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Abstract

Background The increasing global burden of cancer necessitates robust cancer surveillance systems to generate
accurate and comprehensive data for effective public health interventions. Despite advancements, significant gaps
remain in data standardization, interoperability, and adaptability to diverse healthcare settings. This study aims to
develop and validate a comprehensive framework for cancer surveillance systems that addresses these gaps, ensuring
enhanced global applicability and regional relevance.

Methods A systematic review was conducted following PRISMA guidelines, analyzing 13 studies selected from an
initial pool of 1,085 articles retrieved from five major databases: PubMed, Embase, Scopus, Web of Science, and IEEE.
Additionally, a comparative evaluation of 13 international cancer surveillance systems was performed to identify
critical data elements and practices. Key indicators were extracted. A researcher-designed checklist consolidating
these elements was validated through expert consultation with a response rate of 82% (n=14), achieving high
reliability (Cronbach'’s alpha=0.849).

Results The proposed framework addresses critical gaps in existing cancer surveillance systems by integrating a
comprehensive set of epidemiological indicators, including incidence, prevalence, mortality, survival rates, years
lived with disability, and years of life lost, calculated using multiple standard populations for age-standardized rates.
Furthermore, the framework incorporates key demographic filters such as age, sex, and geographic location to
enable stratified analyses. It also includes advanced data elements, such as cancer type classification based on ICD-O
standards, ensuring precision, consistency, and enhanced comparability across diverse cancer datasets.

Conclusion The validated framework provides a structured and adaptable approach to cancer data collection and
analysis, enhancing public health decision-making and resource allocation. By addressing current limitations, this
study offers a significant advancement in cancer surveillance methodologies, with potential applications in diverse
healthcare contexts globally.
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Text box 1. Contributions to the literature

« This study enhances cancer surveillance literature by introducing a
standardized framework incorporating emerging indicators (e.g., YLD,
YLL), filling a methodological gap in global CSS for holistic burden
assessment.

- It enriches public health data science by showcasing how advanced
demographic and geographic filtering improves cancer surveillance
system precision, enabling tailored interventions across diverse
populations.

« The research advances cancer surveillance system interoperability
knowledge, delivering a validated, adaptable model that informs global
cancer control strategies with locally relevant insights.

Introduction

Cancer remains a leading cause of morbidity and mor-
tality worldwide, accounting for approximately 10 mil-
lion deaths in 2020 alone, as reported by GLOBOCAN
[1]. The global burden of cancer is rising due to popula-
tion growth, aging demographics, and evolving lifestyle
patterns, necessitating effective cancer control strategies
supported by reliable Cancer Surveillance Systems (CSS)
[2, 3]. CSS are indispensable public health tools for the
systematic collection, analysis, and dissemination of can-
cer data. They provide the foundation for evidence-based
cancer control strategies, facilitating the tracking of epi-
demiological trends and guiding policies aimed at reduc-
ing cancer burden [4, 5].

A well-designed CSS generates reliable data on critical
cancer indicators such as incidence, prevalence, survival
rates, and mortality [5]. These systems provide timely
and actionable insights that enable policymakers and
healthcare providers to monitor cancer trends, allocate
resources effectively, and evaluate the success of inter-
ventions, including screening programs and therapeutic
innovations [6]. Moreover, they enable the continuous
monitoring of cancer patterns and outcomes, revealing
emerging trends, regional disparities, and population-
specific risk factors [7, 8]. This ability to track cancer
control efforts over time ensures targeted interventions,
optimization of cancer care, and ultimately, reductions in
cancer incidence and mortality [9, 10].

Global CSS, such as the Global Cancer Observa-
tory (GCO), developed by the International Agency for
Research on Cancer (IARC) under the World Health
Organization (WHO), exemplify the potential of such
systems. GCO provides comprehensive statistics on
cancer incidence, prevalence, mortality, and survival
across 185 countries, along with interactive visualiza-
tion tools that allow for geographic and temporal analy-
ses [1]. These functionalities make the GCO an essential

resource for global cancer trend analysis, international
policy guidance, and collaborative cancer control efforts.

Despite notable advancements, substantial gaps persist
that limit the comparability and utility of existing CSS.
One major challenge is the lack of standardization in data
collection, classification, and coding practices, such as
cancer morphology and topography classifications (e.g.,
ICD-0), which lead to inconsistencies in reporting across
systems [3, 11, 12]. Similarly, variations in the adoption
of standard populations for calculating Age-Standardized
Rates (ASRs), including SEGI, WHO, and regional stan-
dards, further complicate cross-regional comparisons
and epidemiological analyses [13—15]. While traditional
metrics like incidence, prevalence, mortality, and sur-
vival rates are commonly prioritized, many systems fail
to integrate disability-adjusted measures such as Years
Lived with Disability (YLD) and Years of Life Lost (YLL),
which are essential for capturing the societal and eco-
nomic impacts of cancer [16, 17].

Additionally, technological disparities across systems
impede their adaptability and utility. While advanced
systems leverage visualization tools and demographic
filters, many lack the infrastructure to provide region-
specific granularity or real-time analytics, limiting their
applicability in diverse healthcare contexts [18]. These
gaps underscore the urgent need for a unified, adaptable
framework that incorporates standardized data elements,
advanced metrics, and technological tools to enhance
data comparability, usability, and utility for cancer con-
trol at both global and regional levels.

This study addresses these critical gaps by defining and
standardizing the essential data elements required for
a comprehensive CSS. This research proposes a robust
framework that enhances data consistency and compa-
rability while remaining adaptable to diverse regional
contexts. By bridging the gaps in standardization and
adaptability, the proposed framework will support more
effective cancer monitoring, enabling targeted interven-
tions and evidence-based policymaking to mitigate the
societal and economic impacts of cancer globally.

Methods

Study design

This study employed a systematic, multi-phase research
design to identify essential data elements and develop a
standardized framework for CSS. The methodology con-
sisted of three primary phases: a systematic review of
literature, a comparative evaluation of global CSS, and
expert validation of identified data elements. This com-
prehensive approach ensured methodological rigor and
the applicability of the findings across diverse healthcare
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contexts. The primary research question guiding this
investigation is: What are the essential data elements and
methodological practices required to design and validate
a comprehensive CSS framework that ensures accurate
tracking of epidemiological indicators? Secondary ques-
tions include: (1) How do demographic and geographic
filters (e.g., age, sex, location) enhance the granularity
and utility of cancer surveillance data for tailored pub-
lic health interventions across diverse populations? (2)
What gaps persist in current CSS methodologies con-
cerning data standardization, interoperability, and adapt-
ability, and how can these be addressed to achieve global
applicability and local relevance in varied healthcare set-
tings? (3) How do emerging indicators, such as YLD and
YLL, improve the assessment of cancer burden and the
effectiveness of surveillance systems in guiding resource
allocation and policy development? (4) What role do
standard populations (e.g., for ASRs) play in ensuring
comparability of cancer indicators across regions and
supporting consistent global burden assessments? (5)
How does the integration of cancer type classification,
such as ICD-O, contribute to precision, consistency, and
comparability in cancer surveillance data across diverse
datasets? This study was registered in PROSPERO (ID
number: CRD420250633994).

Systematic review

Search strategy

The systematic review was conducted following PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines to ensure transparency and
thoroughness [19]. A preparatory phase was undertaken
to refine the search strategy through expert consulta-
tions and preliminary searches. This process helped to
identify relevant keywords and tailor search queries for
five major academic and scientific databases: PubMed,
Scopus, Web of Science, IEEE, and Embase. The search
focused on essential data elements, standardization prac-
tices, and their global applicability (Table 1). Priority was
given to studies meeting predefined inclusion criteria,
which included relevance to CSS, peer-reviewed publica-
tion, and a focus on cancer epidemiological indicators,
data standardization methodologies, or system interop-
erability. Only studies published in English between
01-01-2000 and 10-13-2023 were considered to ensure
contemporary relevance. Exclusion criteria included
studies with tangential public health topics, redundant
publications, limited accessibility, or a sole focus on
predictive models or machine learning approaches. The
timeframe (01-01-2000 to 10-13-2023) was chosen to
reflect significant post-2000 developments in informa-
tion technology (e.g., web-based systems) and the release
of ICD-O-3 by WHO [20], critical for modern CSS.
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Pre-2000 studies lack these innovations, as noted by Par-
kin and Bray [3].

The screening process followed a multi-stage approach.
First, titles and abstracts of retrieved articles were
reviewed against inclusion criteria, resulting in the exclu-
sion of irrelevant studies. Subsequently, full-text reviews
were conducted to assess alignment with the study’s
objectives, further narrowing the pool of articles. Finally,
data extraction was performed on the selected studies to
systematically analyze key data elements, standardization
practices, and methodological innovations.

Clinical trial number: not applicable, as this study did
not involve a clinical trial.

Risk of bias assessment

The methodological quality of studies included in this
systematic review was appraised using the Joanna Briggs
Institute (JBI) Critical Appraisal Checklist for Cohort
Studies to assess the Risk of Bias (RoB) [21]. This tool
was chosen for its robust, structured approach to evalu-
ating observational research, offering adaptability to the
diverse study designs encountered (e.g., cohort, usabil-
ity evaluations, cross-sectional), and its alignment with
our objective of standardizing data elements across var-
ied methodologies. The JBI Cohort Checklist consists of
11 items encompassing essential domains: participant
selection (similarity of groups, recruitment processes),
exposure measurement (consistency and validity), con-
founding factors (identification and control), outcome
assessment (validity and reliability), follow-up (duration,
completeness, and strategies), and statistical analysis
(appropriateness). Each study was systematically evalu-
ated across these domains to identify biases potentially
impacting data reliability and comparability. Responses
were classified as “Yes” (indicating low bias), “No” (high
bias), or “N/A” (not applicable), culminating in an overall
RoB designation of low, moderate, or high for each study.

Comparative evaluation of global cancer surveillance
systems

To identify universal data elements and best practices,
a comparative evaluation was conducted on 13 inter-
national CSS. These systems were chosen to represent
diverse geographical regions, healthcare infrastructures,
and methodological approaches to cancer data collec-
tion and reporting. Selection criteria emphasized system
accessibility, availability of detailed documentation, and
relevance to varied cancer epidemiology contexts. The 13
systems included in the analysis were GCO [1], European
Cancer Information System (ECIS) [22], Cancer Research
UK [23], Australian Cancer Data System [24], NordCan—
Nordic Cancer Registry System [25], US Cancer Statistics
Data Visualization Tool [26], National Children’s Cancer
Registry Probe (US) [27], Spanish Network of Cancer
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Registries (REDECAN) [28], Cancer Dimensions (Spain)
[29], Finnish Cancer Registry [30], National Cancer
Registry of Ireland [31], Geodes— French Public Health
Agency [32], and Hamid and Christina Moghadam
Program in Iran Studies Health Dashboard [33]. This
evaluation extracted common data elements, assessed
variations in their definitions, and examined standardiza-
tion practices to enhance global comparability.

Development and validation of a standardized data
checklist
Based on insights from the systematic review and com-
parative analysis, a standardized data checklist was
developed to consolidate core elements into a compre-
hensive tool for CSS. This checklist aimed to balance
global comparability with local relevance, capturing
essential epidemiological indicators and advanced mea-
sures while incorporating filtering criteria for nuanced
analyses in diverse healthcare settings. To ensure reliabil-
ity and applicability, the checklist underwent a rigorous
validation process. The Content Validity Ratio (CVR) was
employed to evaluate the relevance of each item, with
a threshold of 0.51 or higher used for retention (for 14
respondents from 17 contributors), based on established
guidelines [34]. Cronbach’s alpha, calculated at 0.849,
indicated high internal consistency, affirming the check-
list’s robustness as a standardized tool for cancer data
collection [35]. The CVR formula used was:

Ne — &

CVR = .

vz

Where n. is the number of experts rating the item as
essential and N is the total number of experts.

A simple random sampling method was employed to
select participants for the validation process, ensuring a
statistically valid representation of expert opinions. The
panel consisted of 17 specialists, including oncologists,
epidemiologists, and public health experts affiliated with
Zanjan University of Medical Sciences, chosen for their
expertise in cancer surveillance systems. The sample size
was determined using Krejcie and Morgan’s table and
Cochran’s formula, with a margin of error set at 0.05 for
a 95% confidence level [36]. The detailed Krejcie-Morgan
values for various community sizes with corresponding
sample is provided in Supplementary File 1. The check-
list was distributed via face-to-face meetings and email
to ensure inclusivity. Feedback from the participants was
systematically collected and iteratively incorporated into
the checklist to refine its content. The sample size for-
mula was:

Nz2pq

"TNE + 22pq
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where N is the population size, z is the z-value for a 95%
confidence interval (1.96), pand g are estimated propor-
tions (set at 0.5 for maximum variability), and 4 is the
margin of error (0.05).

Result

Systematic review results

The systematic review employed a rigorous search strat-
egy, retrieving 1,085 articles from five major academic
databases. During the initial screening phase, 577 articles
were excluded based on predefined exclusion criteria.
After removing duplicates using EndNote, 233 unique
studies remained. A subsequent abstract review led to
the exclusion of 210 articles that were not aligned with
the study’s focus on CSS and its key data elements. This
narrowed the pool to 23 articles for detailed full-text
evaluation. During this phase, two articles could not be
retrieved, and eight were excluded for focusing solely on
predictive models or machine learning applications with-
out addressing the operational or structural aspects of
CSS. Ultimately, 13 articles met the inclusion criteria and
were selected for further analysis. These articles provided
critical insights into CSS design and functionality, con-
tributing directly to the development of the standardized
data checklist. The PRISMA diagram (Fig. 1) outlines the
detailed review process, and Table 2 summarizes the pur-
pose, methodology, evaluated data elements, key find-
ings, and relevance of each selected article.

The Risk of Bias assessment of the 13 included studies,
conducted using JBI, revealed a generally low to moder-
ate risk profile (Fig. 2). Most studies demonstrated low
risk in domains such as confounding identification, out-
come validity, and statistical appropriateness, indicating
robust methodological quality. Overall, six studies were
rated low RoB, six moderate, and one high, suggesting
that while the majority of studies are reliable, caution is
warranted when interpreting findings from those with
elevated bias risks.

Comparative evaluation of international cancer
surveillance systems
The comparative evaluation of 13 international CSS
offered valuable insights into critical data elements, stan-
dardization practices, and innovative features. Global
systems such as the GCO and ECIS demonstrated sig-
nificant strengths in providing comprehensive global and
regional cancer data using standardized elements and
advanced visualization tools. However, limitations were
observed, including variability in data quality from low-
and middle-income countries and a lack of subnational
granularity, restricting localized analyses.

National systems such as the Australian Cancer Data
System, US Cancer Statistics Tool, and the Spanish Can-
cer Registry Network effectively integrated histological,
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Identification of Cancer Surveillance system via Internet

v

Systems sought for retrieval | Systems not retrieved

 n=1)

:

Systems assessed for eligibility

[ Identification of studies via databases and registers ] [
)
Records identified from: Records removed before screening:
c Databases ( 1- Records removed due to:
.—°.. * |EEE (n=363) * Not journal article (n = 481)
§ * Scopus (n= 115) > * Not free (n = 95) Systems identified from:
s « PubMed (n = 216) « Not English (n = 1) Websites (n = 14)
s * Web of Science (n= 132) Total removed (n= 577)
= * Embase (n = 259) 2- Duplicate records removed
Total (n = 1085) from remain 508 articles (n = 275)
I
)
Records screened Records excluded
(n=233) > (Not surveillance system = 210)
Reports sought for retrieval | Reports not retrieved
2 (n=23) (n=2) (n=14)
:
: |
?rz‘efozr:s; assessed for eligibility Reports excluded: ster
Prediction Model (n = 8) (n=13)
—
A
—
b Studies included in review
e (n=13)
= Websites included in review <
2| | m=19
—

Fig. 1 PRISMA flow diagram

demographic, and geographic data, enabling detailed
trend analyses and informing public health decision-
making. Nonetheless, challenges such as delays in data
updates and occasional gaps in completeness were noted.
The Nordcan system stood out for its cross-country stan-
dardization within the Nordic region, harmonizing data
from Denmark, Finland, Iceland, Norway, and Sweden.
Similarly, the National Children’s Cancer Registry Probe
addressed a critical gap by focusing on pediatric, adoles-
cent, and young adult cancers, providing demographic
specificity and trend analyses for these populations.

These systems collectively highlighted the importance
of leveraging diverse data elements, robust visualization
tools, and interoperable frameworks to inform effec-
tive cancer control strategies. Common priorities across
systems included key epidemiological indicators such
as incidence, prevalence, mortality, and survival rates,
alongside demographic filters like age, gender, and geo-
graphic location. Innovations such as advanced mapping
tools and age-standardized metrics reflected the grow-
ing need for tailored solutions in cancer surveillance. A
detailed assessment of each CSS is presented in Supple-
mentary File 2.

Extraction and categorization of data elements
Building upon the systematic review and comparative
evaluation, essential data elements were systematically

extracted and categorized to support comprehensive
cancer monitoring and evidence-based public health
strategies. These elements form the basis of the standard-
ized checklist proposed in this study, addressing critical
aspects of cancer surveillance, including epidemiological,
demographic, and clinical variables.

Core Epidemiological Indicators are fundamental for
assessing cancer burden and include:

+ Incidence: The number of new cancer cases within a
specified time frame.

+ Prevalence: The total number of existing cancer cases
at a given point in time.

+ Mortality: The number of deaths attributed to cancer
within a defined period.

+ Survival Rates: Metrics such as 1-year, 5-year, and
10-year survival rates, reflecting treatment outcomes
and healthcare performance.

+ YLL: The years lost due to premature cancer-related
deaths.

+ YLD: The years spent living with cancer-related
disabilities, providing insights into long-term societal
and economic impacts.

+ Age-Standardized Populations: Use of standardized
populations such as SEGI, WHO, or region-specific
standards for calculating age-adjusted rates and
ensuring global comparability.
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Table 2 (continued)

Relevance to Study

Key Findings

Data Elements Evaluated

Methodology

Purpose

Reference

Reinforces the role of iterative refine-
ment in designing effective cancer

registry systems.

Improved task completion rates;

GIS tools usability, task success

rates, user satisfaction

Updated usability testing;
comparison to previous

round

Usability assessment of Missouri

[Ben Rama-
danetal.,

highlighted usability barriers specific to

cancer professionals.

Cancer Registry’s Interactive Map-

ping Reports (Round 2)

2019] [48]
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Key demographic variables essential for stratified anal-
yses and identifying disparities in cancer outcomes
include:

+ Age: Grouped into intervals to examine age-specific
risks and trends.

+ Gender: To explore gender-specific patterns in
cancer incidence, treatment, and outcomes.

+ Geographic Location: Data stratified by region
or nation to assess spatial disparities and inform
targeted interventions.

Detailed cancer type data elements essential for precision
monitoring include:

+ Topography Codes: Based on systems such as
International Classification of Diseases for Oncology,
3rd Edition (ICD-O-3), ensuring consistent
classification of cancer types and progression.

+ Morphology Codes: Critical for understanding
tumor characteristics, informing treatment
strategies, and improving patient outcomes.

Validation of data elements

Out of 17 distributed checklists, 14 were completed and
returned, yielding a response rate of 82%. The charac-
teristics of the participants are summarized in Table 3.
Expert feedback underscored the importance of core
elements such as incidence, prevalence, mortality, and
survival rates, all of which achieved unanimous agree-
ment (CVR=1.0). Additional elements, including YLL
and YLD, were retained with moderate consensus
(CVR=0.71). The results of the review of essential data
elements for CSS are detailed in Table 4. This valida-
tion process affirmed the relevance and applicability of
the proposed checklist as a standardized tool for cancer
surveillance.

Comparative analysis of cancer surveillance systems

Table 5 presents a comparative analysis of key features
and data elements utilized by various cancer surveillance
systems across different regions. This comparison high-
lights the strengths and distinct methodologies employed
by these systems in cancer monitoring. The framework
proposed in the current study stands out by incorporat-
ing additional indicators, such as YLL and YLD, as well as
the integration of multiple standard populations. These
enhancements enable a more comprehensive evaluation
of cancer burden and improve the adaptability of the
framework to diverse regional contexts.
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Fig. 2 Risk of bias Assessment using Joanna Briggs Institute (JBI) tool for Cohort Study
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Table 3 Characteristics of participants in the data elements
checklist validation process

Characteristic Frequency (%)
Gender
Male 12 (85%)
Female 2 (15%)
Specialization
Health Service Management 2 (15%)
Pathology 4(27.5%)
Epidemiology 2 (15%)
Oncology 4(27.5%)
Professional Doctorate 2 (15%)
Work Experience
Less Than 10 Years 3(21%)
Between 10 And 20 Years 9 (64%)
Over 20 Years 2 (15%)
Discussion

This study aimed to define and identify the essential data
elements required for a comprehensive CSS. Through a
systematic review of studies and global CSS, a compara-
tive evaluation of 13 systems, and rigorous expert vali-
dation, critical epidemiological indicators, demographic
factors, and clinical data elements were identified. These
findings underscore the importance of standardized data
collection practices, advanced technological integration,
and achieving a balance between global comparability
and regional adaptability. Together, these insights lay the
groundwork for developing robust and adaptable CSS
frameworks that are essential for enhancing public health
decision-making and addressing the escalating global
cancer burden.
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The systematic review of 13 studies and expert valida-
tion prioritized incidence, prevalence, mortality, survival
rates, YLD, and YLL due to their unanimous (CVR =1.0)
or strong (CVR=0.71) endorsement, reflecting their cen-
trality to epidemiological tracking and burden assess-
ment, unlike less critical indicators such as crude rates
(CVR=0.57), which experts deemed redundant given
age-standardized alternatives. Comparative analysis
showed that frameworks omitting advanced filters (e.g.,
county-level geography) or emerging metrics, as in some
GCO implementations, were less adaptable, leading to
their exclusion in favor of our multi-faceted approach.
This aligns with Conderino’s study [10], who similarly
prioritized standardized, actionable indicators over less
granular metrics in EHR-based surveillance, reinforcing
our focus on precision and utility. By excluding frame-
works lacking interoperability or comprehensive scope,
the present study ensures a robust, prioritized CSS
design tailored to diverse public health needs.

Epidemiological indicators

Epidemiological indicators such as incidence, preva-
lence, mortality, survival rates, YLL, and YLD provide a
comprehensive understanding of cancer trends and their
impact on public health. These metrics serve as the foun-
dation for effective cancer prevention, diagnosis, treat-
ment, and survivorship care strategies [2, 16].

Incidence is a cornerstone metric of cancer surveil-
lance, reflecting the number of new cases diagnosed
within a specific timeframe. It enables the identification
of emerging trends, geographic disparities, and popula-
tion-specific risk factors. Systems like SEER, GCO, and
ECIS prioritize incidence data, which underpins their

Table 4 Results of the validation of essential data elements for Cancer surveillance systems

Data Element Required Better if Included Not Necessary CVR

Epidemiological Indicators
Number Of Cases 14 (100%) 0 0 1.00
Incidence Rate 14 (100%) 0 0 1.00
Prevalence Rate 14 (100%) 0 0 1.00
Mortality Rate 14 (100%) 0 0 1.00
Survival Rate 14 (100%) 0 0 1.00
YLL 8 (57%) 2 (14%) 4 (29%) 0.71
YLD 7 (50%) 2 (14%) 4 (29%) 0.71
Crude Rate 6 (43%) 3(21%) 5 (36%) 057
Age-Standardized Rate (National) 8 (57%) 2 (14%) 4 (29%) 0.71
Age-Standardized Rate (SEGI) 10 (72%) 1 (7%) 3(21%) 0.85
Age-Standardized Rate (WHO) 12 (85%) 0 2 (15%) 1.00

Filtering Indicators
Time 14 (100%) 0 0 1.00
Gender 14 (100%) 0 0 1.00
Age Group 14 (100%) 0 0 1.00
Geographic Area 14 (100%) 0 0 1.00
Cancer Type 14 (100%) 0 0 1.00
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Table 5 Comparative analysis of data elements across Cancer surveillance systems

Cancer Surveillance System Epidemiological Indicators Standard Population Cancer Classification Geo-
graphical
Location
Level
Global Cancer Observatory Incidence, SEGI 38 cancer types Based on Global,
Prevalence, Organ Body National
Mortality,
Survival
United States Incidence, WHO 25 cancer types Based on National,
Prevalence, Organ Body State,
Mortality, County
Survival
Europe Incidence, 1976, 2013 European Standard 37 cancer types Based on Regional,
Prevalence, Population, Organ Body National
Mortality, WHO
Survival,
Pediatric Data
Australia Incidence, 2001, 2023 Australian 49 cancer types Based on National,
Prevalence, Population, Organ Body Regional
Mortality, SEGI,
Survival, WHO
Screening
United Kingdom Incidence, European Standard Population 40 cancer types Based on National,
Prevalence, Organ Body and Organ Type Regional
Mortality,
Survival,
Screening,
Treatment
Stanford Health Program Mortality - - National
This Study (Proposed Incidence, National, All cancer types National,
Framework) Prevalence, SEGI, Based on Provincial,
Mortality, WHO Organ System, County
Survival, Organ Body,
YLD, Organ Type
YLL

ability to assess and compare cancer patterns globally. For
example, GCO reported a 16% global rise in lung cancer
incidence between 2012 and 2020, primarily driven by
increased tobacco use in Asia and Eastern Europe [1, 22,
26]. SEER data highlights disparities in the U.S., where
African American men exhibit the highest prostate can-
cer incidence, underscoring the importance of targeted
screening programs [26].

Prevalence provides a holistic view of cancer burden
by combining incidence, survival, and mortality data. It
informs long-term planning for oncology services and
survivorship care. In the U.S., the projected increase
in cancer survivors from 16 million in 2020 to nearly
22 million by 2030 underscores the growing demand for
integrated care models [26, 49, 50]. Similarly, ECIS pro-
jections emphasize the need for comprehensive rehabili-
tation and psychosocial support for Europe’s increasing
survivor population [22].

Mortality rates reveal cancer lethality and the efficacy
of public health interventions. SEER reports that lung
cancer remains the leading cause of cancer mortality
in the U.S., accounting for 25% of cancer deaths [2, 26].

Globally, GCO data illustrates stark contrasts: lower-
income countries face higher mortality rates due to
limited early detection and treatment access, while high-
income countries like Australia have achieved declining
mortality rates for breast and prostate cancers, reflecting
effective prevention and treatment programs [1].

Survival rates—expressed as 1-year, 5-year, and 10-year
metrics—are pivotal for assessing healthcare perfor-
mance and treatment effectiveness. While SEER reports
a 5-year survival rate for breast cancer at 90% due to
advancements in screening and therapies, pancreatic and
liver cancers remain below 20%, necessitating improved
diagnostic and therapeutic approaches [26]. Disparities
in survival rates between low- and high-income settings
further underscore the need for equitable access to can-
cer care [1, 51].

Emerging indicators like YLL and YLD provide
nuanced insights into cancer’s societal and individual
impacts. GCO attributes the highest global YLL to lung
cancer, particularly in Eastern Europe and Asia [2]. Early
colorectal cancer screening programs in the U.S. have sig-
nificantly reduced YLL, demonstrating the effectiveness
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of proactive interventions [26]. YLD captures the long-
term impact of cancer on survivors” quality of life [1, 52].

This study highlights the critical importance of incor-
porating YLL and YLD into global CSS to complement
traditional metrics such as incidence, prevalence, mor-
tality, and survival. These emerging indicators provide
a more comprehensive perspective on cancer’s burden
by capturing its broader societal and individual impacts
beyond mortality statistics [2, 6]. For instance, a study
by Wei et al. on the cancer surveillance system in China
primarily focused on incidence and mortality data, offer-
ing valuable insights but failing to include YLL and YLD,
which are essential for depicting a more complete pic-
ture of the disease’s burden [53]. Consistent with findings
from the Global Burden of Disease Study, these metrics
align with findings from the Global Burden of Disease
Study, which identified cancer as a leading contributor to
disability-adjusted life years (DALYs) globally, account-
ing for a significant proportion of non-communicable
disease burdens [54]. The integration of YLL and YLD
into this study underscores their relevance in tracking the
increasing survivorship challenges posed by improved
cancer treatment outcomes. For example, GCO reported
that cancer survivors in Europe live an average of 5.6
years with disability, underscoring the necessity for
focused rehabilitation and long-term care strategies
[1]. These indicators facilitate a nuanced evaluation of
both immediate and extended care requirements, mak-
ing them indispensable for comprehensive public health
planning. By adopting YLL and YLD, global CSS can
provide a holistic framework for understanding cancer’s
total impact, improving the capacity for evidence-based
policymaking, strategic resource allocation, and targeted
intervention design. These metrics collectively enrich
the scope of cancer surveillance, enabling public health
stakeholders to address both the acute and chronic needs
of cancer patients and survivors, ultimately contributing
to more effective cancer prevention, treatment, and sup-
port systems [18, 55].

The systematic review of 13 studies and expert valida-
tion prioritized incidence, prevalence, mortality, survival
rates, YLD, and YLL due to their unanimous (CVR =1.0)
or strong (CVR=0.71) endorsement, reflecting their cen-
trality to epidemiological tracking and burden assess-
ment, unlike less critical indicators such as crude rates
(CVR=0.57), which experts deemed redundant given
age-standardized alternatives. Comparative analysis
showed that frameworks omitting advanced filters (e.g.,
county-level geography) or emerging metrics, as in some
GCO implementations, were less adaptable, leading to
their exclusion in favor of our multi-faceted approach.
This aligns with Conderino et al. (2022) [10], who simi-
larly prioritized standardized, actionable indicators
over less granular metrics in EHR-based surveillance,
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reinforcing our focus on precision and utility. By exclud-
ing frameworks lacking interoperability or comprehen-
sive scope, our study ensures a robust, prioritized CSS
design tailored to diverse public health needs.

Data filtering criteria

In addition to key epidemiological indicators, effective
data filtering criteria enhance the granularity of cancer
surveillance, enabling more tailored public health inter-
ventions. This study highlighted several critical filters:
age-standardized populations, sex, age groups, geograph-
ical location, and cancer types.

Age-standardized populations

The inclusion of multiple standard populations—such
as the national population, SEGI, and WHO—provides
a critical advantage in age-standardizing cancer data,
enabling more precise comparisons between regions with
differing demographic structures. This approach stands
in contrast to traditional systems like SEER and GCO,
which typically rely on a single standard population, such
as SEGI or WHO. By incorporating a variety of standard
populations, this approach helps mitigate potential biases
associated with age-related cancer risks, thereby ensur-
ing more accurate and comprehensive data comparabil-
ity. The flexibility to use multiple standard populations
allows for more detailed analysis, particularly in regions
with significant age differences, such as countries with
aging populations or those with younger demographics.
The importance of utilizing multiple standard popula-
tions has been underscored in studies by Anderson [56]
and Mousavi [57], who highlighted the value of incorpo-
rating both national and international standards. Ander-
son emphasized that the choice of standard population
can lead to significant variations in cancer rates, which
underscores the robustness of this study’s approach [56].
By including the national standard population alongside
widely recognized international standards such as SEGI
and WHO, this study facilitates more accurate represen-
tations of cancer trends at both the national and regional
levels. This is particularly relevant for comparing cancer
incidence rates across provinces, aligning with Mousavi
recommendation to use national standards in conjunc-
tion with international ones to better understand cancer
patterns [57]. Moreover, the ability to select between dif-
ferent standard populations enhances the flexibility and
accuracy of cancer data comparisons. Ahmad demon-
strated in a study that the choice of standard population
has a significant impact on international cancer compari-
sons [58]. Similarly, Bray raised concerns about the biases
introduced when relying on a single standard population,
a limitation addressed by this study’s multi-population
approach [3]. Furthermore, the flexibility provided by
this study aligns with the recommendations of IACR,
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which advocates for the use of multiple standard popula-
tions to improve the comparability of cancer data across
regions and time periods. This approach ensures that
cancer epidemiological indicators are accurately adjusted
for demographic variations, providing a more robust and
reliable framework for cancer surveillance and global
health comparisons.

Sex and age group filters

Sex- and age-specific filters are essential for identify-
ing demographic disparities in cancer trends. Systems
like SEER and GCO effectively leverage these filters to
highlight gender-specific patterns, such as higher rates
of breast cancer in women and prostate cancer in men,
and age-specific trends like the prevalence of colorectal
cancer in older populations [26]. This stratification sup-
ports targeted public health interventions, ensuring that
programs like mammography screening or prostate can-
cer awareness campaigns are appropriately tailored [59].

Geographical location filters

Geographical filters, which allow for the analysis of can-
cer data at county and provincial levels, are critical for
understanding regional disparities in cancer incidence,
survival, and treatment outcomes. Focusing on finer
geographical levels, such as counties, provides a higher
resolution at the national level, surpassing global systems
like SEER and GCO, which primarily focus on national or
provincial data. This approach allows for more detailed
analysis of regional disparities in cancer incidence and
outcomes, enabling more targeted and effective public
health interventions. The ability to analyze data at this
level enables the identification of local risk factors—such
as socioeconomic conditions, environmental exposures,
and healthcare access—which are often obscured in
broader regional analyses. This is consistent with findings
from Goovaerts [60] and Dowell [61], who emphasized
the importance of detailed geographic data for targeting
interventions and addressing health inequalities. Jerrett
in a study demonstrated the value of fine-scale spatial
data for understanding the relationship between environ-
mental exposures and cancer risk, reinforcing the need
for detailed geographic filtering in cancer surveillance
[62].

Cancer types: topography and morphology codes

A refined classification of cancer types, using ICD-O-3
codes, is essential for ensuring data consistency and
comparability. A multi-level classification system—com-
prising Organ System (e.g., C15-C26 for the gastrointes-
tinal system), Organ Body (e.g., C16 for the stomach),
and Organ Types (e.g., C16.0 for Cardia-NOS)—facili-
tates more detailed epidemiological analysis compared
to global systems that typically use broader organ-level
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classifications. This refined approach allows for a more
precise understanding of cancer distribution, enabling
targeted public health interventions and more accurate
comparisons across regions. For instance, while systems
like SEER and GCO group cancers into categories like
gastrointestinal or respiratory, this classification distin-
guishes between C16 (stomach cancer) and C16.0 (cardia
cancer), allowing for more precise tracking and under-
standing of cancer patterns. Fritz [63] and Howlader [64]
emphasized that more detailed classification enhances
the identification of disease patterns and risk factors,
ultimately improving targeted interventions. Addition-
ally, Farley [2] and Gatta [65] noted the importance of
precise coding for tracking rare cancers, which are often
underreported in broader classifications. The ability
to filter cancer data based on specific anatomical codes
supports detailed analysis, further contributing to bet-
ter public health outcomes and more effective treatment
planning. This approach also facilitates the correlation of
genomic data with specific cancer subtypes, as empha-
sized by Hatter enabling a more tailored and personal-
ized approach to cancer treatment [66].

Practical implications

This study’s framework advances CSS by integrating
standardized data elements and advanced filtering crite-
ria, offering significant practical implications for health-
care providers, public health officials, and policymakers.
The present systematic review of 13 studies and compar-
ative analysis of 13 CSS identified critical gaps in current
knowledge, such as limited use of emerging metrics like
YLD and YLL, which our framework incorporates with
expert validation, enriching understanding of cancer bur-
den beyond traditional indicators. For surveillance prac-
tices, the framework’s adoption of ICD-O-3 classification
and county-level geographic filters enables healthcare
providers to monitor trends with precision and design
targeted interventions, such as screening programs for
high-incidence regions or tailored therapies for specific
cancer subtypes, surpassing systems like GCO that lack
such granularity. Policymakers benefit from this com-
prehensive data, validated with high reliability, to allo-
cate resources effectively, prioritizing areas with elevated
mortality or survivorship needs, as demonstrated by our
framework’s adaptability across contexts. In resource-
rich settings, it supports real-time visualization tools
for swift decision-making, while its incremental adapt-
ability ensures foundational practices in resource-lim-
ited settings evolve into sophisticated metrics, bridging
global comparability and regional specificity to optimize
evidence-based public health strategies and patient out-
comes [67, 68].
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Addressing the research questions

The primary research question, which seeks to identify
the essential data elements and methodological practices
required to design and validate a comprehensive frame-
work for CSS ensuring accurate epidemiological tracking,
is addressed by our systematic review’s findings. Through
the analysis of 13 studies and expert validation, we identi-
fied incidence, prevalence, mortality, survival rates, YLD,
and YLL as critical elements, achieving strong consensus,
alongside practices such as ICD-O-3 coding and multiple
standard populations. The comparative evaluation of 13
systems, including GCO and SEER, highlighted deficien-
cies in comprehensive metrics, which our framework
rectifies with high reliability, ensuring precision in track-
ing cancer trends.

A secondary question investigates how demographic
and geographic filters improve the granularity and util-
ity of cancer surveillance data for tailored public health
interventions across diverse populations. This study
demonstrates that these filters, validated with unanimous
expert agreement, enhance data specificity, as seen in
systems like SEER where stratification supports targeted
actions, such as screening in high-incidence regions.
By extending this capability to county-level granular-
ity, our framework amplifies its utility, enabling precise
interventions adaptable to varied demographic contexts.
Another secondary question examines the gaps in cur-
rent cancer surveillance system methodologies, including
data standardization, interoperability, and adaptability,
and how these can be addressed for global applicability
and local relevance. This analysis revealed inconsisten-
cies in standardization (e.g., variable ICD-O adoption),
limited interoperability (e.g., lack of real-time data), and
poor adaptability (e.g., insufficient subnational detail).
The proposed framework mitigates these through stan-
dardized elements, advanced IT integration, and flexible
filters, offering a balanced solution that enhances surveil-
lance across diverse healthcare settings.

The question of how emerging indicators like YLD
and YLL enhance the evaluation of cancer burden and
the effectiveness of surveillance systems in inform-
ing resource allocation and policy development is also
addressed. The findings of the present study show that
including these indicators, supported by expert endorse-
ment, extends burden assessment beyond traditional
metrics, unlike GCO’s narrower focus. This addition,
integrated into our framework, informs resource allo-
cation, such as rehabilitation needs, and policy deci-
sions, like screening program impacts, enhancing system
effectiveness. A further secondary question explores
the role of standard populations, such as those used for
ASRs, in ensuring comparability of cancer indicators
across regions and facilitating consistent global bur-
den assessments. Our framework’s adoption of multiple
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standards (SEGI, WHO, national), backed by strong
expert approval, outperforms single-standard systems
like SEER, reducing variability noted in this compara-
tive analysis. This approach ensures robust, comparable
global assessments of cancer burden. Finally, the ques-
tion of how integrating cancer type classification, such
as ICD-O, contributes to precision, consistency, and
comparability in cancer surveillance data across diverse
datasets is answered. The study confirms that ICD-O-3
integration, unanimously supported, resolves discrepan-
cies observed in some CSS. Our framework’s multi-level
classification (organ system, body, type) enhances data
precision and comparability, strengthening surveillance
accuracy across datasets.

Implications for resource-limited settings

The proposed framework represents a significant
advancement in cancer surveillance; however, its imple-
mentation in resource-limited settings poses unique
challenges. Limited access to advanced technology, insuf-
ficient workforce training, and issues related to data
quality and completeness may impede the adoption of
standardized practices. Addressing these barriers will
require targeted capacity-building initiatives, including
the development of specialized training programs for
healthcare personnel, the establishment of international
collaborations to share expertise and resources, and the
introduction of cost-effective technological solutions tai-
lored to the needs of low-resource settings.

This study has limitations that should be acknowl-
edged. The exclusion of non-English articles may have
limited the diversity of perspectives and methodologies
considered in the systematic review, potentially over-
looking important insights from non-English-speaking
regions. Additionally, while the expert validation process
yielded valuable feedback, the reliance on a relatively
small panel of 17 specialists introduces a risk of selection
bias, as their views may not comprehensively represent
the broader community of stakeholders involved in can-
cer surveillance. Furthermore, the focus on established
CSS excluded emerging but unpublished or pilot systems,
which may contain innovative practices or methodolo-
gies relevant to the study’s objectives. Lastly, the appli-
cability of the proposed framework in resource-limited
settings remains to be rigorously tested. Infrastructural
and technological constraints, alongside financial limita-
tions, could pose significant challenges to its widespread
implementation.

To address these limitations, future research should
prioritize pilot testing the framework in diverse health-
care environments, particularly in low- and mid-
dle-income countries, to evaluate its feasibility and
adaptability. Tailored strategies that integrate founda-
tional elements of the framework incrementally could
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facilitate its adoption, ensuring that essential data collec-
tion practices are established before advancing to more
complex metrics and analyses. These efforts will be cru-
cial in enabling resource-limited settings to benefit from
standardized cancer surveillance practices, ultimately
contributing to equitable global health outcomes.

Conclusion

This study emphasizes the importance of integrating
standardized epidemiological indicators and advanced
data filtering criteria into CSS. By addressing gaps in
global comparability, regional adaptability, and emerg-
ing metrics, the proposed framework enhances cancer
surveillance capabilities. Future research should explore
the integration of novel data sources such as genomic and
environmental data to further enrich cancer monitoring
systems. Through such advancements, CSS can better
inform public health strategies, optimize resource alloca-
tion, and improve cancer outcomes globally.
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