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Abstract
Background  Cancer poses a significant public health challenge in India, making it crucial to predict its future impact 
for effective healthcare planning. This study forecast cancer incidence, mortality, and disability-adjusted life years 
(DALYs) in India from 2022 to 2031.

Methods  We extracted age-standardized data on incidence, prevalence, DALYs, and mortality from 1990 to 2021 
from the Global Burden of Disease (GBD) study. We used Decadal Average Percentage Change techniques to identify 
trends in cancer burden over decades and the Autoregressive Integrated Moving Average (ARIMA) method were used 
for forecasting. The ARIMA (2,2,2) model was identified as the best for predicting cancer incidence, ARIMA (0,3,3) for 
DALYs, and ARIMA (0,2,2) for mortality.

Results  The cancer incidence rate is expected to rise from 529.40 (95% CI: 525.41-533.38) in 2022 to 549.17 (95% CI: 
487.43-610.92) per 100,000 population in 2031. The DALYs rate is projected to decrease from 2001.53 (95% CI: 1964.24-
2038.82) in 2022 to 1842.08 (95% CI: 1273.57-2410.60) per 100,000 population in 2031, indicating improvements 
in cancer burden management. Mortality rates are forecasted to increase slightly, from 71.52 (95% CI: 69.91–73.12) 
in 2022 to 73.00 (95% CI: 60.88–85.11) per 100,000 population in 2031. Overall, while incidence and mortality rates 
show a slight upward trend, the DALYs rate is projected to decrease, reflecting potential advancements in cancer 
management and treatment over the forecast period.

Conclusions  Over the next decade, cancer incidence and mortality are expected to increase in India, highlighting 
the need for enhanced prevention, early detection, and proper treatment strategies. Despite these increases, 
the anticipated decrease in DALYs suggests potential advancements in cancer management, warranting further 
investigation into the drivers of this positive trend and measures to sustain it.
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Introduction
Cancer continues to be a leading cause of morbidity and 
mortality worldwide. Cancer presents a significant global 
health challenge with a projected surge in cases. In 2022, 
nearly 20  million people were detected 10  million suc-
cumbed to the diseas. This burden is expected to worsen, 
with estimates suggesting a 77% increase in new cases by 
2050. Lung cancer currently reigns as the most common 
andmost frequently diagnosed cancer, followed by breast 
and colorectal cancers. These sobering statistics empha-
size the urgent need for effective prevention, diagnosis, 
and treatment strategies to combat this growing global 
threat [1]. Recent years have seen significant changes in 
the global burden of cancer (GBD), with variations in 
incidence, mortality, and disability-adjusted life years 
(DALYs) across different regions and cancer types. A new 
GBD report 2021 reveals a worrying rise in global cancer 
burden, with incidence rates jumping 29% from 651.98 
per 100,000 in 1990 to 842.43 in 2021, while mortality 
rates increased by 16% from 108.45 per 100,000 in 1990 
to 125.31in 2021 [2].

Cancer, a formidable foe in the global health arena, 
casts a long shadow across nations. Millions are diag-
nosed annually, straining healthcare systems and societ-
ies. South Asia, a region experiencing rapid demographic 
shifts and lifestyle changes, faces a particularly concern-
ing rise in cancer cases [3]. India, the most populous 
nation, this translates to a harsh reality – a growing can-
cer burden with projected increases in both incidence 
and mortality rates. This rise in India can be attributed to 
several factors such as rapid urbanization, an aging popu-
lation, increasingly sedentary lifestyles, and unhealthy 
dietary choices. Additionally, exposure to both indoor 
and outdoor air pollution is a growing concern [4]. Pop-
ulation aging plays a significant role, as the risk of can-
cer increases with age [5]. Alcohol and smoking are the 
leading risk factors for laryngeal cancer (LC), with global 
trends indicating a decrease in age-standardized mor-
tality rates but an increase in the absolute number of 
deaths, emphasizing the critical need for effective smok-
ing control and alcohol consumption reduction strategies 
[6]. Additionally, changing lifestyles, including increased 
tobacco use, unhealthy diets, and lack of physical activ-
ity, contribute to the problem. However, a crucial caveat 
emerges – an estimated 80% of these projected cases are 
believed to be preventable. By focusing on modifiable 
risk factors like tobacco use, lifestyle changes and cer-
tain infections, India can potentially mitigate a significant 
portion of this future burden. This emphasizes the criti-
cal role of preventive strategies. Public health initiatives 
promoting healthy lifestyles, tobacco control measures, 

and vaccinations against cancer-causing viruses are cru-
cial steps in combating this growing challenge [7].

Prior research has explored the national picture of can-
cer burden and its variations across India. These stud-
ies have also identified key areas for improving cancer 
control efforts in the country [8–10]. GBD data paints 
a concerning picture, with millions succumbing to this 
disease annually. The mortality rate in 1990 was 41.39 
per 100,000 population and 60.44 per 100,000 in 2021. 
This represents a 46.02% increase in three decades. The 
incidence rate and DALYs rate of cancer increased by 
34.94% and 22.48% between 1990 and 2021 respectively. 
A previous study reported a substantial increase in can-
cer burden in India between 1990 and 2021, emphasiz-
ing the importance of preventive and early detection 
strategies [11]. A significant shift has occurred in the 
leading cause of cancer death in India, according to the 
2021 GBD report. Breast cancer has overtaken stomach 
cancer, which held the top spot in 1990. This highlights 
the changing landscape of cancer burden in the country. 
In India, breast cancer stands out as the most frequent 
cause of both new cancer diagnoses and cancer deaths 
among women. It was responsible for over 13.5% of all 
new female cancers and 10% of cancer deaths in women 
in 2020 [12].

This overwhelming burden has resulted in character-
izations of India’s cancer situation as an epidemic or a 
tsunami [13–15]. Fighting cancer is a global priority, with 
the United Nation Sustainable Development Goal (SDG) 
aiming to reduce cancer deaths by a third by 2030. Data 
from the National Cancer Registry Programme (NCRP) 
paints a worrying picture, projecting a significant 
increase in total cancer cases in India. From nearly 1 mil-
lion in 2010, the number is projected to surpass 1.1 mil-
lion by 2020. India initiated its NCRP in 1982. Since 
then, the program has steadily grown, incorporating 
population-based cancer registries (PBCRs) in various 
urban centres and expanding to include some rural areas. 
Effective cancer control in India requires a multipronged 
approach that includes enhancing healthcare infrastruc-
ture, promoting education and awareness about cancer 
prevention, and implementing state-specific cancer con-
trol programs [16].

Extensive research has been carried out to measure 
the scope of the cancer problem in India [8, 16–19]. The 
GBD study’s metrics offer a comprehensive overview of 
cancer’s impact, facilitating a better understanding of its 
future trajectory and aiding in the formulation of targeted 
interventions. A confluence of factors is driving the rise 
in cancer cases worldwide, particularly in middle- and 
low-income countries like India. Thus, understanding 
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the current landscape through the GBD study’s metrics 
is crucial for policymakers, healthcare providers, and 
researchers to develop effective strategies aimed at mit-
igating the future impact of cancer in India. The use of 
statistical modelling approaches such as the Autoregres-
sive Integrated Moving Average (ARIMA) models has 
become increasingly prevalent in epidemiological studies 
for forecasting disease trends. ARIMA models are par-
ticularly useful due to their ability to handle time series 
data with trends and seasonality, making them ideal for 
predicting cancer incidence and mortality rates. These 
models help in understanding the past and current 
trends and provide projections that can guide policy-
making and resource allocation in the healthcare sector 
[20]. Extensive utilization of ARIMA models in cancer 
studies, including breast cancer and oral cancer, under-
scores their effectiveness in capturing the complexities 
of disease progression, making them ideal for projecting 
future cancer incidence and mortality rates [21, 22].In the 
context of cancer forecasting, ARIMA models have been 
employed to predict future trends based on historical 
data. This approach considers the autoregressive nature 
of cancer incidence and mortality, integrates the differ-
ences in the data to stabilize the mean, and uses moving 
averages to smooth out short-term fluctuations [21, 23].

This study delves into the multifaceted challenge of 
cancer in India by analysing trends, decadal changes, 
gender disparities, and spatial variations. By incorporat-
ing future predictions for cancer incidence, DALYs and 
mortality, we aim to provide a nuanced understanding of 
this public health concern. This knowledge will be instru-
mental in informing targeted interventions and resource 
allocation strategies to not only mitigate the rising can-
cer burden but also improve health outcomes across the 
nation. Therefore, leveraging advanced modelling tech-
niques to project cancer trends is a vital component of 
public health planning in India.

Methods
Data sources
This study utilized age-standardized data on cancer inci-
dence, prevalence, DALYs, and mortality for India from 
the GBD study for the period 1990 to 2021 (https://
vizhub.healthdata.org/gbd-results/) [2]. This analysis uti-
lizes cancer data estimates provided by the Institute for 
Health Metrics and Evaluation (IHME) in collaboration 
with the Indian Council of Medical Research (ICMR) and 
the Public Health Foundation of India (PHFI). High-qual-
ity data on cancer incidence and survival are collected 
by Population-Based Cancer Registries (PBCRs), which 
cover various geographic regions and time periods. Hos-
pital discharge records provide information on cancer 
diagnosis, treatment, and outcomes, particularly in coun-
tries with extensive healthcare systems and electronic 

health records. Autopsy reports contribute data on cause 
of death, particularly in regions where other data sources 
may be limited. Through a systematic and transparent 
statistical modelling process, the GBD study generates 
estimates that account for variations in data quality and 
availability across different locations. This modelling pro-
cess involves the use of advanced statistical techniques 
to integrate and harmonize data from disparate sources, 
ensuring robust and comparable estimates of cancer 
burden.

The data and estimates generated by the GBD study 
are essential for understanding the burden of cancer in 
India and for informing public health policies and cancer 
control strategies. By leveraging the comprehensive data 
and methodological rigor of the GBD study, this research 
provides a detailed and accurate assessment of cancer 
trends in India over the past three decades.

Statistical analysis
To elucidate the evolving landscape of cancer burden 
in India, this study adopted a two-pronged analytical 
approach utilizing R software (version 4.0.1). First, we 
investigated historical trends (decadal) in cancer inci-
dence, prevalence, DALYs and mortality across various 
demographics. This analysis provided insights into the 
past patterns of cancer burden within different popu-
lation subgroups. Second, we leveraged time series 
models to forecast these indicators for the next decade. 
This approach aligns with the widely used time series 
forecasting methodology, which meticulously analyses 
past observations to construct a model that captures 
the underlying structure of the data. Similar to how the 
ARIMA model is a popular choice for stochastic time 
series analysis, this study utilizes time series models to 
predict the future trajectory of cancer burden in India. 
This forecasting component allows us to anticipate 
potential changes in cancer burden and inform future 
resource allocation, preventative measures, and health-
care infrastructure development.

The ARIMA model emerges as a powerful tool for ana-
lyzing cancer burden data due to its ability to capture 
various aspects of time series. Unlike simpler models, 
ARIMA accounts for changing trends, seasonal fluctua-
tions, and random variations within the data. This makes 
it suitable for forecasting cancer incidence, prevalence, 
and mortality, which can exhibit complex patterns over 
time [23]. This initial stage involves exploring different 
ARIMA configurations (p, d, q) based on statistical tests 
and visual inspection of data characteristics The ARIMA 
model, denoted as ARIMA (p, d, q), captures the influ-
ence of past observations (p), removes trends through 
differencing (d), and accounts for random errors with a 
moving average term (q). These parameters (p, d, q) are 
determined by analyzing the data’s autocorrelation and 
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partial autocorrelation patterns to identify significant 
lags. The model is then fine-tuned by estimating the opti-
mal values for p, d, and q. Finally, the model’s adequacy is 
ensured by verifying its residuals resemble random noise, 
a characteristic of a good fit. Once this rigorous process 
is complete, the chosen ARIMA model with its estimated 
parameters can be used to forecast future cancer burden 
trends.

The ARIMA model itself is a combination of two sub-
models: the Autoregressive (AR) model and the Mov-
ing Average (MA) model. The integration step (denoted 
by d) removes non-stationarity, a common challenge in 
time series data. This allows for more accurate forecast-
ing. While the specifics of AR and MA models involve 
mathematical formulas, the key takeaway is that ARIMA 
effectively captures trends and variations within cancer 
burden data, enabling researchers to predict its future 
trajectory. The general formula of AR (p) and MA (q) 
models can be expressed in Eqs. (1) and (2), respectively.

An autoregressive AR(p) model of order p can be writ-
ten as:

	

yt =c + ϕ 1yt−1 + ϕ 2yt−2+

. . .+ ϕ pyt−p + et
� (1)

Where c  is a constant, et  is a white noise et ∼ N(0, σ2),
ϕ = (ϕ 1, ϕ 2, . . . , ϕ p) is the vector of model coeffi-
cients & p is a non-negative integer.

A moving average MA(q) model of order q uses past 
forecast errors in a regression model as:

	 yt = c + et − θ 1et−1 − θ 2et−2 − . . . − θ qet−q � (2)

Where c  is a constant, et  is a white noise et ∼ N(0, σ2), , 
ϕ = (θ 1, θ 2, . . . , θ q)  is the vector of model coefficients 
& p is a non-negative integer.

ARIMA (p, q) model can be written as:

	

yt = c + ϕ 1yt−1 + ϕ 2yt−2 + . . . + ϕ pyt−p

+ et − θ 1et−1 − θ 2et−2 − . . . − θ qet−q

	 yt = c +
∑

p
i=1ϕ iyt−i −

∑
q
j=1θ jet−j + et � (3)

ARIMA (p, d, q) model can be written as:

	
yt − 2yt−1 − . . . − yt−d = c + ϕ 1yt−1 + ϕ 2yt−2 + . . .

+ ϕ pyt−p + et − θ 1et−1 − θ 2et−2 − . . . − θ qet−q
� (4)

Where, p autoregressive terms, d is the non-seasonal dif-
ferences, q is the number of lagged forecast errors.

To identify the most optimal model for forecasting, we 
employ two key criteria: Akaike Information Criterion 
(AIC) and Bayesian Information Criterion (BIC). The 

model with the lowest AIC and BIC values is considered 
the most suitable for predicting future trends in cancer 
burden data.

	 AIC = 2× k − 2× log (L)� (5)

	 BIC = k × log (n)− 2 × log (L)� (6)

Where k(= p + q + 1) is the number of parameters in 
the statistical model and L  is the maximizes value of the 
likelihood function for the estimated model.

To ensure the data’s suitability for time series analy-
sis of cancer burden, we conducted the Dickey-Fuller 
test for stationarity. This test revealed that stationarity 
was achieved only after differencing the data a specific 
number of times (indicated by the differencing order). 
Subsequently, we proceeded with ARIMA model appli-
cation. To evaluate the model’s forecasting accuracy, 
we employed established metrics like Mean Absolute 
Percentage Error (MAPE) and Root Mean Square Error 
(RMSE).

Results
To understand the historical trends in cancer burden, 
we first present data from the GBD study for the period 
1990–2021.

Based on the data in the Table 1 it is possible to draw 
some conclusions about changes in deaths and DALYs 
in India between two decades from 1990 to 2021. The 
table stratifies the data by gender, age groups, and spe-
cific risk factors. Females generally fared better than 
males in terms of deaths and DALYs. From 1990 to 2000, 
deaths for females decreased slightly (-0.06%) and DALYs 
also decreased (-0.07%). In contrast, males males saw no 
change in deaths (0.00%) but a small decrease in DALYs 
(-0.01%). The data suggests an association between age 
and mortality rates. The youngest age group (0–14 years) 
showed a significant decrease in both deaths and DALYs 
(-0.27%) from 2000 to 2010. Similarly, the50–74 age 
group experienced a decline in both deaths and DALYs 
(-0.06%) during this decade. However, the trend reversed 
for the elderly population (75 + years) who witnessed an 
increase in deaths (0.16%) and DALYs (0.17%). In the 
decade from 2010 to 2021, the 85 + age group experienced 
an increase in deaths by 0.21% and in DALYs by 0.22%. 
The analysis of specific risk factors like tobacco use dis-
played a decrease in deaths (-0.02%) and DALYs (-0.04%) 
suggesting potential improvements in tobacco control 
efforts in the decade 2010 to 2021. Conversely, metabolic 
risks emerged as a growing concern, with an increase in 
deaths (0.39%) and DALYs (0.38%). Other environmen-
tal risks remained relatively constant, with a minimal 
increase in deaths (0.02%) 2000 to 2010, followed by an 
increase of 0.15% from 2010 to 2021 and a slight rise in 
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DALYs from 0.01% to (0.02%) over the decade from 2010 
to 2021.

Overall, the data highlights subtle changes in deaths 
and DALYs across different demographics and risk fac-
tors over two decades between 1990 and 2021. From 2010 
to 2021, a positive trend was observed in the reduction of 
both deaths and DALYs among younger age groups and 
individuals impacted by tobacco use. However, the data 
also suggest s a need to address the growing concern of 
metabolic risks and the increasing burden of deaths and 
DALYs among the elderly population.

Table 2 highlights the percentage changes in prevalence 
and incidence rates across different states and union ter-
ritories (UTs) in India over three decades: 1992–2001, 
2002–2011, and 2012–2021. From the first to the last two 
decades, Arunachal Pradesh’s cancer prevalence rates 
increased by 10.77% and 20.05%, while Bihar saw rises 

of 7.73% and 19.04%. Delhi and Kerala experienced sig-
nificant increases, with Delhi’s prevalence growing by 
19.62% and 28.17%, and Kerala’s by 21.57% and 31.89%. 
Other notable increases include Gujarat (16.02% and 
25.47%), Maharashtra (13.56% and 26.13%), and West 
Bengal (15.43% and 26.33%). Overall, the data indicates 
a substantial rise in cancer prevalence across various 
Indian states over the past two decades. Kerala had the 
highest percentage change in prevalence rates at 31.89% 
in the last two decades, while Bihar had the lowest at 
7.73% in the first two decades. Similarly, over the past two 
decades, cancer incidence rates have notably increased 
across Indian states. Kerala saw the highest rise at 14.30% 
and 19.58%, while Bihar experienced the lowest increase 
at 5.54% and 13.12%. Other significant increases include 
Delhi (13.89% and 19.07%), Gujarat (11.53% and 17.10%), 
and Maharashtra (9.72% and 17.40%). Overall, both 

Table 2  Trends of cancer prevalence rates and incidence rate in different States/UTs of India over the last 3 decades
States/UTs Average Decadal Prevalence 

Rate
Average Decadal Incidence 
Rate

% in Average Prevalence Rate % change in Average 
Decadal Incidence Rate

1992–2001 2002–
2011

2012–
2021

1992–2001 2002–
2011

2012–
2021

First two Decades Last two 
Decades

First two 
Decades

Last two 
Decades

Andhra Pradesh 737.86 855.59 1050.11 395.91 442.46 513.83 15.95 22.74 11.76 16.13
Arunachal Pradesh 752.68 833.74 1000.89 394.92 423.89 483.23 10.77 20.05 7.34 14.00
Assam 736.34 845.65 1004.44 393.54 437.14 497.88 14.85 18.78 11.08 13.89
Bihar 691.94 745.46 887.41 371.43 392 443.43 7.73 19.04 5.54 13.12
Chhattisgarh 748.18 849.24 1029.27 393.58 435.06 500.47 13.51 21.20 10.54 15.03
Delhi 776.62 928.97 1190.62 389.28 443.37 527.91 19.62 28.17 13.89 19.07
Goa 835.06 978.75 1224.07 421.39 473.98 556.64 17.21 25.06 12.48 17.44
Gujarat 715.72 830.38 1041.84 380.9 424.83 497.46 16.02 25.47 11.53 17.10
Haryana 718.71 836.04 1054.47 378.12 424.72 501.74 16.32 26.13 12.32 18.13
Himachal Pradesh 762.47 895.29 1102.11 402.81 456.19 534.9 17.42 23.10 13.25 17.25
Jammu & Kashmir 
and Ladakh

710.59 812.71 974.52 377.23 417 476.52 14.37 19.91 10.54 14.27

Jharkhand 704.72 788.37 949.84 376.67 408.25 463.16 11.87 20.48 8.38 13.45
Karnataka 999.62 1149.36 1381.56 463.63 514.99 590.92 14.98 20.20 11.08 14.74
Kerala 905.28 1100.51 1451.46 450.22 514.59 615.35 21.57 31.89 14.30 19.58
Madhya Pradesh 738.49 823.95 1014.69 388.11 420.39 488.73 11.57 23.15 8.32 16.26
Maharashtra 783.37 889.56 1122.04 401.75 440.82 517.51 13.56 26.13 9.72 17.40
Manipur 710.51 807.02 970.88 384.21 421.42 484.04 13.58 20.30 9.68 14.86
Meghalaya 692.87 777.51 936.64 379.61 412.09 473.19 12.22 20.47 8.56 14.83
Mizoram 791.68 914.17 1122.50 409.63 458.85 538.92 15.47 22.79 12.02 17.45
Nagaland 734.39 834.28 1021.50 383.73 421.93 493.66 13.60 22.44 9.95 17.00
Odisha 766.74 876.94 1069.25 404.79 449.29 521.23 14.37 21.93 10.99 16.01
Punjab 755.68 883.76 1096.67 392.83 441.54 516.55 16.95 24.09 12.40 16.99
Rajasthan 695.08 785.73 976.47 370.2 403.82 472.44 13.04 24.28 9.08 16.99
Sikkim 705.24 833.69 1044.11 375.04 426 505.55 18.21 25.24 13.59 18.67
Tamil Nadu 844.71 986.44 1211.66 430.11 479.12 553.56 16.78 22.83 11.39 15.54
Telangana 746.54 875.20 1093.43 392.56 441.1 516.81 17.23 24.93 12.36 17.16
Tripura 713.90 825.97 995.97 387.26 431.94 498.69 15.70 20.58 11.54 15.45
Uttar Pradesh 718.23 798.34 987.32 379.11 408.92 475.68 11.15 23.67 7.86 16.33
Uttarakhand 768.74 903.74 1121.11 401.85 455.52 531.89 17.56 24.05 13.36 16.77
West Bengal 774.01 893.40 1128.66 400.82 445.69 526.19 15.43 26.33 11.19 18.06
Other UTs 747.11 865.89 1079.55 389.46 434.37 512.3 15.90 24.68 11.53 17.94
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prevalence and incidence rates have generally increased 
across the states and UTs over the three decades. The 
percentage changes indicate notable increases, particu-
larly in the last two decades, suggesting a growing public 
health challenge.

Figure 1 illustrates the decadal changes in cancer bur-
den (incidence, prevalence, DALYs, and mortality) across 
Indian states for both sexes from 1990 to 2021. The data 
reveals a moderate increase in cancer prevalence and 
incidence rates from 1990 to 2000, followed by a sig-
nificant rise in incidence and DALYs from 2000 to 2010, 
with a slight decline in mortality. From 2010 to 2021, all 
parameters showed moderate increases, with a notable 
rise in mortality rates, suggesting an overall growing 
cancer burden over the last three decades. Specifically, 
for males, minimal increases were observed from 1990 
to 2000, substantial rises in incidence and DALYs from 

2000 to 2010, and a moderate increase in prevalence 
and DALYs from 2010 to 2021, with incidence rates sta-
bilizing and mortality rates rising. For females, the first 
decade exhibited stable prevalence and minimal changes 
in other parameters, significant increases in incidence 
and DALYs from 2000 to 2010, and a moderate rise in all 
parameters from 2010 to 2021, with notable increases in 
DALYs and mortality rates. This overall trend indicates 
that while cancer incidence has risen significantly, the 
impact on DALYs and mortality has become more pro-
nounced in recent years, reflecting a growing cancer bur-
den in India.

Cancer prevalence in India exhibits marked disparities 
between genders and regions. As depicted in Fig. 2, males 
and females display distinct geographical patterns of can-
cer prevalence rate in 2021. The maps reveal regional dis-
parities in cancer prevalence between genders. For males, 

Table 3  Trends of cancer DALYs rates and mortality rate in different States/UTs of India over the last 3 decades
States/UTs Average decadal DALY rate Average decadal death rate % change in average DALY 

rate
% change in average 
death rate

1992–2001 2002–
2011

2012–
2021

1992–2001 2002–
2011

2012–
2021

First two Decades Last two 
Decades

First two 
Decades

Last two 
Decades

Andhra Pradesh 1277.75 1274.51 1403.87 36.32 39.73 48.63 -0.25 10.15 9.39 22.42
Arunachal Pradesh 2016.12 1865.02 1928.22 56.79 55.07 58.86 -7.49 3.39 -3.02 6.88
Assam 1896.74 1982.31 2016.12 52.80 57.78 62.11 4.51 1.71 9.43 7.51
Bihar 1398.36 1157.63 1173.77 37.05 32.89 37.35 -17.22 1.39 -11.21 13.55
Chhattisgarh 1675.49 1724.33 1950.10 47.13 50.53 60.29 2.92 13.09 7.21 19.32
Delhi 1680.89 1822.61 2008.90 44.68 52.19 63.37 8.43 10.22 16.82 21.41
Goa 1297.29 1394.61 1685.23 39.04 45.89 60.49 7.50 20.84 17.54 31.82
Gujarat 1107.35 1189.99 1542.96 30.94 35.77 48.38 7.46 29.66 15.60 35.24
Haryana 1398.65 1497.30 1784.22 40.81 45.65 57.66 7.05 19.16 11.84 26.33
Himachal Pradesh 1526.96 1578.39 1892.80 46.43 51.85 64.14 3.37 19.92 11.66 23.72
Jammu & Kashmir 
and Ladakh

1266.87 1267.56 1383.39 34.91 37.92 43.94 0.05 9.14 8.62 15.87

Jharkhand 1442.04 1326.15 1265.26 39.25 37.26 38.18 -8.04 -4.59 -5.07 2.46
Karnataka 1668.24 1656.17 1968.74 47.68 50.99 64.98 -0.72 18.87 6.95 27.42
Kerala 1883.28 2058.36 2393.12 62.13 71.83 95.44 9.30 16.26 15.63 32.86
Madhya Pradesh 1673.06 1585.25 1802.98 46.69 46.49 56.15 -5.25 13.74 -0.43 20.77
Maharashtra 1415.81 1331.60 1572.29 41.12 40.74 52.66 -5.95 18.08 -0.92 29.25
Manipur 1092.61 1117.63 1299.40 33.08 35.33 42.07 2.29 16.26 6.80 19.06
Meghalaya 1802.83 1796.83 2000.18 52.38 54.28 63.12 -0.33 11.32 3.63 16.29
Mizoram 2156.65 2352.15 2736.08 64.18 74.24 91.96 9.07 16.32 15.68 23.87
Nagaland 1737.70 1713.51 2033.12 49.17 51.91 64.90 -1.39 18.65 5.56 25.02
Odisha 1710.51 1777.21 1933.28 47.97 53.06 65.88 3.90 8.78 10.61 24.16
Punjab 1371.53 1389.93 1645.21 40.08 44.23 53.12 1.34 18.37 10.36 20.08
Rajasthan 1257.61 1211.46 1490.31 35.20 35.44 46.15 -3.67 23.02 0.70 30.22
Sikkim 1491.44 1607.84 1791.63 42.19 48.33 58.58 7.80 11.43 14.55 21.21
Tamil Nadu 1718.82 1764.01 1878.98 50.42 54.40 62.40 2.63 6.52 7.89 14.71
Telangana 1442.42 1492.58 1635.11 40.50 45.21 55.15 3.48 9.55 11.65 21.99
Tripura 1223.92 1280.11 1440.67 36.45 39.85 47.29 4.59 12.54 9.32 18.68
Uttar Pradesh 1624.77 1563.98 1798.28 44.41 45.34 57.24 -3.74 14.98 2.09 26.26
Uttarakhand 2011.35 2252.64 2585.08 56.94 67.38 81.65 12.00 14.76 18.33 21.19
West Bengal 1616.79 1547.74 1807.06 46.60 47.25 58.30 -4.27 16.75 1.39 23.38
Other UTs 1190.36 1242.94 1515.53 33.70 36.89 47.66 4.42 21.93 9.46 29.21
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the prevalence rates range from 651 to 908 per 100,000 
population, with higher prevalence observed in states like 
Karnataka, Tamil Nadu, and West Bengal. Conversely, for 
females, prevalence rates are significantly higher, ranging 
from 1317 to 1898 per 100,000 population, with the high-
est rates found in states such as Karnataka, Tamil Nadu, 
and Uttar Pradesh. The data indicates that females have a 
higher cancer prevalence rate compared to males across 
most regions.

Figure  3 displays the geographic distribution of can-
cer incidence rates in India for the year 2021. The figure 
presents data for both males (left side) and females (right 
side), allowing for a gender-based comparison of cancer 
prevalence across Indian states. The maps indicate that 
for males, the incidence rates range from 358 to 495 per 
100,000 population, with higher incidence rates observed 
in states such as Karnataka, Andhra Pradesh, and West 
Bengal. For females, the incidence rates are higher, rang-
ing from 628 to 762 per 100,000 population, with the 
highest rates found in Karnataka, Tamil Nadu, and Uttar 
Pradesh. These maps highlight regional variations in 

cancer incidence, with certain states exhibiting higher 
rates for both genders. Notably, females exhibit signifi-
cantly higher incidence rates compared to males across 
most regions.

Figure 4 paints a concerning picture of the geographical 
distribution of cancer burden in India for the year 2021. 
The maps, divided by gender, reveal significant regional 
variations in DALYs caused by cancer. The maps show 
considerable regional variations in DALYs, reflecting 
the overall burden of cancer. For males, the DALYs rates 
range from 1193 to 4679 per 100,000 population, with 
the highest rates observed in states like Uttar Pradesh, 
Arunachal Pradesh, and West Bengal. For females, 
DALYs rates range from 1297 to 3022 per 100,000 popu-
lation, with the highest rates in Uttar Pradesh, Madhya 
Pradesh, and Arunachal Pradesh. The maps highlight 
those certain states, particularly in the northern and 
North-eastern regions, experience a higher cancer bur-
den for both genders. Additionally, while the overall 
range of DALYs is higher for males, certain states show 
comparable or even higher rates for females, indicating 

Fig. 1  Decadal changes in cancer burden incidence rate (incidence, prevalence, DALYs, and mortality) across Indian states (1990–2021) for both (a), male 
(b) and female (c)

 



Page 9 of 19Jena et al. BMC Cancer         (2024) 24:1278 

significant gender-specific impacts of cancer in these 
regions.

Figure  5 maps the stark regional variations in cancer 
mortality rates across Indian states for 2021. The data 
is presented for both males (left) and females (right), 
enabling a gender-specific analysis. For males, mortal-
ity rates range from 47 to 176 per 100,000 population, 
with states like Arunachal Pradesh, Assam, and Uttar 
Pradesh showing the highest burden. Females exhibit a 

similar trend, with rates varying between 45 and 113 per 
100,000 population and the highest mortality concen-
trated in Arunachal Pradesh, Assam, and Uttar Pradesh. 
This concerning geographic pattern highlights the North-
eastern states and Uttar Pradesh as areas with a signifi-
cantly higher cancer mortality burden for both genders. 
While males generally experience higher mortality rates, 
the consistency in high-mortality regions across genders 

Fig. 3  Cancer incidence rate male (left) and female (right) in India for the year 2021

 

Fig. 2  Cancer prevalence rate male (left) and female (right) in India for the year 2021
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underscores critical public health challenges related to 
cancer mortality in these parts of India.

Figure 6 takes a deep dive into in prevalence, incidence, 
DALYs, and mortality rates of cancer trends in India 
from 1990 to 2021, disaggregated by total population, 
males, and females. The prevalence and incidence rates 
show a gradual increase over the years, with a marked 

rise starting around 2007, particularly among females, 
who exhibit higher rates compared to males and the 
total population. DALYs rates, which reflect the overall 
burden of cancer, show a slight decrease from 1990 to 
around 2005, followed by a gradual increase, stabilizing 
after 2010. Mortality rates remain relatively stable across 
the years for all groups, with a slight increase observed 

Fig. 5  Cancer mortality rate male (left) and female (right) in India for the year 2021

 

Fig. 4  Cancer DALYs rate male (left) and female (right) in India for the year 2021
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after 2010. Notably, females consistently exhibit higher 
prevalence and incidence rates, while DALYs and mortal-
ity rates show less pronounced gender differences. This 
data indicates an increasing cancer burden in India over 
the past three decades, with significant gender-specific 
variations, particularly in prevalence and incidence. The 
rising cancer burden in Fig. 6 highlights the need for time 
series models like ARIMA with differencing to identify 
underlying patterns for better forecasting and resource 
allocation.

As shown in Fig. 7, we implemented a differencing pro-
cess. This technique involves subtracting a previous value 
in the time series from the current value The incidence 
rate of cancer also underwent examination for station-
arity. The Dickey-Fuller test results indicated a poten-
tial lack of stationarity with a test statistic (t = -3.6) and 
a p-value of 0.04 (significant at the 5% level). To address 
this, we incorporated a 2-period lag (lag order = 2) in the 
data. The analysis of the DALYs the effectiveness of this 
approach is confirmed by the Dickey-Fuller test. After 
applying the 3rd differencing, the test statistic (t = -4.74) 
is significant at a 5% level with a p-value of 0.01. Simi-
lar to the DALYs rate, the mortality rate required adjust-
ments for stationarity. The Dickey-Fuller test statistic (t 
= -3.59) with non-stationarity (p-value = 0.04). We imple-
mented a 2-period lag to account for past values, achiev-
ing stationarity for ARIMA modelling.

By implementing these differencing approaches, we 
ensured that the cancer incidence, mortality, and DALYs 
data became stationary, satisfying a key assumption for 
statistical analysis like ARIMA modelling. Stationary 
data ensures that the mean and variance remain con-
stant over time, allowing for more reliable modelling and 
forecasting.

Informed by the Autocorrelation function (ACF) and 
Partial Autocorrelation Function (PACF) plots in Fig.  8, 
a battery of ARIMA (p, d, q) models were evaluated to 
identify the optimal fit for cancer incidence, DALYs, and 
mortality rates. Cancer incidence data was best cap-
tured by ARIMA (2,2,2). This selection likely reflects the 
model’s ability to account for both short-term dependen-
cies (order 2 autoregressive) and longer-term influences 
(order 2 moving average) inherent in the incidence time 
series. Conversely, DALYs (ARIMA (0,3,3)) exhibited 
minimal autoregressive patterns (order 0), suggesting 
past values have a weaker influence on future DALYs. The 
higher-order moving average term (order 3) in the DALY 
model implies that past shocks or innovations may have a 
more persistent effect on future DALY values. Mortality 
rates (ARIMA (0,2,2)) also displayed minimal autoregres-
sive patterns (order 0). The order 2 moving average term 
in the mortality model suggests that past trends or fluc-
tuations in mortality rates may have a lasting impact on 
future values. The final selection of these specific ARIMA 

Fig. 6  Trend of Prevalence, incidence, DALYs and mortality Rate in India from the year 1990 to 2021
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models likely involved rigorous comparison of statistical 
criteria, such as AIC and BIC, across all candidate mod-
els. The chosen models presumably demonstrated the 
lowest values for these criteria, signifying a superior fit to 
their respective cancer data series.

Table  4 presents the AIC and BIC values for different 
ARIMA models suggested for cancer incidence, DALYs, 
and mortality rates in India. The AIC and BIC values 
help determine the best-fitting model, with lower values 
indicating a better fit. For cancer incidence, the ARIMA 
(2,2,2) model has the lowest AIC value of 139.80 and BIC 
value of 146.46, indicating it is the best model among 
those considered. For DALYs, the ARIMA (0,3,3) model 
shows the lowest AIC value of 266 and BIC value of 
271.18, making it the most suitable model. Similarly, for 
mortality rates, the ARIMA (0,2,2) model has the lowest 
AIC value of 91.96 and BIC value of 95.95, suggesting it 
is the best fit for the data. The Box-Pierce tests provided 
positive results for all three cancer rate models. The 
incidence rate (ARIMA (2,2,2)) showed a strong fit (χ² 
= 0.06, p-value = 0.79), while the mortality rate (ARIMA 
(0,2,2)) also indicated good fit (χ² = 1.70, p-value = 0.19). 
The DALY rate (ARIMA (0,3,3)) test result (χ² = 2.60, 
p-value = 0.10) was inconclusive, requiring further inves-
tigation to ensure the model’s suitability.

From Fig.  9 we assessed the adequacy of the chosen 
ARIMA models (incidence rate: ARIMA (2,2,2), DALY 
rate: ARIMA (0,3,3), and mortality rate: ARIMA (0,2,2)) 
by examining the residuals’ properties. This figure dis-
plays plots for standardized residuals, the autocorrelation 
function (ACF) of residuals, and the p-value of the Ljung-
Box statistic [20]. Ideally, these plots and the p-value 
should not indicate any significant patterns in the residu-
als. Table 5 complements this analysis by presenting the 
estimated parameters of each model, along with their 
corresponding residuals and significance levels.

Table  6 provides a forecast of cancer incidence rates, 
DALYs rates, and mortality rates in India from 2022 to 
2031, using ARIMA models with 95% confidence inter-
vals. For the incidence rate, which follows the ARIMA 
(2,2,2) model, there is a steady increase from 529.40 with 
95% CI (525.41-533.38) in 2022 to 549.17 with 95% CI 
(487.43-610.92) in 2031, widening over time. The DALYs 
rate, modelled by ARIMA (0,3,3), shows a decreasing 
trend from 2001.53 with 95% CI (1964.24-2038.82) in 
2022 to 1842.08 with 95% CI (1273.57-2410.60) in 2031, 
suggesting an improvement in the overall cancer burden, 
although the confidence intervals remain substantial. 
The mortality rate, forecasted with the ARIMA (0,2,2) 
model, exhibits a slight increase from 71.52 with 95% CI 
(69.91–73.12) in 2022 to 73.00 with 95% CI (60.88–85.11) 

Fig. 7  Second order difference of incidence rate (a), third order difference of DALYs (b) and second order difference of mortality rate (c) of cancer in India
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in 2031, indicating increasing uncertainty over time. 
Overall, while incidence and mortality rates show a slight 
upward trend, the DALYs rate is projected to decrease, 
reflecting potential advancements in cancer management 
and treatment over the forecast period.

By analysing this table, we can see the predicted trajec-
tory of each cancer measure over the next decade. The 
increasing values for incidence and mortality would be 
reflected by rising figures, while the decreasing DALYs 
would be represented by falling values. It’s important to 
remember that the confidence interval provides a margin 
of error for these forecasts, indicating the potential range 
of actual outcomes.

Figure  10, represents forecast for cancer in India 
between 2022 and 2031 paints a concerning picture for 
incidence and mortality rates. The ARIMA models pre-
dict an upward trend in both these areas, suggesting a 
potential increase in cancer cases and deaths over the 
next decade.

However, there is a glimmer of hope in the forecast 
for DALYs. The DALYs model suggests a decline, which 
could be due to factors like improved treatment and early 
detection leading to better management of the disease 
and potentially lower long-term impact. It’s important to 
note that these are forecasts based on statistical models, 
and actual trends may vary depending on advancements 
in cancer prevention, screening, and treatment.

The study reveals a growing cancer burden in India 
from 1990 to 2021, with significant increases in inci-
dence, DALYs, and mortality, particularly from 2000 
to 2021, with males experiencing substantial rises in 
incidence and DALYs from 2000 to 2010 and moderate 
increases thereafter, while females showed stable preva-
lence initially, followed by significant increases in inci-
dence and DALYs from 2000 to 2010 and moderate rises 
in all parameters from 2010 to 2021.

Fig. 8  ACF and PACF plot of cancer incidence (a), DALYs (b) and mortality rate (c) in India
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Discussion
Cancer looms large as a public health threat in India. 
A deep dive into three decades of data from the GBD 
(1990–2021) reveals concerning trends. We analysed 
the overall cancer burden, focusing on gender and 
regional disparities. Males experienced substantial rises 
in incidence and DALYs from 2000 to 2010 and moder-
ate increases thereafter, while females showed stable 
prevalence initially, followed by significant increases in 
incidence and DALYs from 2000 to 2010 and moder-
ate rises in all parameters from 2010 to 2021. Our find-
ings revealed concerning significant regional variations 
exist in cancer prevalence, incidence, burden (DALYs), 
and mortality across India. Some states consistently 
exhibit higher rates for both genders. Females generally 

have higher prevalence and incidence rates compared to 
males. However, the overall burden (DALYs) can be com-
parable or even higher for females in specific regions. The 
North-eastern states and Uttar Pradesh emerge as areas 
with a considerably higher burden of cancer for both 
genders, as evidenced by prevalence, incidence, DALYs, 
and mortality data. Although males typically have higher 
cancer mortality rates, females experience a significant 
cancer burden in some regions. Using the ARIMA model 
we forecast the cancer burden in India, for next decade 
2022–2031 and we identified the best fit models based on 
minimum AIC and BIC criteria. For the incidence rate, 
which follows the ARIMA (2,2,2) model, there is a steady 
increase from 529.40 in 2022 to 549.17 in 2031, with con-
fidence intervals widening over time. The DALYs rate, 

Table 4  AIC and BIC values for suggested ARIMA models for cancer incidence, DALYs and mortality rate in India
Incidence rate
Model Likelihood AIC BIC ME RMSE MAE MPE MAPE MASE
ARIMA (0,2,0) -74.80 151.60 152.94 0.08 3.38 2.64 -31.96 533.95 1.33
ARIMA (1,2,0) -74.26 152.52 155.18 0.09 3.31 2.53 -33.73 546.00 1.27
ARIMA (0,2,1) -69.87 143.75 146.41 0.10 2.67 1.89 -84.83 409.47 0.95
ARIMA (1,2,1) -69.14 144.29 148.28 0.13 2.62 1.89 -74.94 428.37 0.95
ARIMA (1,2,2) -68.56 145.12 150.45 0.16 2.56 1.86 -122.86 405.75 0.93
ARIMA (2,2,1) -67.82 143.64 148.97 0.18 2.47 1.82 -96.33 373.74 0.91
ARIMA (2,2,0) -73.11 152.22 156.21 0.09 3.17 2.28 -180.60 506.33 1.15
ARIMA (0,2,2) -68.68 143.36 147.35 0.15 2.58 1.88 -95.80 407.36 0.94
ARIMA (2,2,2) -64.90 139.80 146.46 0.03 2.03 1.65 37.83 256.96 0.83
ARIMA (3,2,0) -72.36 152.72 158.05 0.10 3.08 2.24 -104.37 580.23 1.13
ARIMA (3,2,1) -66.89 143.78 150.44 0.14 2.36 1.85 28.40 391.69 0.93
DALYs
Model Likelihood AIC BIC ME RMSE MAE MPE MAPE MASE
ARIMA (0,3,0) -166.45 334.80 336.19 -3.05 109.19 90.54 300.61 1725.75 3.16
ARIMA (1,3,0) -153.79 311.57 314.16 -2.29 67.05 52.76 440.91 647.80 1.84
ARIMA (0,3,1) -151.68 307.37 309.96 -5.44 59.42 48.28 226.40 704.15 1.69
ARIMA (1,3,1) -141.35 288.70 292.59 -0.53 39.13 29.91 210.35 435.51 1.05
ARIMA (2,3,0) -143.87 293.74 297.62 -0.73 45.21 33.68 139.65 641.92 1.18
ARIMA (2,3,1) -134.89 277.77 282.95 0.00 29.72 21.99 33.34 433.03 0.77
ARIMA (2,3,2) -128.82 267.64 274.11 -1.71 21.19 16.05 19.90 249.34 0.56
ARIMA (0,3,2) -138.63 283.25 287.14 -2.43 33.50 26.82 109.48 334.40 0.94
ARIMA (0,3,3) -129.00 266.00 271.18 -2.93 20.63 16.10 89.11 224.30 0.56
ARIMA (2,3,3) -127.48 266.97 274.74 -2.98 19.11 13.99 53.58 221.85 0.49
Mortality rate
Model Likelihood AIC BIC ME RMSE MAE MPE MAPE MASE
ARIMA (0,2,0) -67.28 136.56 137.90 0.08 2.58 2.11 779.96 1132.73 1.75
ARIMA (1,2,0) -59.72 123.43 126.10 0.08 1.95 1.53 282.16 582.00 1.27
ARIMA (1,2,1) -48.46 102.92 106.91 0.03 1.22 0.99 -191.03 552.56 0.82
ARIMA (1,2,2) -42.00 92.00 97.33 0.00 0.88 0.71 -192.84 393.22 0.59
ARIMA (2,2,0) -51.90 109.81 113.81 0.05 1.45 1.16 -791.04 1424.71 0.96
ARIMA (0,2,2) -42.98 91.96 95.95 0.03 0.92 0.76 -124.08 384.89 0.63
ARIMA (2,2,1) -43.30 94.59 99.92 0.07 0.98 0.82 -505.66 740.70 0.68
ARIMA (2,2,2) -41.13 92.26 98.92 0.06 0.85 0.68 -231.30 384.41 0.56
ARIMA (3,2,0) -48.01 104.01 109.34 0.03 1.24 0.99 -347.80 659.30 0.82
ARIMA (3,2,1) -42.32 94.63 101.29 0.08 0.94 0.77 -293.94 478.64 0.64
ARIMA (3,2,2) -41.07 94.14 102.14 0.05 0.83 0.67 -271.65 422.98 0.56
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modelled by ARIMA (0,3,3), shows a decreasing trend 
from 2001.53 in 2022 to 1842.08 in 2031, suggesting an 
improvement in the overall cancer burden, although the 
confidence intervals remain substantial. The mortality 
rate, forecasted with the ARIMA (0,2,2) model, exhib-
its a slight increase from 71.52 in 2022 to 73.00 in 2031, 
with a widening confidence interval indicating increasing 
uncertainty over time. Overall, while incidence and mor-
tality rates show a slight upward trend, the DALYs rate is 
projected to decrease, reflecting potential advancements 
in cancer management and treatment over the forecast 
period.

Our analysis, utilizing data from the GBD (1990–2021), 
projects a significant increase in cancer incidence and 
mortality rates in India. Other Studies indicate a con-
cerning rise in cancer incidence across India, with 

projections estimating a jump from 1.45 million cases in 
2016 to 1.75  million by 2020. Importantly, around 70% 
of these cases are potentially preventable through life-
style changes and addressing modifiable risk factors like 
tobacco use and infections. This emphasizes the critical 
need for prioritizing preventive strategies to effectively 
manage this growing public health burden [15]. Using 
data from NCRP and other sources, this study projected 
India’s cancer burden to rise from 26.7  million DALYs 
in 2021 to 29.8 million by 2025, with the highest burden 
in northern and North-eastern regions. Employing the 
negative binomial regression model, it identified lung, 
breast, and oesophagus cancers as major contributors 
to the burden. Using Linear Regression, NCRP (ICMR) 
projected that India’s total cancer cases will rise from 
979,786 in 2010 to 1,148,757 in 2020, with significant 

Fig. 9  Plot for residual and p-value of Ljung-Box statistics of best fitted ARIMA models of cancer incidence ARIMA (2,2,2) (a), DALYs ARIMA (0,3,3) (b) and 
mortality rate ARIMA (0,2,2) (c)
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increases in tobacco-related, digestive system, head and 
neck, lymphoid, hematopoietic, and gynaecological can-
cers. Breast cancer alone is expected to surpass 100,000 
cases by 2020 [10].

While our study projects a concerning rise in can-
cer cases, other studies the projected increase in total 
DALYs due to breast cancer in India from 2016 to 2026 
underscores the urgent need for effective primary and 
secondary prevention measures [24, 25]. Colorectal can-
cer (CRC) incidence and mortality in China significantly 
increased from 1990 to 2019, with males experiencing 
a higher burden than females. Predictions indicate this 
upward trend will continue over the next decade [26]. 
The study developed an ARIMA (2,1,0) model using Box-
Jenkins methodology to accurately forecast cancer case 
admissions in Kenya, showing an increasing trend in inci-
dents from 2015 to 16 onwards, aiding health facilities in 
decision-making [23]. Pancreatic cancer incidence and 
death rates in China have risen significantly from 1990 
to 2019 and are projected to continue increasing through 
2029, according to ARIMA model predictions. Preven-
tive measures are necessary to address this growing dis-
ease burden [27]. Breast cancer incidence in Taiwan has 
doubled from 1997 to 2016 and is projected to plateau by 
2031 using age-period-cohort models. The majority of 
future cases will involve women over 55 ages, highlight-
ing the need for targeted prevention and screening [28].

Advancements in treatment and early detection likely 
play a role in the potential decline of the disease’s long-
term impact, underlining their importance in mitigating 
India’s growing cancer burden. Despite the forecasted 
increase in cancer incidence and mortality over the next 
decade (2022–2031), addressing gender, age differen-
tial and regional disparities, combined with continued 
improvements in treatment and early detection, can 
help India navigate a brighter future in the fight against 
cancer. Understanding these scientific aspects of can-
cer forecasts allows India to develop effective strategies 
to combat these growing health challenges. Research on 
cancer genomics specific to the Indian population can 
further refine forecasts and guide targeted interventions. 
Public health initiatives promoting healthy lifestyles and 
early detection can potentially mitigate the projected rise 
in cases.

Consequently, by neglecting to major of risk factors, 
cancer types, and age groups, the study fails to pinpoint 
specific areas for targeted public health initiatives in 
India. Future research incorporating more granular, pri-
mary data from specific Indian regions would be valuable 
to refine our understanding of the nuanced variations in 
cancer burden across this diverse population.
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Table 6  Forecasted cancer measures: incidence ARIMA (2,2,2), DALYs ARIMA (0,3,3), mortality ARIMA (0,2,2) for 10 years forecast with 
95% confidence interval
Year Forecasted Value

Incidence 
Rate

Lower 95% 
CI

Higher 95% 
CI

DALYs Rate Lower 95% CI Higher 95% 
CI

Mortality 
Rate

Lower 95% 
CI

High-
er 
95% 
CI

2022 529.40 525.41 533.38 2001.53 1964.24 2038.82 71.52 69.91 73.12
2023 530.97 519.79 542.15 1985.56 1915.62 2055.50 71.68 68.80 74.56
2024 533.06 513.23 552.90 1969.16 1858.35 2079.96 71.84 67.85 75.84
2025 535.45 506.98 563.92 1952.31 1793.71 2110.92 72.01 66.93 77.09
2026 537.92 501.67 574.16 1935.03 1722.30 2147.77 72.17 66.00 78.35
2027 540.34 497.44 583.23 1917.32 1644.50 2190.14 72.34 65.04 79.64
2028 542.66 494.14 591.17 1899.17 1560.56 2237.77 72.50 64.05 80.95
2029 544.88 491.52 598.24 1880.57 1470.67 2290.48 72.67 63.03 82.30
2030 547.04 489.35 604.74 1861.55 1374.97 2348.13 72.83 61.97 83.69
2031 549.17 487.43 610.92 1842.08 1273.57 2410.60 73.00 60.88 85.11

Fig. 10  Forecasted plot of the cancer incidence (a), DALYs (b) and mortality rate (c) for India with 95% and 80% CI
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Conclusion
Cancer poses a significant public health burden in India. 
This study provides the complex challenge of cancer in 
India by examining trends, decadal shifts, gender dis-
parities, and regional variations. By incorporating future 
forecasts for cancer incidence, DALYs, and mortality 
for the period 2022–2031, it provides a comprehensive 
understanding of the projected cancer burden and the 
need for effective interventions. This suggests that while 
new cases and deaths are expected to rise, improve-
ments in treatment and early detection might reduce the 
long-term impact of cancer, reflected in the decreasing 
DALY rates. The findings underscore the pressing need 
for enhanced preventive measures, early detection, and 
improved treatment strategies to effectively manage and 
mitigate the growing cancer burden in India. However, a 
potential decline in the long-term impact, as suggested 
by the DALYs rate, could be attributed to improved 
treatment and early detection strategies. These advance-
ments not only enhance patient outcomes but also con-
tribute significantly to achieving India’s SDG 3: Ensure 
healthy lives and promote well-being for all ages. Contin-
ued efforts in prevention, early diagnosis, and enhanced 
treatment strategies are crucial not only to manage and 
mitigate the growing cancer burden but also to ensure 
India reaches its SDG target for cancer control.
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