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Evolving Patterns and Cohort-Specific Risks of Anal Cancer Mortality in Spain

+Anal cancer incidence
and mortality are
increasing in high-
income countries.

Highrisk populations:
s*men who have sex
with men (MSM),
speoplewith HIV,
*transplantrecipients,
swomen with HPV-
relged gynecological
CanCers.

Data: Spanish Nationa
Institute of Statistics
mortality records(ICD-
10:C21), 1999-2023.

Analysis:
sAge-standardized
mortality rates (ASMRs)
per 100,000.

*Joinpoint regression for
temporaltrends
*Age—period—cohort
modeling for age, period,
and cohorteffects
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Conclusions: Anal cancer mortality in Spain is rising, especially in adults 250 years. Cohort effects, notably the 1964 generation,
reflect higher HPV exposure. Universal HPV vaccination and targeted screening are urgently needed to curb future deaths.
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Evolving Patterns and Cohort-Specific Risks of Anal Cancer Mortality in Spain

Background: Anal cancer, though rare, is rising in high-income countries, yet
long-term national data from Spain remain limited. This study evaluates 25-year trends
and cohort-specific mortality risks.

Methods: Anal cancer deaths from 1999-2023 were obtained from the Spanish
National Institute of Statistics. Age-standardized mortality rates (ASMRs) were
calculated using the 2013 European standard population. Joinpoint regression
identified temporal trends, while age-period-cohort modelling disentangled age,
period, and birth cohort effects.

Results: Among 2,549 deaths, overall ASMRs increased steadily in men (AAPC =
2.8%, 95% Cl: 1.8;3.8). Women's rates remained lower, ranging from 0.20 to 0.25 per
100,000, with an AAPC of 1.0% (95% Cl: -1.1;3.2). Women showed biphasic patterns:
stable rates 1999-2009 (APC = —2.2%), then significant acceleration post-2009 (APC =
3.5%). Mortality was concentrated in adults >50 years, where rates increased from
0.54 to 1.01 per 100,000 in men and 0.54 to 0.63 per 100,000 in women. Rates in
those <50 years remained extremely low (<0.06 per 100,000), with declining trends in
men after 2012. Age-period-cohort analysis revealed strong cohort effects, with peak
mortality risk in the 1964 birth cohort (RR = 1.95 in men; RR = 1.94 in women vs. 1954
cohort). Local drift analysis showed maximum annual increases at ages 55-59 years.

Conclusions: Anal cancer mortality in Spain has risen substantially, driven by
birth cohort effects concentrated in adults =50 years. Elevated risks in post-1949
cohorts likely reflect increased HPV exposure. Urgently needed are expanded gender-

neutral HPV vaccination and targeted screening for high-risk populations.

Keywords: Anal neoplasms. Mortality. Epidemiology. Time factors. Cohort

studies. Human papillomavirus infections.



Lay Summary

Anal cancer is an uncommon but growing health problem. In recent years, the
number of people dying from this disease has increased in many high-income
countries. Most cases are linked to long-lasting infection with certain types of human
papillomavirus, a very common sexually transmitted virus. Older adults, people with
weakened immune systems, and some high-risk groups are particularly affected.

This study looked at all deaths from anal cancer in Spain over a 25-year period,
from 1999 to 2023. Using national health records, we examined how death rates
changed over time, comparing men and women and looking at different age groups.
Advanced statistical methods were applied to identify long-term patterns and
differences between generations.

We found that 2,549 people died from anal cancer in Spain during this period,
with similar numbers in men and women. Death rates increased steadily among men,
while in women they remained stable until 2009 and then began to rise quickly. The
greatest risks were seen in people born after 1949, suggesting that generational
changes in virus exposure and sexual behaviors are important factors.

These findings highlight that anal cancer is a growing health concern in Spain.
The rise in deaths is especially marked among men, but women are also increasingly
affected. Preventive measures already exist, including vaccination against human
papillomavirus and screening for people at higher risk. Expanding these programs,
alongside improving early diagnosis and treatment, is urgently needed to reduce

future deaths.

Key points:
e Deaths from anal cancer in Spain have risen steadily from 1999 to 2023,
especially among men.
e Women showed stable mortality until 2009, followed by a sharp increase in
later years.
e Higher risks are seen in people born after 1949, likely due to greater exposure

to HPV.



e Expanding HPV vaccination and targeted screening can prevent future deaths.



Introduction

Anal cancer, though relatively uncommon, is an emerging public health concern,
with incidence and mortality rising in many high-income countries and among
vulnerable populations'™. Globally, an estimated 54,306 new cases were reported in
20224, disproportionately affecting women and high-risk groups such as people living
with HIV, men who have sex with men, solid organ transplant recipients, and women
with a history of HPV-related gynaecological malignancies®”.

Squamous cell carcinoma of the anus, the predominant histological subtype, has
shown a sustained increase of 2—-3% per year in the United States®’, with similar trends

1-3,8-12

observed in Europe, Canada, and Australia . Unlike colorectal cancer, where

mortality has declined in recent decades'*, anal cancer mortality continues to
rise>>®® 1 This divergence probably reflects complex interactions between age,
period, and cohort effects®®,

Distinct age-specific epidemiological patterns are evident, varying by sex and
birth cohort. Early-onset disease (<50 years) is increasing>!%®, largely attributable to
HPV exposure, evolving sexual behaviours, and the higher prevalence of HIV

infection?>%.

In contrast, late-onset disease predominates among older adults,
influenced by cumulative exposures, comorbidities, and immunosenescence’*¢7,

Despite these evolving dynamics and the demographic and healthcare transitions
underway in Spain, detailed analyses of national anal cancer mortality trends have
remained scarce. Most available studies have considered anal cancer only within the
broader spectrum of HPV-related malignancies®'®¥2°, leaving critical gaps in
understanding age- and sex-specific temporal patterns and their determinants.

This study therefore aimed to investigate long-term trends in anal cancer
mortality in Spain from 1999 to 2023, focusing on sex- and age-specific differences and
applying age—period—cohort models to elucidate underlying drivers. Understanding

these trends can inform preventive strategies such as gender-neutral HPV vaccination

and targeted screening.

Methods



We analysed anal cancer mortality in Spain between 1999 and 2023 using data
from the Spanish National Institute of Statistics (Instituto Nacional de Estadistica, INE)
mortality database, a comprehensive and reliable source of national death records?'?2.
Deaths were identified using the International Classification of Diseases, 10th Revision
(ICD-10) code C21, which encompasses anal cancer. Mortality data were available by
calendar year, sex, and age group. Corresponding population denominators, also
obtained from INE, provided age-, sex-, and year-specific estimates to calculate
mortality rates.

The central descriptive measure was the age-standardised mortality rate (ASMR)
per 100,000 population, calculated using the direct standardisation method with the
2013 European standard population as the reference?. Analyses were conducted for
the total population (all ages combined), and separately for individuals younger than
50 years and those aged 50 years or older, to account for differences in age-specific
mortality patterns.

Temporal trends were examined using the Joinpoint Regression Program (version
5.2.0.0; National Cancer Institute, USA), which detects statistically significant changes
in trend direction or magnitude®. The default settings were applied to estimate
joinpoints and to obtain additional summary measures, including the annual
percentage change (APC) for each segment and the average annual percentage change
(AAPC) across the full study period (1999-2023). Trends were classified as “increasing”
or “decreasing” if statistically significant (p < 0.05), and as “stable” if not.

To explore the underlying drivers of mortality trends, we conducted
age—period—cohort (A-P-C) modelling using the National Cancer Institute’s statistical
tools?®. This method separates the effects of age (biological ageing processes), period
(time-dependent external influences affecting all ages), and cohort (birth cohort-
specific exposures) on mortality. Analyses were restricted to individuals aged 35-84
years to minimise statistical instability at the extremes of the age distribution. The
additional A-P-C derived metrics included longitudinal age-specific rates, period and
cohort rate ratios (RRs), local drifts (age-specific annual percentage changes), and net
drift (overall annual percentage change). The central categories for age, period, and

birth cohort were used as reference groups. Wald x2 tests were applied to assess the



significance of net drift, age deviations, period deviations, cohort deviations, and
differences between local and net drifts. All results are presented with 95% confidence

intervals.

Results

Between 1999 and 2023, a total of 2,549 deaths from anal cancer were recorded
in Spain, comprising 1,318 in men (51.7%) and 1,231 in women (48.3%). Mortality was
negligible below the age of 30, rose steadily thereafter, and peaked in those aged >85
years, with 514 deaths (179 in men, 335 in women). Annual deaths increased from
approximately 65—-70 in the early 2000s to a maximum of 172 in 2022. Although men
accounted for the majority of deaths overall, women predominated at older ages and
in selected years.

ASMRs displayed clear sex differences (Figure 1). In men, ASMR (all ages) rose
consistently from 0.23 per 100,000 in 1999 to 0.41 in 2023, corresponding to an
average annual increase of 2.8% (95% Cl: 1.8-3.8). Women maintained lower rates
throughout the period, ranging from 0.20 to 0.25 per 100,000, with overall trends
showing relative stability until the late 2000s and subsequent increases thereafter. The
male-to-female ASMR ratio generally remained above 1, peaking at 2.05 in 2012, with
convergence observed only in a few years.

Marked differences were observed by age group (Figure 1). Among individuals
<50 years, mortality was extremely low. In men, rates increased modestly in the early
years before declining after 2012, whereas women showed persistently minimal,
stable rates. In contrast, mortality in those aged =50 years was substantially higher and
accounted for the overall increases. In men, rates rose from 0.54 per 100,000 in 1999
to 1.01 in 2023. In women, rates declined until the late 2000s before increasing to 0.63
per 100,000 in 2023.

A-P-C analyses confirmed strong age and cohort effects (Table 1, Figures 2-3).
Net drift was significant in men (2.6% per year; 95% Cl: 1.4-3.8; p < 0.001) but not in
women (1.0% per year; 95% Cl: —1.1 to 3.2; p = 0.34). Local drifts differed significantly
from the net drift in both sexes (p < 0.001), with declines in early adulthood followed

by steep increases from midlife, peaking at ages 55-59 and tapering thereafter (Figure



2). Age deviations were non-significant, consistent with a log-linear rise in mortality
with advancing age (Figure 3). Period effects were not significant overall (p = 0.23 in
men; p = 0.45 in women), although period relative risks increased significantly in men
(p = 0.001) and showed borderline evidence in women (p = 0.05). Cohort deviations
were highly significant in both sexes (p < 0.001). Earlier cohorts (1919-1944) had lower
risks, whereas the 1964 birth cohort showed the highest risk (RR = 1.95 in men; 1.94 in
women, reference: 1954 cohort). Elevated risks persisted in subsequent cohorts

(1974-1989), although estimates were less precise due to smaller numbers.

Discussion

This study provides the first long-term, national analysis of anal cancer mortality
in Spain, revealing distinct sex- and age-specific trends between 1999 and 2023.
Overall mortality increased significantly, driven predominantly by men and individuals
aged 50 and over. While rates among younger people remained negligible, men in this
age group demonstrated a modest rise followed by a decline after 2012, whereas rates
for women remained stable.

Age-period-cohort modelling revealed pronounced cohort effects. Individuals
born after 1949, particularly the 1964 cohort, exhibited substantially elevated risks.
This is likely a result of increased exposure to human papillomavirus (HPV) and

151820 3 trend consistent with findings from other high-

evolving sexual behaviours
income countries like the United States, Australia, and Northern Europe®°11.2¢,

The rising mortality in Spain mirrors international trends, with male mortality
increasing steadily at 2.8% per year. This is likely driven by the higher prevalence of
persistent high-risk HPV and HIV among men who have sex with men>®. In contrast,
female mortality followed a biphasic pattern, remaining stable until 2009 before
accelerating. This temporal shift may reflect changes in sexual behaviour, HPV
vaccination coverage, and improved detection of HPV-related cancers®. The male-to-
female disparity in mortality is a common international observation®°, For example,
Brazilian data shows that while mortality was initially higher among women, rapid

increases in men led to near-parity by 2021, with the female-to-male mortality rate

ratio dropping from 1.88 (2012-2016) to 1.14 in 2021?’.



These epidemiological patterns are reflected in the clinical burden of the disease
. Between 2016 and 2020, Spain recorded 3,542 hospitalisations for anal cancer. Men
experienced earlier admissions, longer hospital stays, higher healthcare costs, and a
higher prevalence of HIV (11%)%, consistent with international reports linking the anal
cancer burden to HPV and HIV infection™>28, This underscores the tangible impact on
health services and confirms that men bear a disproportionate share of the clinical and
economic burden?3%28,

Age-stratified analyses revealed two distinct epidemiological profiles. In adults
under 50, mortality remained negligible. A post-2012 decline in men within this age
group contrasts with rising early-onset incidence reported elsewhere*%'®, potentially
reflecting improved survival, enhanced prevention strategies, or unique
epidemiological dynamics within Spain.

In stark contrast, adults aged 50 and over accounted for virtually all mortality
increases, with rates 15 to 30 times higher than in younger adults. This pronounced
age gradient, with the highest rates observed in individuals aged 65 and older,
highlights the dual aetiologies of the disease. While early-onset anal cancer is strongly
linked to HPV infection and sexual behaviours, late-onset cases are likely driven by the
cumulative effects of prolonged exposures, immunosenescence, and a higher burden
of comorbidities”®.

The 2009 joinpoint observed in older women may reflect a complex interplay
between epidemiological trends and external factors. This period coincided with
Spain's economic crisis and subsequent healthcare reforms, which could have
influenced diagnostic and treatment accessibility. Data from Brazil further supports
this age-mortality relationship, where the annual percentage change for anal cancer
mortality in individuals over 80 was dramatically higher in men (44% per year)
compared to women (11% per year)?®.

Cohort effects were particularly pronounced, peaking amongst those born in
1964 (relative risk ~1.95 in both sexes). This generation reached adolescence during
the 1980s-1990s, coinciding with HIV emergence, shifting sexual practices, and
absence of HPV vaccination. Persistently elevated risks in subsequent cohorts suggest

sustained exposure to risk factors, contrasting sharply with cancers where younger
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cohorts benefit from prevention initiatives?.

Period effects further illuminate dynamic epidemiological influences. Men
demonstrated steadily increasing period relative risks from 1999 to 2023, potentially
reflecting improved HIV survival rates delaying AIDS-related malignancies®. For women,
temporary decline around 2009-2013 may reflect indirect benefits from cervical cancer
screening programmes or enhanced HIV care protocols. However, these protective
effects proved transient, with mortality rising subsequently.

These dynamic period effects highlight complex interactions between healthcare
practices, risk factor prevalence, and epidemic trends. Supporting evidence from
Brazil, where increased survival amongst people living with HIV and population ageing
have similarly contributed to rising anal cancer mortality, reinforces this
interpretation?’.

HPV represents the principal aetiological factor, detected in virtually all anal
squamous cell carcinoma cases. In Spain, HPV prevalence correlates with lesion
severity: 73.7% in atypical squamous cells of undetermined significance/atypical
glandular cells, 67% in low-grade squamous intraepithelial lesions, and 87.1% in high-
grade squamous intraepithelial lesions/adenocarcinoma in situ®.

Population surveillance data from 2007-2022 demonstrate overall HPV
prevalence of 29.2% amongst individuals with suspected infection, with HPV16
remaining the predominant genotype. Although vaccine-targeted types have
declined—HPV16 prevalence decreased by 72% between 2012 and 2022—other
oncogenic types (HPV58, 53, and 66) remain stable or are emerging, emphasising the
importance of continued genotype surveillance and potential vaccine adaptation®.

Our findings highlight a pressing public health concern in Spain. Anal cancer
mortality continues to rise, particularly among men and older adults, in stark contrast
to declining trends in other gastrointestinal cancers***, This divergence underscores
the urgent need for a cohesive national strategy, as organised prevention and
screening for anal cancer remain absent.

HPV vaccination is the cornerstone of prevention. Since its introduction for girls
in 2007, with subsequent expansion to boys and high-risk groups, Spain has achieved

substantial reductions in high-risk HPV prevalence. HPV16 prevalence alone fell by
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72%, from 11.8% in 2012 to 3.3% in 2022, demonstrating robust vaccine effectiveness.
Nevertheless, non-vaccine high-risk and intermediate-risk HPV types persist or are
emerging, highlighting the need for ongoing genotype surveillance and potential
vaccine adaptation®.

The absence of systematic screening for anal cancer and persistent high-risk HPV
infection is particularly concerning compared with international benchmarks. For
example, the United States’ 2024 guidelines recommend annual assessments and high-
resolution anoscopy for individuals living with HIV3, practices yet to be implemented
in Spain. Emerging evidence supports combining anal cytology with high-risk HPV
testing to enhance diagnostic accuracy, providing a feasible framework for national
implementation®?.

The disproportionate burden of anal cancer among men, alongside rising
infection rates in less-vaccinated cohorts, demands urgent policy action. Universal
gender-neutral  vaccination, targeted catch-up campaigns for  high-risk
groups—including men who have sex with men and people living with HIV—and
stratified screening are essential to reduce future incidence?®3. HPV vaccination
prevents over 90% of HPV-related cancers®®, yet Spain’s historical focus on
preadolescent girls has left men and older cohorts vulnerable. The International Anal
Neoplasia Society’s 2024 guidelines offer evidence-based risk thresholds for screening
high-risk groups, providing a robust model for adaptation within the Spanish
healthcare system?3?,

To address these challenges, Spain must prioritise a comprehensive national
strategy. This should include universal gender-neutral vaccination, targeted catch-up
campaigns for middle-aged and older adults born after 1949, and the establishment of
systematic screening protocols aligned with international standards. Such measures
are essential to mitigate the rising burden of anal cancer and bring Spain’s public
health response in line with global best practices.

Strengths and Limitations

This study's methodological strengths include the use of high-quality national
mortality data spanning 25 years and the application of robust statistical methods

(joinpoint regression and age-period-cohort modelling), enabling nuanced analysis of
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temporal trends and sex-specific differences.

However, important limitations must be acknowledged. Reliance on mortality
rather than incidence data means our findings reflect both disease occurrence and
survival outcomes, potentially masking variations in treatment efficacy across time
periods. Misclassification of anal cancer on death certificates, though minimized by
reliable ICD-10 coding standards, cannot be completely eliminated, particularly among
older age groups where multiple comorbidities may complicate cause-of-death
attribution. Additionally, the absence of individual-level data on HIV status, HPV
vaccination history, and treatment protocols limits direct assessment of these
important risk modifiers.

Furthermore, the INE mortality data, based solely on anatomical location (ICD-10
C21), do not allow differentiation between histological subtypes such as squamous cell
carcinoma and adenocarcinoma, which may have distinct etiological factors (e.g., HPV-
related risks) and survival patterns. Future studies integrating incidence data from
cancer registries (e.g., REDECAN) could address this gap.

Conclusion

Anal cancer mortality in Spain increased substantially between 1999 and 2023.
Men experienced steady rises, while women showed a sharp acceleration after 2009,
largely reflecting higher HPV exposure in cohorts born after 1949.

Addressing this challenge requires urgent expansion of gender-neutral HPV
vaccination, catch-up vaccination for high-risk groups, and the introduction of targeted
screening strategies. Equally critical is ensuring timely diagnosis and effective
treatment access. Proven tools—vaccination and evidence-based screening—are
already available. Coordinated and sustained public health action is essential to

reverse current trends and reduce future mortality.
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Table 1. Wald test statistics for age—period—cohort effects in anal cancer mortality,

Spain, 1999-2023

Hypothesis

Net drift=0

All age deviations =0
All period deviations =0
All cohort deviations =0
All period RR=1

All cohort RR=1

All local drifts = net drift

df

13

14
11

Men

17.99
10.95
4.34
40
18.96
84.27
38.51

p-value

<0.001
0.28
0.23
<0.001
0.001
<0.001
<0.001

Women

>

0.92
8.83
7.21
44.83
9.39
48.83
42.73

p-value

0.34
0.45
0.07
<0.001
0.05
<0.001
<0.001
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Figure 1: Sex-Specific Trends in Age-Standardised Mortality Rates for Anal Cancer in

Spain, 1999-2023
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Figure 2: Net and Local Drift in Anal Cancer Mortality by Sex and Age Group, Spain,

1999-2023
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Figure 3: Age, Period, and Cohort Effects on Anal Cancer Mortality by Sex in Spain,

1999-2023
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