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Abstract

Objective: This study aimed to examine the impact of leukemia and other cancers in India and to observe
any changes over time.

Methodology: Detailed estimates of incidence, prevalence, mortality, and disability-adjusted life years
(DALYs) for 30 types of cancers in India were analyzed for 29 years from 1990 to 2019 as part of the Global
Burden of Diseases (GBD) study. Data from all available sources were used to gather information on the
overall burden of disease in India.

Results: Cancer is a leading cause of death worldwide, with varying rates of incidence in India, making
prevention and treatment a challenge. Because cancer is not a reportable disease in India, the overall burden
estimate is still a work in progress. This study analyzed the impact of leukemia and other cancers in India,
including trends in incidence, DALYs, and mortality related to all cancers and various malignancies. The
causes of leukemia in India were also explored.

Conclusions: The study found the trends of cancer types that account for the majority of leukemia-related
and cancer-related DALYs, death, prevalence, and incidence in India. Among the four most frequent
malignancies, such as leukemia, there was significant variation based on age. Over the last 29 years,
mortality from chronic myelogenous leukemia (CML) and acute lymphocytic leukemia (ALL) has decreased,
while deaths from acute myelogenous leukemia (AML) and chronic lymphocytic leukemia (CLL) have
increased steadily.
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Introduction

Cancer is the world's second greatest cause of mortality after cardiovascular disease [1-3]. In 2020-2021, the
COVID-19 pandemic significantly impacted cancer detection and treatment. Healthcare institution closures
resulted in reduced access to care and a short-term decline in cancer and leukemia incidence [4]. However,
this was followed by an increase in advanced-stage sickness and ultimately higher mortality rates.

Patients with cancer in low- and middle-income countries, such as India, often have a worse prognosis than
those in high-income countries due to low cancer awareness, late detection of leukemia, and limited or
unequal access to affordable treatment options [5]. With 1.3 billion individuals dispersed throughout
numerous territories and states, India has a heterogeneous distribution of leukemia due to varying levels of
growth, and genetic variation in populations, habitats, and lifestyles [6].

Previous studies have attempted to explain cancer burden and epidemiological patterns in various regions of
India, but systematic and complete knowledge of the volume and temporal trends of all malignancies in
India remains inadequate. Given that healthcare delivery in India is a government responsibility, this
information is critical in guiding actions for cancer reduction that meet the needs of the population [7-9].

The India State-Level Illness Burden Initiative and the Global Burden of Leukemia Injuries and Risk Factors
Study joined forces to create disease burden estimates at a subnational level for India. Using data from the
Global Burden of Disease (GBD), they recently published variations in health status across Indian states from
1990 to 2016. In 2016, it was estimated that 10,500 children (ages 0-14) and 5,090 teenagers (ages 15-19)
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would be diagnosed with cancer, with 1,190 and 590 dying from the disease, respectively. However, these
estimates exclude benign and borderline malignant brain tumors as they were not mandatory to be reported
to cancer registries until 2004 and are based on 15 years of historical incidence data. The most frequent kind
of cancer in children is leukemia, accounting for 28% of cases. Brain and other nervous system malignancies
come in second with 27% of instances, with over 25% of these being benign/borderline malignant. This
study offers a thorough summary of each form of cancer and leukemia incidence and health-related
mortality trends in India from 1990 to 2019.

Materials And Methods

Using the terms "cancer," "burden," "leukemia," "death," "cause of death," "DALY," "incidence," "epidemiology,"

"India," "morbidity," "neoplasm,” "mortality," "trends," and "prevalence,” we explored PubMed and currently
accessible reports in 2019 for assessments of cancer load across India. There were no language or
publication date restrictions. The DALYs, mortality, incidence, and prevalence of all cancer and leukemia
types in India throughout time were not properly defined in any article we found, although there is a lot of
important information on the distribution of cancer in India.

The GBD Injuries and Risk Factors Study 2019 included the study as a component and analyzed data from all
accessible sources to examine all causes of sickness burden. To the best of our knowledge, this study is the
first to offer precise estimates of DALYs, death, incidence, and prevalence for 30 different types of
malignancies across 29 years from 1990 to 2019.

Results

This study was part of the GBD 2019, which investigated every cause of disease burden using information
obtained from numerous available resources. Although the age-standardized prevalence of every kind of
cancer evaluated collectively has not changed significantly in India over the last 29 years, cancer's share of
the total burden of diseases has more than doubled according to this study. This study emphasizes the large
differences between Indian states in terms of cancer-related mortality, incidence, and disability-adjusted
life years (DALYs), as well as the fact that tobacco use is the country's biggest cause of cancer.

Overall status of cancer in India

In India, the prevalence of all cancers increased by 138% and 118%, respectively, since 1990, which accounts
for 5.83% (5.12%-6.69%) of total DALYs and 9.93% (9.26%-10.68%) of all fatalities. Between 1990 and 2019,
there was a rise in the prevalence of all types of cancer, rising from 0.61% or 2.02% (1.66%-2.47%) to 2.63%
(2.16%-3.16%) of all prevalent cases. The incidence of all types of cancer has increased from the 0.24%
recorded in 1990 to up to 0.36% of all new cases in 2019. From 1990 to 2019, the total death rate percentage
and DALYs percentage of all cancers with respect to age will exponentially increase up to the age of 65-69
years and 60-64 years from birth and decline after the age of 70 and 65 years, respectively. However, the
total incidence percentage and total prevalence percentage will exponentially increase up to the age of 40-
49 years from birth and decline after the age of 50 years (Figure 7).
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FIGURE 1: Percentage of total cancer DALYs, death, prevalence, and
incidence of different types of cancers with age group in India, 2019.

DALY, disability-adjusted life year

In 2019, the most common types of cancer were stomach cancer (9.8%); breast cancer (8.7%); other
malignant neoplasms (7.8%); tracheal, bronchus, and lung cancer (7.5%); lip and oral cavity cancer (7.0%);
leukemia (6.8%); cervical cancer (6.6%); colon and rectum cancer (6.2%); and other pharynx cancer (5.7%).
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These diseases also accounted for more than 5.8% of the total cancer DALYs (Figure 2).
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FIGURE 2: Percentage of total cancer DALYs due to different types of
cancers by sex in India, 2019.

The types of cancers are color-coded in groups based on their ranking in both sexes combined (pink indicates 1
to 5 ranking, faint yellow indicates 6 to 10 ranking, faint green indicates 11 to 15 ranking, dark yellow indicates 16
to 20 ranking, blue indicates 21 to 25 ranking, and dark green indicates 26 to 30 ranking).

DALY, disability-adjusted life year

Leukemia

When the DNA in leukocytes, a kind of blood cell, becomes mutated or altered, it loses its ability to govern
growth and division, resulting in leukemia. These altered cells may be able to elude the immune system and
grow uncontrolled, displacing healthy cells in the process. Chronic lymphocytic leukemia (CLL), chronic
myelogenous leukemia (CML), acute lymphocytic leukemia (ALL), and acute myelogenous leukemia (AML)
are the four primary kinds of leukemia distinguished by the afflicted cell type (myeloid or lymphoid) and
progression rate (chronic or acute). Although the global incidence of leukemia is largely steady, there are
regional variabilities related to ethnicity, environment, and lifestyle factors. The specific etiology of
leukemia is uncertain; however, radiation exposure is one of the potential risk factors. In this study, we
looked at four variables: DALYs, deaths, prevalence, and incidence.

DALYs

From 1990 to 2019, leukemia ranked sixth in terms of DALYs among all malignancies, accounting for around
6.8% of all cancers. Males are more prone than females to get leukemia, with a 0.7% greater prevalence in
males. Leukemia accounts for 7.1% of all malignancies in men and 6.4% in women (Figure 2). We discovered
that the percentage of CLL and AML grew considerably over 1990 and 2019, but the percentage of CML, ALL,
and other kinds of leukemia declined in both males and females. In 2019, AML contributed to more than
10.5% of all leukemia cases across both sexes. CLL was found to be more prevalent in females in 2019, with a
rate of 12.48% compared to 2.85% in males. In females in 2019, the percentage of ALL was 18.22%, CML
21.34%, and other leukemia 14.26%, showing a decreasing trend compared to the 1990s. Meanwhile, in
males in 2019, ALL was 24.63%, CML 26.68%, and other leukemia 15.91%, also showing a declining trend
compared to the 1990s (Figure 3).

Prevalence

Leukemia is the sixth most prevalent malignancy between 1990 and 2019 (excluding other neoplasms),
making up around 6.79% of all malignancies. With a difference of 0.78%, men are more likely than women to
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get leukemia. Leukemia is more frequent in men (7.17%) than in women (6.39%).

Similar tendencies to those in the DALYs and mortality measures were seen in the examination of the
prevalence of leukemia subtypes. Males and females both had an average prevalence of AML in 2019 of
27.90%. With a frequency of 18.22% in females and 4.85% in males, CLL is more common in females than in
males. In females, the prevalence of ALL, CML, and other leukemia shows a negative trend compared to the
1990s, with percentages of 18.22%, 21.34%, and 14.26%, respectively. However, in males, the prevalence of
ALL, CML, and other leukemia also shows a negative trend compared to the 1990s, with percentages of
24.63%, 26.68%, and 15.91%, respectively.

Incidence

Leukemia ranks 6th in incidence among all cancers (excluding other neoplasms) from 1990 to 2019,
accounting for 4.83% of total cancers. Males are more likely to have leukemia than females, with a 2.24%
higher incidence in males. The incidence of leukemia in males was 6.27%, whereas 4.03% in females.

An analysis of leukemia subtypes in terms of incidence shows a pattern similar to the findings from DALYs,
death, and prevalence measures. Males saw an average AML incidence that was somewhat greater than
females in 2019. CLL had a higher incidence in females at 29.19% compared to 7.76% in males. ALL was the
number one cause of DALYs and deaths in India in 2019 for both boys and girls aged 0 to 20. In both sexes
aged 0-30 and 60-75 years, AML was the largest cause of DALYs and the top cause of mortality. In both males
and females aged 55 to 75 years , CLL was the largest cause of DALYs, and in people aged 60 to 80 years, it
was the main cause of mortality. CML was the leading cause of DALYs and death in both males and females
aged 0-4 years, with a uniform distribution of cases in other age groups (Figure 3).
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FIGURE 3: Comparison of DALYs and death of leukemia subtypes of all
age groups with total percentage: (A) acute lymphoid leukemia, (B)
acute myeloid leukemia, (C) chronic lymphoid leukemia, and (D) chronic
myeloid leukemia.

Death

Leukemia ranked ninth in terms of deaths among all cancers from 1990 to 2019, accounting for
approximately 4.6% of all cancers. Males are more likely to die from leukemia than females, with a 0.5%
higher incidence in males. In males, leukemia causes 4.84% of all cancer deaths, while in females it causes
4.34%.

The subtype analysis of deaths from leukemia mirrors the results seen in the DALYs analysis. The proportion
of AML and CLL cases grew significantly between 1990 and 2019, but the proportion of ALL, CML, and other
kinds of leukemia declined in both sexes. In terms of fatalities among males in 2019, AML was the most
common subtype. Women's deaths from CLL accounted for 17.90% of all deaths in 2019, compared to men's
deaths from CLL which accounted for 3.89% of all deaths. In 2019, the proportion of mortality in females
due to ALL was 10.59%, CML was 20.14%, and other leukemia was 13.66%, showing a decline from the 1990s.
In contrast, ALL caused 15.24% of fatalities in men in 2019, CML caused 28.89%, and other leukemia caused

2024 Nalage et al. Cureus 16(6): €62557. DOI 10.7759/cureus.62557 40f8


javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1044041/lightbox_ae8513401b5d11efa29b9d2d7e956e3f-Figure-4.png

Cureus

Part of SPRINGER NATURE
18.92%, all of which are on the decline compared to the 1990s (Figure 4).

Mean % Difference between
2019 & 1990 [ Mean % in
1990 - Mean % in 2019]

Types of Leukemia, 1990 Types of Leukemia, 2019

Females in

DALYs
Chronic myeloid leukemia 10.99% [16.98% - 27.97%]
Other leukemia () 4.94% [26.28% - 21.34%)
Acute lymphoid leukemia () 7.01% [25.23% - 18.22%]
12.48% [5.73% - 18.22%]
(-) 11.53 [25.79% - 14.26%)

Males in

DALY
Acute lymphoid leukemia 10.57% [17.36% - 27.94%)]
Chronic myeloid lenkemia Chronic myeloid leukemia (-) 0.47% [27.14% - 26.68%)
Other leukemia hoid leukemia () 8.98% [33.61% - 24.63%]
() 3.97% [19.88% - 15.91%)
2.85% [2.01% - 4.85%]

Females in
Death
Chronic myeloid leukemia 17.90% [13.27% - 31.17%]
Other leukemia 7.18% [17.27% - 24.45%)
Acute lymphoid leukemia Chronic myeloid leukemia (-) 6.87% [27.01% - 20.14%)
Other leukemia (-)9.71% [23.37% - 13.66%)
_ Acute lymphoid leukemia (-) 8.50 [19.09% - 10.59%)]
Males in Death

Chronic myeloid leukemia
Other leukemia
Acute lymphoid leukemia

Chronic myeloid leukemia
Acute lymphoid leukemia
Other leukemia

10.37% [18.74% - 29.10%]
() 1.67% [30.56% - 28.89%)
(-)3.49% [22.41% - 18.92%)
() 9.10% [24.34% - 15.24%)

3.89% [3.96% - 7.85%)

FIGURE 4: Change in DALYs and death in males and females for
different types of leukemia in India, 1990-2019.

Faint pink indicates chronic myeloid leukemia, red indicates acute myeloid leukemia, faint yellow indicates acute
lymphoid leukemia, blue indicates chronic lymphoid leukemia, and green indicates other leukemia.

DALY, disability-adjusted life year

Discussion

From 1990 to 2019, new cases of cancer and its fatalities in India increased, as did cancer's proportionate
contribution to total DALYs and fatalities in the nation. Over 29 years, all-cause cancer DALYs, mortality, and
incidence increased significantly. The age-standardized incidences in both sexes combined, however, did not
change, highlighting the contribution of population growth and aging to the nation's expanding cancer load
[10]. During this time, the age-standardized cancer and leukemia mortality rate rose for men, indicating
gender inequalities. In every state of the nation, men had greater mortality index (MI) ratios than females.

The observed patterns of cancer type and sex-specific occurrence prevalence rates in India over the years
may be due to aging, advancements in cancer knowledge, assessment, health treatment, and various risk
factors. Nationwide age-standardized prevalence rates of stomach cancer have dramatically declined, which
may be attributable to alterations in lifestyle, such as eating less food stored with salt, having greater access
to refrigeration, eating more fruit, and stopping smoking [11,12]. Since the infection with Helicobacter pylori
remains widespread in Indians, this is unlikely to be the reason why the incidence of stomach cancer has
reduced [13]. In India, lower parity, age of birth, and an expansion in obesity and overweight are a few
examples of the specific risk factors that have changed over time and are significantly linked to a rise in the
age-standardized prevalence rate of breast cancer [14-16]. The nation's stagnation may be caused by a
mixture of mixed trends in India's causes, such as a decrease in indoor air pollution and smoking but a rise
in outdoor pollution, as well as patterns of additional unexplained risk factors. A minor drop was observed in
the age-standardized lung cancer incidence rate [14,17]. Also, the occurrence rate of oral cavity and lip
malignancy in India over the last decade might be attributed to a drop in the usage of smokeless tobacco in
the country. The fertility risks for breast cancer development discussed above may have a negative
correlation with the falling age-standardized incidence rate of cervical cancer [15]. Due to a lack of frequent
human papillomavirus (HPV) testing, there is no indication of growing seroprevalence of HPV and its
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variants across a period in India. Decomposition studies are needed to disentangle the contributions of
community structure changes, lifestyle factors, therapies, and other variables to the patterns of India's
major malignancies. The occurrence of various types of cancer varies greatly across India.

The increase in AML and CLL in the elderly population can be attributed to genetic and epigenetic changes,
cumulative environmental exposures, and immune system decline. Also, the elderly population is influenced
by age-related changes in the microbiome [18-22], which can impact immune function and inflammation,
contributing to cancer development. Aging leads to the accumulation of mutations and chronic
inflammation, while lifestyle factors and comorbid conditions further elevate the risk. Additionally,
hematopoietic stem cell aging contributes to the higher incidence of these leukemias. Overall, these
multifactorial influences result in the observed rise in AML and CLL among older adults.

Although leukemias are connected to infectious, genetic, and environmental hazards, the reasons for India's
age-standardized incidence rate's considerable reduction from 1990 to 2019 remain unexplained. We
identified a new pattern of rapid growth in CLL and myeloid leukemia, but not other cancers, in the aging
Indian population. In a study published after 2011, Hao et al. discovered the major aging-dependent
leukemia trend changes [23]. Therefore, the majority of the impact of the World Health Organization (WHO)
revisions has already been taken into account. Numerous intrinsic variables contribute to hematopoietic
stem cell (HSC) aging, putting committed myeloid progenitor cells and HSC at risk for genetic and
epigenetic alterations, the emergence of pre-leukemic clones, and eventually malignant transformation.
This may aid in comprehending why age has a greater influence on the incidence of CML and AML. CLL is a
disease of differentiated mature B cells that affects the elderly as opposed to myeloid leukemia. The age-
related accumulation of epigenetic and genetic modifications that support clonal B-cell proliferation is the
basis for the molecular pathogenesis of CLL. Surprisingly, recent research found that in CLL patients, the
ability to create clonal B cells had already been gained at the HSC stage. As a result, the beginning and
development of CLL may be influenced by HSC aging. In the future, we anticipate that developing novel
strategies to stop or decrease HSC aging will help with the diagnosis, prognosis, and therapy of myeloid
leukemia and CLL. More concerted efforts will be needed in the future to better comprehend HSC aging
mechanisms and find novel leukemia prevention strategies.

This systematic assessment and comprehensive analysis of the disparities in the prevalence and patterns of
cancer types across India may be useful for future cancer care and preventive planning. Additionally, cancer
registry coverage in rural regions and several big Indian states that do not presently have registries should
improve. To understand the causes of the shifting patterns of various kinds of malignancies in India, further
large-scale collaborative research is required.

Conclusions

Ultimately, this study's detailed etiology of 30 forms of cancer in India over the past 29 years highlights the
stark differences in leukemia rates for each type of cancer, and it can be used as a useful guide for more
precise cancer control planning that considers the patterns of various cancers in India. The rising cancer rate
in India should spur the development of more systematic and extensive approaches to lowering the disease's
effects on the populace. These measures should include enhanced human resources and infrastructure for
cancer and leukemia prophylaxis, screening, medication and palliative care, and appropriate financial
support for cancer treatment. The 10 malignancies that cause the most DALYs in India - breast, stomach,
lung, oral cavity and lip, pharynx, colon and rectum, leukemia, cervical, etc. - should be the focus of these
new techniques to overcome the burden of leukemia cases. Myeloid leukemia and CLL cases grew quickly,
with a clear association with population aging. Although the entire impact of the aging of the baby

boomers on cancer occurrences would not be known for another decade, the growth in myeloid leukemia and
CLL looked to outstrip that of other malignancies. As conditions and resources permit, other forms of
cancer should be treated in India.

From 1990 to 2019, this research presents complete descriptive epidemiology of leukemia, other cancers,
and its heterogeneity across all Indians. This is our brief overview of the responsible factors for leukemia
and other cancer cases in India.
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