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Abstract

Background: Cancer is the major cause of morbidity and mortality worldwide. The cancer burden varies within the
regions of India posing great challenges in its prevention and control. The national burden assessment remains as a
task which relies on statistical models in many developing countries, including India, due to cancer not being a notifi-
able disease. This study quantifies the cancer burden in India for 2016, adjusted mortality to incidence (AMI) ratio and
projections for 2021 and 2025 from the National Cancer Registry Program (NCRP) and other publicly available data
sources.

Methods: Primary data on cancer incidence and mortality between 2012 and 2016 from 28 Population Based Cancer
Registries (PBCRs), all-cause mortality from Sample Registration Systems (SRS) 2012-16, lifetables and disability weight
from World Health Organization (WHO), the population from Census of India and cancer prevalence using the WHO-
DisMod-Il tool were used for this study. The AMI ratio was estimated using the Markov Chain Monte Carlo method
from longitudinal NCRP-PBCR data (2001-16). The burden was quantified at national and sub-national levels as crude
incidence, mortality, Years of Life Lost (YLLs), Years Lived with Disability (YLDs) and Disability Adjusted Life Years
(DALYs). The projections for the years 2021 and 2025 were done by the negative binomial regression model using
STATA.

Results: The projected cancer burden in India for 2021 was 26.7 million DALYs,,, and expected to increase to 29.8
million in 2025. The highest burden was in the north (2408 DALYs,,, per 100,000) and northeastern (2177 DALYsuy,,
per 100,000) regions of the country and higher among males. More than 40% of the total cancer burden was contrib-
uted by the seven leading cancer sites — lung (10.6%), breast (10.5%), oesophagus (5.8%), mouth (5.7%), stomach
(5.2%), liver (4.6%), and cervix uteri (4.3%).

Conclusions: This study demonstrates the use of reliable data sources and DisMod-Il tools that adhere to the inter-
national standard for assessment of national and sub-national cancer burden. A wide heterogeneity in leading cancer
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sites was observed within India by age and sex. The results also highlight the need to focus on non-leading sites of
cancer by age and sex. These findings can guide policymakers to plan focused approaches towards monitoring efforts
on cancer prevention and control. The study simplifies the methodology used for arriving at the burden estimates
and thus, encourages researchers across the world to take up similar assessments with the available data.
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Background

Cancer ranks either first or second among the leading
causes of death before the age of 70 years across 91 out
of the 172 countries worldwide [1]. The GLOBOCAN
2018, reported 18.1 million new cancer cases and 9.6 mil-
lion deaths globally [2]. By 2040, the cancer incidence
and mortality are expected to rise to 29.5 million and
16.3 million, respectively [2]. New and challenging prob-
lems — rapid urbanization, population ageing, inactive
and unhealthy lifestyles, indoor and outdoor air pollu-
tion, etc., are responsible for the emerging cancer burden
across the globe, majorly impacting the middle-to-low
socio-economic countries including India [3].

There have been previous attempts to estimate the can-
cer burden in different parts of India [3—10]. The Global
Burden of Disease (GBD) 2016 study, attributed 8.3% of
deaths and 5% of disability-adjusted life years (DALYs)
to cancer alone [3]. The GLOBOCAN 2018, reported 1.1
million cancer cases and more than 0.7 million cancer
deaths [11]. The Medical Certification of Cause of Death,
2018 reported cancer as the fifth leading cause of death
amounting to 5.7% of all deaths in India [12]. The cancer
burden has shown a steady increase with an estimated 0.8
million new cancer cases every year [11]. In 2040, nearly
2 million new cancer cases and more than 1 million
deaths are estimated [11]. The heterogeneities in cancer
epidemiology within India are well-documented [3-10].
The latest publication from the National Cancer Registry
Program (NCRP), India points to the differences in can-
cer incidence rates. Aizawl district of Mizoram showed
7 times higher incidence rates of cancer in males and 4
times in females from that in Osmanabad and Beed in
Maharashtra [6, 7].

The population-based cancer registries (PBCRs) are the
only reliable, long period sources of data on the magni-
tude and patterns of cancer in the country [6, 7]. The data
has been used in multiple studies, including the GBD
study, to estimate the cancer burden for India [3, 5]. The
Indian Council of Medical Research (ICMR) - National
Centre for Disease Informatics and Research (NCDIR)
- NCRP is a valuable data repository on cancer since its
establishment in 1981 [6, 7]. To date, only constructed
methods have been adopted to estimate the DALYs for
cancer as a metric to quantify cancer burden in India.
These studies have used econometric models that have

inconsistent methodology and provide diverse results
over different years. Moreover, all these results would
also depend on availability of incidence and mortality
data. In India due to limited availability of mortality data
we have used the real-time data on cancer incidence and
mortality from the PBCRs. Thus, we aimed to analyze
and report cancer burden estimates for 2021 and 2025
in India at the national and sub-national level using the
simplest methods that can be easily adapted and repli-
cated. Also, these methods can be easily applied by other
similar countries having inadequate representative data
sets. Such attempts have been made in the past by ICMR
to assess the cancer burden [8]. Additionally, the study
aimed to derive adjusted mortality to incidence (AMI)
ratio for India. In this paper, we present the methodology,
results and discuss the implications of cancer burden in
India using PBCR-NCRP data of 2012-16.

Methods

Overview

As a continued effort to the ICMR — Burden of Disease
(BOD) study in 2004 [8], the BOD — Noncommunicable
Disease (NCD) study was undertaken by ICMR - Minis-
try of Health and Family Welfare, Government of India
collaboration to update the burden estimates for 2015.
The cancer burden aspect of the study was tasked to the
ICMR-NCDIR, a nodal institute for the NCRP [6, 7] to
assess metrics of cancer burden in India. Incidence, mor-
tality, prevalence, years of life lost (YLLs), years lived with
disability (YLDs) and DALYs were the metrics derived.
This analysis supersedes the 2015 update with new pro-
jections for 2021 and 2025 using 2012—-16 NCRP data.

Data sources
To meet the specific data requirements for estimat-
ing the national burden of cancer metrics and its future
projections, we adhered to freely available standard data
sources (Additional figure la) and adapted the recom-
mended GBD-WHO-DisMod II tool [13].
Cancer-specific data on incidence and mortality by age
and sex for the period 2012—-16 was extracted from the
28 NCRP-PBCRs, which collect data on all ICD - O3’
behaviour code cancers [6, 7]. For every registry, the
pooled incidence rate for quinquennial age groups for
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both sexes, every cancer site (C00 — C96) were calculated
as the number of new cases reported per year divided
by the mid-year population of that year. The number of
deaths for every cancer site was divided by the mid-year
population to determine the pooled mortality rates. The
PBCR reported mortality to incidence (RMI) ratio for
males and females in each age group was estimated by
dividing the number of deaths from cancer with the cor-
responding incidence estimates for the defined year from
the cancer registry data [6, 7].

Considering the limitations of under reporting in the
mortality systems in India, we searched for available evi-
dence on the national MI ratio. We came across two
national studies reporting an average of 35.0 and 75.4%
as MI ratio for India [4, 14]. Accordingly, longitudinal
data points with reported MI ratio of >35.0% [14] from
NCRP-PBCRs between 2001 and 2016 was extracted to
derive at the standard MI ratio for India by sex. Total of
256 data points had an MI ratio of >35.0%, of these 150
were for males and 106 for females. The Akaike’s and
Bayesian Information criterion showed that the Gamma
distribution as the best fit to the data (R software, ver-
sion 4.1.2 R Core Team, Vienna, Austria) (Additional fig-
ure 1b). The AMI was derived from the Markov Chain
Monte Carlo (MCMC) method (STATA 14.2, Stata-
Corp, College Station, Texas, USA). The estimated mean
of AMI converged after 10,000 iterations was found to
be 50.3% (95% uncertainty interval (UI): 48.7-51.9) for
males and 46.6% (95% Ul: 44.9-48.4%) for females. We
replaced this mean AMI for those registries (2012—16)
with RMI <50.3% (males) and<46.6% (females). The
results thus derived from the AMI are presented as
YLL i YLD g and DALY ; for all cancer by sex.

The state-level population was obtained from the 2001
and 2011 Census of India, to arrive at the projected
population by age and sex from 2012 to 2016 using the
difference distribution method [15]. Age and sex-spe-
cific all-cause mortality were procured from the Sample
Registration System (SRS), Office of Registrar General
of India for 2012-16 [16]. The standard lifetables pro-
vided by WHO were used to arrive at the life expectancy
for age groups and sex [17] (Additional Tables 1, 2 and
3). The disability weight (DW) for cancer were obtained
from the published GBD-2004 update by WHO. The
DW for malignant neoplasm and their long-term sequel
is 0.75 for all the metastatic stages of cancer [18]. The
prevalence of cancer by type, age and sex were obtained
using the cancer incidence, mortality, MI ratio, popula-
tion and all-cause mortality rate as inputs in the DisMod-
I tool [5, 13] (Additional Figure 1a).

The 28 states and 2 out of 8 Union Territories
(Delhi and Jammu & Kashmir) were grouped into six
regions based on the pooled NCRP-PBCR reporting for
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regions [6]. The regions with existing PBCRs were the
data sources for those respective regions corresponding
to their location and, regions that had less number or
lacked PBCRs, the nearest PBCRs data was used (Addi-
tional Table 4a) [6].

Statistical analyses

To obtain YLLs, the total number of deaths due to can-
cer in a defined age group was multiplied by the stand-
ard life expectancy of that age group. YLD estimates were
generated by multiplying the total number of prevalent
cancer cases at respective age groups by disability-weight
of cancer. DALY metrics were the sum of the YLL and
YLD estimates [5]. All cancer burden metrics — YLL,
YLD and DALY as well as YLL , YLD g and DALY
were estimated in age-standardized rates (ASR) using the
WHO World Population Standard distribution (2000—
2025) to assess the comparability of results with previous
GBD estimates [19].

The cancer burden metrics projections for 2021 and
2025 (using adjusted MI ratio) was done assuming the
pooled incidence and mortality rates obtained from 28
PBCRs that represents India’s incidence and mortal-
ity from cancer and age-specific cancer incidence. With
the obtained information on cancer type, sex and age
groups, the cancer burden estimates at the national and
sub-national level were projected using 16years of data
between 2001 and 16 [20]. The negative binomial regres-
sion model was applied using STATA 14.2 (StataCorp,
College Station, Texas, USA) to project the cancer burden
metrics for 2021 and 2025. This model was preferred over
the Poisson regression model as the conditional variance
of the cancer burden metrics were greater than the con-
ditional mean. We applied the Lagrange multiplier test to
examine the presence of over dispersion in the data. The
results for all cancers are presented as YLL, YLD, DALY
with reported MI ratio and YLL,,;, YLDy DALY oy g
with adjusted MI ratio per 100,000 population.

Results

National and sub-national burden of cancer in India

In 2016, men from southern, northern and eastern
regions had the highest crude incidence rates of lung can-
cer, while mouth and oesophageal cancers ranked first in
the western, central and northeast regions of the coun-
try followed by lung cancer. Oesophageal cancer ranked
fifth to eleventh in incidence in other regions (Fig. 1a).
In females, breast cancer and cervical cancer ranked first
and second in incidence irrespective of regions, while
ovarian cancer occupied the third rank across all regions
except in the north and northeast parts of India. Mouth
cancer ranked fourth to eighth and oesophageal cancer
was between fifth — eleventh rank in incidence (Fig. 1b).
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Fig. 1 a Ranking of crude incidence rate of leading cancer sites in males for India, by region and PBCR. b Ranking of crude incidence rate of leading
cancer sites in females for India, by region and PBCR

Registry wise information has been provided in Addi-
tional Table 5.

The total estimated burden of cancer for India in 2016
was 1277 DALYs per 100,000. After adjusting the MI
ratio, the national cancer burden was 1908 DALYs,,
per 100,000 (Additional Table 4a). The burden imposed
from cancer for males was higher than females (Addi-
tional Table 4b and c). The majority of the cancer
burden was in the northeast region (1428 DALYs

per 100,000), followed by southern (1353 DALYs per
100,000) and central (1351 DALYs per 100,000) regions
of India. After adjusting the MI ratio, north (2408
DALYs,,; per 100,000), north-east (2177 DALYs ; per
100,000) southern (2138 DALYs,,; per 100,000) and
central (2024 DALYs,,, per 100,000) regions had the
highest DALYs,,,; from cancer. North-east and north-
ern India (103 YLDs,,,; per 100,000) showed the high-
est YLDs,,, (Additional Table 4a and Fig. 2). Across all
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the states/UTs, Mizoram (3424 DALYs,, per 100,000)
followed by Delhi (2651 DALYs,,,; per 100,000) and
Meghalaya (2609 DALYs,,; per 100,000) had the high-
est cancer DALYs. Mizoram (153 per 100,000) and
Arunachal Pradesh (140 per 100,000) had the highest
YLDsyy from cancer (Additional Table 4a).

Cancer burden by site and sex

The top five leading causes of cancer DALYs in 2016 for
males were lung (183.3 per 100,000), mouth (89.6 per
100,000), oesophagus (89.4 per 100,000), stomach (76.7
per 100,000) and liver cancers (74.9 per 100,000) exclud-
ing the other and unspecified sites. Prostate cancer
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contributed to 6.5 YLDs per 100,000 third to lung and
mouth cancers. The most common causes of cancer
DALYs among females were breast (232.7 per 100,000),
cervix uteri (98.6 per 100,000), ovary (78.9 per 100,000),
lung (74.1 per 100,000) and gall bladder (58.3 per
100,000) cancers (Table 1), (Additional Table 6).

More than 5% of total cancer DALYs combined for
both sexes occurred from the top five leading cancers —
lung (10.6%), breast (10.5%), oesophageal (5.8%), mouth
(5.7%), stomach (5.2%) cancers in 2016. The five lead-
ing causes of cancer DALYs for males were lung (14.1%),
mouth (7.8%), oesophageal (7.2%), stomach (6.2%) and
liver (6.0%) cancers that contributed to more than 6%
of total DALYs. For females, the top five causes of more
than 5% DALYs were breast cancer (21.8%), cervical can-
cer (9.2%), ovarian cancer (7.4%), lung cancer (6.5%) and
gall bladder cancer (5.3%) (Fig. 3).

Proportion contribution of cancer burden (YLLs, YLDs

and DALYs) among five-year age groups

Cancer burden in 2016, showed a steep two-fold rise in
age-standardized YLLs after 45-69years, with highest
at 65-69years (14.0%) and 75-79years (13.6%). There-
after, there was a decrease with advancing age. The
YLLs in males were highest at 75-79years (14.9%) than
at 65—69years (14.4%), while in females they peaked at
65—69years (14.0%) (Additional Figure 2a).

Both sexes combined, the proportion of YLDs
increased with age, and subsequently, after 45—-49years
there was a nearly four-fold increase in YLDs. The high-
est YLDs was observed between 75 and 79years (14.6%)
and decreased thereafter. Among females, YLDs were
highest in the age group of 70-74years (13.1%) (Addi-
tional Figure 2b).

With advanced age, the cancer DALYs increased
from 30 to 34years up to 75-79years and subsequently
decreased. The highest DALYs were in 65-69years
(13.9%) and at 85+ years (4.3%) the proportion of DALYs
was nearly similar to burden at 40—44years (3.5%). The
DALYs were highest at 75-79years (15.0%) in males and
65—69years (13.9%) in females (Additional Figure 2c).

Distribution of total cancer DALYs in percentage (%) by age
group and site

Among both sexes, the highest DALYs at 0—14years were
from cancer of eye (50.7%), lymphoid leukaemia (44.6%);
and at 15-34years it was from cancer of testis (53.1%)
and malignant bone tumours (37.9%). Nearly 24 cancer
sites added to more than 50% of total cancer DALYs at
35-59years, the highest from cancer of cervix uteri and
breast (63.5% each). While at 60+ years, cancer of pros-
tate and ureter contributed to 83.2% and 73.0% cancer
DALYs, respectively. Thus, cancer prostate and ureter
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contributed to the highest DALYs amongst all other can-
cer sites irrespective of age (Additional Figure 3).

The leading site of lung contributed to the highest per-
centage of DALYs in the age group 60+ (51.5%) followed
by 35-59years (45.1%). While cancer breast showed the
highest DALYs in percentage among those aged between
35 and 59years (63.5%), followed by 60+ years (28.6%).
Cancer oesophagus (54.9%), mouth (61.3%) and stomach
(51.8%) contribute to the highest cancer DALYs between
35 and 59years (Additional Figure 3).

Projections for 2021 and 2025

In India, the burden for cancer was projected to be 26.7
million DALYs,,; in 2021 and 29.8 million DALYs,,; in
2025. The burden was higher among males than females
(Table 2). Males contributed to 14.7 million YLLs,
0.72 million YLDs,,; and 15.5 DALYs,,;, whereas
females contributed to 13.6 million YLLs,, 0.69 mil-
lion YLDsyyy and 14.3 DALYs,,, from cancer in 2025
(Table 2).

Change in cancer DALYs per 100,000 from 2004 to 2021
When examining the DALYs by cancer sites from 2004
to 2021, cancer lung showed an increase in DALYs from
tenth place to first. The number of DALYs contributed by
oesophageal cancer was expected to increase from 22.7
per 100,000 to 63.5 per 100,000 moving from eighth to
seventh place in 2021. Cancer cervix, ovary, lymphoma
and multiple myeloma and stomach that led rankings in
2004 showed decline in 2021 (Fig. 4).

Discussion

As per the National Health Policy 2017 of India, the
estimation of DALYs is recommended as a key epide-
miological tool to assess epidemiological transitions and
study macro-level policies on the expected health care
use, evaluate the impact of prevention and control pro-
grams, allocate resources, and benchmark the progress
being made in the country [21-24]. This study provides
robust country-specific burden imposed by cancer using
the PBCR data (2012-16). However, challenges arise in
providing timely data updates on cancer burden to the
government due to existing limitations in the cancer reg-
istration and reporting systems. Real time availability of
cancer incidence is lacking by 2-3years and underre-
porting of deaths with inaccuracy in reporting of cancer
specific deaths in the Civil Registration System would
have its effects on estimation of AMI ratio. In addition,
PBCRs cover approximately 10% of total population and
the distribution of PBCR location and coverage is not
uniform across all the states. Nevertheless, the burden
imposed by cancer reinforces the need to view cancer
burden metrics with the available data sources in the best



Kulothungan et al. BMC Cancer ~ (2022) 22:527 Page 7 of 12

Table 1 Site-specific burden of cancer (YLLs, YLDs, DALYs) per 100,000 by sex in 2016

ICD-10 Cancer site YLLs-ASR YLDs-ASR DALYs-ASR % YLLs to
Males Females Total Males Females Total Males Females Total DALYs
Coo Lip 35 1.7 26 05 0.2 03 39 19 29 88.3
C01-C02 Tongue 614 20.8 41.1 57 20 39 67.2 228 45.0 914
C03-Co6 Mouth 816 341 578 80 34 5.7 89.6 374 63.5 91.0
C07-C08 Salivary Gland 3.7 2.0 29 0.8 0.7 0.8 45 27 3.6 79.0
o9 Tonsil 11.8 2.1 6.9 1.1 03 0.7 13.0 23 7.7 90.7
c10 Other Oropharynx 124 2.1 7.2 0.9 0.2 0.6 133 23 7.8 92.6
cn Nasopharynx 79 33 56 0.7 04 0.5 8.6 36 6.1 91.7
Cc12-C13 Hypopharynx 29.8 7.9 18.8 2.7 0.6 1.7 325 85 20.5 919
C14 Pharynx Unspecified 1.3 35 74 0.5 0.2 03 11.8 36 7.7 95.5
c15 Oesophagus 84.3 443 64.3 5.1 3.1 4.1 894 474 68.4 94.0
c16 Stomach 723 419 57.1 44 24 34 76.7 443 60.5 944
c17 Small Intestine 36 26 3.1 03 0.2 03 39 29 34 91.9
c18 Colon 311 256 284 29 2.2 25 34.0 27.8 309 91.8
C19-C20 Rectum 29.8 214 256 2.8 19 24 326 234 280 91.6
C21 Anus and Anal cavity 39 29 34 0.5 03 04 43 32 38 89.3
22 Liver 715 326 521 34 15 24 749 34.1 54.5 95.6
C23-C24 Gallbladder 294 54.7 42.1 2.1 36 28 315 583 449 93.7
25 Pancreas 294 20.6 250 16 1.1 13 310 21.7 264 95.0
C30-C31 Nose, Sinuses 4.0 19 30 0.5 04 04 44 23 34 87.7
32 Larynx 388 56 222 4.2 06 24 430 6.2 246 90.2
(C33-C34 Lung 173.5 703 1219 9.8 3.8 6.8 183.3 74.1 1287 94.7
(C37-C38 Other Thoracic Organs 4.0 2.7 33 03 0.2 0.2 42 2.8 35 93.7
C40-C41 Bone 13.8 10.2 12.0 1.1 0.8 1.0 14.9 11.0 129 926
43 Melanoma of Skin 23 1.7 20 0.5 0.5 0.5 2.8 2.2 2.5 80.9
C44 Other Skin 9.1 6.9 8.0 13 13 13 10.5 8.2 9.3 86.0
C45 Mesothelioma 0.2 0.1 02 0.1 0.1 0.1 03 02 0.2 63.6
C46 Kaposi Sarcoma 0.2 03 0.2 0.0 0.2 0.1 0.2 0.5 03 62.0
C474C49  Connective & Soft Tissue 8.8 73 8.0 1.1 1.0 1.1 10.0 82 9.1 884
C50 Breast 57 203.6 104.6 08 29.1 150 65 232.7 1196 875
C51 Vulva 0.0 24 1.2 0.0 04 0.2 0.0 2.8 14 85.0
C52 Vagina 0.0 32 1.6 0.0 0.5 03 0.0 3.7 19 86.2
53 Cervix Uteri 0.0 87.6 438 0.0 11.0 55 0.0 98.6 493 889
C54 Corpus Uteri 0.0 14.9 7.5 0.0 39 19 0.0 18.8 94 794
C55 Uterus Unspecified 0.0 7.8 39 0.0 0.6 0.3 0.0 84 42 934
C56 Ovary 0.0 729 36.5 0.0 59 3.0 0.0 789 394 925
c57 Other Female Genital organs 0.0 06 03 0.0 0.1 0.1 0.0 0.7 04 84.1
58 Placenta 0.0 03 0.2 0.0 0.7 04 0.0 1.1 0.5 310
60 Penis 55 0.0 27 0.9 0.0 04 6.4 0.0 32 86.0
ce1 Prostate 403 0.0 20.2 6.5 0.0 33 46.9 0.0 234 86.0
62 Testis 45 0.0 23 0.6 0.0 03 5.1 0.0 26 88.7
63 Other Male Genital organs 04 0.0 0.2 0.2 0.0 0.1 06 0.0 03 66.5
ce4 Kidney 16.6 7.3 120 1.8 0.8 13 184 8.1 133 90.1
C65 Renal Pelvis 02 0.1 0.1 0.1 0.2 0.1 03 03 03 50.8
Cce6 Ureter 0.2 0.1 0.2 0.1 0.1 0.1 03 0.2 03 63.0
ce7 Bladder 213 6.0 13.6 35 0.9 22 24.8 6.9 15.8 86.1
C68 Unspecified Urinary Organs 0.7 0.2 0.5 0.1 0.1 0.1 0.8 0.3 0.6 84.4
ce9 Eye 15 0.8 1.2 04 0.5 04 19 13 16 72.8

C70-C72 Brain, Nervous System 37.7 26.1 319 22 15 19 39.9 276 33.7 94.5
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Table 1 (continued)

ICD-10 Cancer site YLLs-ASR YLDs-ASR DALYs-ASR % YLLs to

DALYs
Males Females Total Males Females Total Males Females Total

73 Thyroid 52 9.3 7.2 4.1 37 39 9.3 13.0 11.1 65.1

C74 Adrenal Gland 1.2 1.0 1.1 04 0.2 03 1.7 1.2 14 776

81 Hodgkin's Disease 75 45 6.0 1.0 0.6 0.8 85 5.1 6.8 88.6

(82-C85 Non-Hodgkin's Lymphoma 389 24.1 315 29 1.9 24 418 26.0 339 929

88 Malignant Immunoproliferative 0.3 03 03 0.04 0.00 0.0 03 03 03 937
Diseases

C90 Multiple Myeloma 15.5 12.8 14.1 14 1.1 1.2 16.9 138 154 920

a1 Lymphoid Leukaemia. 308 20.7 257 1.8 0.9 13 325 216 27.1 95.0

C92-C94 Myeloid Leukaemia 388 316 352 1.8 13 15 40.6 329 36.7 959

C95 Leukaemia Unspecified 14.7 10.8 12.8 04 04 04 15.1 1.2 132 97.0

C9% CMD, O&U LHM 13 0.8 1.0 0.1 0.1 0.1 14 0.9 1.1 913

o’U? Other and unspecified 141.6 1136 127.6 6.0 43 5.1 147.6 117.8 1327 96.1

All cancer sites 1268.5 1097.4 1183.0 91.8 98.3 95.1 1360.39 1195.8 1278.1 92.6

2 0&U includes the Sites (ICD-10:C26, C39, C48, C75,C76,C77,C78, C79, C80, C97)

CMD Chronic Myeloproliferative Disease, O&U LHM Other and unspecified malignant neoplasms of lymphoid, hematopoietic and related tissue

possible context to inform cancer care and prevention
strategies. This study calculated the burden of cancer in
a standardized way in a developing country with limited
information, and must be read with an understanding of
the existing limitations in the reporting systems.

The main strengths of this study include the use of
original, reliable and robust data to estimate national,
regional and state-level cancer burden in India. Primar-
ily, we used the ICMR-NCDIR-NCRP data as a source
on cancer incidence and mortality in India and other
established national data sources locally available to India
— Census of India and SRS [6, 12, 13]. The use of WHO-
DisMod II enables the replication of such studies by
other researchers as well [5, 8, 25]. With better coverage
of the PBCRs, quality and access to data in recent times,
quantifying cancer burden from available data resources
has improved [7]. Additionally, the study estimated
standardized MI ratio derived from real-time longitudi-
nal PBCR data points. The combination of sources and
methods used in this study to estimate cancer burden are
easily reproducible by other investigators.

There was an evident increase in the reported propor-
tion of deaths from neoplasms between 2000 and 2018
ranging from 3.6% to 6.4%, while the cancer incidence
in the country was projected to rise by 12% from 2020
to 2025 [7, 12]. In the previous ICMR 2004 - cancer bur-
den estimates for India, 5.9 million DALYs were arrived
from NCRP-PBCR data and WHO-DisMod-II tool
[8]. The current study estimates for 2016 are 22.6 mil-
lion DALYs,,,, indicating an evident rise of more than
3 times cancer DALYs since 2004, primarily due to
the growing and ageing population. Further, our study

projections reveal a 11.4% rise in cancer DALYs from
2021 to 2025. However, these projections are influenced
by the future investment decisions in health care, cancer
research, public awareness on cancer risk factor reduc-
tion, other social, economic changes and cancer notifi-
ability [26-28].

The cancer burden varies between regions within the
country. The current study reports a high cancer burden
in the northern region followed by the north-east. Breast
cancer in females, lung cancer and oesophageal cancer
in males contributed to the highest burden in northern
and northeast region, respectively. The estimated DALYs
(reported and adjusted MI) in the current study varied
with those reported by GBD in 2016 [3, 29]. The result-
ing estimates are highly dependent on the data quality,
sources of data, completeness of data (incidence and
mortality), data collection period, methodology, statisti-
cal modelling and assumptions [3, 5, 30, 31]. Neverthe-
less, the reliability on the NCRP is deemed to provide
robust data to estimate national, regional and state bur-
den on cancer as it adheres to standard methods estab-
lished by the WHO-International Agency for Research
in Cancer for the last 40years [3, 6, 20]. NCRP has been
the primary data source even for the GBD and the GLO-
BOCAN publications [3, 26]. With every 1% increase
in adjusted MI from reported MI ratio, the DALYs per
100,000 increased by 37 for both sex, 36 for males and
39 for females. Furthermore, the inconsistencies between
studies are not surprising even for high-income coun-
tries with complete cancer incidence and mortality data
and, such variations in epidemiological analysis are com-
mon [31-34]. It is not possible to evaluate the causes for
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Males
Cancer sites
1.Lung
2.Mouth
3.0esophagus
4.Stomach
5.Liver
6.Tongue
7.Myeloid Leukaemia
8.Non-Hodgkin’s Lymphoma
9.Brain, Nervous System
10.Larynx
11.Prostate
12.Lymphoid Leukaemia
13.Colon
14.Rectum
15.Hypopharynx
16.Gallbladder
17.Pancreas
18.Bladder
19.Kidney
20.Bone
21.Leukaemia Unspecified
22.Multiple Myeloma
23.Tonsil
24.0ther Oropharynx
25.Pharynx Unspecified
26.Connective & Soft Tissue
27.0ther Skin
28.Thyroid
29.Hodgkin's Disease
30.Nasopharynx
31.Breast
32.Testis
33.Penis
34.Salivary Gland
35.Nose, Sinuses
36.Anus and Anal cavity
37.0ther Thoracic Organs
38.Lip
39.Small Intestine
40.Melanoma of Skin
41Eye
42 Adrenal Gland
43.CMD,0&U LMH
44.Unspecified Urinary Organs
45.0ther Male Genital Organs
46.Malig Imn.Prol D
47.Mesothelioma
48.Ureter
49.Renal Pelvis

50.Kaposi Sarcoma

%
14.1
7.8
7.2
6.2
6.0
5.9
3.8
36
3.6
3.4
31
3.0
2.7
27
2.6
2.6
2.4
1.8
15
14
14
13

11

11
1.0
0.9
0.9
0.8
0.8
0.7
05
05
0.5
0.4
0.4
0.4
0.4
03
03
0.2
0.2

0.1

0.1

0.1

0.1
<01
<0.1
<0.1
<0.1
<0.1

Females
Cancer sites
1.Breast
2.Cervix Uteri
3.0vary
4.Lung
5.Gallbladder
6.0esophagus
7.Stomach
8.Mouth
9.Myeloid Leukaemia
10.Liver
1.Brain, Nervous System
12.Colon
13.Non-Hodgkin’s Lymphoma
14.Rectum
15.Lymphoid Leukaemia
16.Tongue
17.Pancreas
18.Corpus Uteri
19.Thyroid
20.Multiple Myeloma
21.Leukaemia Unspecified
22.Bone
23.Connective & Soft Tissue
24.Hypopharynx
25.0ther Skin
26.Uterus Unspecified
27.Kidney
28.Bladder
29.Larynx
30.Hodgkin's Disease
31.Nasopharynx
32.Vagina
33.Pharynx Unspecified
34.Anus and Anal cavity
35.Small Intestine
36.0ther Thoracic Organs
37.Salivary Gland
38.Vulva
39.Nose, Sinuses
40.Tonsil
41.0ther Oropharynx
42.Melanoma of Skin
43.Lip
44.Eye
45.Adrenal Gland
46.Placenta
47.CMD,0&U LMH
£48.0ther Female Genital Organs
49.Kaposi Sarcoma
50.Unspecified Urinary Organs
51.Malig Imn.Prol D
52.Renal Pelvis
53.Ureter

54 Mesothelioma

%
21.8
9.2
7.4
6.5
53
4.2
41
3.4
33
31
2.6
25
2.4
22
2.1
21
19
1.6
12
12
11
11
0.8
0.8
0.8
0.8
0.7
0.6
0.6
0.5
0.4
03
03
03
03
03
03
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1

Total
Cancer sites
1.Lung
2.Breast
3.0esophagus
4.Mouth
|5.Stomach
6.Liver
7.Cervix Uteri
8.Tongue
9.Gallbladder
10.Myeloid Leukaemia
11.0vary
12.Brain, Nervous System
13.Non-Hodgkin’s Lymphoma
14.Colon
15.Lymphoid Leukaemia
16.Rectum
17.Pancreas
18.Larynx
19.Hypopharynx
20.Prostate
21.Leukaemia Unspecified
22.Multiple Myeloma
23.Bone
24.Bladder
25.Kidney
26.Thyroid
27.Connective & Soft Tissue
28.0ther Skin
29.Corpus Uteri
30.Tonsil
31.Pharynx Unspecified
32.0ther Oropharynx
33.Hodgkin's Disease
34.Nasopharynx
35.Uterus Unspecified
36.Anus and Anal cavity
37.Salivary Gland
38.0ther Thoracic Organs
39.Nose, Sinuses
40.Small Intestine
41Testis
42 Penis
43.Lip
44 Melanoma of Skin
45.Vagina
46.Eye
47.Adrenal Gland
48.Vulva
49.CMD,0&U LMH
50.Unspecified Urinary Organs
51.Placenta
|52.Kaposi Sarcoma
53.0ther Female Genital Organs
54.Malig Imn.Prol D
55.0ther Male Genital Organs
56.Renal Pelvis
57.Ureter

58.Mesothelioma

%
10.6
10.5
5.8
5.7
5.2
4.6
4.3
41
39
36
3.4
32
3.0
26
2.6
25
22
21
18
17
13
13
13
13
11
1.0
0.9
0.8
0.8
0.7
0.7
0.7
0.6
0.6
0.4
03
03
03
03
03
03
03
03
0.2
0.2
0.1
0.1
0.1
0.1
<0.1
<0.1
<0.1
<01
<0.1
<0.1
<0.1
<01
<0.1

Colour scheme used for every cancer site among males and females is according to the colour used for total cancer DALYs for every site.

Abbreviations: Malig.Imn.Prol D- Malignant Immunoproliferative Diseases; CMD- Chronic Myeloproliferative Diseases; O&U LHM- Other and unspecified malignant neoplasms of lymphoid,

hematopoietic and related tissue

Fig. 3 Contribution of DALYs from cancer by different sites, sex and overall (Percentage)
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Table 2 Projection estimates of YLLs,y, YLDsay and DALYs,,, for cancer by sex for 2021 and 2025
Cancer burden Males Females Total

2021 2025 2021 2025 2021 2025
YLLs o 13,022,317 14,732,919 12,459,724 13,614,452 25,496,645 28,368,793
YLDspp, 620,767 722,140 615,286 693,876 1,236,981 1,417,760
DALYspm 13,640,795 15,450,483 13,072,149 14,302,783 26,728,484 29,776,432

ICMR study - 2004
DALYs per 100,000

Breast [81.9] E

Current ICMR-NCDIR study - 2021
DALYs per 100,000

Lung [116.0]

Breast [114.8]

g

Oral cavity [62.6] 9»

Leukemia [35.7] B

Lymphoma & Multiple Myeloma [23.3] b\

Oesophagus [22.7]

Colon & Rectum [18.0] b
Lung [17.8] m/

*The number in bracket next to each cancer site is DALY's per 100,000.

Same

Increase
Fig. 4 Change in DALYs per 100,000 by cancer site from 2004 to 2021 in India

= Colon & Rectum [55.9]

Lymphoma & Multiple Myeloma [55.7]

Decrease

these inconsistencies as the complex constructed statisti-
cal models, as well as data adjustments used by GBD or
other relevant studies, are not fully available in the public
domain [31, 34].

The nations within a nation description of India best
describes the heterogeneities in the epidemiological
transition levels within its states. Most of the increase
in cancer incidence in India can be attributed to its
epidemiologic transition and the commitment of Gov-
ernment of India in improving the use of cancer diag-
nostics in the country. However, the burden imposed
by cancer in India will continue to increase as a result
of the continuing pace of cancer risk factors and
its determinants. Maximum increases will occur in the
most populous and least affluent states, where the cur-
rent cancer diagnostic and treatment facilities are inad-
equate [22, 26, 35, 36].

In the current study, the YLLs contribution to DALYs
is around 93% for all sites of cancer, and we have relied
completely on the population-based registries for all can-
cer-specific data. Adding on to the merits of the current
study is the use of recent 2012-16 period PBCR data to

arrive at cancer burden metrics, that has not yet been uti-
lized by any other study.

The study results were derived from the use of simple,
locally relevant and reproducible methods replicable at
the sub-national level for policy and planning purposes.
However, the estimates are very sensitive to changes in
the environment influenced by health insurance systems,
certification of cause of death, number of cancer treat-
ing hospitals, number of cancers registrations and PBCR
coverage. Despite the caveats, our results are the best
available real-time and ongoing estimates of the cancer
burden in India. They are best suited for use for priority
setting and planning of cancer resource allocation and
management across the nation [26].

Recognizing these inadequacies, focus on expansion
and strengthening of available data systems in cover-
age, completeness, quality and access is an important
investment to future research and development. Cross
talk between data sources — mortality databases, cancer
registration systems, Ayushman Bharat, Hospital Infor-
mation System recording, and national as well as state
cancer control programmes would play a significant role
in strengthening the completeness of local data. Bringing
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in place cancer notifiability within the country will fur-
ther strengthen the already available data through wider
coverage with limited resource and funding [3, 6, 7].

Conclusion

The detailed epidemiology of all cancer types by sex, age
and at sub-national level described in this paper will be
a blueprint for specifically targeted policy and program
planning appropriate to the regional burden and needs.
Concerted and sustained efforts for strategic allocation
of resources in terms of finance and health infrastructure
should be made for improved access to care, prevention,
early detection and, management to meet the rising bur-
den of cancer in India. Also, quantifying burden through
locally relevant, regionalized approaches helps make rel-
evant decisions assess set targets of Sustainable Devel-
opment Goals, Universal Health Coverage and National
Multisectoral Action Plan for Prevention and Control of
Common Noncommunicable Diseases. This study would
also encourage other low-middle income countries to
adopt similar methods for strengthening their cancer dis-
ease burden estimation needed for policy and program
interventions.

Abbreviations

NCRP: National Cancer Registry Program; PBCR: Population Based Cancer Reg-
istry; SRS: Sample Registration Systems; WHO: World Health Organization; YLLs:
Years of Life Lost; YLDs: Years Lived with Disability; DALYs: Disability Adjusted
Life Years; GBD: Global Burden of Disease; ICMR: Indian Council of Medical
Research; NCDIR: National Centre for Disease Informatics and Research; NCD:
Noncommunicable Disease; ASR: Age Standardized Rate; RMI: Reported
Mortality-Incidence ratio; AMI: Adjusted Mortality-Incidence ratio.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-022-09578-1.

Additional file 1.
Additional file 2.
Additional file 3.
Additional file 4.

Acknowledgements

We acknowledge the support and guidance from the BOD-NCD group at the
ICMR, Headquarters, New Delhi. We thank the National Technical Working
group members, Research Area Panel on Cancer members-ICMR and National
Technical Advisory Committee group members for their valuable support
and comments. We acknowledge the contribution and support of all the 28
population-based cancer registries under the ICMR-NCDIR-National Cancer
Registry Program for India.

Authors’ contributions

VK and PM designed the study and oversaw the research. VK, PM, SK and SL
developed the concept and drafted the manuscript. VK, SL, TR, NT and RM
prepared the tables and figures. VK, SK, DB, TR, SS, NT and RM checked pooled
data for accuracy, contributed to data preparation and analysis. VK, PM, SL,
TR, SS, NT, RM and GRM reviewed the results. Authors TR and VK performed
additional statistical modelling and finalized the results. Authors VK, PM, SK,

Page 11 of 12

SL, TR and GRM reviewed all versions of the manuscript. VK, PM, SK, SL and TR
finalized the manuscript. All authors reviewed the finalized manuscript. The
author(s) read and approved the final manuscript.

Funding

This work was supported and funded by the Ministry of Health and Family
Welfare (MoHFW), Government of India (58/8/BOD-Cancer/2017-NCD II) dated
31 August 2017.The funders only provided the funds and no role in the study
planning and implementation, and preparation of the manuscript.

Availability of data and materials

Data is available within this paper and its supporting information files. The
corresponding author can be contacted at ncdir@ncdirindia.org for further
clarification if required.

Declarations

Ethics approval and consent to participate

All the data comes from secondary unidentifiable records. All methods were
performed in accordance with the relevant guidelines and regulations. The
study has been granted an exemption from requiring ethics approval from
the Institutional Ethics committee at ICMR-NCDIR, Bengaluru, the approval
number is NCDIR/IEC/3020/2020.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

TIndian Council Medical Research (ICMR) — National Centre for Disease Infor-
matics and Research (NCDIR), Nirmal Bhawan-ICMR Complex (Il Floor), Poojan-
ahalli, Kannamangala Post, Bengaluru, Karnataka 562 110, India. ?National
Health Mission, Bengaluru, Karnataka, India. *Indian Council Medical Research
(ICMR) - National Institute of Medical Statistics (NIMS), New Delhi, India.

Received: 12 June 2021 Accepted: 14 April 2022
Published online: 11 May 2022

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel LR, Torre AL, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68:394-424.

2. International Agency for Research on Cancer. World Health Organization.
GLOBOCAN 2018. https://gco.iarc.fr/today/data/factsheets/cancers/39-
All-cancers-fact-sheet.pdf. Accessed 22 July 2020.

3. India State-Level Disease Burden Initiative Collaborators. Nations within
a nation: variations in epidemiological transition across the states
of India, 1990-2016 in the global burden of disease study. Lancet.
2017;390:2437-60.

4. India State-Level Disease Burden Initiative Cancer Collaborators. The bur-
den of cancers and their variations across the states of India: the Global
Burden of Disease Study 1990-2016. Lancet Oncol. 2018;19(10):1289-306.
https://doi.org/10.1016/51470-2045(18)30447-9 Epub 2018 Sep 12. Erra-
tum in: Lancet Oncol. 2018 Oct 3; PMID: 30219626; PMCID: PMC6167407.

5. Murthy NS, Nandakumar BS, Pruthvish S, George PS, Mathew A. Disability
adjusted life years for Cancer patients in India. Asian Pacific J Cancer Prev.
2012;11:633-40.

6. Indian Council of Medical Research — National Centre for Disease
Informatics and Research. Report of National Cancer Registry Programme
(2012-16). https://www.ncdirindia.org/All_Reports/Report_2020/resou
rces/NCRP_2020_2012_16.pdf. Accessed 19 Aug 2020.

7. Mathur P, Krishnan S, Chaturvedi M, Das P, Kondalli LS, Santhappan S, et al.
Cancer statistics, 2020: Report from National Cancer Registry Programme,
India. JCO Global Oncol. 2020;6:1063-75.


https://doi.org/10.1186/s12885-022-09578-1
https://doi.org/10.1186/s12885-022-09578-1
ncdir@ncdirindia.org
https://gco.iarc.fr/today/data/factsheets/cancers/39-All-cancers-fact-sheet.pdf
https://gco.iarc.fr/today/data/factsheets/cancers/39-All-cancers-fact-sheet.pdf
https://doi.org/10.1016/S1470-2045(18)30447-9
https://www.ncdirindia.org/All_Reports/Report_2020/resources/NCRP_2020_2012_16.pdf
https://www.ncdirindia.org/All_Reports/Report_2020/resources/NCRP_2020_2012_16.pdf

Kulothungan et al. BMC Cancer (2022) 22:527

20.

21

22.

23.

24.

25.

26.

27.

28.

ICMR (Indian Council of Medical Research) (2006). Report. Assessment of
Burden of Non-Communicable Diseases, New Delhi.

National Center for Disease Informatics and Research (NCDIR)-Indian
Council of Medical Research (ICMR), (2017). A Report on Cancer Burden
in North Eastern States of India. http://www.ncdirindia.org/All_Reports/
Reports_Ne/NE2012_2014/Files/NE_2012_14.pdf Accessed 12 July 2020.
ICMR-NCDIR, Profile of Cancer and Related Health Indicators in the North
East Region of India — 2021, Bengaluru, India. https://ncdirindia.org/All_
Reports/NorthEast2021/Default.aspx. Accessed 28 Mar 2021.

. International Agency for Research on Cancer. World Health Organization.

GLOBOCAN 2018 - India. https://gco.iarc.fr/today/data/factsheets/popul
ations/356-india-fact-sheets.pdf. Accessed 21 July 2020.

Report on Medical Certification of Cause of Death 2018. Office of the
Registrar General, India. Government of India. https://censusindia.gov.in/
2011-Documents/mccd_Report1/MCCD_Report-2018.pdf. Accessed 28
Sept 2020.

Barendregt JJ, van Oortmarssen GJ, Vos T, CJL M. A generic model for the
assessment of disease epidemiology: the computational basis of DisMod
Il. Popul Health Metrics. 2003;(1):4. https://doi.org/10.1186/1478-7954-1-4.
Parkin DM, Bray F. Evaluation of data quality in the cancer registry: princi-
ples and methods part Il. Completeness. Eur J Cancer. 2009;45(5):756—64.
https://doi.org/10.1016/j.ejca.2008.11.033 Epub 2009 Jan 6. PMID:
19128954.

Office of the Registrar General & Census Commissioner, India. Ministry of
Home Affairs, Government of India. https://censusindia.gov.in/. Accessed
21 July 2020.

SRS Statistical Report. Office of the Registrar General & Census Commis-
sioner, India. Ministry of Home Affairs, Government of India. https://censu
sindia.gov.in/vital_statistics/SRS_Statistical_Report.html. Accessed 21 July
2020.

WHO methods and data sources for global burden of disease estimates
2000-2016. https://www.who.int/healthinfo/global_burden_disease/
GlobalDALY_method_2000_2016.pdf. Accessed 21 July 2020.

Global Burden of Disease 2004 Update: disability weights for diseases and
conditions. World Health Organization. https://www.who.int/healthinfo/
global_burden_disease/GBD2004_DisabilityWeights.pdf. Accessed 14
July 2020.

Ahmad OB, Pinto CB, Lopez AD, Murray CJL, Lozano R, Inoue M. Age
Standardization of Rates: A New WHO Standard. GPE Discussion Paper
Series: No 31, World Health Organization 2001. https://www.who.int/
healthinfo/paper31.pdf. Accessed 14 July 2020.

Indian Council of Medical Research. National Cancer Registry Program.
https://www.ncdirindia.org/Area_Cancer.aspx. Accessed 22 July 2020.
Ministry of Health and Family Welfare, Government of India. National
Health Policy 2017. https://mohfw.gov.in/documents/policy. Accessed 29
July 2020.

Indian Council of Medical Research, Public Health Foundation of India
and Institute for Health Metrics and Evaluation. India: Health of the
Nation’s States - The India State-Level Disease Burden Initiative. New
Delhi: ICMR, PHFI and IHME; 2017. https://www.healthdata.org/sites/
default/files/files/policy_report/2017/India_Health_of_the_Nation%27s
States_Report_2017.pdf. Accessed 09 Nov 2020

Michaud CM, Murray CJL, Bloom BR. Burden of disease—implications for
future research. JAMA. 2001;285(5):535-9.

Clemmesen J. Cancer epidemiology: shortcomings and possibilities.
Environ Health Perspect. 1983;50:329-38.

Kunnavil R, Thirthahalli C, Nooyi SC, Somanna SN, Murthy NS. Estimation
of burden of female breast cancer in India for the year 2016, 2021 and
2026 using disability adjusted life years. Int J Community Med Public
Health. 2016;3(5):1135-40. https://doi.org/10.18203/2394-6040.ijjicmp
h20161372.

Mallath MK, Taylor DG, Badwe RA, et al. The growing burden of cancer in
India: epidemiology and social context. Lancet Oncol. 2014;15(6):e205—
12. https://doi.org/10.1016/51470-2045(14)70115-9.

World Health Organization. Global action plan for the prevention and
control of noncommunicable diseases: 2013-2020. 2013. https://www.
who.int/nmh/global_monitoring_framework/en/. Accessed 21 July 2020.
National action plan and monitoring framework for prevention and
control of noncommunicable diseases (NCDs) in India. Ministry of

Health and Family Welfare, Government of India. Developed through the
WHO-Government of India 2012-2013 biennial work plan. World Health

Page 12 of 12

Organization. https://www.iccp-portal.org/sites/default/files/plans/Natio
nal_Action_Plan_and_Monitoring_Framework_Prevention_NCDs.pdf.
Accessed 11 July 2020.

29. IHME, GHDx.Vz Hub. GBD compare. Neoplasms. https://vizhub.healt
hdata.org/gbd-compare/. Accessed 28 Mar 2021.

30. Global Burden of Disease Cancer Collaboration. Global, regional, and
National Cancer Incidence, mortality, years of life lost, years lived with
disability, and disability-adjusted life-years for 29 Cancer groups, 1990 to
2016: a systematic analysis for the global burden of disease study. JAMA
Oncol. 2018;4(11):1553-68. https://doi.org/10.1001/jamaoncol.2018.2706.

31. Menon RG, Singh L, Sharma P, Kalaskar S, Singh H, Adinarayanan S, et al.
National Burden estimates of healthy life lost in India, 2017: an analysis
using direct mortality data and indirect disability data. Lancet Glob
Health. 2019;7:1675-84.

32. Mathers DC, Murray CJL, Lopez AD. Epidemiological evidence: improv-
ing validity through consistency analysis. Bull World Health Organ.
2002;80(8):611.

33. Mathers CD. History of global burden of disease assessment at the World
Health Organization. Arch Public Health. 2020;78:77. https://doi.org/10.
1186/513690-020-00458-3.

34. Mathers C, Hogan D. Commentary: does the global burden of disease
study substantially overestimate road traffic deaths in OECD countries?
Int J Epidemiol. 2015;44(5):1657-9. https://doi.org/10.1093/ije/dyv162.

35. SDG India Index 2018, Baseline report. NITI Aayog. http://niti.gov.in/write
readdata/files/SDX_Index_India_21.12.2018.pdf. Accessed 11 July 2020.

36. Smith RD, Mallath MK. History of the growing burden of Cancer in India:
from antiquity to the 21st century. J Glob Oncol. 2019;5:1-15. https://doi.
0rg/10.1200/JG0.19.00048.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



http://www.ncdirindia.org/All_Reports/Reports_Ne/NE2012_2014/Files/NE_2012_14.pdf
http://www.ncdirindia.org/All_Reports/Reports_Ne/NE2012_2014/Files/NE_2012_14.pdf
https://ncdirindia.org/All_Reports/NorthEast2021/Default.aspx
https://ncdirindia.org/All_Reports/NorthEast2021/Default.aspx
https://gco.iarc.fr/today/data/factsheets/populations/356-india-fact-sheets.pdf
https://gco.iarc.fr/today/data/factsheets/populations/356-india-fact-sheets.pdf
https://censusindia.gov.in/2011-Documents/mccd_Report1/MCCD_Report-2018.pdf
https://censusindia.gov.in/2011-Documents/mccd_Report1/MCCD_Report-2018.pdf
https://doi.org/10.1186/1478-7954-1-4
https://doi.org/10.1016/j.ejca.2008.11.033
https://censusindia.gov.in/
https://censusindia.gov.in/vital_statistics/SRS_Statistical_Report.html
https://censusindia.gov.in/vital_statistics/SRS_Statistical_Report.html
https://www.who.int/healthinfo/global_burden_disease/GlobalDALY_method_2000_2016.pdf
https://www.who.int/healthinfo/global_burden_disease/GlobalDALY_method_2000_2016.pdf
https://www.who.int/healthinfo/global_burden_disease/GBD2004_DisabilityWeights.pdf
https://www.who.int/healthinfo/global_burden_disease/GBD2004_DisabilityWeights.pdf
https://www.who.int/healthinfo/paper31.pdf
https://www.who.int/healthinfo/paper31.pdf
https://www.ncdirindia.org/Area_Cancer.aspx
https://mohfw.gov.in/documents/policy
https://www.healthdata.org/sites/default/files/files/policy_report/2017/India_Health_of_the_Nation%27s_States_Report_2017.pdf
https://www.healthdata.org/sites/default/files/files/policy_report/2017/India_Health_of_the_Nation%27s_States_Report_2017.pdf
https://www.healthdata.org/sites/default/files/files/policy_report/2017/India_Health_of_the_Nation%27s_States_Report_2017.pdf
https://doi.org/10.18203/2394-6040.ijcmph20161372
https://doi.org/10.18203/2394-6040.ijcmph20161372
https://doi.org/10.1016/S1470-2045(14)70115-9
https://www.who.int/nmh/global_monitoring_framework/en/
https://www.who.int/nmh/global_monitoring_framework/en/
https://www.iccp-portal.org/sites/default/files/plans/National_Action_Plan_and_Monitoring_Framework_Prevention_NCDs.pdf
https://www.iccp-portal.org/sites/default/files/plans/National_Action_Plan_and_Monitoring_Framework_Prevention_NCDs.pdf
https://vizhub.healthdata.org/gbd-compare/
https://vizhub.healthdata.org/gbd-compare/
https://doi.org/10.1001/jamaoncol.2018.2706
https://doi.org/10.1186/s13690-020-00458-3
https://doi.org/10.1186/s13690-020-00458-3
https://doi.org/10.1093/ije/dyv162
http://niti.gov.in/writereaddata/files/SDX_Index_India_21.12.2018.pdf
http://niti.gov.in/writereaddata/files/SDX_Index_India_21.12.2018.pdf
https://doi.org/10.1200/JGO.19.00048
https://doi.org/10.1200/JGO.19.00048

	Burden of cancers in India - estimates of cancer crude incidence, YLLs, YLDs and DALYs for 2021 and 2025 based on National Cancer Registry Program
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Overview
	Data sources
	Statistical analyses

	Results
	National and sub-national burden of cancer in India
	Cancer burden by site and sex
	Proportion contribution of cancer burden (YLLs, YLDs and DALYs) among five-year age groups
	Distribution of total cancer DALYs in percentage (%) by age group and site
	Projections for 2021 and 2025
	Change in cancer DALYs per 100,000 from 2004 to 2021

	Discussion
	Conclusion
	Acknowledgements
	References


