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Abstract

Background: Cancer is a leading cause of mortality worldwide, with significant regional
disparities in its burden. In Pakistan, the sixth most populous country, cancer contrib-
utes significantly to the healthcare burden, yet comprehensive epidemiological studies
are limited.

Methods: A population-based analysis was conducted using Global Burden of Disease
(GBD) 2019 data. Cancer metrics, including incidence, mortality and disability-adjusted
life years (DALYs), were extracted and stratified by age, gender, cancer type and geo-
graphic region. Annual average percent changes (AAPCs) were calculated to evaluate
temporal trends. This study aimed to analyse trends in cancer incidence, mortality and
DALYs in Pakistan from 1990 to 2019, using data from the GBD study.

Results: Total cancer incidence increased from 1.28 million cases (1990) to 2.77 mil-
lion cases (2019), with an annual average percent change (AAPC) of 0.11%. Mortality
rose from 73,424 deaths (age-standardised rate (ASR): 122.16) to 179,773 deaths (ASR:
153.52) (AAPC: 0.79%) and DALYs increased from 2.41 million (ASR: 3,363.75) to 6.27
million (ASR: 3,439.9) (AAPC: 0.85%). Breast cancer remained the leading contributor to
the disease burden, accounting for 51,438 cases, 32,118 deaths and 1.12 million DALYs
in 2019. Pancreatic cancer showed the highest growth in incidence (AAPC: 3.39%), while
ovarian cancer exhibited the largest increases in mortality (AAPC: 3.16%) and DALYs
(AAPC: 5.85%). Punjab reported the highest burden, with 1.49 million cases in 2019.
Female cancer incidence and mortality consistently exceeded male figures, with an AAPC
of 0.15% in incidence and 1.07% in mortality. Age-specific analyses revealed that leukae-
mia was the leading cancer in children aged 0-14, while lung cancer dominated among
males over 50 years.

Conclusion: The rising cancer burden in Pakistan underscores the need for a robust,
nationwide cancer registry and targeted interventions. Public health policies must
address risk factors such as smoking, hepatitis infections and socio-economic disparities
to curb this escalating crisis.
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Introduction

Cancer is one of the leading causes of death and morbidity globally. According to estimates by World Health Organisation (WHO), cancer is
the leading cause of death in 112 of 183 countries before the age of 70 [1, 2]. The International Agency for Research on Cancer (IARC) GLO-
BOCAN 2022 update estimates approximately 20 million new cases and 9.7 million cancer-related deaths worldwide in 2022. The lifetime
risk of developing cancer is roughly one in five, with mortality risks of one in nine for men and one in 12 for women. Lung cancer leads glob-
ally as the most diagnosed cancer (2.5 million cases, 12.4% of total) and the primary cause of cancer mortality (18.7%), followed by breast,
colorectal, prostate and stomach cancers for incidence and colorectal, liver, breast and stomach cancers for mortality. Among women, breast
cancer is the most common, while lung cancer dominates in men for both incidence and mortality [3, 4].

With demographic shifts, annual new cases are projected to soar to 35 million by 2050, emphasising the urgent need for prevention strate-
gies targeting tobacco use, obesity and infections [3, 4]. In South Asia, including Pakistan, cancer patterns diverge from global trends. GLO-
BOCAN-based analyses reveal lower crude incidence and mortality rates compared to global averages, but a higher mortality-to-incidence
ratio (MIR ~0.65 versus ~0.52 globally), signaling poorer survival outcomes. Breast and cervical cancers predominate in women, while lung,
colorectal and head-and-neck cancers are prevalent in men, driven by tobacco use (both smoked and smokeless) and infections like hepatitis
B/C and Human Papillomavirus (HPV). Pakistan mirrors these regional trends, with breast cancer leading overall, followed by significant bur-
dens from lung and head-and-neck cancers. Late-stage diagnoses and limited healthcare infrastructure exacerbate high MIRs [3, 5].

Pakistan, a resource-constrained country with the world’s sixth-largest population, faces a dual burden of non-communicable diseases (e.g.,
hypertension, diabetes and ischemic heart disease) and infectious diseases, straining its healthcare system [6, 7]. A 2019 analysis of Paki-
stan’s cancer burden, drawn from national registry data, highlights its substantial and varied impact across sex, age and geography. Breast
cancer tops the list (24.1% of cases), followed by oral cavity (9.6%), colorectum (4.9%), esophagus (4.2%) and liver (3.9%). Sex-specific pat-
terns show oral cavity (14.9%), colorectum (6.8%), liver (6.4%), prostate (6.0%) and lung (6.0%) as the leading cancers in males, while breast
cancer overwhelmingly dominates in females (41.6%), followed by oral cavity (6.9%), cervix (5.5%) and uterus (4.7%). Age distribution skews
toward middle-aged adults (~43%), followed by older (~30%) and younger adults (~20%). Among children and adolescents, central nervous
system tumours, leukaemia (18.7%) and Hodgkin lymphoma (17.3%) are most common. Notably, about 30% of cases are diagnosed at
advanced stages (IlI-1V), reflecting delays in presentation. Geographically, Punjab (~40.4%) and Sindh (~32.2%) account for most registered
cases, likely due to concentrated diagnostic and registry services [8].

Risk factors in Pakistan align with regional patterns. Tobacco, including smokeless forms like areca/betel quid, is a major driver of oral cavity
cancer, while smoking fuels lung cancer. Infections, such as hepatitis B/C (linked to liver cancer) and HPV (linked to cervical cancer), play a
significant role. Lifestyle and metabolic factors, including rising obesity and diabetes, further contribute, alongside environmental risks like
ambient air pollution. Addressing these risk factors, alongside improving early detection and healthcare access, is critical to mitigating the
growing cancer burden in Pakistan and globally [6, 8, 9].

Considering the rapid increase of cases and the associated morbidity and mortality, Pakistan set up its National Action Plan for non-com-
municable diseases and partnered with the International Atomic Energy Agency (IAEA), WHO and the IARC. The National Cancer Registry
of Pakistan, which came as an eventual result of the collaboration of IAEA and WHO, comprises of 'Punjab Cancer Registry, 'Karachi Cancer
Registry', 'Pakistan Atomic Energy Commission Cancer Registry', Armed Forces Institute of Pathology Cancer Registry, Nishtar Medical Uni-
versity Hospital Multan and Shifa International Hospital, Islamabad. Analysis found 45.13% of cases of cancer were from Punjab, 26.83%
from Sindh, 16.46% from Khyber Pakhtunkhwa and 3.52% from Baluchistan [10].

The global burden of disease (GBD) study is a comprehensive effort at understanding and reporting the changes in disease burden across
countries. Started as a single World Bank-commissioned study in 1990, the most recent GBD 2019 study has been published in Octo-
ber-2020. The data collected is accessible for free and has allowed for global, national and regional burden estimate studies for multiple
diseases [10, 11]. The GBD also reports on 87 risk factors associated with multiple diseases. The GBD study provides a large platform for
estimation studies. Pakistan lacks a concerted national cancer care registry that is truly representative and updated with the disease burden.
The 2019 update of GBD offers estimates at the subnational level for Pakistan, which has helped with estimating the progress Pakistan has
made in reducing disease burden [12].
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Our aim for this paper is to do a comprehensive analysis of cancer burden in Pakistan. We also aim to stratify cancer types according to
incidence, deaths and disability-adjusted life years (DALYS), geography/region, age groups and gender. With the estimated high burden of
disease, it is imperative to understand the landscape of the disease. We hope to inform policy makers, local authorities and researchers for a
more targeted and effective approach to cancer at a national level.

Methodology

Study design

This is a population-based study focused on the cancer burden in Pakistan, utilising data from the GBD database, developed by the Institute
for Health Metrics and Evaluation (IHME).

Data source and setting

We extracted data on cancer incidence, mortality, DALYs, prevalence rate and death rate for Pakistan from the GBD study for the period
1990-2019. The data were stratified by age group, gender and cancer subtype. While reporting metrics for different cancer subtypes, the
subtype ‘Other neoplasms’ was excluded from the analysis.

Data extraction

Cancer data for Pakistan from 1990 to 2019 was extracted using the Global Health Data Exchange (GHDx) query tool. The dataset was
further divided by gender, age group and province. Specific selections from the GBD database included the following categories: for ‘GBD
Estimate, Cause of death or Injury was chosen; for ‘Measure, Incidence, Prevalence, Deaths and DALYs were selected; for ‘Metric, both
Number and Rate were included; for ‘Cause, Neoplasms (all except 'Other Neoplasms') were selected; for ‘Location, Pakistan was chosen; for
‘Age, the groups included All ages, less than 28 days, 28-364 days, 1-4 years, 5-9 years, 10-19 years, 20-54 years and 55+ years; for ‘Sex,
both male and female were included and for ‘Year, the all years ranging from 1990 to 2019 were selected.

As this study used publicly available secondary data, ethical approval was not required. The complete data set used for the analysis in this
research is publicly available from the GBD 2019 study by the IHME, and it can be extracted from the GHDx query tool [13].

Statistical analysis

Data analysis was performed using Microsoft Excel 2013, R-Studio (version 4.2.2) and Business Intelligence software. Poisson regression
analysis was applied to evaluate trends across cancer types. Percentage changes in incidence, prevalence and deaths were calculated for
2019 compared to 1990. The top three cancers with the highest burden were analysed by age group based on absolute numbers and rates
per 100,000 population. DALY estimates were obtained directly from the GBD 2019 database using the GHDx query tool, which calculates
DALYs as the sum of years of life lost and years lived with disability for each cancer type, stratified by age, sex and location, based on stan-
dardised GBD methodology. Age-standardised DALY rates and their 95% uncertainty intervals (Uls) were extracted for Pakistan for each year
from 1990 to 2019, and temporal trends were analysed using Poisson regression to compute annual average percent changes (AAPCs) with
95% confidence intervals (Cls).

Results
Table 1 shows the incidence cases and age-standardised rates (ASRs) per 100,000 for various cancer types in Pakistan from 1990 to 2019.

The total cancer cases in Pakistan increased from 1,283,332 cases with an ASR of 1566.48 in 1990 to 2,769,507 cases with an ASR of
1,617.33 in 2019, exhibiting an AAPC of 0.11% between 1990 and 2019. Pancreatic cancer exhibited the highest annual average percent
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change (AAPC) of 3.39% (95% Cl: 3.36-3.43) between 1990 and 2019, indicating the greatest increase. Conversely, chronic myeloid leukae-
mia showed the greatest decline with an AAPC of -0.77% (95% Cl: -0.81 to -0.73) during the same period. In 2019, breast cancer had the
highest incidence with 51,438 cases (95% Ul: 37,937-69,293) and an ASR of 38.35 (95% Ul: 28.78-50.97), increasing by 2.26% (95% ClI:
2.22-2.30) annually since 1990. Lip and oral cavity cancer also exhibited a high burden with 28,579 cases (95% Ul: 22,907-35,935) and an
ASR of 21.93 (95% UI: 17.83-27.56) in 2019, rising by 1.00% (95% Cl: 0.97-1.04) annually. Mesothelioma had the lowest incidence in 2019
with 237 cases (95% Ul: 146-379) and an ASR of 0.20 (95% UI: 0.13-0.31), but increased by 1.07% (95% ClI: 1.04-1.09) annually since 2010.

Among the provinces, Punjab had the highest incidence in 2019 with 1,489,130 cases and an ASR of 1,630.1, increasing by 0.11% (95%
Cl: 0.1-0.11) annually since 1990. Islamabad exhibited the highest AAPC of 0.23% (95% Cl: 0.22-0.23) between 1990 and 2019. Regard-
ing gender, the incidence was higher among females, with 1,479,890 cases and an ASR of 1,694.51 in 2019, increasing by 0.15% (95% ClI:
0.15-0.16) annually since 1990.

The total cancer deaths in Pakistan increased from 73,424 with an ASR of 122.16 in 1990 to 179,773 with an ASR of 153.52 in 2019, exhibit-
ing an AAPC of 0.79% (95% Cl: 0.78-0.81) between 1990 and 2019 (Table 2). Ovarian cancer exhibited the highest AAPC of 3.16% (95% ClI:
3.12-3.18) during this period, with deaths increasing from 4,148 in 1990 to 7,002 in 2019. Conversely, other leukaemia and chronic myeloid
leukaemia showed the greatest decline with an AAPC of -0.99% (95% Cl: -1.01 to -0.96) and -0.77% (95% Cl: -0.79 to —0.74), respectively.
In 2019, breast cancer had the highest death toll with 32,118 cases and an ASR of 26.34, increasing by 1.71% annually since 1990. Lip and
oral cavity cancer also contributed significantly, with 17,567 deaths and an ASR of 14.72 in 2019, rising by 0.68% (95% Cl: 0.65-0.7) annu-
ally during the same period.

Among the provinces, Punjab had the highest death toll in 2019 with 107,232 cases and an ASR of 162.94, increasing by 0.73% (95% ClI:
0.71-0.75) annually since 1990. Khyber Pakhtunkhwa and Balochistan exhibited the highest AAPC of 1.01% between 1990 and 2019.
Regarding gender, the death toll was higher among females, with 91,533 cases and an ASR of 158.04 in 2019, increasing by 1.07% (95% Cl:
1.05-1.09) annually since 1990.

The total cancer-related DALYs in Pakistan increased from 2,414,828 cases with an ASR of 3,363.75 in 1990 to 6,268,083 cases with an ASR
of 3,439.9 in 2019, exhibiting an AAPC of 0.85% (95% Cl: 0.82-0.88) between 1990 and 2019 (Table 3). Ovarian cancer exhibited the highest
annual average percent change (AAPC) of 5.85% (95% Cl: 5.81-5.88) between 1990 and 2019, indicating the greatest increase. Conversely,
other leukaemia showed the lowest increase with an AAPC of 0.48% (95% Cl: 0.38-0.57) during the same period. In 2019, breast cancer had
the highest burden with 1,119,378 DALYs (95% Ul: 847,412-1,520,925) and an ASR of 783.3 (95% Ul: 597.3-1,054.53). Lip and oral cavity
cancer also exhibited a high burden with 594,089 DALYs (95% Ul: 471,317-754,897) and an ASR of 421.87 (95% Ul: 338.19-535.02) in
2019. Non-melanoma skin cancer (basal-cell carcinoma) had the lowest burden with 1 DALY (95% Ul: 0-1) and an ASR of 0 in 2019.

Among the provinces, Punjab had the highest DALYs in 2019 with 3,717,719 cases and an ASR of 3,538.2, increasing by 0.75% (95% ClI:
0.73-0.77) annually since 1990. Baluchistan exhibited the highest AAPC of 1.12% (95% Cl: 1.08-1.17) between 1990 and 2019. Regard-
ing gender, the burden was higher among females, with 3,223,297 DALYs and an ASR of 4,012.8 in 2019, increasing by 1.07% (95% ClI:
1.04-1.09) annually since 1990, while males showed a lower AAPC of 0.67% (95% Cl: 0.64-0.69).

Table 4 shows the most common cancers in various regions of Pakistan based on prevalence and death rate, as of 2019. Breast cancer is the
most prevalent cancer type in all regions of Pakistan. Despite its high prevalence, it ranks 5th in terms of death rate in most regions except
in Balochistan and Islamabad Capital Territory where it is 6th and 7, respectively. Lip and oral cavity cancer ranked second across Pakistan.
Kidney cancer and multiple myeloma, despite a lower prevalence, show a notably high death rate. Some cancers, like larynx cancer and pros-
tate cancer, show the opposite trend with high prevalence rates but relatively lower death rates.

Figure 1 shows a map comparing cancer death and prevalence rates in different cities across Pakistan between 1990 and 2019. Punjab and
Sindh emerged as hotspots with high cancer rates. The highest cancer death rates in 2019 were seen in the provinces of Punjab and Azad
Kashmir, with rates of around 94 and 89, respectively, per 100,000 population. These same provinces also had the highest cancer prevalence
rates in 2019, with around 2,000 cases, respectively, per 100,000 people. Between 1990 and 2019, Sindh saw the biggest increase in both
death rate (from around 50 to over 70 per 100,000) and prevalence rate (from around 1,472 to over 1,787 per 100,000). The province with
the lowest cancer death and prevalence rates was the northern region of Gilgit-Baltistan. Their rates remained relatively stable from 1990 to
2019. In summary, the data show substantial geographic variation in cancer burden across different cities in Pakistan.
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Table 5 describes the top three most common cancers in terms of number of incidence, deaths and DALYs among different age groups in
Pakistan. Among all age groups, breast cancer emerged as the leading cause of cancer incidence, deaths and DALYs in Pakistan. For ages
20-54 years and 55 years and above, the top three cancers contributing to incidence were breast cancer, lip and oral cavity cancer and
tracheal, bronchus and lung cancer. This pattern was mirrored in the rankings for deaths and DALYs across these age groups. However,
the rankings varied significantly for younger age groups. For instance, among children aged less than 28 days, brain and central nervous
system cancer, other leukaemia and liver cancer were the top three contributors to incidence, deaths and DALYs. In the age group of
28-364 days and 1-4 years, other leukaemia, brain and central nervous system cancer, and acute lymphoid leukaemia dominated the
rankings. For ages 5-9 years, acute lymphoid leukaemia, brain and central nervous system cancer and Hodgkin lymphoma were the lead-
ing cancers, while Hodgkin lymphoma, brain and central nervous system cancer and non-Hodgkin lymphoma ranked highest among those
aged 10-19 years.

Figure 2 highlights significant gender disparities in the burden of various cancers. Among males, tracheal, bronchus and lung cancer emerge
as the leading cause of both new cases and deaths, followed by lip and oral cavity cancer and larynx cancer. In contrast, breast cancer stands
out as the predominant cancer afflicting females, in terms of incidence as well as mortality. Lip and oral cavity cancer and ovarian cancer rank
second and third, respectively, in terms of incidence as well as mortality.

Discussion

Cancer remains a major public health challenge in Pakistan, with a rising burden in terms of incidence, mortality and DALYs. The total cancer
incidence more than doubled from 1.28 million cases in 1990 to 2.77 million cases in 2019, with an annual average percent change (AAPC)
of 0.11%. Mortality due to cancer increased from 73,424 deaths in 1990 to 179,773 in 2019 (AAPC: 0.79%), while DALYs rose from 2.41
million to 6.27 million (AAPC: 0.85%) during the same period.

The cancer burden in Pakistan should be viewed within the broader context of South Asian countries, where cancer risk is increasing and
accounts for approximately 25% of all deaths [14]. Like other countries in the Asian Pacific region, Pakistan's relatively low cancer survival
rates can be attributed to multiple factors, including limited awareness, inadequate healthcare infrastructure and challenging socioeconomic
conditions [15]. This pattern aligns with global observations showing disproportionate cancer burden distribution, where, although higher
human development index countries report greater incidence, lower-resource countries like Pakistan often face higher mortality rates [16].

Across Pakistan’s provinces, the cancer burden varies widely, revealing stark regional differences. Punjab stands out as the most affected
region, reporting 1.49 million cancer cases in 2019, with Sindh and Khyber Pakhtunkhwa also showing significant burdens. These disparities
likely stem from a mix of factors—Ilarger populations in some areas, the effects of urban growth, differing environmental risks and uneven
access to quality healthcare [17]. Supporting this, recent data from Lahore highlights a sharp increase in cancer cases among individuals
aged 41-50, particularly breast cancer in women aged 41-60 [17]. This uneven spread highlights why we need focused efforts and smarter
resource distribution.

Specific cancer trends

Breast cancer emerged as the most prevalent cancer across various age groups in Pakistan, with 51,438 reported cases in 2019 and an ASR
of 38.35 per 100,000, reflecting an annual increase of 2.26%. What is striking is that more than half of breast cancer diagnoses and nearly
two-thirds of related deaths occur in less developed regions, underscoring the disproportionate burden faced by low- and middle-income
countries [1]. The disease’s prevalence is closely tied to levels of human development, with metabolic risks contributing to 31.98% of attrib-
utable deaths in 1990, a figure that rose to 46.87% by 2019 [18]. Other contributing factors, such as alcohol consumption, tobacco use, poor
dietary habits and sedentary lifestyles, further complicate the disease’s epidemiology [18, 19]. Sure, wealthier nations see higher incidence
rates, but in developing regions, the larger populations result in a greater overall burden of disease [20]. These findings highlight the urgent
need for targeted interventions that address modifiable risk factors and enhance early detection efforts, particularly in countries like Pakistan
with similar socio-economic challenges.
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Figure 1. Cancer death and incidence rates in Pakistan's states: 1990 versus 2019 comparison.

Lip and oral cavity cancer has also become a major public health issue in Pakistan, with 28,579 cases reported in 2019, an ASR of 21.93 per
100,000 and an annual increase of 1.00%. This trend is consistent with global data, which highlights the significant burden of these cancers,
especially in regions with lower socioeconomic development [21]. Worldwide, lip and oral cavity cancers account for approximately 3.2% of
all cancer-related deaths, with considerable variation in incidence and mortality rates across different geographic areas [21]. Our findings
support international research that identifies key risk factors, including tobacco use, alcohol consumption, HPV infections and betel quid
chewing, as major drivers of the disease [21-23]. Pakistan, though, stands out with one of the highest age-standardised mortality rates
for this cancer type emphasising the urgent need to act fast [21]. The ongoing high prevalence of lip and oral cavity cancers in Pakistan
underscores the necessity for comprehensive strategies that address modifiable risk factors, such as tobacco control, lifestyle changes and
enhanced early detection programs.

Pancreatic cancer showed the highest annual average percent change of 3.39% between 1990 and 2019 in Pakistan, a trend that aligns
with global projections of increasing pancreatic cancer burden. Epidemiologic models suggest that by 2030, pancreatic cancer is expected
to become the second leading cause of cancer-related mortality in the United States, emphasising the critical nature of this disease [24].
The prognosis remains exceptionally challenging, with a low 5-year survival rate of approximately 12% and less than 20% of patients eligible
for potentially curative surgical resection [24]. Cigarette smoking emerges as the most well-established risk factor, with studies indicating
that it could contribute to 15%-25% of pancreatic cancer cases across various populations [25]. The limited treatment options and minimal
effectiveness of current therapies for metastatic pancreatic cancer underscore the urgent need for comprehensive research and prevention
strategies [24]. An additional concern is the emergence of Early Onset Pancreatic Cancer, which affects approximately 10% of patients aged
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50 or younger, presenting a complex clinical challenge with limited understanding of its specific risk factors [26]. These findings collectively
highlight the critical importance of primary prevention, particularly tobacco control and the necessity for continued investment in basic,
translational and clinical research to address this devastating disease.

Table 5. Leading cancers by incidence, deaths and DALYs across age groups.

Rank All ages less than 28 days 28-364 days 1-4 years 5-9 years 10-19 years 20-54 years 55+ years
Incidence
1st Breast cancer Eg?:/lig‘i;;:;al Other leukemia I(zltjrllee:nia talienl]yi/;nphmd Il;/kr;dpghk(;r;a Breast cancer | Breast cancer
850,638 cancer 3,160 11,483 38,753 16,183 12,785 464,182 377,439
. Brain and Brain and Brain and Brain and . Tracheal,
Lip and oral . central Lip and oral
. Other leukemia central nervous central nervous | central nervous . bronchus, and
2nd cavity cancer 2,899 system cancer nervous system cancer | system cancer cavity cancer lung cancer
545,586 11.453 system cancer 13.322 11,393 258,003 284.910
24,347
Tracheal, . Acute . Hodgkin Non-Hodgkin Tracheal, Lip and oral
bronchus, and . Acute lymphoid | lymphoid bronchus, and X
3rd Liver cancer 700 . . lymphoma lymphoma cavity cancer
lung cancer leukemia 2,237 | leukemia 8076 9346 lung cancer 276 629
385,730 12,212 ’ ’ 100,009 ’
Death
Brain and Brain and
Brain and central central Acute lymphoid | Acute
1st Breast cancer nervous system central nervous nervous leukemia lymphoid Breast cancer | Breast cancer
586,039 cancer 2,843 :ssy;tzelm cancer system cancer | 11,774 leukemia 8,623 274,434 308,256
’ 13,648
Tracheal, Brain and Brain and . Tracheal,
. Other Lip and oral
bronchus, and . Other leukemia . central nervous | central nervous . bronchus, and
2nd Liver cancer 1,452 leukemia cavity cancer
lung cancer 1,319 7517 system cancer | system cancer 145935 lung cancer
392,614 ’ 9,501 8,151 ’ 299,806
Acute Tracheal
Li d oral Hodgki ’ Li d oral
b .an ora Other leukemia Acute lymphoid | lymphoid Other leukemia odgiin bronchus, and ' ,an ora
3rd cavity cancer . . lymphoma cavity cancer
358 638 940 leukemia 817 leukemia 1,569 7871 lung cancer 208.757
’ 7,284 ’ 92,256 ’
DALYS
. Brain and Brain and .. | Acute
Brain and central central Acute lymphoid .
1st Breast cancer nervous svstem central nervous hervous leukemia lymphoid Breast cancer | Breast cancer
15,988,442 A system cancer leukemia 9,937,700 5,850,602
cancer 163,431 250 594 system cancer | 744,134 484367
’ 769,595 ’
. Brain and Brain and . Tracheal,
Lip .and oral Other leukemia Other leukemia Other . central nervous | central nervous Lip 'and oral bronchus, and
2nd cavity cancer leukemia cavity cancer
9150.040 56,792 92,738 422 587 system cancer | system cancer 5187013 lung cancer
T ’ 605,690 468,860 T 5,181,897
Tracheal, ., | Acut . . Tracheal, .
rachea Acute lymphoid cute . Hodgkin Hodgkin rachea Lip and oral
bronchus, and . . lymphoid bronchus, and .
3rd lung cancer Liver cancer 54,031 | leukemia leukemia lymphoma lymphoma lung cancer cavity cancer
8,275,555 53,148 405,924 323,142 441,885 3,061,299 3,725,601
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Figure 2. (a): Incidence counts for major cancer types in males and females. (b): Death count for major cancer types in males and females.
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Ovarian cancer has shown a concerning upward trend in Pakistan, with the highest annual average percent change of 3.16% in mortality
and 5.85% in (DALYs) between 1990 and 2019. Globally, ovarian cancer is a significant gynecologic malignancy, ranking seventh in incidence
among all cancers and eighth in cancer-related deaths among women [27]. In 2020, global estimates reported approximately 314,000 new
cases and 207,000 deaths, highlighting its substantial impact on women'’s health worldwide [1]. The disease has a global incidence rate of
6.6 per 100,000 and a mortality rate of 3.9 per 100,000, though these figures vary significantly across regions [1]. The risk factors for ovar-
ian cancer are complex, with studies indicating that higher parity may increase risk, while factors such as oral contraceptive use and tubal
ligation may offer protective benefits [28]. Although ovarian cancer does not rank as high as lung, colorectal or stomach cancers in terms of
overall incidence and mortality, it remains a critical health issue, particularly due to its high fatality rate among gynecologic cancers [27]. The
rising trends observed in our study are consistent with global patterns, underscoring the urgent need for improved screening programs, early
detection strategies and targeted interventions to address the growing burden of ovarian cancer.

Contributing factors

Pakistan’s cancer burden is driven by a mix of socioeconomic, environmental and behavioural factors. Tobacco use, including smoking and
betel quid, is a major risk factor, linked to 15%-25% of pancreatic cancer cases and significantly contributing to oral and pharyngeal cancers
[23, 25]. The WHO estimates that 40% of Pakistan’s cancer risk could be reduced through tobacco cessation [17]. Chronic infections like
hepatitis B and C further elevate cancer risk, particularly for liver cancer, worsened by interactions with metabolic and environmental factors
in a resource-strained setting [29]. Socioeconomic challenges, including low development levels, limited healthcare access and inadequate
early detection, increase mortality, especially for lip and oral cavity cancers [21]. Poor nutrition, contaminated food and limited access to
balanced diets are significant contributors to cancer development [29].

Public health implications

The growing cancer crisis in Pakistan is not just a health issue—it is a call to action. With rising cancer rates, increasing deaths, and the toll it
takes on people’s lives (measured by disability-adjusted life years or DALYs), it is clear that Pakistan’s healthcare system needs a major over-
haul. But here is the thing: cancer does not affect everyone equally. Some provinces, age groups and genders are hit harder than others. To
address this effectively, Pakistan must prioritise prevention, strengthen early detection efforts and enhance treatment capabilities, tailoring
strategies to our unique circumstances [30]. Our findings highlight a few critical intervention areas.

Early detection and screening programs

Timely diagnosis could prevent 40% of cancer deaths in Pakistan, yet screening remains inaccessible to 85% of the population [17]. Strategic
priorities include:

o High-risk targeting: Implement mammography screening for women aged 40-60 in urban centers, coupled with mobile clinics for rural
areas.

e Province-specific approaches: e.g., Sindh’s hepatitis-endemic regions require annual liver ultrasounds.

e Community engagement: Train Lady Health Workers to conduct oral visual inspections in high-paan-use areas like Khyber Pakh-
tunkhwa.

Healthcare system strengthening

Pakistan’s cancer infrastructure suffers from urban-rural disparities and fragmented care. Key measures:

e Tiered service expansion: Establish new tertiary cancer centers (Balochistan, Gilgit-Baltistan prioritised) linked to district hospitals via
tele-oncology networks so that patients, no matter where they live, can get the care they need without delay.

e Diagnostic capacity: Equip 50% of DHQ hospitals with mammography and CT scanners by 2030, using the Sehat Sahulat Program’s
financing model (a social health insurance initiative by the government in Pakistan).
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Primary prevention initiatives

Many cancers in Pakistan are linked to things we can change—like smoking, poor diet, lack of exercise and chronic infections like hepatitis B
and C. Prevention is always better than cure and when it comes to cancer, there is a lot we can do.

e Tobacco control: Enforce graphic health warnings on gutka packaging (following India’s precedent) and increase excise taxes to 270%
of retail price [31].

¢ Infection prevention: Scale up hepatitis B vaccination coverage from 75% to 90% by integrating it with the Expanded Programme on
Immunisation schedules in high-risk regions (e.g., interior Sindh).

e Public awareness: Launch culturally adapted campaigns (e.g., Urdu/Pashto radio dramas featuring survivor stories) to combat stigma
and promote symptom recognition.

Cancer awareness and education

The persistently low cancer awareness in Pakistan represents a critical barrier to early detection and treatment adherence. Cultural stigma
and misconceptions about cancer further deter individuals from seeking timely medical care. A 2017 study from Karachi found that the mean
patient delay was 15.7 months. It also revealed that 55.2% of women did not seek medical advice despite detecting a breast lump because of
a lack of awareness about its significance. Few women (9.4%) initially sought help from spiritual healers and complementary and alternative
medicine rather than medical professionals [32]. A few key interventions could transform this landscape.

e Community-Based Education Programs

o

Develop culturally-sensitive awareness materials in regional languages (Urdu, Pashto, Sindhi) featuring local influencers.
Train mosque imams and school teachers in basic cancer literacy through partnerships with the National Institute of Health.

o

e Media Partnerships

° Collaborate with Geo TV and HUM News for prime-time awareness dramas.
° Launch TikTok/WhatsApp campaigns targeting youth with symptom checklists.

National cancer registry

One of the most significant challenges in developing effective cancer policies in Pakistan is the absence of a centralised and well-maintained
cancer registry. Current data collection methods are fragmented, resulting in underreporting and inconsistencies. It is hard to track how many
people are getting cancer, where they are located, and what types of cancer are most common. Setting up a national cancer registry would be
a game changer as it would give us the real-time data, we need to make smarter decisions and measure the impact of our efforts.

Continuous research, real-time data collection and adaptable policies will be crucial to ensuring that our interventions remain effective as
new trends emerge. It is a tough job, but with the right approach, we can make a real difference.

Strengths and limitations

This study provides a detailed 30-year look at cancer trends in Pakistan, using data from the GBD study. One of its biggest strengths is its
long-term perspective, which lets us see how cancer rates, deaths and the overall impact on people’s lives (measured by DALYs) have changed
over time. By using standardised GBD metrics, the study gives us a clear, globally comparable picture of Pakistan’s cancer burden. It also digs
into differences by age, gender, region and cancer type, offering a well-rounded view of the problem. Another strength is the use of ASRs and
annual average percent changes. These tools help us go beyond simple numbers and understand the bigger picture—how cancer is affecting
public health over the long term. This kind of analysis is crucial for policymakers and researchers trying to figure out where to focus resources
and how to design effective interventions. The study also shines a light on regional disparities, showing that some provinces are hit harder
than others, which calls for targeted action at the local level.
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That said, the study is not without its limitations. While the GBD dataset is comprehensive, it comes with challenges, especially in a coun-
try like Pakistan where cancer data collection is patchy at best. Many areas do not have centralised cancer registries, so some cases might
be missed or underreported. Differences in healthcare access and diagnostic capabilities across provinces could also skew the data—some
cancers might be underdiagnosed in areas with fewer resources. Plus, the study leaves out the ‘Other neoplasms’ category, which means we
might be missing trends in less common or harder-to-classify cancers.

Another limitation is the lack of detailed patient-level data. Without information on individual risk factors, treatment outcomes or socioeco-
nomic influences, it is harder to get a full picture of why certain trends are happening. While the study does a great job of identifying broad
patterns, its retrospective nature means we cannot draw firm conclusions about cause and effect or dig deeper into what is driving these
trends. There is also the risk of selection bias—areas with better reporting systems might seem to have higher cancer rates, even if that is
not the case.

Although GBD 2021 data were available at the time of publication, this study used GBD 2019 estimates to maintain a consistent 30-year
analysis period (1990-2019), providing comprehensive, standardised estimates of cancer incidence, mortality and DALYs across Pakistan’s
regions and demographics. Importantly, both GBD 2019 and GBD 2021 show consistent trends, such as rising absolute cancer burden,
modest changes in age-standardised mortality, similar sex differences (e.g., breast and lung cancers leading incidence in women and men,
respectively), site rankings and SDI gradients. We recommend that future studies incorporate GBD 2021 to capture updated estimates and
additional cancer sites [33].

Despite these challenges, this study is an important step forward in understanding Pakistan’s cancer burden. It highlights the urgent need
for better cancer surveillance, more widespread screening and stronger healthcare infrastructure. By improving data collection and analysis,
we can make sure future research and policies are based on accurate, representative information—and that is how we will start making real
progress against cancer.

Conclusions

This comprehensive 30-year analysis highlights a concerning rise in the cancer burden in Pakistan, with increasing trends in incidence, mor-
tality and DALYs across most cancer types, particularly among females and in the province of Punjab. The persistent dominance of breast
cancer, the alarming growth in pancreatic and ovarian cancers and the regional disparities highlight the urgent need for a robust national
cancer registry. Strengthening the existing cancer registries, investing in early detection and screening programs, addressing modifiable risk
factors like smoking and hepatitis and enhancing healthcare infrastructure are critical to reversing this trajectory. These findings serve as a
call to action for policymakers, healthcare providers and public health stakeholders to prioritise cancer prevention and care within Pakistan’s
broader health agenda.
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