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ABSTRACT 
Background: Malignant mesothelioma is a rare cancer primarily associated with 
occupational asbestos exposure impacting mesothelial cells. Despite regulations 
against asbestos use, this cancer continues to be a public health concern given its 
long latency and shifting age cohorts  older populations with higher risk historical 
exposures and younger cohorts with lower rates, potentially distorting the true 
picture of population incidence risk and trends. The objective of this study was 
to assess the current role of age, period, and cohort (APC) effects on malignant 
mesothelioma incidence. This study extends previous work which examined cases 
reported up until 2013 through 2022.  
 

Methods: Incident mesothelioma cases (pleural and total) were identified using 
SEER-8 cancer registry data (1975-2022). Effects of mesothelioma incidence trends 
were described utilizing the US National Cancer Institute s APC analysis web tool, 
estimating 5-year age intervals, calendar periods, and birth cohorts, stratified by 
age and gender groups (male and female; age 0-74 and 75+ years old).  
 

Results: Annual incidence of mesothelioma among younger males (aged 0-74 
years) has significantly decreased: -1.8%/year for all mesothelioma (95% CI: -3.3, 
-0.3) and -2.2%/year for pleural mesothelioma (95% CI: -4.0, -0.4). Comparatively, 
net drifts for mesothelioma incidence among older adults (75+ years) increased. 
Birth-cohort-adjusted incidence among younger males declined following a peak 
during the period of 1980-1984. Meanwhile, rates have continued to increase 
among older adults but remained mostly unchanged among younger females. 
Temporal patterns in mesothelioma incidence varied across age groups, suggesting 
birth cohort effects. The peak birth cohort for pleural and total mesothelioma 
incidence among younger males was 1917-1921, while flatter patterns of change 
among females and older males made the identification of peaks less definitive. 
 

Conclusions: Results support an association between 1970 s asbestos regulations 
with declining occupational asbestos exposures post-World War II, and declining 
mesothelioma incidence among younger males, suggesting disappearing 
occupational asbestos causal risk for malignant mesothelioma. Increasing rates 
in the older age group may be attributable to longevity-related factors influencing 
later onset risk, including disease latency, aging and its associated decline in 
immune function, radiotherapy and chemotherapy from prior cancer treatments, 
and genetic susceptibility. 
 

Keywords: epidemiology, total mesothelioma, pleural mesothelioma, APC analysis 
web tool, longevity effect, asbestos, chemotherapy, radiotherapy 
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Introduction 
Mesothelioma is a rare and aggressive malignancy 
which primarily occurs in the lungs (pleural 
mesothelioma  PM) and has been mainly associated 
with historical occupational asbestos exposure in 
the United States (US) and globally.1-4 Other notable 
sites of this malignancy include the peritoneum and 
testis. Despite the US Occupational Safety and Health 
Act (OSHA) in 1970 to address high workplace 
asbestos exposures, and associated regulations to 
limit asbestos use, new cases have continued to 
emerge decades after this era of high exposures due 
in part to the long latency period for developing 
associated malignancy.5 Better understanding of 
cohort trends, and risk factors associated with 
malignant mesothelioma is important for continued 
effective public health prevention and management. 
 
The Surveillance, Epidemiology, and End Results 
(SEER) program is a cancer registry maintained by 
the National Cancer Institute which provides 
comprehensive cancer incidence and survival 
estimates in the US.6 Age-period-cohort (APC) 
analysis allows for the delineation of the effects of 
age, calendar period, and birth cohort on cancer 
trends.7  
 
Globally, pleural mesothelioma incidence trends 
vary widely. In Europe, the EU Directive 2023/2668 
lowered asbestos exposure limits and mandated 
electron microscopy for fiber detection a significant 
improvement over prior optical methods.8 Italy s 
Lombardy region is especially noteworthy for its 
mesothelioma registry and research efforts, 
documenting over 7,900 cases between 2000 and 
2020.9,10 Globally, these cases frequently relate to 
occupational exposure in shipbuilding, agriculture, 
and construction, and additional insights from Asia, 
Africa, Australia, and South America further 
contextualize the United States  experience, as global 
data show discrepancies shaped by regulation, 
diagnostics, and industrial practices.11-13  
 
This report updates prior APC analyses through 
2013 of incident malignant mesothelioma trends in 

the United States using data from the SEER cancer 
database extending the results through 2022.14 It 
aims to further elucidate cohort patterns in the US 
workforce with potential exposure to asbestos and 
age-related mesothelioma incidence trends 
among persons with later onset (age 75+) that may 
be attributable to longevity-related factors.  
 

Methods 
We analyzed incident pleural (PM) and total 
mesothelioma cases identified using data published 
by the US SEER-8 cancer registry database for 
cases diagnosed between 1975-2022.15 All cases of 
primary malignant mesothelioma (International 
Classification of Diseases for Oncology, 3rd edition 
(ICD-O-3) histology codes 9050-9055) and pleural 
mesothelioma (ICD-O-3 histology codes 9050-9055 
and ICD-O-3 site codes C38.4-38.8) were considered. 
Incident cases were stratified by sex (male, female) 
and age categories (0-74 years, 75+ years) for 
analyses. Age categories were selected based on 
demographics related to post-retirement longevity 
and age-related PM trends associated with 
occupational asbestos exposure.14 Our prior study 
utilized data from SEER-9 (1973-2013) but the recent 
discontinuation of reporting for certain registries 
determined the use of SEER-8 for similar coverage 
of the study period for the purposes of evaluating 
longevity and occupational trends.16 The older cohort 
(aged 75+ years) was of particular interest due to 
rising malignant mesothelioma rates in aging 
populations and potential links to longevity factors 
such as immune decline and prior cancer therapies.17 
Stratification by age and gender was intended to 
help isolate occupational exposure patterns and 
identify non-occupational contributors to disease 
burden. Data from SEER were accessed and analyzed 
using SEER*Stat statistical software (version 9.0.41) 
(https://seer.cancer.gov/seerstat/).  
 

Data were further stratified by 5-year age group (0-
4, 5-9, 10-14 80-84, 85-89, 90+), and 5-year calendar 
year of diagnosis (1975-1979, 1980-1984, 2010-
2014, 2015-2019) for APC analyses. The years 2020-
2022 were excluded from APC analyses due to the 

https://seer.cancer.gov/seerstat/
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sparsity of data required to evaluate a 5-year calendar 
period (2020-2024). Analyses were performed using 
the National Cancer Institute s (NCI s) publicly 
available APC analysis web tool  
(http://analysistools.nci.nih.gov/apc/), estimating 
5-year age intervals, calendar period, and birth cohort 
stratification by age and sex groups (younger males 
aged 0-74 years; younger females aged 0-74 years; 
older males aged 75+ years; older females aged 
75+ years).  
 
The NCI s APC web tool provides researchers with 
an interface to access a panel of interpretable and 
estimable APC functions and corresponding Wald 
tests to investigate emerging patterns and trends 
related to cancer incidence and mortality.18 Parameters 
and functions are estimated using weighted least 
squares and the assumption that the count data 
follows a Poisson distribution and allowing for 
extra-Poisson variation. The APC web tool was used 
to determine estimates and corresponding 95% 
confidence intervals (CIs) for parameters including 
net drift (overall annual percentage change), local 
drifts (annual percentage change in each age group), 
period rate ratios (age-specific rates in each calendar 
period compared to the reference period), cohort 
rate ratios (age-specific rates in each birth cohort 
compared to the reference cohort), fitted temporal 
trends (expected rates over time in the reference 
age group adjusted for cohort effects), and cross-
sectional age trend (CAT, how quickly rates change 
with age among the reference period, adjusting for 
cohort effects), and longitudinal age trend (LAT, 
how quickly rates change with age in the reference 
birth cohort, adjusting for period effects) among 
the sex and age groups of interest.  
 
Age-period cohort functions were also utilized to 
assess the stability, log-linearity, and equality of 
observed trends using corresponding Wald tests 
(p-value<0.05 was considered statistically significant). 
The calendar period 1990-1994, the birth cohort 
periods of 1932-1936 for those aged 0-74 years and 
1908-1912 for those aged 75+ years, and the age 

groups 55-59 among those aged 0-74 years and 
80-84 among those aged 75+ years were selected 
as reference groups in APC analyses. These a priori 
reference groups were selected, rather than default 
reference groups (median values), to approximate 
the reference groups used in our previous study.14  
 

Results 
Between 1975-2022, the total number of incident 
cases of all mesothelioma cases diagnosed annually 
generally increased in men, particularly among 
men aged 75-90+ years in the United States, and 
remained mostly similar among women (Figures 1). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://analysistools.nci.nih.gov/apc/
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Figure 1. Incident cases of all mesotheliomas (all sites combined) in the United States using 
SEER 8 (1975-2022), by sex 

 
Similarly, incidence of pleural mesothelioma 
increased over the study period, with a slight 
flattening to drop in the last five years, with this 
trend more demonstrable among men especially 
75-90+ years. In the same period, the incidence of 
pleural mesothelioma among women remained 
generally stable (Figure 2). 
 
Estimates of the net drift (Table 1) between 1975-
2022, indicate that net drift for mesothelioma 
incidence varied by sex and age groups. The annual 
incidence of mesothelioma among males aged 0-
74 years has significantly decreased; -1.8% per year 

for all mesothelioma (95% CI -3.3, -0.3) and -2.2% 
per year for pleural mesothelioma (95% CI -4.0, -0.4). 
Among women aged 0-74 years, non-significant 
decreases in net drift were observed. In comparison, 
the net drifts for mesothelioma incidence among 
both men and women in the older age group were 
significantly increased. For men aged 75+ years 
the net drift was 3.7% (95% CI 0.8, 6.5) for total 
mesothelioma and 3.6% (95% CI 0.9, 6.4) for 
pleural mesothelioma. For women aged 75+ years 
the net drift was 2.8% (95% CI 1.8, 4.3) for total 
mesothelioma and 4.8% (95% CI 1.3, 7.4) for 
pleural mesothelioma. 
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Figure 2. Incident cases of pleural mesothelioma in the United States using SEER 8 (1975-2022), 
by sex 

 
Table 1. Net drifta and 95% Confidence Intervals for US mesothelioma incidence 1975-2022, by 
age and gender 

  
Males,  

0-74 years 
Males,  

75+ years 
Females, 

 0-74 years 
Females,  
75+ years 

Total 

All 
Mesothelioma 

-1.8%  
(-3.3, -0.3) 

+3.7%  
(+0.8, +6.5) 

-0.6%  
(-2.1, +1.0) 

+2.8%  
(+1.3, +4.3) 

-0.9% 
(-1.9, 0.04) 

Pleural 
Mesothelioma  

-2.2%  
(-4.0, -0.4) 

+3.6%  
(+0.9, +6.4) 

-1.8%  
(-3.9, +0.3) 

+4.3%  
(+1.3, +7.4) 

-1.4% 
(-2.6, -0.3) 

a The overall log-linear trend and an analog for the estimated annual percent change, adjusted for cohort effects.  
US  United States 
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Age effects on mesothelioma incidence after 
adjusting for either period or birth cohort effects, 
measured with CATs and LATs, showed variation by 
age and sex. For total mesothelioma, among the 
younger age group (0-74 years), the age effect was 
greater in males [CAT 12.6% (95% CI 11.0, 14.3); LAT 
10.8% (95% CI 8.7, 12.9)] than in females [CAT 9.6% 
(95% CI 8.0, 11.1); LAT 9.0% (95% CI 6.7, 11.2)]. 
However, the age effect was also greater among 
the younger age group compared to the older age 
group, for example, CAT of males aged 75+ years 
was -3.1% (95% CI -6.2, 0.01) and LAT was 0.6% (95% 
CI -0.7, -1.8). Similar estimates and trends were 
observed for pleural mesothelioma (Tables 2 and 3). 
The trend in the ratio of LAT vs. CAT, representing 
the influence of net drift on age-associated natural 
history, was negative among younger males and 
females (0-74 years) and positive among older males 
and females (75+ years), except for all mesothelioma 
among older females, where the trend was flat/positive 
(Tables 2 and 3). 
 

Wald tests for heterogeneity indicated that temporal 
trends adjusted for birth cohort effects were not 
stable among males (0-74 and 75+ years) and older 
females (75+ years) but stable among younger 
females (0-74 years) (Tables 2 and 3). This suggested 
that there were significant period effects among all 
males and older females, but not younger females. 
Birth cohort effects-adjusted analyses showed 
declining incidence rates of pleural and total 
mesothelioma in males aged 0-74 years over time 
following a peak in incidence during the calendar 
period of 1980-1984 (Tables 1 and 2). Meanwhile, 
increasing rates were observed in 75+ year old 
males. Among females, there were no appreciable 
changes observed in incidence rates over time in 
females 0-74 years after adjustment for birth cohort 
effects, while significantly increasing rates were 
observed for females aged 75+ years (Tables 2 and 3). 
 
Statistical tests comparing the difference between 
local drifts and net drift were significant across all 
age and sex groups considered (Tables 2 and 3) 
indicating that temporal patterns in mesothelioma 

incidence varied across age groups and that 
significant birth cohort effects were present. The 
respective peak birth cohorts for pleural and total 
mesothelioma incidence among males were identified 
as 1917-1921 (0-74 years) and 1913-1917 (75+ years) 
for males based on birth cohort rate ratios. These birth 
years correspond to birth cohorts who potentially 
entered the US workforce during the World War II era 
(age 18+ years). However, it should be noted that 
while the peak birth cohort was clear among males 
aged 0-74 years, the distinction among those aged 
75+ was less clear, as rate ratios associated with birth 
years ranging from 1913-1932 were similar (Figure 3). 
 
Peak birth cohorts for females aged 0-74 years 
differed for total mesothelioma (1912-1916) and 
pleural mesothelioma (1927-1931) and similarly 
differed for females aged 75+ years (1913-1917 for 
total mesothelioma and 1923-1927 for pleural 
mesothelioma). However, the identification of a birth 
cohort of peak incidence, adjusting for period effects, 
lacked clear distinction, as similar period-adjusted 
incidence rates were observed generally around the 
birth cohort years of 1912-1946 among females aged 
0-74 years and around 1913-1937 for females aged 
75+ years (Figure 4). 
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Table 2. Summary of APC analysis for all mesothelioma incidence by age and gender 

APC Parameters Males, 0-74 
yrs 

Males, 75+  
yrs 

Females, 0-74 
yrs 

Females, 75+  
yrs 

Age Effects 
 

Cross-sectional age trend 
(95% CI) 

12.6% (11.0%, 
14.3%) 

-3.1% (-6.2%, 
0.01%) 

+9.6% (+8.0%, 
+11.1%) 

-4.5% (-6.7%, -2.2%) 

Longitudinal age trend 
(95% CI) 

10.8% (8.7%, 
12.9%) 

+0.6% (-0.7%, 
+1.8%) 

+9.0% (+6.7%, 
+11.2%) 

-1.7% (-3.6%, 
+0.2%) 

Longitudinal vs. cross-
sectional RR trend 

Negative Positive Negative Positive/Flat 

Age deviation is non-
linear? 

Yes Yes No Yes 

p-value <0.05 <0.001 0.47 <0.05 
Period Effects 

 

Calendar period with peak 
incidence after adjustment 
for cohort effects 

1980-1984 2015-2019 1980-1984 2015-2019 

Net drift=0 (Temporal 
trends stable over time?) 

No No Yes No 

p-value 0.02 0.01 0.5 <0.001 
Period RRs different from 
reference period? 

Yes No No Yes 

p-value <0.05 0.1 0.65 <0.01 
Period deviation is non-
linear? 

Yes No No No 

p value <0.05 0.42 0.59 0.3 
Cohort Effects 

 

Birth cohort with peak 
incidence after adjustment 
for period effects 

1917-1921 1913-1917 1912-1916 1913-1917 

All Local Drifts=Net Drift 
(Temporal patterns same 
across age groups? ) 

No No No No 

p-value <0.001 <0.001 <0.05 <0.05 
Cohort RRs different from 
reference cohort? 

Yes Yes Yes Yes 

p-value <0.001 0.001 <0.05 <0.001 
Cohort deviation is non-
linear? 

Yes Yes Yes Yes 

p-value <0.001 <0.01 <0.05 <0.05 
APC  Age-period-cohort; CI  confidence interval; RR  rate ratio 
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Table 3. Summary of APC analysis for pleural mesothelioma incidence by age and gender 
APC Parameters Males, 0-74 yrs  Males, 75+ yrs  Females, 0-74 

yrs 
Females, 75+ yrs 

Age Effects   
Cross-sectional age 
trend (95% CI) 

12.9% (11.2%, 
14.6%) 

-3.1% (-6.0%, -
0.2%) 

+9.8% (+8.1%, 
+11.4%) 

-5.4% (-8.8%, -1.9%) 

Longitudinal age trend 
(95% CI) 

10.7% (8.2%, 
13.2%) 

+0.5% (-0.8%, 
+1.7%) 

+7.9% (+5.4%, 
+10.5%) 

-1.1% (-3.2%, +1.0%) 

Longitudinal vs. cross-
sectional RR trend 

Negative Positive Negative Positive/Flat 

Age deviation is non-
linear? 

Yes Yes No Yes 

p-value <0.05 <0.001 0.95 <0.05 
Period Effects 

 

Calendar period with 
peak incidence after 
adjustment for cohort 
effects 

1980-1984 2015-2019 1980-1984 2015-2019 

  Net drift=0 (Temporal 
trends stable over 
time?) 

No No Yes No 

p-value <0.05 <0.01 0.1 <0.01 
Period RRs different 
from reference period? 

Yes Yes No No 

p-value <0.01 <0.05 0.66 0.13 
Period deviation is non-
linear? 

Yes No No No 

p value <0.05 0.23 0.87 0.72 
Cohort Effects 

 

Birth cohort with peak 
incidence after 
adjustment for period 
effects 

1917-1921 1913-1917 1927-1931 1923-1927 

All Local Drifts=Net 
Drift (Temporal patterns 
vary by age group? ) 

Yes Yes Yes No 

p-value <0.001 <0.001 <0.05 0.14 
Cohort RRs different 
from referent cohort? 

Yes Yes No Yes 

p-value <0.001 <0.001 0.08 <0.001 
Cohort deviation is 
non-linear? 

Yes Yes No No 

p-value <0.001 <0.001 0.08 0.13 
APC  Age-period-cohort; CI  confidence interval; RR  rate ratio 
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Figure 3. [Figures A-D clockwise from upper left] Birth cohort effects after adjustment for period effects 
on mesothelioma incidence (SEER 8 registries, 1975-2019) for total mesothelioma in males aged 0-74 (A) 
and males aged 75+ (B), and for pleural mesothelioma for males aged 0-74 (C) and females age 75+ (D). 
Rate ratios (RRs) are significantly different from 1.0 and non-linearity in the cohort deviations were 
significant for A, B, C, and D (p-values<0.001). A peak in birth cohort rate ratios is observed around birth 
years of 1917-1921 for those aged 0-74 during and less conclusively around birth years of 1913-1932 for 
those aged 75+.  
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Figure 4. [Figures A-D clockwise from upper left] Birth cohort effects after adjustment for period effects 
on mesothelioma incidence (SEER 8 registries, 1975-2019) for total mesothelioma in females aged 0-74 (A) 
and females aged 75+ (B), and for pleural mesothelioma for females aged 0-74 (C) and females age 75+ 
(D). Rate ratios (RRs) significantly different from 1.0 for A, B, and D (p-values<0.05) but not C (p=0.08). 
Significant non-linearity in the cohort deviations only detected in A and B (p-values <0.05). A peak in birth 
cohort rate ratio is less than conclusive, but generally around the birth years of 1912-1946 for those aged 
0-74 and around the birth years of 1913-1937 for those aged 75+.  

 
Discussion 
Results presented here generally support findings 
from previous similar analyses of mesothelioma 
incidence using SEER data to explore mesothelioma 
trends in the US population.14,19-21 We observed a 
significant decline in PM incidence around 1980-
1984 among males in the United States aged 0 74 
years that was not seen in other groups (older males, 
females of any age) with peak incidence occurring 
among males born around 1917-1921. These strong 
period and birth cohort effects among younger 
males could not only reflect potential exposures to 
asbestos around the start of US involvement in WWII,  

 

when US consumption of asbestos in manufacturing 
significantly increased,22 but also correlates with 
regulatory milestones in the US, such as the 
introduction of Occupational Safety and Health 
Administration (OSHA) standards during the 1970s, 
which substantially limited asbestos exposure in 
construction and manufacturing, including setting 
permissible and peak exposure limits in the 
workplace.23 On the other hand, rising rates in 
adults (male and female) aged 75+ likely reflect 
mesothelioma s long latency, as well as longevity-
associated vulnerabilities, including genetic 
susceptibility, immunesenescence, and other 
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causes such as cancer-related chemotherapies and 
radiotherapies. 
 

As in the United States, pleural mesothelioma 
incidence trends in Europe have been strongly 
influenced by industrial and regulatory changes, 
along with political and population demographic 
shifts. Notably, western Europe reported extensive 
asbestos utilization in various industries through the 
mid-20th century, peaking between the 1950s to 
1980s. The United Kingdom, France, Germany, Italy, 
and the Netherlands were the highest consumers 
with asbestos utilization in the shipbuilding, 
construction and manufacturing sectors. Peto et al. 
estimated that male mesothelioma deaths in Western 
Europe would double from 5,000 to about 9,000 
between 1998 to 2018, suggesting gradual decline 
of aged-out exposed cohorts.24 These authors based 
their projections on cancer mortality data from six 
countries that represented 75% of the western 
Europe population.  
 

Pleural mesothelioma incidence rates in the United 
Kingdom have consistently been the highest in 
Europe, exceeding 8 in 100,000 annually among men 
aged 40-74 at peak.25 This can be attributed to the 
extensive use of amphibole asbestos, notably 
crocidolite as well as amosite, in naval shipbuilding 
and industrial insulation.26 Though banned in 1999, 
the long  often 30 to 50 years  latency period of 
mesothelioma means that cases continued to emerge 
in the 1940-1950 birth cohorts. In Italy, Germany and 
France, where asbestos use was banned between 
1992 and 1997, similar patterns have been reported 
with national registries documenting rising PM 
incidence rates through the early 2000s, with a 
subsequent plateauing or decline in more recent 
years.27 Other EU investigators have reported similar 
expansion of asbestos use post-WWII outside of 
shipbuilding to industries such as plumbing, railroad 
engineers, sheet metal workers, and asbestos-
cement manufacturing.28,29  

 

The Lombardy region in Italy has been central to 
epidemiological surveillance reports nationally via 
its mesothelioma registry. This mesothelioma registry 

has identified thousands of cases since its start in 
2000, with Ferrante et al. estimating occupational 
exposure in over 70% of male cases, including indirect 
exposure among agricultural workers via 
contaminated jute sacks and asbestos filters in wine 
production reportedly contributing to cases outside 
of traditional industrial settings.4 The Lombardy 
Mesothelioma Registry impact in tracking PM 
incidence particularly emphasizes the value of 
comprehensive exposure assessment and reporting 
by regional registries in capturing subtle epidemiologic 
patterns in cancer incidence.30 Importantly, more 
recent studies of this Italian registry report plateauing 
of mesothelioma incidence, similar to what is being 
identified in the current study analyses of United 
State mesothelioma incidence trends.31,32  
 

Countries which experienced comparatively later 
industrialization, or lower asbestos consumption, such 
as Spain, Poland, Estonia, and former Yugoslavian 
countries, have reported lower PM incidence rates, 
often below 1 in 100,000 among men.25 However, 
newer data suggests rising incidence in some of 
these regions with better diagnostic capabilities, 
and with possible migration impacts. For instance, 
increased PM rates have been reported in Ireland, 
suggesting an association with retirees from asbestos-
intensive industries in the UK returning home.30 

These kinds of demographic shifts, along with better 
diagnosis using newer tools like medical thoracoscopy, 
has likely resulted in better case ascertainment and 
more accurate mesothelioma incidence rates 
estimated in regions with previously underreported 
cancer incidence.30  
 

Asia currently reports the highest of global asbestos 
consumption, e.g., from 2001 to 2007, nearly 64% of 
all asbestos used globally was consumed in Asia.33,34 
China, India, Indonesia, and Thailand have extensive 
legacy use, though mesothelioma rates may be 
underreported due to diagnostic limitations. In 
Japan and South Korea, centralized registries and 
surveillance programs reveal increasing mesothelioma 
incidence. In China, industrial asbestos use persists, 
and there is no current asbestos use regulation. 
Russia has also continued to produce high volumes 
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of asbestos, with a recent study reporting increased 
mesothelioma risk related to high asbestos burden 
in asbestos mining and milling operators.35  
 

Mesothelioma reporting in Africa is sparse, though 
sentinel studies have emerged from South Africa, 
Zimbabwe, and more recently, the Democratic 
Republic of Congo (DRC). In the DRC, cases 
reportedly linked to asbestos cement plants and 
mining operations were initially misdiagnosed as 
tuberculosis due to similar respiratory symptoms 
and limited diagnostic capabilities.36 On the other 
hand, Australia maintains one of the highest per 
capita mesothelioma incidence rates globally, with 
700 800 cases annually. Despite a full asbestos ban 
in 2003, risk from historical occupational exposure 
may persist,37 along with potential risks associated 
with asbestos-containing materials being present in 
an estimated one in three homes.38 In South America, 
Brazil, historically a leading asbestos producer, 
banned the substance in 2017, but loopholes still 
permit production and export.39 Comparative analyses 
show patterns similar to European trends, though 
underreporting and inadequate infrastructure obscure 
the full disease burden.40  
 
In this updated analysis we utilized SEER program 
cancer incidence data to capture mesothelioma 
trends across the United States. The SEER program 
represents the largest source of cancer incidence 
and survival data in the US. The SEER-8 database, 
which has the most robust longitudinal coverage of 
cancer cases in the United States (1975-2022), was 
utilized to provide a dataset suitable to examine US 
historical trends in mesothelioma. However, there are 
some limitations to consider, including the fact that 
the geographical coverage of the SEER-8 database 
extends to only approximately 8.3% of the population 
of the United States. SEER oversamples specific 
demographics to be more representative of the US 
population across racial and ethnic groups. Still, 
SEER-8 does include reporting from a number of 
port/shipbuilding regions, including the metropolitan 
areas of San Francisco-Oakland (California) and 
Seattle-Puget Sound (Washington state), and the 

state of Hawaii, which may enhance detection of 
historical asbestos-related cancer incidence.41,42  
 
It should also be noted that cancer surveillance data 
exists at the state-level in the US and participation 
and reporting to SEER is not universal across state 
cancer registries. This is particularly important 
because mesothelioma is a rare cancer, correlated 
with regions with historically high occupational 
exposures. Over time, however, state registries may 
join or leave/discontinue the SEER Program. In the 
current study, the Detroit registry, which covers the 
metropolitan area of Detroit, Michigan, discontinued 
submission of data in 2020 (resulting in a final year 
of data submission for 2018) and led us to rely on 
SEER-8 data than SEER-9, which was used in our 
previous analyses.14 Though it is possible that this 
may have impacted our results, given the historical 
presence of automotive and manufacturing industries 
that involved asbestos exposures in the Detroit 
region, the fact that our current analyses generally 
support findings from our previous APC analysis 
using SEER-9 and the reporting of current registries 
that represent regions with strong port/shipbuilding 
activities in SEER-8, suggest that the use of SEER-
8 data to examine mesothelioma trends in the US 
is consistent with trends observed using SEER-9. 
 
The SEER program data lacks detailed exposure 
data, limiting the ability to assess the relationship 
between mesothelioma incidence and individual-
level asbestos exposure. The unavailable exposure 
data may include occupational history, exposure 
quantities, characteristics, duration, or intensity of 
exposure to asbestos-containing materials. Therefore, 
the APC modeling relies on correlates of exposure 
such as birth cohort, sex, and age group, with the 
attendant risk of ecological fallacy. Absence of direct 
exposure estimates limits the ability to discern specific 
contributors to mesothelioma incidence using SEER 
data.43  
 
Diagnostic misclassification and coding 
inconsistencies may affect SEER program data 
quality. Mesothelioma subtypes such as epithelioid, 
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sarcomatoid, and biphasic, along with anatomical 
sites such as peritoneal, pericardial, or tunica vaginalis 
mesothelioma, are not consistently coded across 
contributing registries. Additionally, as diagnostic 
technology improves over time, there may be an 
overestimation of incidence in later periods due to 
higher case ascertainment rather than true increases 
in disease rates. These factors complicate the 
interpretation of cancer trends over time and may 
conceal slight shifts in incidence.44 One must also 
consider the consistent trend of plateauing of pleural 
mesothelioma incidence with older age cohorts 
seen in the SEER and European registries; this may 
be influenced by chronic environmental exposures 
to other known causes of mesothelioma (e.g., ionizing 
radiation, chemotherapy, and non-asbestos fibers like 
erionite). Importantly, such longevity-related causes 
may increasingly influence mesothelioma incidence 
trends in regions where subpopulations with 
meaningful occupational asbestos exposures have 
diminished by attrition over time.38,45,46  
 
Despite these challenges, the SEER data provides 
a relatively robust representation of cancer incidence 
trends in the US over time. The generated estimates 
reinforce meso-level insights into malignant 
mesothelioma trends in the United States and 
situates them within a broader global framework of 
mesothelioma epidemiology and population burden 
of disease. Importantly, it remains broadly 
representative of the cancer incidence of the US 
population across different demographics, and 
follows rigorous standards for data quality, including 
diagnosis ascertainment and data completeness 
for malignancies, compared to the limited 
generalizability of international registries (such as in 
Italy, Australia, France, or the UK) that may be subject 
to inconsistent methods for data collection and 
reporting, and variations in asbestos regulations, 
clinical practice, and diagnostic capabilities for case 
ascertainment and completeness of reporting.47-49  

 
 
 
 

Conclusions 
Our updated analyses continue to suggest an 
association between declining occupational 
asbestos exposures post-World War II, along with 
US regulations limiting asbestos use/exposures 
since the early 1970s, and the steady decline in PM 
incidence rates observed among younger (age 0-
74) males potentially at risk of earlier PM onset from 
occupational exposures to asbestos. Increasing PM 
rates in the 75+ subgroup of both genders may also 
be attributable to longevity-related factors influencing 
later onset PM risk, e.g., aging, prior cancer treatments, 
or genetic susceptibility.  
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