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Abstract Primary bone and joint cancers are rare
and understudied, yet these neoplasms are difficult to
treat and impact all age groups. To explore the long-
term changes in the occurrence of bone and joint
cancers, patients diagnosed with these neoplasms
between 1975 and 2016 were identified in the Surveil-
lance Epidemiology and End Results of the National
Cancer Institute of the USA. The age-adjusted inci-
dence (AAIR) and mortality (AAMR) rates were
calculated for three decades and compared to AAIR
and AAMR in years 1975-1984. By using the popu-
lation-based cancer registries of the USA, Towa was
identified as a state with increased cases of bone and
joint malignancies. The bone and joint cancer cases
in Towa were correlated with the percentage of rural
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population, the average farmland size, or the residen-
tial radon levels. Results demonstrated that the mean
AAIR of bone and joint cancers for US female and
male patients (<50 years of age) increased from 0.57
(95% C.I. 0.55-0.63) and 0.76 (95% C.I. 0.69-0.82)
for years 1975-1984 to 0.71 (95% C.I. 0.66-0.76)
and 0.94 (95% C.I. 0.87-1.07) for years 2005-2014,
respectively. The increase in bone and joint cancer
cases in Iowa positively correlated with the percent-
age rural population (R=0.222, P<0.02), and the
average farmland size (R=0.236, P<0.02) but not
the radon levels (R=-0.038, P<0.7). The findings
revealed that patients younger than 50 years of age
and those who resided in rural areas and engaged in
farming were more likely to be diagnosed with pri-
mary bone and joint cancers.

Keywords Bone and joint cancers - Residential
radon - Rural population - Farmland - lowa

Introduction

Rare cancers receive less scientific attention because
they affect fewer than 15 patients per 100,000 per
year. Collectively, they comprise between 60 and
71 different cancer sites and account for 25% of all
reported malignancies in the USA (Greenlee et al.,
2010). Primary bone and joint tumors account for less
than 0.2% of all US cancer cases (Siegel et al., 2020),
a seemingly small proportion; however, these cancers
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represent significant health burdens as they impact all
age groups and are difficult to treat malignancies (Dai
etal., 2011).

The most common histological subtypes of bone
and joint malignancies are osteosarcoma, chondro-
sarcoma, and Ewing sarcoma (Damron et al., 2007).
Osteosarcoma and Ewing sarcomas are primary
bone tumors that contribute to around 6% of all
childhood and adolescent malignancies in the USA
(Heare et al., 2009; Ottaviani & Jaffe, 2009). In con-
trast, chondrosarcoma is a primary bone sarcoma that
develops from cartilage cells and is more common
among middle-aged individuals with 30-60 years of
age being the average age for diagnosis (Gelderblom
et al., 2008). It accounts for approximately 40% of the
primary bone cancers in this population (Zamborsky
et al., 2019). Chondrosarcoma is a difficult to treat
cancer as it is largely chemo- and radiotherapy resist-
ant (David et al., 2011). Osteosarcoma and Ewing
sarcoma respond better to chemo- and radiotherapy;
however, patients that suffer from metastatic and
recurrent diseases have a survival rate <30% and their
treatment options have not changed substantially over
the years (Grunewald et al., 2018; Otoukesh et al.,
2018; Rathore & Van Tine, 2021).

Evidence from epidemiological studies sug-
gest that exposure to environmental factors, such as
radon, pesticides, diesel exhaust fumes, and other
hazards positively correlates with the incidence of
cancer (Burns & Juberg, 2021; Cohen et al., 2019;
Weichenthal et al., 2012). Radon is the primary cause
of lung cancer in non-smokers and is estimated to
contribute to 3-20% of lung cancer deaths worldwide
(Kim et al., 2016; Stanley et al., 2019). Lymphohe-
matopoietic cancers, such as lymphomas, leukemias,
and myelomas, are linked to exposure to pesticides
and biological agents (Alexander et al., 2007; Koff
et al., 2015; Patel et al., 2020). Other common can-
cers including breast, prostate, and colorectal cancers
also demonstrate a positive relationship with expo-
sure to pesticides (Weichenthal et al., 2012). Rural
populations that engage in farming are particularly
vulnerable to the impact of environmental pollutants
on their health. Farmers engage in activities neces-
sary for the harvesting of crops or care and feeding of
livestock (Blair & Freeman, 2009; Coble et al., 2002;
Depczynski & Lower, 2014). These activities require
maintenance and repair of mechanical equipment and
frequently involve potential exposure to pesticides,
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fertilizers, engine exhaust fumes, and other hazards
(Damalas & Koutroubas, 2016; Sauve et al., 2020;
Sauve et al., 2020; Sauve et al., 2020; Sauve et al.,
2020). Epidemiological studies with farmers have
shown that incidences of common cancers are asso-
ciated with the farmers’ direct exposure to pollutants
and chemicals (Blair & Freeman, 2009).

In contrast to common cancers, there are no epi-
demiological studies on the incidence of bone and
joint cancers and their potential link of exposure to
occupational hazards. Moreover, information about
patients suffering from these neoplasms is not readily
accessible (Cronin et al., 2018; Noone et al., 2017).
To promote epidemiological research on understud-
ied cancers, this study aimed to: (1) explore the long-
term changes in the incidence and mortality rates of
bone and joint cancers in the USA over four decades
starting from year 1975, (2) determine whether there
were gender- and age-specific differences between
US patients diagnosed with bone and joint malignan-
cies, and (3) investigate whether there was an asso-
ciation between environmental and demographic
factors, such as the residential radon, farmland size,
and rural populations and the occurrence of bone and
joint cancers in the USA by focusing on the state of
Towa. Iowa was selected for Aim 3 because: (1) It has
the largest (71.6%) percentage of homes above the
US Environmental Protection Agency (EPA) radon
levels of 4pCi/L, (2) according to the US Department
of Agriculture (USDA), Iowa has the second larg-
est agricultural industry with more than 86,000 farm
operations on 30.6 million acres of farmland, and (3)
the Iowa population-based cancer registry provides
publicly available county-level incidence and mor-
tality data on cancer cases over a period of at least
40 years.

Methods
US cancer registry data source

The current study used the Surveillance, Epidemiol-
ogy, and End Results (SEER) database of the National
Cancer Institute (NCI)’s Division of Cancer Control
and Population Sciences of the USA. SEER collects
the cancer patients’ information through population-
based cancer registries currently covering approxi-
mately 48% of the US population (SEER*Explorer,
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2021). Each cancer registry is guided by NCI to fol-
low the North American Association of Central Can-
cer Registries (NAACCR) standards in reporting can-
cer patient data (https://www.naaccr.org).

Five-year relative cancer survival data source and
analysis

The data on the five-year relative survival of patients
with bone and joint, lung and bronchus, breast, pros-
tate, and colorectal cancers on the national US level
were extracted from SEER9 of NCI that includes
9 cancer registries (San Francisco, Connecticut,
Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah,
and Atlanta). SEER9 registries contribute cancer
cases diagnosed between 1975 and the current data
year and cover approximately 9.5% of the US popula-
tion (Duggan et al., 2016). Other SEERs, accessible
via NCI, such as SEER13, SEER18, and SEER21,
were not used as those did not collect information
about cancer cases from years prior to 1992. The data
is presented as a relative survival, which is defined
by SEER as the number of observed survivors in a
cohort of cancer patients to the number of expected
survivors in a comparable cohort of cancer-free indi-
viduals (Mariotto et al., 2006).

SEER9 allowed the research team to perform
long-term analysis of the 5-year relative survival
of patients diagnosed with bone and joint, lung and
bronchus, breast, prostate, and colorectal cancers for
every ten years between years 1975 and 2014 by find-
ing the mean of the 5-year cancer survival percent-
age for every 10 years. The data were not separated
by gender (except for data from breast and prostate
cancer patients), race, ethnicity, or age, and included
cases observed within the 9.5% US population.

Long-term trend data source for bone and joint
cancers

Information regarding the long-term trends in the
incidence and mortality of bone and joint cancer
patients on the national US level was extracted from
SEER9. All cases reported by the SEER9 registries
are classified according to the codes of the Interna-
tional Classification of Diseases in Oncology, third
edition (ICD-0O-3) (Bernal, 2011). Each registry
reported bone and joint cancer patient data by using
the following inclusion criteria: (a) primary bone

tumor was diagnosed by a recognized medical prac-
titioner, whether clinically or microscopically con-
firmed, (b) specific stage at diagnosis was localized,
regional, or distant (invasive), or the tumor was not
staged, (c) the topographical location of the primary
tumor was: long or short bones of the upper or lower
limb and associated joints (codes C400, C401, C402,
C403); overlapping lesion of bones, joints, and artic-
ular cartilage of limbs (C408); bones of limbs not
otherwise specified (C409); bones of skull, face, and
associated joints (C410); mandible and vertebral col-
umn (C411, C412); rib, clavicle, and associated joints
(C413); pelvic bones and associated joints (C414);
overlapping lesion of bones, joints, and articular
cartilage (C418); and regional lymph nodes (C419),
(d) male and female patients of all ages, race, or eth-
nicity were included as long as they resided in the
geographic area of the registry, and (e) the entered
patient age was the one determined at the time of ini-
tial diagnosis of the primary bone tumor. Exclusion
criteria included: (a) the bone lesion was a result of
metastatic growth with a different origin than bone,
joint, or articular cartilage (secondary bone cancer),
(b) the patient had more than one cancer diagnosis,
and (c) the patient had a benign neoplasm.

Methodology used to analyze the long-term trends in
bone and joint cancers in the USA

The research team used the SEER* Stat Explorer
software (https://seer.cancer.gov/explorer) to access
the long-term trends in bone and joint cancers in the
USA, which were accessible via SEER9 as indicated
above (SEER*Explorer, 2021). Pre-calculated annual
age-adjusted incidence rates (AAIR) and age-adjusted
mortality rates (AAMR) of patients with bone and
joint cancer diagnosis between 1975 and 2014 were
extracted from the SEER* Stat Explorer software,
separated by gender, and grouped into the following
age groups: patients younger than 50 (from birth to
49 years of age), patients between 50 and 64 years
of age, and those age 65 and older (65+). Next, the
AAIR and AAMR for each age group were compared
over four decades (10-year periods) starting with
year 1975 and ending with year 2014. The analy-
sis included all race/ethnicity groups and all stages/
histological types of primary bone and joint cancers
diagnosed in patients who resided in the 9 cancer
registry areas included in SEER9. The cancer cases
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were not separated by histological subtype or stages
as this information was not accessible for the entire
period 1975-2014. The rates were per 100,000 and
were age-adjusted to the 2000 US standard popula-
tion (Census P25-1130).

State cancer registry source

The population-based cancer registries at the state
level in the USA were accessed through the https://
www.cancer-rates.info website. These registries are
members of the NCI's SEER program since their
inception, and they follow the same standards of
reporting cancer patient data as stated above. Each
cancer registry provides public access to the number
of observed cancer cases along with the AAIR, the
AAMR, and the 95% confidence interval (C.I.). The
patient data can be further separated by (a) cancer
site, (b) geographic location at the level of the entire
state or by county, (c) cancer incidence, mortality,
or invasiveness, (d) gender, and/or (e) race/ethnic-
ity. However, the cancer-rates.info website provides
public access to approximately 30% of the popula-
tion-based state cancer registries in the USA, which
limited the current investigation in undertaking a
statewide approach in exploring the long-term trends
in bone and joint cancers.

The research team screened all population-based
state cancer registries accessible via the cancer-rates.
info website for long-term changes in the incidence
and mortality rates of patients diagnosed with bone
and joint cancers (or leukemia, lymphoma, or all can-
cer sites). The research team found that the state of
Iowa met the authors’ criteria for complete reports on
cancer cases between years 1975 and 2016 and was
selected for further analysis as described next.

Iowa cancer registry data source and analysis

Data on bone and joint cancers, leukemia, lymphoma,
or all cancer sites for the state of lowa were obtained
from the Iowa Cancer Registry (https://www.can-
cer-rates.info/ia/) (Registry, 2021). This population-
based cancer registry has served the state of Iowa
since 1973 and is a part of the NCI's SEER program
(including SEER9). It follows the NCI guidance for
reporting cancer patient data including the inclusion
and exclusion criteria as defined by ICD-O-3 and
stated above. The database provided the number of
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observed new cases and the AAIR/AAMR for all 99
counties in Iowa from 1975 to 2016.

During the long-term analysis, the bone and joint
cancer cases were not separated by race, ethnicity,
or geography (county) due to how rare cancers are
reported: a minimum of 10 cases are required to cal-
culate a stable age-adjusted rate. The analysis was
done by gender and included the mean of AAIR for
each 10 years for the entire state of Iowa.

Residential radon data source and analysis

Residential radon data were accessed via the Iowa
Department of Public health (IDPH) website (https://
idph.iowa.gov/radon/resources) that provides sum-
mary of radon test results from private lowa resi-
dences or those obtained during real estate transac-
tions. The tests were conducted by IDPH certified
measurement/mitigation specialists from 2010 to
2019 for the entire state of Iowa. The measurements
were limited to the radon gas captured by testing
devices used in private households or rental prop-
erties excluding other locations or other natural
resources of radon, such as uranium and granite out-
side of the residential properties. The measurements
did not take into consideration whether the residency
was in rural or urban areas of the corresponding
county, nor they considered the seasonal changes in
the radon levels but were performed before and after
a mitigation system was in place.

The research team utilized the unmitigated radon
test data for each of the 99 counties in Iowa available
from 2010 to 2016. The mean of the radon test meas-
urements (pCi/L) for each county during this period
was calculated and used during the Pearson’s cor-
relation analysis to compare with the corresponding
AAIR of bone and joint cancers for these counties.
The study did not utilize radon test results available
by zip code and excluded years 2017-2019 to achieve
alignment with the available data for bone and joint
cancers.

Iowa demographics and regions separation

Information regarding the demographic and hous-
ing estimates for the state of Iowa was obtained from
the US Census Bureau and corresponds to the 2010
5-year estimate data profile conducted by the Ameri-
can Community Survey (ACS) program (https:/
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www.census.gov/programs-surveys/acs). This infor-
mation included the Iowa population and household
profile, as well as race and age distribution. The
research team used the 2010 Census for better align-
ment with the available data on Iowa cancer patients.
Information regarding the dietary behaviors and phys-
ical activity of Iowans was obtained from the Center
for Disease and Control (CDC)’s Division of Nutri-
tion and Physical activity and Obesity (https://www.
cdc.gov/brfss). Information about the average farm-
land size in acres and the number of farm operations
in Iowa was extracted from the Census of Agricul-
ture (https://www.nass.usda.gov), USDA, and the US
Census Bureau and corresponds to data last collected
in 2012. The Census of Agriculture is conducted
every five years and defines a farm as any place from
which $1,000 or more of agricultural products were
produced and sold, or normally would have been sold,
during the census year. Rural area is defined as any
incorporated place or census-designated place with
fewer than 2500 inhabitants that is located outside
of an urban area. However, the rural population val-
ues from the 2010 Census may differ from earlier or
the most recent (2020) census data due to changes in
criteria for delineating urban areas or increases in the
urbanization of the Iowa population.

The 99 Iowa counties were next separated between
six regions previously established by IDPH, the Iowa
Health Care Coalition, and the Iowa National Guard
as the six Regional Medical Coordination Centers
(RMCCs) to track COVID-19. Region 1 comprises
counties in central and south Iowa, Region 2 is north,
Region 3 is northwest, Region 4 is southwest, Region
5 is southeast, and Region 6 is northeast Iowa. The
counties included in the six regions were the basic
units for comparison used to explore the correlation
between the AAIR of bone and joint cancers and the
rural population or farmland size of lowa.

Statistics

The AAMR and AAIR of bone and joint cancers dur-
ing a given 10-year period were calculated by gender
and age groups along with the 95% C.I. The mean of
AAMR and AAIR of each period was compared to
the mean of baseline years 1975-1984. Using a -test,
we determined whether there was a significant dif-
ference between the means of two periods. Analyses

were conducted using SAS 9.4 (SAS Institute, Cary,
NC, USA).

Pearson’s correlation coefficient (R) (Mukaka,
2012) was used to measure the strength and direction
of the relationship between the AAIR of bone and
joint cancers for years 2010-2016 and the following
variables: (a) the mean of the unmitigated residential
radon levels recorded between 2010 and 2016, (b) the
percentage of rural Iowa population, or (c) the aver-
age farmland size by county in Iowa. Similar correla-
tion analysis was performed for lymphoma, leukemia,
or all cancer sites. The correlation was on the entire
state level including all 99 Iowa counties or by region
comprising six different regions across Iowa (bone
and joint cancers only). The analysis included both
genders, all race, ethnicity, and age groups. The sig-
nificance level was set at P <0.05.

Results

Long-term analysis of the 5-year survival and
mortality rates of patients with bone and joint cancers

Long-term comparison of US patients with bone
and joint cancers has revealed that the 5-year sur-
vival rate of these patients significantly improved
from 52.3% for years 1975-1984 to 69.3% for years
2005-2014 (Fig. 1). This was consistent with the

m1975-1984
Lung and Bronchus Cancer

* % 01985-1994
01995-2004
Colorectal Cancer 02005-2014
Bone and Joint Cancer | 3%
I W%
Breast Cancer | lm

Prostate Cancer

I
(1] 20 40 60 80 100 120
5-Year Survival Rates (percentage)

Fig.1 Comparison of the 5-year survival of patients with
bone and joint cancers and those diagnosed with lung and
bronchus, colorectal, breast, and prostate cancers. The results
are the mean+ SE of the estimated percentages of the 5-year
survival rates for every ten years. *P<0.05 as compared to
baseline years 1975-1984 for patients with bone and joint can-
cers. ¥*P<(0.05 as compared to patients with bone and joint
cancers for years 2005-2014
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significant decline in the mortality rates among all
age groups, males and females, in the USA, com-
pared to baseline years 1975-1984 (Tables 1 and
2). While less people were estimated by SEER-NCI
to die from bone and joint cancers compared to
patients diagnosed with lung and bronchus, breast,
prostate, and colorectal cancers (SEER*Explorer,
2021), the 5-year survival of bone and joint can-
cer patients was similar to that of patients with
colorectal cancers and was significantly lower than
that of patients with breast and prostate cancers

(Fig. 1).

Long-term analysis of the incidence rates of bone and
joint cancers by gender and age groups

The analysis carried out in the current study showed
that the incidence rates of bone and joint cancers
did not follow the same trend of improvement as the
5-year survival rates of US patients diagnosed with
these cancers. This was particularly alarming for
female and male US patients younger than 50 years
of age. The mean AAIR within this age group stead-
ily increased over time (Tables 1 and 2). The same
age group from around the world showed a similar
trend (Online resources 1 and 2). For the rest of the
age groups (50-64, and 65+) in the USA, the mean
AAIR declined over time (Tables 1 and 2). The

Table 1 Age-adjusted

Age-adjusted incidence rate®

(95% C.L)

Age-adjusted mortal-
ity rate* (95% C.L.)

0.573 (0.552-0.631)
0.653 (0.600-0.706)*
0.667 (0.633-0.700)
0.707 (0.656-0.758)*
1.112 (N/A)

0.980 (N/A)

1.022 (0.922-1.122)
0.901 (0.772-1.030)
1.722 (1.507-1.938)
1.354 (1.052-1.655)*
1.394 (1.170-1.618)*
1.422 (1.199-1.645)

0.226 (0.200-0.252)

0.180 (0.171-0.188)*
0.187 (0.177-0.197)%
0.199 (0.189-0.209)*
0.614 (0.443-0.785)

0.421 (0.386-0.456)*
0.356 (0.325-0.388)*
0.333 (0.306-0.359)*
1.937 (1.425-2.450)

1.382 (1.333-1.431)%
1.314 (1.256-1.372)%
1.226 (1.170-1.283)*

Age-adjusted incidence rate?

(95% C.L)

Age-adjusted mortal-
ity rate® (95% C.1.)

S . Age Group Decade
incidence and mortality
rates of bone and joint
cancers among females <50 1975-1984
in the USA for the period
between 1975 and 2014, by 1985-1994
age group. Sources SEER9 1995-2004
of NCI 2005-2014
50-64 1975-1984
1985-1994
R is significant 1995-2004
epresents significan
mean difference (P <0.05) 2005-2014
compared to the baseline 65+ 1975-1984
years, 1975-1984 1985-1994
*Incidence and mortality 1995-2004
rates were estimated per 2005-2014
100,000 population
Tal?le 2 Age-adjuste.d Age Group Decade
incidence and mortality
rates of bone and joint
cancers among males in <50 1975-1984
the USA for the period
between 1975 and 2014, by 1985-1994
age group. Sources SEER9 1995-2004
of NCI 2005-2014
50-64 1975-1984
1985-1994
SR ts sienificant 1995-2004
epresents significan
mean difference (P <0.05) 2005-2014
compared to the baseline 65+ 1975-1984
years, 1975-1984 1985-1994
*Incidence and mortality 1995-2004
rates were estimated per 2005-2014

100,000 population
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0.756 (0.694-0.818)
0.869 (0.803-0.934)*
0.859 (0.762-0.957)
0.941 (0.865-1.068)*
1.295 (1.078-1.511)
1.235 (1.112-1.359)
1.164 (0.970-1.359)
1.178 (1.046-1.310)
2.191 (1.819-2.564)
1.920 (1.761-2.078)
1.893 (1.575-2.212)
2.064 (1.762-2.367)

0.363 (0.334-0.393)

0.281 (0.267-0.295)*
0.297 (0.287-0.307)*
0.297 (0.290-0.305)*
1.067 (0.790—0.344)

0.651 (0.609-0.694)*
0.589 (0.540-0.638)*
0.552 (0.527-0.576)*
3.299 (1.425-2.450)

2211 (1.333-1.431)%
1.997 (1.854-2.140)%
1.918 (1.837-1.999)*
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findings demonstrated that females and males, age
49 or younger, appeared most vulnerable to become
newly diagnosed with bone and joint cancers in the
USA and across the world.

Long-term analysis of the incidence rates of bone and
joint cancers by gender in Iowa

The long-term analysis revealed increases in the
reported new cases of bone and joint cancers among
females in Iowa during the last three decades in the
study, when each of those decades was compared
to the baseline years 1975-1984. During years
2005-2014, Iowa showed a significant increase in the
mean AAIR of bone and joint cancers among female
patients (Table 3). A steady increase in new bone
and joint cancer cases among male patients was evi-
dent during the last two decades in the study. How-
ever, these changes were not statistically significant
(Table 3).

Correlation between the incidences of bone and joint
cancers and the residential radon exposure of lowans

To explore the increased prevalence of cases of bone
and joint cancers in Iowa during 2005-2014, we
investigated how exposure to environmental health
hazards may have correlated with the observed
increases in these cancers for the entire state or by
region following the Iowa Department of Public
Health (IDPH) RMCC system (See Methods, Fig. 2,
and Online resource 3). We asked whether residen-
tial exposure to radon in private households was
positively associated with the observed increases
in bone and joint cancer cases among residents of
the corresponding counties. According to Fig. 3a,

there was a weak negative correlation (R=-—0.038,
P <0.7) between the mean AAIR of bone and joint
cancers and the unmitigated residential radon levels
for the entire state of Towa (all 99 counties included).
Similarly, a weak inverse correlation (R=-—0.131,
P <0.19) was recorded for all cancer sites when com-
pared to the residential radon levels in entire state
(Fig. 3a).

According to Fig. 3b, four out of six Iowa regions
demonstrated inverse correlation between the mean
AAIR of bone and joint cancers and the unmitigated
radon levels reported for residencies situated in coun-
ties within those regions. None of the correlations
reached statistical significance with P value <0.05.
Regions 3 and 6 demonstrated a positive correlation,
however this was not statistically significant (P <0.72
and P<0.76, respectively) (Fig. 3b). In conclusion,
our correlation analysis did not show significant posi-
tive associations between the increased AAIR of bone
and joint cancers and the high residential radon levels
at state level or by region in Iowa.

Comparison of the demographic and agricultural
characteristics of Iowa by region

Comparison of the demographic and agricultural
characteristics of Iowa revealed that 76.1% of lowans
were 18 years of age or older and 91.9% of the popu-
lation of Iowa identified as white. Around 36.3% of
Iowans resided in rural areas and the average house-
hold size was 2.41 people (Table 4).

Comparison by region showed that the largest
region (Region 1) comprised the biggest number of
farm operations (21,602), but only 28.1% of the popu-
lation in Region 1 was rural (Table 5). Regions 2—4
were smaller in size and had less farm operations than

Table 3 Age-adjusted incidence rates of bone and joint cancers in Iowa for the period between 1975 and 2014, by patient gender, all
age groups combined. Sources Population-based cancer registries of Iowa (https://www.cancer-rates.info/ia/)

Age Group Decade Age-adjusted incidence rate of females® Age-adjusted inci-
(95% C.1.) dence rate of males®
(95% C.L)
Iowa 1975-1984 0.701 (0.567-0.835) 1.085 (0.835-1.335)
1985-1994 0.786 (0.556-1.016) 0.953 (0.774-1.133)
1995-2004 0.858 (0.615-1.101) 1.104 (0.791-1.418)
2005-2014 0.948 (0.797-1.099)* 1.188 (0.988-1.389)

“Incidence rates were estimated per 100,000 population

*Represents significant mean difference (P <0.05) compared to the baseline years, 1975-1984
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Fig. 2 A map of the six regions in Iowa. The six regions are numbered 1 through 6 and the counties within each region are named

and colored

Region 1, respectively. However, the rural popula-
tions in these regions spanned between 47 and 58.4%.
Regions 5 and 6 had the smallest average farmland
size (between 284 +29 and 294 +57) and the percent-
age of rural population was between 33 and 34%. For
all regions, most of the population identified as white,
the average median age was between 41 and 44 years,
and the average household size was approximately 2.4
people (Table 5).

Correlation between the incidences of bone and joint
cancers and the rural population of Iowa

Comparative analysis of the AAIR of bone and
joint cancers and the percentage rural population
within all 99 counties in Iowa revealed a positive
correlation between patients with bone cancers and
rural area residents (Fig. 4a, R=0.222, P<0.02).
Because states with a well-developed agriculture
may have increased incidences of leukemia and lym-
phoma (Blair & Freeman, 2009), we next correlated
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the AAIR of leukemia and lymphoma, or all can-
cer sites, with the percentage rural lowa population
(Fig. 4a). While there was a positive association
between the mean AAIR of leukemia and the per-
centage rural population (R=0.189, P<0.06), the
mean AAIR for lymphoma (R=-0.026, P <0.80),
or all cancer sites (R=—0.115, P<0.25) did not
positively correlate with the percentage rural popu-
lation (Fig. 4a).

Further analysis by region demonstrated that 4
Iowa regions had a positive association between the
AAIR of bone and joint cancers and the percentage
of rural population. Of those 4 regions, the results
for Region 1 (central and south Iowa) (R=0.413,
P <0.04) and Region 3 (northwest Iowa) (R=0.510,
P<0.02) were statistically significant (Fig. 4b).
For Region 2 (north Iowa) (R=0.025, P<0.93) and
Region 4 (southwest Iowa) (R=0.403, P<0.19),
the P value was not significant (Fig. 4b). Thus, the
mean AAIR of bone and joint cancers between years
2010-2016 appeared higher among Iowans who lived
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Fig. 3 Pearson’s correlation analysis of the association between the AAIR of bone and joint cancers, or all cancer sites, and the
mean unmitigated residential radon (pCi/L) levels for all 99 counties a or by region, b in Iowa from 2010 to 2016
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Fig. 4 Pearson’s correlation analysis of the association together. In b, the correlation was by region and for bone and
between the AAIR of bone and joint cancers, leukemia, lym- joint cancers only. The AAIR of cancer cases was from 2010
phoma, or all cancer sites, and the percentage of rural Iowa to 2016, while the percentage rural population was calculated
population. In a, the association was for all 99 counties taken based on the 2010 US Census
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Table 4 Demographic characteristics, dietary behaviors, and physical activity of Iowans. Sources US Census Bureau, 2006-2010
American Community Survey and CDC’s Division of Nutrition and Physical activity and Obesity (Trends by states 2000-2010)

Population profile Total population 3,016,267
Male population 1,488,998
Female population 1,527,269
Urban population 1,920,168
Rural population 1,096,099
Rural population (%) 36.3

Household profile Population in households® 1,223,439
Average household size (people) 2.41

Age Adult population (age 18 and older) (%) 76.1
Youth population (under 18 years of age) (%) 23.9

Race White race (%)° 91.9
Other race (%)° 8.1

Dietary behaviors Adults consuming fruits (%) 27.5
Adults consuming vegetables (%)° 21.9

Physical activity Active adults’ 439
Inactive adults® 24.2

#Population in households include family, non-family, or male or female householders with or without children

®White race indicates any person of Hispanic/Latino or non-Hispanic origin who identifies themselves as white

€Other race indicates any person who identifies as Black, American Indian/Alaska Native, Asian, Native Hawaiian/Pacific

Islander or belong to other race or two races

dFruit consumption means that adults reported having consumed fruits at the recommended 2 or more times per day

¢Vegetable consumption means that adults having consumed at the recommended 3 or more times per day

fActive adults means adults who achieved at least 300 min a week of a moderate-intensity aerobic physical activity or 150

minutes a week of a vigorous-intensity aerobic activity (or an equivalent combination)

€Inactive adults indicates adults who reported that during the past month, they had not participated in any physical activity

in rural areas; however, this was not evenly distrib-
uted between the different regions.

Correlation between the incidences of bone and joint
cancers and the average farmland size in lowa

Positive associations with statistical significance were
observed when the AAIR of bone and joint cancers
for years 2010-2016 was correlated with the aver-
age farmland size in Iowa for all 99 counties (Fig. 5a,
R=0.236, P<0.02). Similar results were obtained
when leukemia cases were correlated with the aver-
age farmland size, while lymphoma or all cancer sites
showed a weak positive association without statistical
significance (Fig. 5a).

Regional correlation, between the mean AAIR of
bone and joint cancers for years 2010-2016 and the
average farmland size, showed that four regions had
positive, while two regions had inverse correlations.

@ Springer

None of these correlations were statistically sig-
nificant (Fig. 5b). Thus, the AAIR of bone and joint
cancers between years 2010-2016 positively associ-
ated with the average farmland size in lowa; however,
this was not evenly distributed between the different
regions.

Discussion

The long-term trends in bone and joint malignancies,
investigated in the current study, demonstrated that
male and female US patients under the age of 50 were
more commonly diagnosed with bone and joint can-
cers compared to older individuals. The increases in
these cancer cases positively correlated with the rural
population and the farmland size, but not with the
high residential radon levels, as illustrated with the
population of Iowa.
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Table 5 Geographic, demographic, agricultural, and selected environmental characteristics of Iowa by region. Source US Census
Bureau, 2006-2010 American Community Survey, and the 2012 Census of Agriculture, USDA

Region 1 Region 2 Region 3 Region 4 Region 5 Region 6

Geographic area Central North Iowa Northwest lowa Southwest Iowa Southeast lowa Northeast lowa

and south

Iowa
Number of counties in the region 25 12 20 12 16 14
Total Population 973,495 185,327 385,855 216,942 642,641 642,095
Population in households® 942,529 180,907 373,225 210,704 622,136 618,742
Occupied housing units® 383,871 78,415 163,789 86,871 259,872 257,660
Average household size (people) 2.4+0.1 2.3+0.1 24+0.2 24+0.1 2.4+0.1 2.4+0.1
Average median age (years) 41+4.3 44+1.0 43+4.4 44429 41+3.6 41+3.0
White race (%)° 89.9 96.2 91.6 94.2 89.9 92.4
Other race (%) 10.1 3.8 8.4 5.8 10.1 7.6
Rural population (%) 28.1 58.4 47.0 48.0 33.0 34.0
Total number of farms® 21,602 10,726 16,543 8,478 14,756 16,532
Average farmland size (acres)® 327+ 66 381453 424+ 66 460140 284+29 294 +57
Average residential radon (pCi/L) 7.12+2.2  797+1.6 934x1.6 8.81+2.1 57313 6.85+1.5

#Population in households includes family, non-family, or male or female householders with or without children
®Occupied housing units include those occupied by owners or renters
“White race indicates any person of Hispanic/Latino or non-Hispanic origin who identifies themselves as white

dOther race includes any person who identifies as Black, American Indian/Alaska Native, Asian, Native Hawaiian/Pacific Islander or
belongs to other race or two races

®The numbers of farms and average farmland size is as determined during the 2012 Census of Agriculture
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60 60 900
R=0.241 R= 0.189
.
4 40 40 600 . o+
-
g . btk
o
20 oL 20 300
& ot
b Bt .
0+ T ] 0+ T \ 0+ T ]
0 300 600 0 300 600 0 300 600
Average farmland size (acres) by county
(b) Region 1 Region 2 Region 3 Region 4 Region 6
6.0 6.0 6.0 6.0 6.0
R= 0.225 R= 0.228 R= -0.092 R= 0.414 R= -0.158
P<0.27% P<0.47 P <0.69 P<0.18
;
40 . - 40
*
*

2.0

AAIR of bone
and joint cancers

0.0

0 300 600 0 300 600
Average farmland size (acres) by county

Fig. 5 Pearson’s correlation analysis of the association together. In b, the correlation was by region and for bone and
between the AAIR of bone and joint cancers, leukemia, lym- join cancers only. The AAIR of cancer cases was from 2010 to
phoma, or all cancer sites, and the average size of farmland 2016, while the average size of the farmland was taken from
in Towa. In a, the association was for all 99 counties taken the 2012 US Census of Agriculture
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During this investigation, we found that the inci-
dences of bone and joint cancers in the USA during
2005-2014 have substantially increased for individu-
als under age 50 when compared to cases reported
back in 1975-1984. The finding that younger indi-
viduals were more commonly diagnosed with pri-
mary bone and joint cancers is alarming and calls
for enhanced scientific research on these cancers.
The higher incidence rates of bone and joint cancers
in children may coincide with pubertal growth spurt,
while the cases observed in older individuals may
coincide with Paget’s disease (Deshpande et al., 2007;
Deyrup et al., 2007). Other risk factors are genetic
predisposition to taller statue or heritable cancer syn-
dromes, such as Li-Fraumeni syndrome (Zhang et al.,
2018). Gaining a better understanding of genetic
factors and signaling pathways that contribute to
the oncogenic transformation of bone and cartilage
cells could lead to the discovery of novel molecular
markers for the prevention of bone and joint tumors.
Unfortunately, such approaches could be challenging
because bone and joint tumors are rare and clinically
relevant findings often present with overlapping mor-
phologies (Lam et al., 2019). Moreover, the popula-
tion-based cancer registries that collect information
from cancer patients do not separate those neoplasms
by histological subtypes. Instead, those malignancies
are combined in the category “bone and joint” can-
cers. This, in addition to the fact that bone and joint
cancers are understudied, is a practical concern that
leaves patients, clinicians, and policy makers with
limited information (Gallicchio et al., 2021; Greenlee
et al., 2010).

In the current study, Iowa was identified as a state
with increasing incidences of bone and joint cancers
over the years. This was particularly worrisome for
years 2005-2014 as the mean AAIR of bone and joint
cancers in lowa was the highest for both genders, all
age groups combined. Iowa is one of the US states
with the highest average concentrations of indoor
radon. Around 71.6% of Iowan homes have radon
concentrations greater than 4 pCi/L. In contrast, the
national US average of radon in homes is 1.3pCi/L
(Bain et al., 2016; Lantz et al., 2013). Radon can con-
centrate within the lower levels of buildings becom-
ing potentially hazardous health issue (Stanley et al.,
2019). In addition to tobacco smoking, radon is con-
sidered a carcinogen linked to the development of
lung cancer (Lantz et al., 2013). Population-based
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case—control study conducted on Iowa women that
examined the relationship between cumulative radon
exposure and lung cancer suggested a significant
lung cancer risk associated with the radon exposure
(Field et al., 2000). Similarly, an association between
radon levels and the incidence of brain and spinal
cord cancers was found to be positive for lowa but not
New Jersey, Wisconsin, Minnesota, or Pennsylvania
(Monastero & Meliker, 2020). The Pearson’s correla-
tion analysis performed in the current study did not
show a positive association between the mean AAIR
of bone and joint cancers and the residential expo-
sure to radon from 2010 to 2016 in Iowa. In fact, the
correlation was negative, although not statistically
significant for four out of the six Iowa regions evalu-
ated. Although our analysis did not provide individ-
ual exposure data, this finding supports studies that
argue against the existence of a positive association
between higher risk of cancer and increased residen-
tial exposure to radon (Luckey, 2006).

Towa is a state with a well-developed agricul-
ture; however, lowa faces challenges associated
with agricultural exposures to chemical, physi-
cal, and biological agents. Meta-analysis of studies
on Jowa farmers demonstrated that farmers are at
higher risk for developing cancer (Blair & Freeman,
2009; Coble et al., 2002). While the incidence rates
of bone and joint cancers were never investigated
among lowa farmers and their exposure to chemi-
cal and biological agents, the current study found
positive correlations between lowa patients diag-
nosed with bone and joint cancers and those who
resided in rural areas. Our analysis revealed that the
rural population of Iowa was more likely to develop
bone and joint cancers as there was a positive cor-
relation between those two variables when all 99
Iowa counties were included. Similar association
was observed for patients with leukemia, but not for
patients with lymphoma, or all cancer sites, indicat-
ing that the rural population might be more vulner-
able to develop certain (including bone cancers),
but not all cancer types. We also found a positive
and statistically significant correlation between the
average farmland size and the incidences of bone
and joint cancers in Iowa. However, these associa-
tions were not evenly distributed between the dif-
ferent regions of Iowa. This might be explained
by the wide range of exposures in rural areas that
can vary between farms depending upon the type



Environ Geochem Health (2023) 45:925-940

937

of farm operation. For example, exposure to pes-
ticides used on corn takes a few weeks each year,
while pesticide exposure among orchardists is more
frequent and spans over a longer time period (Blair
& Freeman, 2009). The agricultural Health Cohort
review on 28 studies, focused on the pesticide expo-
sure and cancer incidence, concluded that of 32 dif-
ferent pesticides, 19 were significantly associated
with at least one type of cancer (Weichenthal et al.,
2010, 2012). Among them, alachlor, carbaryl, meto-
lachlor, pendimethalin, permethrin, and trifluralin
were considered carcinogenic for lymphohemat-
opoietic cancers, melanoma, lung, pancreatic can-
cer, or colorectal cancer (Acquavella et al., 2004;
Alavanja et al., 2004; Andreotti et al., 2009; Hou
et al., 2006; Kang et al., 2008). Whether the occur-
rence of bone and joint cancers may increase among
agricultural workers upon use of pesticides is cur-
rently unknown.

Other US states may also have increased cases of
bone and joint cancers in the most recent decades;
however, the bone cancer registries were incomplete
or inaccessible via the SEER program of NCI or the
CDC cancer statistics database. In fact, in many loca-
tions, bone and joint cancers were underreported
because a minimum of 10 cases are required to cal-
culate a stable age-adjusted rate. In contrast, the most
common cancer sites were well represented by these
recourses. Similarly, epidemiological studies and
genomic resources were largely focused on common
cancers, while rare cancers were studied to lesser
extent (Gallicchio et al., 2021).

Due to the rarity of bone and joint malignancies,
this investigation did not provide an individual-level
exposure evidence that people in rural areas are at
direct risk of developing these cancers. Moreover,
there might likely be other factors that contributed
to the increased incidences of bone and joint can-
cers but were not evaluated in this study. Risk fac-
tors, such as smoking, arsenic, or pesticides were not
evaluated. This study did not take into consideration
bone fractures, or the impact of race/ethnicity, die-
tary behaviors, lack of physical exercise or genetic
causes because such information is not readily acces-
sible on county level, or available in the public health
domains. Due to similar reasons, the investigation
was not able to distinguish between the different his-
tological subtypes of bone and joint cancers by age in
the in long term.

Conclusions

The long-term trends in bone and joint cancers from
1975 to 2014 signified that male and female patients
under the age of 50 were more commonly diagnosed
with these cancers compared to older individuals.
Some bone sarcomas can be highly lethal but because
they do not affect a large portion of the population,
they are understudied and thus overlooked in standard
reports, including epidemiological studies. Accord-
ing to this investigation, exposure to rural areas and
possibly farming, but not to residential radon, as illus-
trated with the population of Iowa, positively corre-
lated with the increased incidences in bone and joint
cancers. This retrospective correlative analysis calls
for greater emphasis on bone and joint cancers and
recommends to the national representative institutions
to: (1) revise the current policies that limit the num-
ber of reported rare cancer cases, (2) provide better
access to rare cancer documentation for policy mak-
ers, clinicians, and researchers, especially for states
with higher agricultural industries and vast rural areas
in order to respond to their medical needs, as well
as evaluate the impact of environmental factors, (3)
develop additional programs that conduct surveys in
underrepresented rural areas to gain more information
about dietary behaviors, daily activities, and exposure
to biological and chemical agents, (4) increase the
number of the participating population-based cancer
registries of the USA so that more than 30% of the
population is represented on county-level, and (5)
implement strategies to reduce the disparity between
common and rare cancers. The use of improved sur-
veillance and epidemiological data could provide
opportunities to better explore the disease etiology of
bone and joint cancers and help advance future treat-
ment options and prognosis.
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