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Purpose: Liver cancer, predominantly hepatocellular carcinoma (HCC), represents a significant health burden in Saudi Arabia,
ranking as the 8" most common cancer in males and 14™ in females. Accurate prevalence estimation is essential for healthcare
planning, resource allocation, and understanding disease burden. Challenges in prevalence assessment include incomplete capture of
historical cases by the Saudi Cancer Registry (SCR) before its full operational capacity, as well as the absence of dedicated prevalence
surveys. This study estimates the point prevalence of HCC in Saudi Arabia for the year 2021 using population-based incidence data,
survival estimates, and census information.

Patients and Methods: A population-based prevalence estimation study was conducted using incident HCC cases reported to the
SCR (2005-2017), population census data (2005-2020), and published national survival data. The study population comprised all
newly diagnosed HCC cases reported during the study period. Prevalence was calculated by multiplying incident cases from each
diagnosis cohort by their corresponding age- and gender-specific survival probabilities to estimate the number of HCC survivors alive
in 2021, divided by the population at risk. Monte Carlo simulation with binomial distribution (n = incident cases; p = survival
probability) was performed 1000 times to generate a distribution of prevalent cases, with 2.5th and 97.5th percentiles defining 95%
confidence intervals. Age- and gender-specific prevalence rates were standardized to the WHO 20002025 World Standard Population
using direct standardization for international comparability.

Results: Between 2005 and 2020, 6743 HCC cases were newly diagnosed and reported to the SCR, comprising 4685 males (69.5%)
and 2058 females (30.5%). By the end of 2020, the estimated number of male HCC survivors was 637.3 (95% CI: 612.8-663.2), while
females numbered 496.9 (95% CI: 474.1-521.8). In 2021, the age-standardized prevalence rate of HCC was 8.62 per 100,000
population for males (95% CI: 8.28-8.98) and 6.36 per 100,000 for females (95% CI: 6.08-6.67), with an overall combined age-
standardized rate of 7.49 per 100,000 (95% CI: 7.25-7.76). HCC prevalence increased progressively with age, with the highest
proportion of diagnosed cases occurring in individuals aged 75 years and above (males: n=1315; females: n=420). Younger cohorts
diagnosed after 2015 showed markedly improved survival rates compared to those diagnosed in 2005, reflecting advances in treatment
modalities.

Conclusion: This study provides a comprehensive population-based estimate of HCC prevalence in Saudi Arabia, demonstrating
substantial gender and age disparities in disease burden. The predominance of HCC in males and elderly populations underscores the
need for targeted epidemiological research to identify modifiable risk factors, particularly given the markedly lower prevalence of
alcohol-related liver disease compared to global HCC endemic regions. The methodological framework utilizing integration of
incidence, population-based survival data, and WHO standardization provides a replicable model for disease burden estimation in
countries with limited prevalence survey infrastructure. Future research should focus on disease etiology, including the role of chronic
hepatitis B, chronic hepatitis C, metabolic-associated steatotic liver disease, and the evolving patterns of liver disease in Saudi Arabia.
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Introduction
Liver cancer represents a major global health burden and ranks as the fourth leading cause of cancer-related mortality
worldwide." In 2022, approximately 865,269 new cases and 757,948 deaths due to liver cancer were reported globally.”
Within the Arabian Gulf region, Saudi Arabia accounts for the largest proportion of liver cancer cases at 83.4% of
regional cases, followed by Oman (6.6%), Kuwait (4.3%), Bahrain (2.4%), the United Arab Emirates (1.8%), and Qatar
(1.6%).> In Saudi Arabia specifically, hepatocellular carcinoma (HCC) ranks eighth among all cancers in males and
fourteenth in females,* with peak incidence in males aged 45—74 years and females aged 60—74 years.> According to the
Saudi Cancer Registry, 376 HCC cases were reported in 2015, increasing to 450 cases in 2020, representing 3.2% of all
newly diagnosed malignancies in the Kingdom.®

The epidemiology of HCC in Saudi Arabia differs markedly from global patterns, primarily due to the region’s
unique profile of chronic liver disease etiologies. In most HCC endemic regions worldwide (particularly Southeast
Asia and sub-Saharan Africa), hepatitis B virus (HBV) infection and hepatitis C virus (HCV) infection account for
approximately 80% of HCC cases globally.” However, Saudi Arabia exhibits a distinctive epidemiological pattern
characterized by a very low prevalence of alcohol-related liver disease,® and evolving patterns of viral hepatitis and
metabolic liver disease.

Historically, HBV was the leading cause of HCC in Saudi Arabia,” but a nationwide neonatal vaccination program since
1989 has significantly reduced HBV prevalence (now about 1-2%) and related HCC cases,'®"!

younger cohorts. Despite this success, HCV remains a major health issue, currently estimated at 0.3% prevalence and
10,12

with lower rates among

projected to decrease further due to improved treatments, though it now surpasses HBV as a cause of cirrhosis and

14,15

HCC in recent studies.'® The rise of metabolic-associated steatotic liver disease (MASLD) — driven by high rates of

diabetes and obesity (over 20% and 35-40%, respectively, among adults)'® — is reshaping HCC epidemiology in Saudi Arabia,
with MASLD-related HCC expected to increase substantially as the population burden grows.'”'®

While HCC is characterized by relatively short overall survival compared to some other malignancies, prevalence
remains an epidemiologically meaningful and clinically important metric. Prevalence estimation serves several critical
functions in cancer epidemiology as it provides a snapshot of the current disease burden in a population at a specific point
in time, essential for healthcare planning and resource allocation; it reflects the cumulative impact of both incidence and
survival, providing a comprehensive picture of active disease burden; it enables tracking of changes in disease burden
over time, which can reflect either declining incidence (due to improved prevention or screening detection of early
lesions) or improving survival (due to therapeutic advances); and it identifies populations living with HCC who require
ongoing clinical management, surveillance, or palliative care. Furthermore, a small but meaningful subset of HCC
patients achieve long-term survival through liver transplantation or aggressive multimodal therapy,'® creating
a subpopulation of long-term survivors whose care needs differ substantially from newly diagnosed patients. Point
prevalence estimates capture these surviving patients and their associated healthcare needs.

Accurate estimation of HCC prevalence in Saudi Arabia faces substantial methodological challenges. Traditional
prevalence estimation approaches, such as cross-sectional surveys or linkage between cancer registries and national vital
statistics databases, are limited by high costs, incomplete population coverage, and data gaps.’®?' The Saudi Cancer
Registry has captured HCC cases increasingly comprehensively over time since its establishment in 1994, yet historical
data completeness and case ascertainment have evolved. Additionally, point-in-time prevalence surveys are not routinely
conducted in Saudi Arabia. This study addresses these methodological gaps by employing established epidemiological
techniques that integrate cancer registry incidence data, published national survival estimates, and population census data
to derive robust prevalence estimates and confidence intervals.
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Patients and Methods
Study Design and Population

This is a population-based prevalence estimation study conducted in the Kingdom of Saudi Arabia, a country with
a population of approximately 34 million inhabitants (2021 census). The study population comprised all individuals
newly diagnosed with HCC who were reported to the Saudi Cancer Registry between 2005 and 2020, stratified by
gender, age-group (16 categories: 0—4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 4044, 45-49, 50-54, 55-59,
60-64, 65—69, 7074, 75+ years), and year of diagnosis.

Data Sources

Cancer incidence data were obtained from the Saudi Cancer Registry (SCR), which operates under the governance of the
Ministry of Health and represents the national cancer surveillance system for the Kingdom of Saudi Arabia. The SCR
collects incidence data from cancer diagnostic and treatment facilities nationwide and is supported by mandatory
reporting requirements for all newly diagnosed malignancies to health authorities.?> For this analysis, HCC incidence
data were extracted for the period 2005-2017. The SCR data collection for 2018-2020 was not yet finalized at the time of
analysis; therefore, 2018-2020 incidence rates were projected using validated cubic polynomial modeling of 2005-2017
trends. Data were available through 2017 at the time of analysis due to standard data validation and quality control
procedures, which require a processing lag of approximately 2-3 years.

Population Census Data: Age- and gender-specific population data for the years 20052020 were obtained from the
Saudi General Authority for Statistics (GASTAT),> the official source of national demographic data. For years with
missing population estimates (2018-2020), estimates from the Ministry of Economy and Planning population projections
were incorporated.>* These projections are based on the 2016 national census and applied standard demographic
methodology incorporating vital statistics. Total population figures were missing for 2011, 2013, and 2014 in certain
stratifications; these were interpolated from adjacent years using linear interpolation methodology. All population figures
refer to the Saudi Arabian population that includes Saudi nationals only.

Survival Data: Published survival estimates were obtained from the most recent Saudi Arabia-specific source
available at the time of analysis. Age- and gender-specific one-year, three-year, and five-year survival probabilities for
HCC were extracted from the most recent published report,”> which analyzed HCC survival outcomes in the Saudi
population using the cohort method with follow-up conducted through vital statistics linkage and medical record review.
These published estimates reflect cause-specific survival adjusted for competing causes of mortality and were stratified
by age-group and gender, enabling robust estimation of expected survivors.

Definition of Hepatocellular Carcinoma
For this analysis, HCC was defined according to the 10th revision of the International Classification of Diseases (ICD-10)
histology code C22.0, which is used by SCR.?® The analysis focused exclusively on HCC and excluded other histological

types of primary liver cancer.

Prevalence Calculation Methodology

It is critical to distinguish the prevalence estimation methodology employed in this study from survival analysis, as these
represent fundamentally different epidemiological concepts. Survival analysis measures the probability that an individual
diagnosed with a disease remains alive for a defined period of follow-up; it requires individual-level time-to-event data
and is typically estimated using the Kaplan-Meier method or Cox proportional hazards models.”’ In contrast, point
prevalence estimation measures the number of individuals in a population who have a given disease (in this case, HCC)
at a specific point in time (January 1, 2021). This study performs prevalence estimation, NOT survival analysis. The
prevalence calculation integrates published survival proportions with incidence data to estimate how many individuals
diagnosed in prior years remain alive in 2021—this is an arithmetic application of population epidemiological principles,

not a statistical survival analysis.28
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Mathematical Framework
Point prevalence of HCC was calculated using the following formula:

Eiizzoooslage, gender (y) X Sage, gender(y - 2021)

Pageﬁ gender(zozl) = N, d (2021)
age, gender

x 100,000

Where:

Page gender(2021) = age- and gender-specific point prevalence rate per 100,000 population in 2021

Luge gender(¥) = number of incident HCC cases diagnosed in year y in the specific age-gender stratum

Sage.gender(y — 2021) = probability of survival from year of diagnosis y to 2021 in the specific age-gender stratum

Nge gender(2021) = population size of the specific age-gender stratum in Saudi Arabia in 2021.

The following steps were undertaken to estimate the prevalence rate:

Step 1 — Incident case ascertainment: for each year from 2005-2017 with complete SCR data, the number of newly
diagnosed HCC cases was extracted, stratified by 5-year age groups and gender. The resulting age-specific incidence
rates were calculated as cases per 100,000 person-years at risk.

Step 2 — Incidence projection for 2018-2020: for years 2018-2020, when SCR data processing had not been completed,
age- and gender-specific incidence rates from 2017 were projected forward using validated cubic polynomial modeling of
incidence trends from 2005-2017 data. The cubic polynomial function fits a three-dimensional age-period surface to
historical incidence data and provides stable rate projections for short periods (1-3 years) when recent trends are stable
Statistical analysis of the fitted model demonstrated that incidence trends declined after 2010 but stabilized with minor
variations after 2015 (Supplementary Figure S1), justifying the application of 2017 rates to the 2018-2020 period. These

projected rates were applied to population projections for 2018-2020 to estimate incident cases.

Step 3 — Survival probability assignment: for each cohort of incident cases (defined by diagnosis year, age-group, and
gender), the corresponding age- and gender-specific survival probability to 2021 was determined. Where survival
probabilities were published for specific age groups matching registry age categories, published values were directly
applied. For age groups where directly published estimates were unavailable, survival probabilities were interpolated from
adjacent age groups using linear interpolation, assuming a monotonic change in survival probability with age. All survival
estimates represented all-cause mortality estimates; in other words, they account for both deaths from HCC and deaths from
other causes, reflecting the net probability of a patient diagnosed in a given year remaining alive in 2021.

Step 4 — Calculation of expected number of survivors: for each age-gender-year cohort, the expected number of
survivors in 2021 was calculated as:

Expected Survivorsge, gender, year = lage, gender (vear) X Suge. gender (vear — 2021)

This calculation produced age-gender-year-specific estimates of expected survivors, many of which were non-integer
values. Non-integer values emerged from three aspects of the methodology: (1) age-standardization involving weighting
factors applied to each age stratum; (2) application of survival probabilities as proportional multipliers; and (3)
population interpolation procedures for years with missing census data. These values represent weighted, standardized,
and estimated values rather than actual case counts.

Step 5 — Confidence interval estimation via Monte Carlo simulation: To appropriately represent uncertainty in
the prevalence estimates, we employed Monte Carlo simulation methodology.® For each age-gender-year cohort,
the number of survivors was modeled as a binomial random variable with parameters n (number of incident cases)
and p (survival probability). This process was repeated 1000 times to generate a distribution of total prevalent
HCC cases for each stratum. The 2.5th and 97.5th percentiles of this distribution defined the 95% confidence
interval around the point estimate. This approach accounts for probabilistic uncertainty in survival without
requiring normality assumptions and appropriately handles the discrete nature of count data.

Age Standardization
Age-standardized prevalence rates were calculated using the direct standardization method applied to the WHO
2000-2025 World Standard Population. The WHO standard was selected for this analysis to enable comparison with
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recently published international HCC epidemiology data, as it has become the accepted reference for direct age
standardization in contemporary cancer epidemiology.’®*' The WHO 2000-2025 standard population differs from the
previously used SEGI-Doll standard and European Standard populations by incorporating a higher proportion of older
age groups (reflecting contemporary global age structures) and fewer young children, making it more appropriate for age-
standardizing cancer incidence and prevalence rates in the current demographic era.

Age-standardized rates were calculated as:

ASR = 22X 100,000
2iwi
Where:
w; = weight (population proportion) for age group i in the WHO 2000-2025 standard population
r; = age-specific HCC prevalence rate (per 100,000) for age group i in the Saudi population
The denominator sums to 100,000. Additional detailed definitions, assumptions, and calculations for missing data are
included in the Supplementary Files: Appendix A and Appendix B (Supplementary Tables 1-3).

Statistical Analysis

Prevalence rates are presented as point estimates with 95% confidence intervals. Age-specific and gender-specific rates
are presented separately. Overall prevalence rates (combining all ages and genders) are presented as age-standardized
rates. Proportional differences in HCC prevalence between males and females were compared using the ratio of age-
standardized rates. Temporal trends in the number of survivors were examined using descriptive analysis by year of
diagnosis, examining whether surviving numbers increased across more recent diagnostic cohorts (reflecting shorter
follow-up time in addition to either higher incidence or improved survival in recent years).

Results

Incident Cases and Case Ascertainment

Between 2005 and 2020, the Saudi Cancer Registry reported 6743 newly diagnosed HCC cases, comprising 4685 males
(69.5%) and 2058 females (30.5%), representing a male-to-female ratio of 2.28:1. The distribution of incident cases by
age-group demonstrated marked age-related patterns, with peak incidence occurring in older age groups. Individuals aged
75 years and above accounted for the largest single age-group among newly diagnosed cases: 1315 males (28.0% of all
male cases) and 420 females (20.4% of all female cases). The 70-74 age-group represented the second most affected age
stratum, followed by the 65-69 age-group. Notably, incident cases occurred across all age groups, with smaller numbers
diagnosed in younger age-groups (Figure 1A).

Estimated Number of HCC Survivors

Overall Survivor Numbers by Gender: By the end of 2020, based on applying published survival probabilities to incident
cohorts from 2005-2020, the estimated number of male HCC survivors alive in Saudi Arabia was 637.3 individuals (95%
CI: 612.8-663.2), while the corresponding number for females was 496.9 (95% CI: 474.1-521.8). These estimates
represent cumulative survivors from all HCC diagnosis cohorts from 2005-2020, weighted by their respective age- and
gender-specific survival probabilities to 2021.

Progressive Increase in Recent Survivors: The number of expected survivors increased substantially over time,
reflecting shorter follow-up time in addition to possible improved outcomes in more recently diagnosed cohorts
(Tables 1 and 2). Among males (Table 1), only 6.5 expected survivors remained from the 2005 diagnostic cohort (out
of 211 diagnosed), representing a 3.1% survival to 2021. This low proportion reflects the extended follow-up time (16
years from 2005 to 2021) combined with the relatively short natural survival of HCC. In contrast, males diagnosed in
2015 had 40.8 expected survivors out of 274 diagnosed (14.9% survival to 2021), representing more than six-fold
increase in absolute survivor numbers and approximately 5-fold increase in survival proportion compared to the 2005
cohort. By 2020, the year nearest to the prevalence assessment point, 104.4 males out of 264.3 diagnosed (39.5%) were

Journal of Hepatocellular Carcinoma 2025:12 hetps: 3067


https://www.dovepress.com/article/supplementary_file/576090/576090%20supplementary%20file.docx
https://www.dovepress.com/article/supplementary_file/576090/576090%20supplementary%20file.docx
https://www.dovepress.com/article/supplementary_file/576090/576090%20supplementary%20file.docx
https://www.dovepress.com/article/supplementary_file/576090/576090%20supplementary%20file.docx

De Vol et al

>

0-4 0-4 mmm 34
59 18 5-9 mm 17
10-14 110 10-14 11
15-19 19 15-19 M 12
2024 |13 7 20-24 mm 18
5 2529 W 16 § 2529 18
> 30-34 m 28 > 30-34 mm 19
o 35-39 M 31 o 35-39 m 27
3 40-44 -l 76 g 40-44 NN 59
5, 45-49 170 o 45-49 I 110
© 50-54 — 341 o 50-54 I 163
< 5559 I 473 < 55-59 I 240
60-64 I 641 60-64 I 292
65-69 I 776 65-69 I 294
70-74 N 724 70-74 I 330
75+ I 1315 75+ I 420
0 200 400 600 800 1000 1200 1400 0 100 200 300 400 500
Males Females
B * Males: n=4685
. n=
a0 < o Females: n=2058
59 W 22 59 Wl 14
10-14 M 26 10-14 NN 26
15-19 W12 15-19 M 9
20-24 W 14 20-24 m 10
2529 W12 __ 2529 mm 19
g 30-34 W13 g 30-34 WM 14
O 35-39 W 22 S 35-39 W 17
Z 40-44 m 28 Z 40-44 30
S 45-49 mmmm 77 S 4549 — 38
O 50-54 I 143 © 50-54 NN 93
D 5550 — 265 5550 GG 150
O 60-64 I 433 D 60-64 I 223
65-60 I 527 65-69 I 245
70-74 e 631 70-74 I 302
75-79 . 779 75-79 . 324
80-84 I 311 80-84 I 2783
85-80 I 502 85-89 I 196
90+ I 224 90+ | 71
0 200 400 600 800 1000 0 50 100 150 200 250 300 350
Males Females

Figure | Diagnosed liver cancer cases. (A) Total number of cases by gender and age-group at the time of diagnoses (2005-2020), (B) Total number of cases between 2005
and 2020 by gender and estimated age-group in 2021.

expected to be alive in 2021, reflecting either once again a short follow-up with possible improved survival in recent
years or a mix of improved survival and improved treatment outcomes.

Among females (Table 2), only 19.4 expected survivors remained from the 2005 diagnostic cohort (out of 81
diagnosed), representing a 24.0% survival to 2021. This higher female survival proportion compared to males from

Table | Number of Males Diagnosed with Liver
Cancer Per Year in Saudi Arabia and the Expected
Number of Survivors

Year | Diagnosed | Expected Alive®
Data from | 2005 | 211.0 6.5
RS | 2006 | 2910 1.4

2007 | 314.0 18.3

2008 | 303.0 235

2009 | 295.0 252

2010 | 329.0 312

(Continued)
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Table | (Continued).

Year | Diagnosed | Expected Alivel
2011 | 330.0 37.1
2012 | 344.0 39.0
2013 | 339.0 41.2
2014 | 310.0 40.0
2015 | 274.0 40.8
2016 | 290.0 45.0
2017 | 264.0 44.9
Projection | 2018 | 268.8 56.8
2019 | 258.0 68.3
2020 | 2643 104.4
Total 4685.1 633.9

Note: TExpected alive = probability X total diagnosed.

Table 2 Number of Females Diagnosed with Liver
Cancer Per Year in Saudi Arabia and the Expected

Number of Survivors

Year | Diagnosed | Expected Alive®
Data from | 2005 | 81.0 19.4
Registry 2006 | 125.0 23.4
2007 | 121.0 20.3
2008 | 115.0 228
2009 | 136.0 29.2
2010 | 154.0 315
2011 | 158.0 32.8
2012 | 130.0 279
2013 | 156.0 311
2014 | 156.0 32.3
2015 | 102.0 21.8
2016 | 127.0 27.3
2017 | 124.0 30.6
Projection | 2018 | 126.2 36.9
2019 | 1222 433
2020 | 124.6 67.9
Total 2058 498.6

Note: TExpected alive = probability X total diagnosed.
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the same 2005 cohort is notable (24.0% females vs 3.1% males). In the 2015 diagnostic cohort, females had 21.9
expected survivors out of 102 diagnosed (21.4% survival), indicating a relatively stable survival proportion compared to
2005. However, by 2020, females had 67.9 expected survivors out of 124.6 diagnosed (54.4% survival), representing
a more than tripling of survivor numbers compared to 2015 and doubling compared to earlier cohorts.

Prevalence Rates — 2021

Age-Standardized Prevalence Rates: In 2021, the age-standardized HCC prevalence rate was 8.62 per 100,000 population
for males (95% CI: 8.28-8.98) and 6.36 per 100,000 for females (95% CI: 6.08—6.67). The combined overall age-
standardized prevalence rate across both genders was 7.49 per 100,000 population (95% CI: 7.25-7.76), calculated by
combining the male and female estimates proportionally weighted by the Saudi population gender distribution.

The male-to-female ratio of age-standardized prevalence was 1.36:1, indicating substantially higher disease burden in
males. This male predominance aligns with global HCC epidemiology and reflects both higher male incidence rates
(male-to-female incidence ratio of 2.28:1) and more favorable female survival proportions in recent cohorts.

Age-Specific Prevalence Rates: Crude (non-standardized) age-specific prevalence rates demonstrated marked
variation by age, with rates increasing progressively from the youngest age-groups to the oldest (Table 3). In males,
crude prevalence rates were essentially zero (< 0.1 per 100,000) for age-groups 0—49 years, then increased to 0.45 per

Table 3 Prevalence of Liver Cancer Among Females and Males in the Saudi Arabian Population, 2020

Females Males ASRT | Standard
Age- No. of Person- Crude | Adjusted | No. of Person- Crude | Adjusted (Al World .
Group Expected | Years at Rate Rate Expected | Years at Rate Rate Population
(Years) Alive Risk Alive Risk

0-4 0.0 1,118,772 | 0.0 0.0 0.00 1,156,740 | 0.0 0.0 0.0 12,000
5-9 12.87 1,094,213 1.18 0.12 16.50 1,131,036 1.5 0.15 0.13 10,000
10-14 22.60 983,142 2.30 0.21 22.35 1,009,509 | 2.2 0.20 0.20 9,000
15-19 7.98 923,703 0.86 0.08 7.50 955,017 0.8 0.07 0.07 9,000
20-24 6.97 1,009,686 | 0.69 0.06 7.33 1,105,616 | 0.7 0.05 0.05 8,000
25-29 8.74 1,007,650 | 0.87 0.07 6.40 1,027,552 | 0.6 0.05 0.06 8,000
30-34 6.11 911,036 0.67 0.04 6.6l 924,990 0.7 0.04 0.04 6,000
35-39 6.77 794,568 0.85 0.05 343 811,980 0.4 0.03 0.04 6,000
40-44 11.90 662,067 1.80 0.11 4.29 686,927 0.6 0.04 0.07 6,000
45-49 .16 546,749 2.04 0.12 16.11 577,297 2.8 0.17 0.14 6,000
50-54 27.96 435,625 6.42 0.32 41.12 460,430 8.9 0.45 0.38 5,000
55-59 48.82 330,131 14.79 0.59 75.27 359,440 20.9 0.84 0.71 4,000
60-64 58.47 243,614 24.00 0.96 99.77 260,327 383 1.53 1.25 4,000
65-69 46.34 168,598 27.49 0.82 88.42 158,369 55.8 1.67 1.25 3,000
70-74 58.89 118,941 49.51 0.99 77.96 115,620 67.4 1.35 .17 2,000
75-79 62.25 77,381 80.45 0.80 85.68 76,360 1122 1.12 0.96 1,000
280 99.04 96,684 102.44 1.02 78.58 90,358 87.0 0.87 0.95 1,000

All 496.9 10,522,560 | 4.72 6.36 637.3 10,907,568 | 5.84 8.62 749 100,000

Note: TASR, Age-standardized rate; Expected alive = probability X total diagnosed.
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100,000 in the 50-54 age-group, 0.84 per 100,000 in the 55-59 age-group, and rose progressively to 1.53 per 100,000
in the 60—64 age-group. The oldest age-groups showed the highest crude rates, with 1.35 per 100,000 in 70-74 year-
old males and 1.12 per 100,000 in 75-79 year-old males, declining slightly to 0.87 per 100,000 in males aged 80 years
and above.

Female age-specific crude rates demonstrated a similar age-related pattern but with different magnitudes. Female
crude rates were essentially zero for ages 0—49 years, then 0.32 per 100,000 in the 50-54 age-group, progressing to
0.96 per 100,000 in 60—64 year-old females, 0.82 per 100,000 in 65—69 year-old females, and showing slightly lower
rates in the oldest age-groups (0.80 per 100,000 in 75-79 years) with 1.02 per 100,000 in females 80 years and
above.

Distribution of Survivors by Age at Diagnosis: Analysis of the age-distribution of HCC patients alive in 2021 who
were diagnosed between 2005-2020 revealed concentration in middle and older age-groups (Figure 1B). The largest
proportions of living patients were those diagnosed in the 55-59 (representing the peak in historical diagnosis), 60—64,
and 65-69 age-groups. However, individuals diagnosed at the oldest ages (80+ years) represented a notable subset of
survivors despite lower absolute incidence in these age-groups, reflecting the competing effect of higher baseline non-
HCC mortality in elderly populations.

Non-Integer Values in Tables

As noted in the methodology section, prevalence and survivor estimates contain non-integer values. These values are
weighted, standardized expected values rather than actual case counts. The non-integer nature reflects: (1) the application
of fractional age-standardization weights from the WHO standard population (eg, weights of 0.08857, 0.08687, for
different age groups); (2) the multiplication of incident counts by survival probabilities (eg, 100%0.455 = 45.5); and (3)
the interpolation of missing population data. While actual diagnosed cases are integers, prevalence estimates derived
through standardized epidemiological methodology are properly expressed as non-integer weighted and standardized
estimates.*

Discussion
The most striking epidemiological feature of HCC in Saudi Arabia is its concentration in elderly populations, particularly
individuals aged 70 years and older. This study found that 58.4% of all HCC cases diagnosed during 2005-2020 occurred
in individuals aged 70 years or older (approximately 80% threshold reported in some earlier analyses.*® This strong age-
related trend in HCC incidence reflects the biological reality that HCC develops after decades of chronic liver disease,
requiring time for the accumulation of cirrhosis and malignant transformation. The median age at diagnosis for HCC
globally ranges from 6070 years, depending on geographic region and HCC etiology.** The concentration of HCC in
older age-groups has important implications: it affects populations with higher baseline comorbidity burdens, potentially
influencing treatment candidacy and prognosis; it requires age-appropriate screening and surveillance strategies in high-
risk populations; and it raises questions about optimal clinical management balancing curative intent with quality-of-life
considerations in elderly patients.

Our study confirms a pronounced male predominance in HCC epidemiology in Saudi Arabia, with males accounting for
69.5% of incident cases and demonstrating an age-standardized prevalence approximately 1.36 times higher than females. The

3536 and with

male-to-female incidence ratio of 2.28:1 observed in this analysis aligns closely with global HCC epidemiology
HCC patterns reported in other Middle Eastern countries.’” Multiple biological mechanisms have been proposed to explain
gender-based HCC risk disparities: One prominent hypothesis implicates estrogen-mediated suppression of interleukin-6 (IL-
6) production by Kupffer cells (hepatic macrophages), reducing hepatic inflammation and HCC risk in females.’® IL-6 is
a pro-inflammatory cytokine implicated in hepatocarcinogenesis, particularly in the context of chronic viral hepatitis and
cirrhosis. Estrogen-responsive suppression of IL-6 production provides a potential biological explanation for lower HCC risk
in premenopausal women and warrants investigation in Saudi populations. A second proposed mechanism involves gender
differences in adiponectin production and metabolism. Lower adiponectin levels in males, independent of obesity status, have
been associated with higher HCC risk through dysregulation of metabolic pathways, including AMP-activated protein kinase

(AMPK) signaling.** Adiponectin has anti-inflammatory and anti-angiogenic properties; reduced levels promote hepatic
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inflammation and are associated with increased HCC susceptibility. This mechanism may be particularly relevant in Saudi
Arabia, given the high prevalence of obesity and metabolic dysfunction. A third mechanism proposes that androgens have
tumor-promoting effects, with androgens showing synergistic oncogenic effects with HBV in males but not females.>> This
mechanism may explain the particularly high HCC risk in males chronically infected with HBV and suggests that this pathway
may be less active in HCV-related or MASLD-related HCC development. While alcohol-related liver disease is notably absent
or extremely rare in Saudi Arabia due to Islamic religious practices proscribing alcohol consumption, smoking remains more
prevalent in males than in females in Saudi Arabia. Tobacco smoke exposure has been associated with increased HCC risk
through oxidative stress and impaired hepatic regeneration mechanisms.*” Though likely a minor contributor compared to
viral and metabolic pathways, smoking may contribute to gender differences in HCC risk.

An unexpected finding in this analysis was the apparent improvement in female survival in more recent diagnostic cohorts
(2015-2020), with female survivors increasing from 21.8 expected survivors in 2015 to 67.9 in 2020, compared to male
survivors increasing from 40.8 to 104.4 over the same period. This pattern warrants careful interpretation. One recent large
cohort study of multi-ethnic Asian patients found that females diagnosed with HCC had superior overall survival compared to
males, contrasting with some earlier analyses.*' Potential explanations include: (1) stage at diagnosis—if females are
diagnosed at earlier disease stages than males, stage-adjusted survival would appear superior; (2) performance status—
females may present with better performance status at diagnosis; (3) treatment receipt—females may receive more aggressive
treatment; and (4) comorbidity profiles—females may have fewer competing causes of mortality. A prior SEER database
analysis found that women aged 55-65 years had superior survival compared to men of the same age, which the authors
attributed to estrogenic protective effects.®> These gender-based survival differences warrant further investigation in Saudi-
specific cohorts with detailed clinical staging, treatment data, and comorbidity assessment.

The marked increase in absolute numbers of surviving HCC patients in more recent diagnostic cohorts (particularly
2015-2020) reflects one of the following: (1) increased HCC incidence in recent years, leading to more diagnosed
patients overall; and (2) improved survival outcomes in recent years, resulting in higher survival proportions among
diagnosed patients and (3) shorter follow-up time period. From a public health perspective, the increase in prevalent HCC
cases has substantial implications for healthcare resource planning, oncology capacity, and supportive/palliative care
needs. An increasingly prevalent population may reflect therapeutic progress (desirable), but also creates increased
demand for long-term surveillance, management of treatment complications, and psychosocial support services.

The age-standardized HCC prevalence of 7.49 per 100,000 population observed in this study is lower than rates
reported in HCC endemic regions (Southeast Asia, sub-Saharan Africa, where age-standardized incidence rates exceed
20-30 per 100,000 in some regions),*> but represents a substantial disease burden for the Middle East. The 2020
GLOBOCAN estimates indicated global HCC age-standardized incidence of 9.2 per 100,000, with substantial geographic
variation.*® Saudi Arabia’s observed prevalence is close to or slightly lower than global average incidence estimates,
reflecting its intermediate position between HCC-endemic regions and HCC-non-endemic regions. However, relative to
other countries in the Gulf Cooperation Council (GCC) region, Saudi Arabia bears the largest absolute burden of HCC
cases, accounting for 83.4% of regional cases.’

The methodological approach employed in this study—integrating registry incidence data with published survival
estimates and population census data to estimate point prevalence—represents a validated epidemiological technique.***®
Similar approaches have been employed in cancer registries worldwide to estimate prevalence when point-in-time
surveys are unavailable. This methodological framework is replicable in other countries with similar data infrastructure
limitations and could serve as a model for prevalence estimation in healthcare systems with established cancer registries
but limited prevalence survey capacity.

This study possesses several important methodological strengths: (i) it is the first population-based prevalence
estimate of HCC specifically for Saudi Arabia, filling an important epidemiological knowledge gap; (ii) it integrates
multiple established data sources (cancer registry, population census, published survival data) using validated epidemio-
logical techniques; (iii) it employs age- and gender-stratified analyses, enabling identification of high-risk subpopula-
tions; (iv) it applies WHO 2000-2025 age standardization, enabling international comparisons and longitudinal tracking;
(v) it incorporates Monte Carlo simulation methodology to derive 95% confidence intervals that appropriately account for
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probabilistic uncertainty; and (vi) the results are presented transparently with detailed methodological description to
enable external review and potential replication.

The study must be interpreted in light of several important limitations: (i)The Saudi Cancer Registry captures the large
majority of HCC cases diagnosed in Saudi Arabia but is subject to underascertainment due to incomplete case reporting,
missed cases diagnosed outside the formal medical system, and potential geographical gaps in registry coverage. Registry data
completion and case ascertainment have improved over the study period (2005-2020), introducing potential bias. This study
likely underestimates true HCC prevalence. (ii) The analysis utilized published national survival estimates to estimate
expected survivors. These published estimates, while from Saudi Arabian sources, may not perfectly capture the age- and
gender-specific survival experiences for all HCC patients in the population. Variation in survival by stage at diagnosis,
treatment received, comorbidity profile, and other factors is not captured in these summary survival estimates. This represents
an important potential source of estimation error. (iii) For years 2018-2020, with incomplete registry data collection, incidence
rates were projected using polynomial modeling of 2005-2017 trends. If actual incidence deviated substantially from
projected trends, prevalence estimates for 2021 would be accordingly affected. However, statistical analysis demonstrated
somewhat stability in incidence trends after 2015, supporting the validity of short-term projections. (iv) For years with missing
census population data (2011, 2013, 2014, 2019-2020), linear interpolation was employed. This approach assumes linear
population change between years with actual data, which may not reflect actual demographic dynamics (immigration,
emigration, fertility changes). However, sensitivity analyses including and excluding these interpolated years were planned
to assess the impact. (v) While this analysis discusses HCC etiology extensively, the SCR does not systematically capture
underlying liver disease etiology (HBV, HCV, MASLD, autoimmune disease) for all HCC patients. Therefore, the study
cannot provide etiology-specific prevalence estimates. Future epidemiological studies integrating HCC registry data with
serology, imaging, and clinical assessment would enable etiology-specific disease burden estimation. (vi) The study presents
prevalence estimates for a single point in time (beginning of 2021). Trends in prevalence over multiple years would enable
assessment of whether disease burden is increasing or decreasing over time, which would have greater public health
implications than a single-year snapshot. Longitudinal prevalence studies tracking disease burden across multiple years are
needed. (vii) The findings of this study describe HCC epidemiology specifically in Saudi Arabia and may have limited
generalizability to other Middle Eastern countries with different healthcare infrastructure, HCC etiology profiles, or disease
surveillance systems.

The findings of this population-based prevalence estimation study have substantial implications for public health
policy, clinical practice, and future research in Saudi Arabia: The estimated 1134 HCC survivors alive in Saudi Arabia in
2021 represent a distinct population requiring ongoing specialized oncological care, radiological surveillance, and
management of treatment complications. This population size must be factored into healthcare system capacity planning,
including oncology clinic staffing, imaging resources, transplantation capacity, and supportive care services. The
substantial concentration of HCC in older age-groups reflects the long latency of HCC development from chronic
liver disease. Current prevention efforts appropriately focus on: (i) continued HBV vaccination in children (achieving >
95% coverage for secondary prevention); (ii) scaling of HCV direct-acting antiviral therapy to reduce HCV-related
cirrhosis and HCC; (iii) obesity prevention and management to reduce MASLD burden; and (iv) diabetes prevention and
management, which addresses a key metabolic risk factor for MASLD and HCC. These prevention approaches, while not
addressing current HCC patients, will reduce future HCC incidence as younger, vaccinated cohorts age.

The strong age-related trend in HCC incidence suggests that age-based screening strategies (targeting individuals
50-60 years and older with established cirrhosis or advanced fibrosis) are appropriate. However, etiological-specific
screening is also important: individuals with chronic hepatitis B should undergo surveillance regardless of cirrhosis stage
(as HCC can develop in non-cirrhotic HBV patients); those with advanced hepatitis C-related fibrosis should receive
DAA therapy if not already treated; and those with MASLD-related cirrhosis require HCC surveillance.

Several important avenues for future research emerge from this study: (i) Etiology-specific prevalence estimates:
Future research should integrate HCC registry data with serological (HBsAg, anti-HCV), imaging (ultrasound findings of
cirrhosis), and clinical data (liver fibrosis assessments) to enable prevalence estimates stratified by HCC etiology (HBV,
HCV, MASLD, and others). (ii) Longitudinal prevalence tracking: Repeating prevalence estimation at regular intervals
(every 3-5 years) will enable tracking of disease burden changes over time and assessment of whether HCC burden is
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increasing or decreasing. (iii) Analysis of HCC prevalence by geographic region within Saudi Arabia (Eastern Region,
Central Region, Western Region, Northern Region, Southern Region) would illuminate regional variations in disease
burden and enable targeted regional interventions. (iv) Stage-specific and outcomes data: Integration of tumor stage
(TNM staging), treatment received, and clinical outcomes into prevalence analyses would enable more detailed
characterization of the prevailing HCC population and could guide treatment and surveillance strategies, and (v)
Detailed analysis of temporal trends in HCC incidence across 2005-2025 would clarify whether declining prevalence
is occurring due to declining incidence (reflecting primary prevention success) or declining survival (reflecting potential
therapeutic challenges).

Conclusion

This study presents the first population-based prevalence estimate of HCC in Saudi Arabia for 2021, demonstrating an
age-standardized prevalence of 7.49 per 100,000 population, with males disproportionately affected (8.62 per 100,000)
compared to females (6.36 per 100,000). HCC demonstrates marked concentration in older populations, with 58.4% of
incident cases occurring in individuals aged 70 years and older. The male-to-female ratio of 2.28:1 for incidence and
1.36:1 for prevalence aligns with global patterns and reflects both biological factors and epidemiological factors.

Ethical Approval and Data Availability
This research was conducted in accordance with the Declaration of Helsinki and the ethical standards of the Kingdom of
Saudi Arabia. Approval was granted by the Ethics Committee of King Faisal Specialist Hospital and Research Center
(RAC 2240010). The study involved secondary analysis of de-identified cancer registry data; informed patient consent
was waived due to the retrospective nature and use of de-identified data.

Individual-level patient data cannot be shared publicly due to Saudi healthcare data privacy regulations. Aggregated
prevalence rates, age-specific rates, and population-level findings are provided in the paper and supplementary File.

Requests for additional aggregated data analysis, not compromising individual privacy, may be directed to the corre-
sponding author.

Acknowledgments

The authors gratefully acknowledge the Saudi Cancer Registry, the Saudi General Authority for Statistics (GASTAT),
and the Ministry of Economy and Planning for the provision of epidemiological and demographic data essential to this
analysis. We thank Dr. Harsha Suresh Kawre and Dr. Priyanka Biswas Karmakar from the Turacoz Group (https:/www.
turacoz.com) for administrative support. We acknowledge the contributions of all healthcare providers throughout Saudi
Arabia who reported cases to the Saudi Cancer Registry, enabling population-based cancer surveillance.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Disclosure

Dr Shouki Bazarbashi reports grants from Roche pharma, during the conduct of the study; grants from Roche, personal
fees from MSD, personal fees from Novartis, non-financial support from Johnson and Johnson, personal fees from Astra
Zeneca, grants from Merck, personal fees from BMS, non-financial support from Hikma, outside the submitted work.
The authors declare that there are no conflicts of interest.

3074 https: Journal of Hepatocellular Carcinoma 2025:12


https://www.dovepress.com/article/supplementary_file/576090/576090%20supplementary%20file.docx
https://www.turacoz.com
https://www.turacoz.com

De Vol et al

References

—_

hed

Now

®

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.
23.
24.
25.
26.

27.
28.

29.
30.
31.
32.
33.
34.
35.

36.

. Chidambaranathan-Reghupaty S, Fisher PB, Sarkar D. Hepatocellular carcinoma (HCC): epidemiology, etiology and molecular classification. Adv

Cancer Res. 2021;149:1-61. doi:10.1016/bs.acr.2020.10.001

Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin. 2024;74(3):229-263. doi:10.3322/caac.21834

Albarrak J, Al-Shamsi H. Current status of management of hepatocellular carcinoma in the Gulf region: challenges and recommendations. Cancers.
2023;15(7):2001. doi:10.3390/cancers15072001

. Alolyan A, Alshammari K, Arabi M, et al. Treatment patterns and recommendations for improving the management of hepatocellular carcinoma in

Saudi Arabia. J Hepatocell Carcinoma. 2024;11:349-362. doi:10.2147/jhc.S442842
Cancer Incidence Report Saudi Arabia 2015. Saudi Health Council; 2018.
Cancer Incidence Report Saudi Arabia 2020. Saudi Health Council; 2023.

. Singal AG, Lampertico P, Nahon P. Epidemiology and surveillance for hepatocellular carcinoma: new trends. J Hepatol. 2020;72(2):250-261.

doi:10.1016/j.jhep.2019.08.025

Alenezi YM, Harris R, Morling J, Card T. Prevalence of non-alcoholic fatty liver disease (NAFLD) in Saudi Arabia: systematic review and
meta-analysis. Cureus. 2023;15(6):e40308. doi:10.7759/cureus.40308

Abdo AA, Hassanain M, AlJumah A, et al. Saudi guidelines for the diagnosis and management of hepatocellular carcinoma: technical review and
practice guidelines. Ann Saudi Med. 2012;32(2):174-199. doi:10.5144/0256-4947.2012.174

Alshammari KI, Ginawi I, Sherfi H, Ahmed HG. Hepatobiliary cancers in Saudi Arabia from 2000 to 2025. Cureus. 2025;17(4):e81994.
doi:10.7759/cureus.81994

. Seroprevalence of viral hepatitis B and C among blood donors in the northern region of Riyadh Province, Saudi Arabia. Healthcare. 2021;9(8).

doi:10.3390/healthcare9080934

Alfadhli DS, Sulimani SM, Fadl SM, Bin Jumah IM, Alanazi AF, Alangari AS. Hepatitis B virus, hepatitis C virus, and human immunodeficiency
virus infection among premarital screening individuals in Saudi Arabia. Int J Public Health. 2024;69:1607809. doi:10.3389/ijph.2024.1607809
Badheeb AM, Al Sedran MK, Ahmed F, et al. Clinical characteristics and survival of hepatocellular carcinoma: insights from single-centre
experience in Saudi Arabia. Cureus. 2024;16(1):¢52608. doi:10.7759/cureus.52608

Younossi Z, Anstee QM, Marietti M, et al. Global burden of NAFLD and NASH: trends, predictions, risk factors and prevention. Nat Rev
Gastroenterol Hepatol. 2018;15(1):11-20. doi:10.1038/nrgastro.2017.109

Rinella ME, Neuschwander-Tetri BA, Siddiqui MS, et al. AASLD Practice Guidance on the clinical assessment and management of nonalcoholic
fatty liver disease. Hepatology. 2023;77(5):1797-1835. doi:10.1097/HEP.0000000000000323

El-Kebbi IM, Bidikian NH, Hneiny L, Nasrallah MP. Epidemiology of type 2 diabetes in the Middle East and North Africa: challenges and call for
action. World J Diabetes. 2021;12(9):1401-1425. doi:10.4239/wjd.v12.i19.1401

Alswat K, Aljumah AA, Sanai FM, et al. Nonalcoholic fatty liver disease burden - Saudi Arabia and United Arab Emirates, 2017-2030. Saudi
J Gastroenterol. 2018;24(4):211-219. doi:10.4103/sjg.SJG_122_18

Ding Z, Wang L, Sun J, Zheng L, Tang Y, Tang H. Hepatocellular carcinoma: pathogenesis, molecular mechanisms, and treatment advances. Front
Oncol. 2025;15:1526206. doi:10.3389/fonc.2025.1526206

Lai Q, Viveiros A, lesari S, et al. Prognostic factors for 10-year survival in patients with hepatocellular cancer receiving liver transplantation. Front
Oncol. 2022;12:877107. doi:10.3389/fonc.2022.877107

Crouch S, Smith A, Painter D, Li J, Roman E. Determining disease prevalence from incidence and survival using simulation techniques. Cancer
Epidemiol. 2014;38(2):193-199. doi:10.1016/j.canep.2014.02.005

. Gigli A, Mariotto A, Clegg LX, et al. Estimating the variance of cancer prevalence from population-based registries. Stat Methods Med Res.

2006;15(3):235-253.

Saudi cancer registry (Saudi Health Council) (2025). shc.gov.sa/Saudi cancer registry.

Population statistics ((GASTAT) GAos). 2022. Available from: https://www.stats.gov.sa/en/. Accessed December 26, 2025.

Social and demographic indicators. 2025. Available from: https://mep.gov.sa/en/knowledge-base/annual-indicators. Accessed December 26, 2025.
Aseafan M, Devol E, AlAhwal M, et al. Population-based survival for cancer patients in Saudi Arabia for the years 2005-2009. Sci Rep. 2022;12
(1):235. doi:10.1038/s41598-021-04374-6

International statistical classification of diseases and related health problems 10th revision (World Health Organization). 2019. Available from:
https://icd.who.int/browse10/2019/en. Accessed December 26, 2025.

Klein JP. Survival Analysis: Techniques for Censored and Truncated Data. Springer; 2003.

Verdecchia A, De Angelis G, Capocaccia R. Estimation and projections of cancer prevalence from cancer registry data. Stat Med. 2002;21
(22):3511-3526. doi:10.1002/sim.1304

Gentle J. Computational Statistics. Springer; 2009.

Inoue M. Age standardization of rates: a new WHO standard. World Health Organization.

Bray FCM, Mery L, Pifieros M, Znaor A, Zanetti R, Ferlay J. Cancer Incidence in Five Continents Volume XI. World Health Organization; 2021.
Stang A, Gianicolo E. Age standardization of epidemiological frequency measures: part 37 of a series on the evaluation of scientific publications.
Dtsch Arztebl Int. 2025;122(14):387-392. doi:10.3238/arztebl.m2025.0072

Macias RIR, Monte MJ, Serrano MA, et al. Impact of aging on primary liver cancer: epidemiology, pathogenesis and therapeutics. Aging. 2021;13
(19):23416-23434. doi:10.18632/aging.203620

McGlynn KA, Petrick JL, London WT. Global epidemiology of hepatocellular carcinoma: an emphasis on demographic and regional variability.
Clin Liver Dis. 2015;19(2):223-238. do0i:10.1016/j.c1d.2015.01.001

Yang D, Hanna DL, Usher J, et al. Impact of sex on the survival of patients with hepatocellular carcinoma: a Surveillance, epidemiology, and end
results analysis. Cancer. 2014;120(23):3707-3716. doi:10.1002/cncr.28912

Abboud Y, Ismail M, Khan H, et al. Hepatocellular carcinoma incidence and mortality in the USA by sex, age, and race: a nationwide analysis of
two decades. J Clin Transl Hepatol. 2024;12(2):172—-181. doi:10.14218/jcth.2023.00356

Journal of Hepatocellular Carcinoma 2025:12 hetps: 3075


https://doi.org/10.1016/bs.acr.2020.10.001
https://doi.org/10.3322/caac.21834
https://doi.org/10.3390/cancers15072001
https://doi.org/10.2147/jhc.S442842
https://doi.org/10.1016/j.jhep.2019.08.025
https://doi.org/10.7759/cureus.40308
https://doi.org/10.5144/0256-4947.2012.174
https://doi.org/10.7759/cureus.81994
https://doi.org/10.3390/healthcare9080934
https://doi.org/10.3389/ijph.2024.1607809
https://doi.org/10.7759/cureus.52608
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1097/HEP.0000000000000323
https://doi.org/10.4239/wjd.v12.i9.1401
https://doi.org/10.4103/sjg.SJG_122_18
https://doi.org/10.3389/fonc.2025.1526206
https://doi.org/10.3389/fonc.2022.877107
https://doi.org/10.1016/j.canep.2014.02.005
https://www.stats.gov.sa/en/
https://mep.gov.sa/en/knowledge-base/annual-indicators
https://doi.org/10.1038/s41598-021-04374-6
https://icd.who.int/browse10/2019/en
https://doi.org/10.1002/sim.1304
https://doi.org/10.3238/arztebl.m2025.0072
https://doi.org/10.18632/aging.203620
https://doi.org/10.1016/j.cld.2015.01.001
https://doi.org/10.1002/cncr.28912
https://doi.org/10.14218/jcth.2023.00356

De Vol et al

37.

38.

39.

40.

41.

42.

43.

Pan CW, Attar B, Lo CH. Epidemiological trends and gender differences in hepatocellular carcinoma: analysis from the global burden of disease
study 2019. Off J Am Coll Gastroenterol. 2023;S1161. doi:10.14309/01.ajg.0000955764.74781.d8

Naugler WE, Sakurai T, Kim S, et al. Gender disparity in liver cancer due to sex differences in MyD88-dependent IL-6 production. Science.
2007;317(5834):121-124. doi:10.1126/science.1140485

Manieri E, Herrera-Melle L, Mora A, et al. Adiponectin accounts for gender differences in hepatocellular carcinoma incidence. J Exp Med.
2019;216(5):1108-1119. doi:10.1084/jem.20181288

Petrick JL, Campbell PT, Koshiol J, et al. Tobacco, alcohol use and risk of hepatocellular carcinoma and intrahepatic cholangiocarcinoma: the liver
cancer pooling project. Br J Cancer. 2018;118(7):1005-1012. doi:10.1038/s41416-018-0007-z

Liou WL, Tan TJ, Chen K, Goh GB, Chang JP, Tan CK. Gender survival differences in hepatocellular carcinoma: is it all due to adherence to
surveillance? A study of 1716 patients over three decades. JGH Open. 2023;7(5):377-386. doi:10.1002/jgh3.12910

Akinyemiju T, Abera S, Ahmed M, et al. The burden of primary liver cancer and underlying etiologies from 1990 to 2015 at the global, regional,
and national level: results from the global burden of disease study 2015. JAMA Oncol. 2017;3(12):1683—-1691. doi:10.1001/jamaoncol.2017.3055
Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin. 2021;71(3):209-249. doi:10.3322/caac.21660

Dovepress

Journal of Hepatocellular Carcinoma
Taylor & Francis Group

Publish your work in this journal

The Journal of Hepatocellular Carcinoma is an international, peer-reviewed, open access journal that offers a platform for the dissemination and
study of clinical, translational and basic research findings in this rapidly developing field. Development in areas including, but not limited to,
epidemiology, vaccination, hepatitis therapy, pathology and molecular tumor classification and prognostication are all considered for publication.
The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-hepatocellular-carcinoma-journal

. ournal of Hepatocellular Carcinoma 2025:12
3076 B X in O ) :


https://doi.org/10.14309/01.ajg.0000955764.74781.d8
https://doi.org/10.1126/science.1140485
https://doi.org/10.1084/jem.20181288
https://doi.org/10.1038/s41416-018-0007-z
https://doi.org/10.1002/jgh3.12910
https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.3322/caac.21660
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Patients and Methods
	Study Design and Population
	Data Sources
	Definition of Hepatocellular Carcinoma
	Prevalence Calculation Methodology
	Mathematical Framework
	Age Standardization
	Statistical Analysis


	Results
	Incident Cases and Case Ascertainment
	Estimated Number of HCC Survivors
	Prevalence Rates– 2021
	Non-Integer Values in Tables

	Discussion
	Conclusion
	Ethical Approval and Data Availability
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

