

West
Ahmedabad Breast Cervix uteri Ovary Mouth Tongue 55.5
Aurangabad Breast Cervix uteri Ovary Lung Oesophagus 64.4
Mumbai Breast Cervix uteri Ovary Lung Gall bladder 51.9
Pune Breast Cervix uteri Ovary Mouth Lung 58.1

North
Delhi Breast Cervix uteri Gall bladder Ovary Corpus uteri 58.0
Patiala Breast Cervix uteri Oesophagus Ovary Gall bladder 54.4

Central
Barshi Expanded Cervix uteri Breast Ovary Tongue Stomach 60.5
Barshi Rural Cervix uteri Breast Ovary Oesophagus Lung 58.7
Bhopal Breast Cervix uteri Ovary Gall bladder Mouth 62.2
Nagpur Breast Cervix uteri Ovary Mouth Oesophagus 60.9
Wardha Breast Cervix uteri Ovary Mouth Oesophagus 58.1

North East
Cachar Breast Cervix uteri Gall bladder Oesophagus Ovary 50.4
Dibrugarh Breast Gall bladder Oesophagus Ovary Cervix uteri 54.4
Kamrup Urban Breast Oesophagus Gall bladder Cervix uteri Ovary 51.1
Kolkata Breast Cervix uteri Ovary Gall bladder Lung 57·8
Manipur Breast Lung Cervix uteri Thyroid Ovary 52.1
Meghalaya Oesophagus Cervix uteri Breast Mouth Stomach 56.3
Mizoram Cervix uteri Lung Breast Stomach Oesophagus 60.0
Nagaland Cervix uteri Breast Stomach Nasopharynx Thyroid 56.4
Naharlagun Stomach Cervix uteri Breast Thyroid Liver 53.5
Pasighat Cervix uteri Breast Stomach Ovary Liver 63.6
Sikkim Breast Cervix uteri Lung Gall bladder Stomach 41.7
Tripura Cervix uteri Breast Gall bladder Ovary Oesophagus 51.7
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Fig. 4. Transition in rank ordering and proportion of leading cancers: males.
NHL: Non-Hodgkin Lymphoma.
Sources: Estimate of cancer incidence in India in 1991 [9]; GLOBOCAN 2012 [4].

Fig. 5. Transition in rank ordering and proportion of leading cancers: females.
Sources: Estimate of cancer incidence in India in 1991 [9]; GLOBOCAN 2012 [4].
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long history in India, long-time data has been available only for a few
registries and thus the transition of cancer pattern could be made only
in a few regions, and the population coverage of all cancer registries
together was<10% of the total population in India. Hence it is very
important that the population coverage of cancer registries needs to be
increased.

Changing demographics leading to increased ageing population are
likely to result in increased incidence of certain cancers such as pros-
tate, rectum etc. and thus the future burden of cancer in India will
expect to be large. The economic burden of cancer care treatment to be
the highest compared to all other diseases and if detected in late stages,
treatment cost will be generally 1.5–2 times higher than the cost for

early-stage cancers.
A decline in tobacco prevalence was reported in the past 20–25

years in both genders in India. Of the several causes investigated for
cancer, the use of smoking and smokeless tobacco has shown strong and
consistent associations with several cancer sites such as lung, oral
cavity, other pharynx (oropharynx & hypopharynx), larynx, oesophagus
and urinary bladder in the body [13,14]. However, no decline in the
major tobacco associated cancer sites was observed in the present
analysis except a slight decline in pharyngeal (excludes nasopharynx)
and oesophageal cancers. It is alarming to note the increase in the in-
cidence of lung cancer in both genders.

It has been reported that cancers such as cervix-uteri, Hodgkin’s

Fig. 6. Transition in Tobacco prevalence vs. Lung, Mouth and Tongue cancers in India.
Sources: NCRP Reports 2006–08 [8], 2009–11 [7], 2012–14 [3], NCRP time Trends 1982–2010 [6].
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disease, nasopharynx, stomach and liver are mainly infection related
[15,16]. In India, increase in the economic status and thereby reduction
in the poverty clearly indicated reduction in the infection-related can-
cers such as cervix-uteri. However, life-style modification happened in
many parts of the country reflect increased incidence of several related
cancers such as breast, colo-rectum, prostate, corpus-uteri etc. What is
probably more worrisome is, India witnessing increased incidence of
key risk factors such as obesity, physical inactivity, alcohol etc. that
contribute to the occurrence of many cancers.

Life-style modification such as delayed child birth and changing
breastfeeding pattern are likely to result in increased breast cancer

incidence. Excessive use of alcohol is linked to other pharynx, breast,
oesophagus (squamous cell carcinomas), liver, colo-rectum [17,18].
Further, changing dietary patterns are linked to the risk in overweight
and obesity. It has been reported that increasing overweight/obesity
rates and physical inactivity led to an increase in the risk of many
cancers such as corpus-uteri, colo-rectum, breast, and oesophagus
(adeno carcinomas) [19–21]. Thus increased alcohol consumption, in-
creased prevalence in overweight/obesity and physical inactivity and
with the tobacco epidemic, the burden of related cancers in India will
be very high. A substantial portion of cancer cases could be prevented
by broadly applying effective prevention measures. For instance,

Fig. 7. Transition in Breast, Prostate, Colon, Rectum, Corpus-uteri and Ovarian cancers in India (1982–2014).
Sources: NCRP Reports 2006–08 [8], 2009–11 [7], 2012–14 [3], NCRP time Trends 1982–2010 [6].
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cancers such as breast and cervix-uteri can be cured if detected early
and treated adequately.

In the present analysis, an up-down variations was observed in some
of the transition graphs (Figs. 6c–d, 7 a–f), which might be due to the
variation in the completeness in case-ascertainment existing in cancer
registries. Hence, it is very important that cancer incidence data needs
to be assessed more accurately.

In conclusion, transition in demographics and epidemiologic risk
factors, reflected an increase in all cancers in India, in both genders
except a reduction in cancers of the cervix uteri and tobacco-related
cancers such as pharynx (excludes nasopharynx) and oesophagus in
some geographical areas. The increasing incidence of cancer and its
associated factors demands a planned approach to reduce its burden.
The burden assessment needs to be strengthened by increasing the
population coverage of cancer registries. Continued effort for tobacco
prevention and public health efforts for reducing obesity and alcohol
consumption are needed to reduce the cancer burden.
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