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ABSTRACT

Background: Despite remarkable progress in contemporary medical technology and enhanced survival outcomes for various
cancer types, pancreatic cancer (PC) continues to stand out as a particularly deadly gastrointestinal malignancy. Given a per-
sistent rise in both incidence and the corresponding mortality rates of PC globally, evaluations of PC burden by sex are of great
importance. Here, we used the illness-death multi-state model (IDM) to forecast the prevalence of PC through the year 2040.
Methods: IDM was established based on obtainable data to predict the future prevalence of PC on global, regional, and national
scales from 2019 to 2040. Analyses were also performed regarding sex and 95% confidence intervals (CIs) are presented for all
estimates.

Results: The projected prevalence rate for 2040 is anticipated to be 6.093 ([95% CI 5.47-6.786] per 100,000) worldwide, indicating
a significant increase of 31.45% since 1990, and a 12.29% increase since 2019. The estimated average annual increase since 2020
was 0.5%. Considering sex differences, females are expected to have a steeper slope in prevalence rate than males. Intriguingly,
when considering the percentage changes between the periods of 2019-2040 and 1990-2019 for both sexes, females exhibited
29% and 11% increase relative to males (2.6-fold greater increase).

Conclusions: By 2040, it is predicted that the prevalence of PC will increase globally, with women being at higher risk of devel-
oping the disease. Considering the percentage changes, regions with lower socioeconomic status are anticipated to face a greater
risk of experiencing PC compared to other geographical areas.

Abbreviations: AAPC, average annual percentage change; AIR, age-adjusted incidence rate; ASIR, age-standardized incidence rate; ASMR, specific mortality rate; ASPR, age-standardized
prevalence rate; CI, confidence interval; GBD, global burden of disease; GHDX, global health data exchange; GI, Gastrointestinal; HDI, human development index; IDM, illness-death multi-state
model; THME, institute for health metrics and evaluation; LAC, Latin America and the Caribbean; ODE, ordinary differential equation; PC, pancreatic cancer; PDAC, pancreatic ductal
adenocarcinoma; SEER, surveillance, epidemiology, and end results; WHO, world health organization
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1 | Introduction

Although pancreatic cancer (PC) is the 12th most common
type of cancer, it is the 7th leading cause of cancer-related
deaths worldwide particularly in developed nations [1].
Remarkably, it is projected to become the second leading
cause of cancer deaths in the United States by 2030, surpass-
ing breast cancer [2]. More importantly, pancreatic ductal
adenocarcinoma (PDAC), which accounts for almost 90% of
all diagnosed pancreatic tumors [3], ranks in fourth place
in mortality among malignancies worldwide [4]. The dismal
prognosis with a 5-year relative overall survival of only 13%
among patients suffering from PC, makes this disease the
most lethal form of tumor in the gastrointestinal (GI) tract [5].
The manifestation of nonspecific clinical symptoms only at
the advanced stages along with the lack of sensitive biomark-
ers lead to poor outcomes [6]. As a consequence of delayed
diagnosis and/or misdiagnosis, the tumor cells often spread to
distant organs leading to multi-organ metastasis that makes
the surgical resection almost impossible [7]. Furthermore, the
intrinsic aggressive features and high resistance in response
to conventional chemotherapy as well as the high recurrence
rate make PC particularly hard to treat [8, 9].

According to the GLOBOCAN estimates, it is expected that the
worldwide incidence and mortality rate of PC rise by more than
75% and 80% in both low-human development index (HDI) and
high-HDI regions up until 2040, respectively [10]. This anticipated
pattern of increase in the upcoming years could be partly justified
as aresult of demographic aging, which is one of the major risk fac-
tors [11]. Another non-modifiable risk factor for developing PC is
sex, with males being slightly more susceptible than females. The
disparity between the two sexes may be partly due to the lifestyle
differences between them (e.g., men tend to smoke cigarettes and
drink alcohol at higher rates than women) [12]. Noteworthy, while
the incidence and characteristics of PC can vary between differ-
ent geographical locations, the high mortality rate of PC remains
consistent regardless of the region. This is an important factor to
consider when studying and addressing this disease [1].

Regarding the addressed health issues in the management of PC
and the elevated rate of new cases reported by the Surveillance,
Epidemiology, and End Results (SEER) Program, this is an ur-
gent need for more up-to-date population-based international
studies [13]. Moreover, the geographical variation observed in
PC highlights the importance of the global burden of disease
(GBD) investigation [1, 14]. Altogether, this could be a big step
forward to improve the quality of healthcare services along with
informing practitioners and health policy-makers to take appro-
priate measures for controlling the disease in the future. Hence,
in this study, we aimed to project the future trends in PC preva-
lence considering sex by 2040 using the IDM [15].

2 | Methods
2.1 | Data Source
A dynamic simulation model was employed to forecast the fu-

ture prevalence of PC. To populate our models, we required
age-standardized prevalence rates (ASPR), age-standardized

incidence rates (ASIR), age-standardized all-cause and spe-
cific mortality rates (ASMR), along with epidemiological data
pertaining to the population size of each geographical unit.
Thus, the sex-specific data on aforementioned rates from 1990
to 2019 at global, regional, and national levels for males, fe-
males, and both sexes, were obtained from the Global Health
Data Exchange (GHDx) query tool at the Institute for Health
Metrics and Evaluation (IHME), available at https://vizhub.
healthdata.org/gbd-results/. Subsequently, the population
data were acquired from additional freely accessible GHDx
query tools, available at https://vizhub.healthdata.org/popul
ation-forecast/.

2.2 | Statistical Analysis
2.21 | Modeling

To estimate the future trajectory of PC prevalence at each
geographical level, we employed the IDM, a robust multistate
model enabling the modeling of population disease burden
by leveraging the interplay between morbidity and mortality
[15]. Constructed upon differential equations, this model fa-
cilitates the estimation of the future status of the disease. This
approach offers a more accurate estimation of the future prev-
alence of PC compared to previous studies by accounting for
fluctuations in incidence and mortality rates [16]. Moreover,
our model provides more dynamic and realistic estimate of PC
prevalence by considering the interplay between prevalence,
incidence, and mortality rates [17]. We utilized existing data
to fit models and formulate predictions, customizing distinct
IDMs for each geographic and sex-specific subset within the
GBD dataset. Finally, we presented models on a global scale,
and for 21 regions, covering 195 countries, since population
and fertility data were available for only 195 countries [18]. All
calculations were performed with coverage probability of 95%
confidence interval (CI).

2.2.2 | Projection

In this study, we aimed to forecast the future prevalence of PC
up to 2040. Thereby, two ordinary differential equations (ODEs)
were employed as follows to establish a relationship among epi-
demiological indices, subsequently facilitating the estimation of
disease prevalence between the predicted period during 2019-
2040 [19, 20]:

S =8, — 1,5, - b,S,

I, =1+iS, - b1,

In the formula, “S” represents the number of susceptible indi-
viduals, “I” denotes the number of people suffering from PC,
and the absorbing state corresponds to death, where individ-
uals in other states can transition. Additionally, the i,, b, and
b1, signify transition probabilities from the susceptible state to
the illness state, from the illness state to the death state, and
from the susceptible state to the death state at a specific time,
respectively. All statistical analysis was performed in the R
software package.
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3 | Results

3.1 | Overall Global Forecasted PC Prevalence
Figure 1 illustrates the projected global prevalence trend of PC
until 2040, categorized by sex. As depicted, the ASPR of PC
will gradually increase globally across both male and female
populations, as well as the entire population. By 2040, it was
estimated that the ASPR of PC will reach approximately 6.09
([95% CI 5.47-6.786] per 100,000) within the overall popula-
tion. Subsequently, the percentage changes from 1990 to 2019
and 2019 to 2040 were estimated to be 31.45% and 12.29%, re-
spectively (Table 1). Additionally, throughout the entire period
spanning from 2019 to 2040, the estimated prevalence rate of PC
in men is expected to surpass that in women, similar to the pat-
tern observed between 1990 and 2019 (Tables 2 and 3; Figure 1).
However, the percentage changes in women, from 1990 to 2019
and from 2019 to 2040, demonstrated an increase of 11% and
29% compared to men, respectively (Tables 2 and 3). In males,
the estimated ASPR in 2040 will be 6.828 ([95% CI 6.069-7.681]
per 100,000), with an increase of 11.04% between 2019 and 2040
(Table 2). Remarkably, while the estimated ASPR among females
was projected to reach 5.42 ([95% CI 4.895-6.002] per 100,000)
in 2040, the calculation of the percentage change for PC from
2019 to 2040 indicated a slightly higher increase (14.26%) com-
pared to males (Tables 2 and 3; Figure 3b).

3.2 | Forecasted PC Prevalence for Regions

Generally, the prevalence of PC displayed an upward trend in
most geographical regions (Tables 1-3; Figure 2). Furthermore,
among all regions, the estimated prevalence rates were
higher among men compared to women, except for Western
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FIGURE 1 | Overall forecast of global PC disease prevalence per
100,000 for male (blue lines), female (green lines), and both sexes (red
lines). The halo effect observed in each scatter plot accurately represents
projections that extend across the temporal span from 2019 to 2040 with
95% confidence intervals. PC, pancreatic cancer.

Sub-Saharan Africa and Andean Latin America (Tables 2 and
3; Figure 2). According to the recent projection, East Asia had
the highest ASPR in 2040 (10.292 [95% CI 9.039-11.718] per
100,000) among the total population as well as the male popu-
lation (12.055 [95% CI 10.541-13.787] per 100,000) (Tables 1 and
2). In contrast, Southern Latin America held the highest ASPR
among the female population (9.123 [95% CI 6.969-11.943] per
100,000) (Table 3). On the other end of the spectrum, Oceania
recorded the lowest ASPR values in 2040 for the male, female,
and total populations, with figures of 2.674 ([95% CI 2.387-2.995]
per 100,000), 2.098 ([95% CI 1.937-2.273] per 100,000) and 2.395
([95% CI 2.197-2.61] per 100,000), respectively (Tables 1-3).

When assessing the percentage changes from 1990 to 2019, the
Caribbean represented the most substantial change, surpassing
200% across male, female, and total populations (Tables 1-3;
Figure 3a). On the contrary, Southern Sub-Saharan Africa
emerged as the exclusive region with a negative change, thereby
illustrating the declining pattern in prevalence rates over this
period among the entire population (Table 1; Figure 2).

In the context of percentage changes from 2019 to 2040, 8 out
of the 21 regions exhibited a percentage change exceeding 50%
within the overall population. The highest rise, reaching nearly
130%, was observed in East Asia (Table 1; Figure 3b). Notably,
a comparable pattern unfolded within the male population,
mirroring the trend observed in the total population, where
East Asia stood out with the highest percentage change 108.8%
from 2019 to 2040 (Table 2). On the other hand, Eastern Europe
demonstrated the most conservative percentage change, with a
reduction of 31.08% in the total population (Table 1). Likewise,
over the same period, the Eastern Europe region presented the
highest negative shift for both women and men, registering a
percentage change of approximately —14% and —43.6%, respec-
tively (Tables 2 and 3; Figure 3b,c).

Comparing the percentage changes during the intervals of
1990-2019 and 2019-2040, the majority of regions are antici-
pated to experience a fall between these two periods. However,
a few regions were estimated to experience an increase over the
same time span (Tables 1-3; Figure 3). Particularly noteworthy
was Central Sub-Saharan Africa, where there was a substantial
nearly three-fold increase among males as well as in total popu-
lations (Tables 1 and 2). Similarly, within the female population,
Central Sub-Saharan Africa demonstrated the most prominent
fold change of 2.3 between percentage changes across the two
intervals (Table 3).

3.3 | Trends in the Disease Burden at
the National Level

3.3.1 | Temporal Trends in PC Prevalence Rate
and Percentage Change Within the Overall Population:
1990-2019 and Projections to 2040

In 2019, Greenland had the highest ASPR (14.679 [95% CI 11.940-
17.378] per 100,000) of all countries, although the lowest ASPR
was observed in Ethiopia (1.06 [95% CI 0.712-1.528] per 100,000).
From 1990 to 2019, when considering both sexes combined, Cabo
Verde, experienced a remarkable increase of 741.13%, attaining the
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Percentage change
(2019-2040)
30.37931129
60.84487205
85.92026432
77.71598805
—15.5488894
58.9078446

Percentage change
(1990-2019)
41.56778211
84.4994384
27.86489339
51.57360041

—0.695935808
101.8327318

2.395
(2.197-2.61)
5.242
(4.731-5.809)
3.756
(3.352-4.208)
3.73
(3.464-4.017)
3.696
(1.26-10.841)
5.221
(4.588-5.941)

ASPR, 2040

ASPR, 2035
2.249
(2.104-2.404)
4.682
(4.324-5.069)
3.242
(2.969-3.541)
3.255
(3.073-3.447)
3.853
(1.674-8.868)
4.68
(4.234-5.173)

2.112
(2.014-2.214)
4.181
(3.952-4.424)
2.799
(2.629-2.98)
2.84
(2.727-2.958)
4.015
(2.222-7.255)
4.195
(3.907-4.504)

ASPR, 2030

1.983
(1.928-2.039)
3.734
(3.612-3.861)
2.417
(2.329-2.508)
2.478
(2.419-2.539)
4.185
(2.949-5.939)
3.76
(3.605-3.921)

ASPR, 2025

1.862
(1.845-1.879)
2.162

ASPR, 2020
3.335
(3.299-3.371)
2.087
(2.062-2.112)
(2.146-2.179)
4.362
(3.894-4.886)
3.37
(3.325-3.416)

(Continued)

Abbreviations: ASPR, age-standardized prevalence rate; GBD, Global Burden of Disease; PC, pancreatic cancer.

Note: Data in parentheses are 95% uncertainty intervals.

Southeast Asia
Central Sub-
Saharan Africa
Eastern Sub-
Saharan Africa
Southern Sub-
Saharan Africa
Western Sub-
Saharan Africa

TABLE 1
Oceania

highest percentage change among all nations, whereas Sweden
displayed the highest decline (—10.55%) (Data S1-S5).

Our projection indicated that Cabo Verde will exhibit the high-
est prevalence rate (28.961 [95% CI 14.864-56.428] per 100,000)
in 2040. Subsequently, United Arab Emirates, Greenland, and
Canada demonstrated the highest ASPR values following Cabo
Verde, with United Arab Emirates recording an ASPR of 27.085
([95% CI 17.879-41.033] per 100,000), Greenland with 15.519
([95% CI 11.967-20.124] per 100,000), and Canada with 13.895
([95% CI 11.628-16.604] per 100,000). By comparison, coun-
tries with the lowest prevalence rates of PC were projected to
include Lao People's Democratic Republic (Laos) (0.162 [95%
CI 0.038-0.703] per 100,000), and Somalia (1.033 [95% CI
0.958-1.115] per 100,000). Furthermore, between 2019 and
2040, approximately 4.6% of all countries are anticipated to ex-
ceed a 100% increase, with Cabo Verde demonstrating the most
substantial percentage change, surpassing 250%. On the other
hand, the lowest percentage change between 2019 and 2040 is
expected to be observed in Laos, reaching a reduction of 90.5%.
Within the subset of countries exhibiting negative percentage
changes, almost 45% were situated within the high-income
super-region. Nearly 85% of this portion specifically falling
under the category of Western Europe, encompassing 73% of the
countries within that region (Data S1-S5).

Evaluating the percentage changes between the periods 1990-
2019 and 2019-2040, Kazakhstan was forecasted to have a sig-
nificant drop, transitioning from 462.4% in the initial period
to —19.29% in the subsequent period. Conversely, Colombia
is predicted to undergo a shift, moving from an 8.93% decline
between 1990 and 2019 to a 24.6% rise between 2019 and 2040
(Data S1-S5).

3.3.2 | Projected Prevalence Rate and Percentage
Change Stratified by Sex

Regarding sex differences, it could be perceived from our
findings that there is a noticeable disparity in ASPRs among
countries by 2040. Cabo Verde is expected to hold the high-
est ASPR among men (57.893 [95% CI 28.086-119.333] per
100,000) while Ghana showcased the highest ASPR in
women (15.485 [95% CI 10.87-22.061] per 100,000) in 2040.
Nevertheless, Laos was found to have the lowest prevalence
rate in both men and women, with 0.483 [95% CI (0.209-1.113)
per 100,000] and 0.048 [95% CI (0.005-0.43) per 100,000], re-
spectively (Data S1-S5).

When assessing the percentage changes between 1990 and
2019, Cabo Verde presented the highest change in both male
(550.15%) and female (899.01%) populations among all nations,
however, the female population showed a higher percentage
change compared to males. Importantly, the majority of coun-
tries manifesting a rise reaching over 100% were positioned
within Latin America and the Caribbean for both sexes. Upon
comparing sex differences, it becomes apparent that approx-
imately 46% of nations displayed a growth exceeding 100%
among females, whereas the proportion for males was nearly
27%. In terms of the comparison of the lowest percentage
changes from 1990 to 2019 (exceeding —10%), the countries
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TABLE 2

Percentage change

Percentage change

ASPR, 2030 ASPR, 2035 ASPR, 2040 (1990-2019) (2019-2040)
26.15644765

ASPR, 2025

ASPR, 2020

2.267 2.395 2.531 2.674 37.0576473
(2.25-2.549) (2.318-2.763) (2.387-2.995)

(2.185-2.352)

2.146
(2.12-2.171)

Oceania

3.89 4.332 4.823 5.371 71.21988534 57.06851254
(3.986-4.708) (4.289-5.424) (4.616-6.249)

(3.703-4.087)

3.494
(3.438-3.55)

Southeast Asia

4.41 20.3817037 72.06636496

(3.945-4.931)

3.878
(3.557-4.228)

2.637 2.999 3.41
(2.892-3.11) (3.208-3.626)

(2.606-2.668)

Central Sub-

Saharan Africa

60.92474385

36.95528989

3771
(3.494-4.071)

3.369
(3.176-3.575)

3.01

(2.886-3.14)

2.69
(2.623-2.757)

2.403

(2.384-2.422)

Eastern Sub-

Saharan Africa

4.822 4.463 4.13 3.821 0.63798293 —28.29685185
(2.511-7.93) (1.836-9.286) (1.343-10.875)

(3.432-6.777)

5211
(4.667-5.819)

Southern Sub-

Saharan Africa
Western Sub-

74.18520182 43.56823533

4.489
(3.939-5.115)

4122
(3.725-4.561)

3785
(3.523-4.067)

3.476

(3.332-3.627)

3.192
(3.149-3.237)

Saharan Africa

Note: Data in parentheses are 95% uncertainty intervals.

Abbreviations: ASPR, age-standardized prevalence rate; GBD, Global Burden of Disease; PC, pancreatic cancer.

demonstrating such patterns within the female population
included Iceland, Sweden, and Colombia. In the male popula-
tion, however, the countries were Burundi, Luxembourg, and
Sweden (Data S1-S5).

Analyzing the percentage changes between 2019 and 2040
from a sex perspective reveals that around 3.6% and 5.6%
of all countries are projected to experience changes exceed-
ing 100% for males and females, respectively. Super-regions
housing countries with the highest growth encompass Sub-
Saharan Africa, Latin America and the Caribbean (LAC),
North Africa, and the Middle East, as well as South-East Asia,
East Asia, and Oceania. Among females, the United Republic
of Tanzania showcased the highest rise, reaching nearly 140%.
Alternatively, within the male subgroup, Cabo Verde exhib-
ited a remarkable change with an increase of over 700%. In the
group of nations exhibiting negative percentage changes, Laos
is expected to witness the most substantial decline (exceed-
ing —70%), in both males and females compared to changes
during 1990-2019. Besides, it is anticipated that among the
195 countries, 51 countries for males and 41 countries for fe-
males would presumably experience a negative percentage
change. The prominent region exhibiting this negative trend
is expected to be Western Europe. Nevertheless, among males,
Luxembourg, and, among females, Greece, demonstrated the
highest growth within Western Europe, with percentages of
16.83% and 38.36%, respectively (Data S1-S5).

4 | Discussion

PC, characterized by its rapid fatality, presents a formidable
challenge to clinicians in addressing various aspects, includ-
ing early detection and optimal management. The unfavorable
prognosis can be linked to the asymptomatic progression of
pancreatic tumors during their initial phases. Typically, these
tumors infiltrate nearby tissues and/or metastasize prior to
being diagnosed. As a result, the mortality rates of PC closely
align with its incidence rates. According to data from the SEER
Program, the projected number of new PC cases in the United
States for 2024 is expected to reach 66,440, accounting for 3.3%
of all recently diagnosed cancer cases. In addition, it is indicated
that, by 2024, 8.5% of cancer-related deaths are attributed to PC
among the American population [13].

A notable strength of our study is the methodology employed
to project the future prevalence of PC. The IDM is particularly
well-suited for our study on forecasting PC prevalence due to
its ability to capture the dynamic transitions between various
health states, including healthy, ill, and deceased. This com-
prehensive representation allows us to model the complexities
associated with PC, particularly given its aggressive nature and
diverse patient pathways. Unlike simpler models, the IDM accu-
rately reflects real-world scenarios by incorporating not only the
incidence and prevalence of the disease but also periods of re-
mission and the potential impact of evolving treatment options.
Additionally, the model's integration of time as a crucial vari-
able enables us to consider shifts in population demographics
and advancements in medical technology, making our forecasts
more robust and relevant. This depth of analysis ultimately en-
riches our forecasts and highlights the importance of adaptive
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TABLE 3

Percentage change

Percentage change

(2019-2040)
36.91610623

(1990-2019)
48.27635807

ASPR, 2025 ASPR, 2030 ASPR, 2035 ASPR, 2040

ASPR, 2020

2.098
(1.937-2.273)

1.947
(1.831-2.072)

1.807
(1.729-1.888)

1.677

(1.634-1.721)

1.556
(1.543-1.569)

Oceania

99.08111851 64.48318657

5.089
(4.737-5.467)

4.521
(4.277-4.779)

4.017
(3.862-4.178)

3.569
(3.486-3.653)

3.17

(3.147-3.194)

Southeast Asia

99.54882433

42.75499255

3.122
(2.75-3.544)

2.65
(2.402-2.924)

1.91 2.25
(2.098-2.412)

(1.832-1.99)

1.621
(1.6-1.643)

Central Sub-

Saharan Africa

75.13863977 99.21063109

3.716
(3.456-3.995)

3.155
(2.983-3.337)

2.68
(2.575-2.788)

2.275

(2.223-2.33)

1.932
(1.918-1.947)

Eastern Sub-

Saharan Africa

—1.361161098 1.677326633

3.674
(1.055-12.796)

3.666
(1.394-9.639)

3.641 3.649 3.657
(2.432-5.477) (1.842-7.263)

(3.192-4.153)

Southern Sub-

Saharan Africa
Western Sub-

136.3344395 72.13283556

5.921
(5.168-6.784)

5.207
(4.686-5.786)

4.027 4.579
(4.249-4.935)

(3.853-4.209)

3.542
(3.491-3.593)

Saharan Africa

Note: Data in parentheses are 95% uncertainty intervals.

Abbreviations: ASPR, age-standardized prevalence rate; GBD, Global Burden of Disease; PC, pancreatic cancer.

healthcare solutions in tackling this challenging disease. Unlike
previous studies, our approach offers a more accurate estima-
tion by accounting for fluctuations in incidence and mortality
rates [16]. This is crucial because both incidence and mortality
rates are subject to change over time due to various factors such
as developments in medical science and technology, changes
in healthcare policies, and shifts in population demographics.
Besides, our model generates a more precise estimation of PC
prevalence by considering the interactions between prevalence,
incidence, and mortality rates [17]. Traditional models often
handle these variables separately, which can result in less re-
liable estimates. Our approach, however, acknowledges the in-
terconnected nature of these factors. For instance, a rise in PC
incidence may be balanced by advances in treatment that de-
crease mortality rates, leading to stable prevalence. Likewise,
variations in mortality rates can impact prevalence regardless of
changes in incidence. As a result, the IDM approach enhances
the reliability of our predictions.

Projecting into the future until 2040 on a global, regional, and
national scale, our study marks the pioneering effort to eluci-
date the anticipated trends in PC prevalence. Our findings un-
veiled a general upward trend in the prevalence of PC rate over
the course of the study period, globally. While comparing the
periods from 1990 to 2019 and from 2019 to 2040, the percent-
age change in the prevalence rate decreased by more than dou-
ble during the latter period. Increasing estimated ASPR with a
slightly gentler slope could be explained by improvements in
the healthcare system for screening and detection of PC at early
stages in the future.

Globally, with regard to sex, the prevalence rate among males ex-
hibited a consistent pattern with existing epidemiological data,
indicating a higher prevalence compared to females up until
2040 [21]. Nevertheless, the percentage change of the estimated
prevalence rate among females was higher than that among
males. Furthermore, considering the ASPR in 2040 compared
to the ASPR in 2019, the female population exhibited a slightly
higher fold change relative to the male population, worldwide.
In the United States, the percentage changes between 1990 and
2019 in men and women were 17.04% and 21.96%, respectively.
Likewise, based on the nationwide study conducted on the ma-
jority of the US population from 2001 to 2018, findings indicated
a greater increase in the age-adjusted incidence rate (aIR) among
women compared to men for patients younger than 55years (av-
erage annual percentage change (AAPC)=2.36% vs. 0.62%) [22].
Intriguingly, based on our recent prediction, a similar pattern
to what has been reported in the US population is expected to
emerge on a global scale by 2040. In contrast, the pattern of alter-
ation in ASPR between 2019 and 2040 is anticipated to undergo
notable changes in the United States. This transformation is par-
ticularly noteworthy, with an expected rise of 1.35% for men and
a substantial negative change of 13.01% for women.

On a regional scale, consistent with previous reports, the high-
est prevalence rates between 1990 and 2019 predominantly
located in high-income regions rather than other geographic
areas [23]. Noteworthy based on our study, the most substan-
tial decline in percentage changes from 2019 to 2040 were ob-
served in countries characterized by higher HDI scores. The
initial increase pattern in the former time period (1990-2019)
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FIGURE 2 | Regional forecast of PC prevalence per 100,000 for male (blue lines), female (green lines), and both sexes (red lines). The halo effect
observed in each scatter plot accurately represents projections that extend across the temporal span from 2019 to 2040 with 95% confidence intervals.

PC, pancreatic cancer.
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could potentially stem from a combination of factors. Primarily,
the aging population, coupled with unhealthy modern life-
style behaviors and prevalent metabolic disorders, offers an
explanation for this increasing trend in high-income regions.
Additionally, the higher prevalence rates in high-income re-
gions during the period from 1990 to 2019, might partly be
due to the quality and availability of advanced imaging tech-
nologies and an augmented emphasis on health awareness.
Consequently, the higher self-awareness of the disease and its
symptoms, along with controlling for risk factors could explain
the negative percentage change between 2019 and 2040 in
countries with higher HDI scores [12].

Between 1990 and 2019, in comparison to the period from 2019 to
2040, there was heterogeneous trend in percentage changes for
most of countries, either experiencing decreases or transition-
ing to negative changes. Among countries representing negative
percentage changes from 2019 to 2040, a significant proportion
(85%) belonged to Western Europe. Notably, within the Western
Europe region, only Sweden, Greece, and Ireland exhibited in-
creasing pattern when comparing percentage changes during
1990-2019 and 2019-2040.

Based on previous studies, Sweden is anticipated to see a sub-
stantial growth of 28% in PC incidence by 2030, despite ongoing
efforts aimed at developing the novel blood-based biomarkers
for screening of the disease [24, 25]. Furthermore, in our cal-
culations, Sweden is also expected to experience the growth of
15.5% in context of PC prevalence during 2019-2040 compar-
ing to 1990-2019. According to the Global Cancer Observatory,
Greece faced a significant burden of pancreatic cancer, ranking
among the 10 most common cancers in the country, with an es-
timated 1000 new cases and 950 deaths in 2020 [23]. Consistent
with the observed trend in PC burden in Greece, our projections
indicated that Greece is expected to have both the highest preva-
lence rate and the highest percentage change during 2019-2040
in the Western European region. In the year 2040, Laos, situated
in Southeast Asia, is projected to have the lowest prevalence rate
for PC in both male and female populations. According to the
most recent data from the World Health Organization (WHO)
in 2020, PC accounted for 78 deaths, representing only 1.3% of
total deaths in Laos [23]. Thus, PC is relatively less prevalent as a
health issue in Laos compared to other countries. The main risk
factors for PC include smoking, obesity, diabetes, and a family
history of the disease [12]. The relatively low burden of PC in
Laos may be partly due to the lower prevalence of these risk fac-
tors compared to other countries.

PC presents a significant global challenge that necessitates a
coordinated international response. Healthcare providers and
policymakers should intensify efforts to manage associated risk
factors through strategies that promote lifestyle changes and el-
evate public awareness. Key interventions include dietary and
lifestyle modifications, early screening for high-risk individuals,
access to quality healthcare, and the advancement of treatment
modalities such as personalized therapy and access to clinical
trials. Additionally, models for estimating future cancer burdens
are essential for tracking PC incidence and survival rates. The
projected global increase in PC, particularly the pronounced rise
in prevalence among females compared to males, serves as an
urgent warning for clinicians, researchers, and policymakers,

underscoring the need for increased vigilance regarding these
trends. This situation further emphasizes the necessity for ad-
ditional research into the risk factors and mechanisms driving
these changes. Ultimately, while our study provides crucial
epidemiological insights, it also highlights the importance of a
multifaceted approach to address the challenges associated with
PC. Epidemiological studies are fundamental in revealing the
underlying causes of the disease, establishing a foundation for
controlling its burden in the future, and guiding the develop-
ment of more effective diagnostic, preventive, and therapeutic
strategies.

In conclusion, the global prevalence of PC is projected to increase
by 2040, albeit at a slower pace compared to the 1990-2019 pe-
riod. Contrary to the current trend where PC is more prevalent
in men than in women, our findings suggest women might be
at a higher risk of developing PC in the future. On the other
hand, based on percentage changes from 2019 to 2040, among
different continents, Africa and Asia are at greater risk of con-
fronting the disease. To summarize, PC is a global challenge that
demands a coordinated, global response. Healthcare providers
and policymakers could intensify their efforts to manage the as-
sociated risk factors. This could encompass initiatives such as
promoting lifestyle changes and conducting public awareness.
To tackle the challenges associated with PC, epidemiological
studies can play a pivotal role in unveiling its underlying causes
and, consequently, form the groundwork to control the disease
burden in the future.

Author Contributions

Zeinab Hesami: data curation (equal), investigation (equal),
writing — original draft (lead). Meysam Olfatifar: conceptualization
(equal), data curation (lead), formal analysis (lead), funding acqui-
sition (lead), methodology (lead), resources (lead), validation (equal).
Amir Sadeghi: project administration (equal), resources (equal), val-
idation (equal). Mohammad Reza Zali: data curation (supporting),
project administration (supporting), resources (equal), supervision
(supporting), validation (equal). Samira Mohammadi-Yeganeh:
methodology (equal), validation (equal), writing - original draft (equal).
Mohammad Amin Habibi: investigation (equal). Mohammad Reza
Ghadir: project administration (supporting), supervision (supporting),
validation (equal). Hamidreza Houri: conceptualization (equal), data
curation (equal), investigation (equal), methodology (equal), project ad-
ministration (lead), supervision (lead), validation (equal), visualization
(equal), writing - review and editing (lead).

Acknowledgments

The authors wish to extend their sincere appreciation to the members
of the Research Institute for Gastroenterology and Liver Diseases af-
filiated with Shahid Beheshti University of Medical Sciences, for their
invaluable cooperation and support during the execution of this study.
Furthermore, the authors express profound gratitude to Nuria Malats
for her steadfast support throughout the project.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data generated or analyzed during this study are included in this
published article and related supplementary data.

12 0f 13

Cancer Medicine, 2024



References

1. F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre, and A.
Jemal, “Global Cancer Statistics 2018: GLOBOCAN Estimates of Inci-
dence and Mortality Worldwide for 36 Cancers in 185 Countries,” CA: A
Cancer Journal for Clinicians 68, no. 6 (2018): 394-424.

2. L. Rahib, B. D. Smith, R. Aizenberg, A. B. Rosenzweig, J. M. Flesh-
man, and L. M. Matrisian, “Projecting Cancer Incidence and Deaths to
2030: The Unexpected Burden of Thyroid, Liver, and Pancreas Cancers
in the United States,” Cancer Research 74, no. 11 (2014): 2913-2921.

3. M. Hidalgo, S. Cascinu, J. Kleeff, et al., “Addressing the Challenges
of Pancreatic Cancer: Future Directions for Improving Outcomes,” Pan-
creatology 15, no. 1 (2015): 8-18.

4.8S. Valle, L. Martin-Hijano, S. Alcala, M. Alonso-Nocelo, and B. Sainz,
Jr., “The Ever-Evolving Concept of the Cancer Stem Cell in Pancreatic
Cancer,” Cancers 10, no. 2 (2018): 33.

5.R. L. Siegel, K. D. Miller, H. E. Fuchs, and A. Jemal, “Cancer Statis-
tics, 2022,” CA: A Cancer Journal for Clinicians 72, no. 1 (2022): 7-33.

6. P. Ghaneh, E. Costello, and J. P. Neoptolemos, “Biology and Manage-
ment of Pancreatic Cancer,” Postgraduate Medical Journal 84, no. 995
(2008): 478-497.

7. E. Costello, W. Greenhalf, and J. P. Neoptolemos, “New Biomarkers
and Targets in Pancreatic Cancer and Their Application to Treatment,”
Nature Reviews Gastroenterology & Hepatology 9, no. 8 (2012): 435-444.

8.S. Zeng, M. Pottler, B. Lan, R. Griitzmann, C. Pilarsky, and H. Yang,
“Chemoresistance in Pancreatic Cancer,” International Journal of Mo-
lecular Sciences 20, no. 18 (2019): 4504.

9. B. Baek and H. Lee, “Prediction of Survival and Recurrence in Pa-
tients With Pancreatic Cancer by Integrating Multi-Omics Data,” Scien-
tific Reports 10, no. 1 (2020): 18951.

10.J Ferlay, M Laversanne, and M Ervik, Global Cancer Observatory:
Cancer Tomorrow (Lyon, France: International Agency for Research on
Cancer, 2020).

11. W. He, D. Goodkind, and P. R. Kowal, An Aging World: 2015 (DC:
United States Census Bureau Washington, 2016).

12. P. Rawla, T. Sunkara, and V. Gaduputi, “Epidemiology of Pancreatic
Cancer: Global Trends, Etiology and Risk Factors,” World Journal of On-
cology 10, no. 1 (2019): 10-27.

13. Institute NC. “SEER (Surveillance Epidemiology and End Results)
Cancer Statistics Review.” http://www.seer.cancer.gov.

14. M..-P. Curado, B. Edwards, H. R. Shin, et al., Cancer Incidence in
Five Continents, Volume IX (Lyon, France: IARC Press, International
Agency for Research on Cancer, 2007).

15. C. Ito, T. Kurth, B. T. Baune, and R. Brinks, “Illness-Death Model
as a Framework for Chronic Disease Burden Projection: Application
to Mental Health Epidemiology,” Frontiers in Epidemiology 2 (2022):
903652.

16.J. Yu, X. Yang, W. He, and W. Ye, “Burden of Pancreatic Cancer
Along With Attributable Risk Factors in Europe Between 1990 and
2019, and Projections Until 2039,” International Journal of Cancer 149,
no. 5(2021): 993-1001.

17.J. Enticott and R. K. Kandane-Rathnayake, “Prevalence Versus Inci-
dence,” Transfusion 52 no. 9 (2012): 1868-1870.

18. S. E. Vollset, E. Goren, C.-W. Yuan, et al., “Fertility, Mortality, Mi-
gration, and Population Scenarios for 195 Countries and Territories
From 2017 to 2100: A Forecasting Analysis for the Global Burden of
Disease Study,” Lancet 396, no. 10258 (2020): 1285-1306.

19. R. Brinks, “Illness-Death Model in Chronic Disease Epidemiol-
ogy: Characteristics of a Related, Differential Equation and an Inverse
Problem,” Computational and Mathematical Methods in Medicine 2018
(2018): 1-6.

20. R. Brinks and A. Hoyer, “Illness-Death Model: Statistical Perspec-
tive and Differential Equations,” Lifetime Data Analysis 24 (2018):
743-754.

21. A. Pourshams, S. G. Sepanlou, K. S. Ikuta, et al., “The Global, Re-
gional, and National Burden of Pancreatic Cancer and Its Attributable
Risk Factors in 195 Countries and Territories, 1990-2017: A Systematic
Analysis for the Global Burden of Disease Study 2017,” Lancet Gastroen-
terology & Hepatology 4, no. 12 (2019): 934-947.

22.Y. Abboud, J. S. Samaan, J. Oh, et al., “Increasing Pancreatic Cancer
Incidence in Young Women in the United States: A Population-Based
Time-Trend Analysis, 2001-2018,” Gastroenterology 164, no. 6 (2023):
978-989.

23. H. Sung, J. Ferlay, R. L. Siegel, et al., “Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries,” CA: A Cancer Journal for Clinicians 71, no.
3 (2021): 209-249.

24.T. Draus, D. Ansari, F. Wikstrom, U. Persson, and R. Andersson,
“Projected Economic Burden of Pancreatic Cancer in Sweden in 2030,”
Acta Oncologica 60 (2021): 1-6.

25.T. Draus, D. Ansari, and R. Andersson, “Model-Based Screening for
Pancreatic Cancer in Sweden,” Scandinavian Journal of Gastroenterol-
ogy 58, no. 5(2023): 534-541.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

13 0f 13


http://www.seer.cancer.gov

	Global Trend in Pancreatic Cancer Prevalence Rates Through 2040: An Illness-­Death Modeling Study
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Data Source
	2.2   |   Statistical Analysis
	2.2.1   |   Modeling
	2.2.2   |   Projection


	3   |   Results
	3.1   |   Overall Global Forecasted PC Prevalence
	3.2   |   Forecasted PC Prevalence for Regions
	3.3   |   Trends in the Disease Burden at the National Level
	3.3.1   |   Temporal Trends in PC Prevalence Rate and Percentage Change Within the Overall Population: 1990–2019 and Projections to 2040
	3.3.2   |   Projected Prevalence Rate and Percentage Change Stratified by Sex


	4   |   Discussion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


