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Abstract
Purpose To examine whether sociodemographic characteristics, access to care, risk behavior factors, and chronic health conditions 
were associated with colorectal cancer (CRC) screening utilization among breast, cervical, prostate, skin, and lung cancer survivors.
Methods We analyzed the 2020 Behavioral Risk Factor Surveillance System (BRFSS) data on 9780 eligible cancer survivors. 
Descriptive statistics and multivariable logistic regression models were applied to assess the association between guideline-
concordant CRC screening and the mentioned characteristics.
Results Overall, 81.9%, 65%, 88%,78.1%, and 80.1% of breast, cervical, prostate, skin, and lung cancer survivors received 
CRC screening, respectively (p-value < 0.001). In multivariable analysis, breast, cervical, and skin cancer survivors aged 
60 years or older were associated with higher odds of receiving CRC screening. Respondents that had their recency of routine 
checkup two or more years before had lower odds of having CRC screening among cervical (OR = 0.06; 95% CI, 0.02–0.22), 
prostate (OR = 0.26; 95% CI, 0.14–0.49), and skin cancer (OR = 0.50; 95% CI, 0.36–0.70) survivors. The presence of chronic 
diseases was also associated with guideline-concordant CRC screening among breast, prostate, and skin cancer survivors.
Conclusions Our findings provide important evidence on potential factors that are associated with guideline-concordant CRC 
screening utilization across different cancer survivors, which include older age, recency of routine checkup, and multiple 
chronic diseases. Moreover, variation in CRC screening utilization across cancer survivors may highlight missed opportuni-
ties for secondary cancer prevention.
Implications for Cancer Survivors Establishing clear CRC screening guidelines and including patient-provider communica-
tion on recommendation in cancer survivorship care may increase adherence to CRC screening.
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Introduction

Breast, cervical, prostate, melanoma of the skin, and lung 
cancers are the most common cancers among women and 
men in the United States (U.S.) [1]. Advancement in cancer 
detection and treatment has improved survival rates leading 

to a growing population of cancer survivors [2, 3]; however, 
cancer survivors are at a 20% increased risk of developing a 
secondary cancer [4]. Second cancers can reflect the carcino-
genetic effects of cancer-related treatment (i.e., chemotherapy 
and radiation) [5–7], as well as the effect of lifestyle factors, 
environmental exposures, and shared etiologic factors [8, 9].

Previous studies among breast, cervical, prostate, and lung 
cancer survivors have reported an increased risk of second 
primary colorectal cancer (CRC) [5, 10–12]. Malignant mel-
anoma was also considered to be the most common tumor 
metastasizing to the colon [13]. Accordingly, cancer survivors 
are recommended to have regular follow-up care with preven-
tive screening for common cancers, such as CRC, one of the 
more preventable and treatable cancers, and the third most 
common cause of cancer and cancer death in the U.S. [1, 2, 
14]. Therefore, adherence to CRC screening recommendation 
should be highly prioritized among cancer survivors.
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 According to the American Cancer Society (ACS) and the 
U.S. Preventive Services Task Force (USPSTF) recommenda-
tion on CRC screening, adults aged 45–75 years should have 
a fecal occult blood test (FOBT) every year, flexible sigmoi-
doscopy every 5 year, and colonoscopy every 10 year [15, 16]. 
There were 71.6% of adults aged 50–74 years reported being 
guideline-concordant with CRC screening among average-risk 
US population in 2020 [17]. While several options for CRC 
screening exist [15, 16], CRC screening utilization across dif-
ferent cancer survivors remains varied. To date, much research 
regarding CRC screening among cancer survivors predomi-
nantly focuses on breast cancer [18–20] or CRC survivors 
(i.e., reoccurrence of CRC) [21]. A US study reported that 
54% of prostate cancer survivors and 44% of breast cancer 
survivors received a colonoscopy [22]. Another study among 
Singaporean patients reported 46% and 54% of cancer sur-
vivors underwent FOBT and colonoscopy, respectively [23]. 
Compared to a sample of US women without a cancer history, 
breast cancer survivors were more likely to have a FOBT home 
test within the past year (24.6% vs. 19.1%) and an endoscopic 
exam within the past 10 years (57.2% vs. 42.9%) [20].

Considering the factors associated with CRC screening 
uptake, screening behaviors are likely mediated by sociodemo-
graphic characteristics (i.e., race/ethnicity, education, income, 
and rural areas), lifestyle choices (i.e., smoking status and 
alcohol consumption), family history of CRC, and influenced 
by health service factors linked to health insurance coverage 
and physician recommendation [20, 22, 23]. Cancer survivors 
with higher education, higher household income, family his-
tory of CRC, and those with physician recommendation were 
more likely to receive CRC screening [23, 24]. Non-Hispanic 
White (NHW) and Asian breast cancer survivors were more 
likely to receive endoscopic screening within the past 10 years 
[23]. Additionally, several cancer survivors reported visiting 
their primary care physicians (PCPs) for their continuing care 
[24], which makes physician recommendation a key factor of 
receiving screening. Given an increased risk of developing 
CRC among cancer survivors, having regular appointments 
with PCPs regarding CRC screening is necessary.

Although prior studies suggested that cancer survivors 
were more likely to receive CRC screening, the comparison 
of screening uptake across different types of cancer survivor-
ship, such as cervical, skin, and lung cancers, has not been 
reported. Moreover, the factors in health service characteris-
tics, risk behaviors, and multiple medical conditions affecting 
screening uptake have not been documented across different 
cancer types. To further the understanding of CRC screening 
behaviors among cancer survivors, we examined the sociode-
mographic characteristics, access to care factors, risk behavior 
factors, and chronic health conditions associated with screen-
ing utilization among breast, cervical, prostate, skin, and lung 
cancer survivors, using a nationally representative sample of 
US participants.

Methods

Study design and setting

We performed secondary data analysis using the 2020 Behav-
ioral Risk Factor Surveillance System (BRFSS). The BRFSS 
is a large cross-sectional survey administered annually by the 
Centers for Disease Control and Prevention (CDC) to about 
400,000 adults, across all 50 states, the District of Columbia, 
Guam, and Puerto Rico. The BRFSS is a telephone-based 
survey that utilizes a multistage cluster sampling technique 
to give US representative estimates. The data is self-reported 
and includes information on health-related risk behaviors, 
chronic health conditions, and use of preventive services 
from noninstitutionalized adults aged ≥ 18 years residing in 
the US. The respective health departments from each state 
grant Institutional Review Board (IRB) approval for the dis-
tribution and collection of data using the BRFSS, and verbal 
consent as directed by the CDC survey [25]. More details 
about the BRFSS are available at https:// www. cdc. gov/ brfss/. 
Data extracted for this study were publicly available and de-
identified and thus considered exempt from IRB review.

Study participants

The 2020 BRFSS had 401,958 respondents aged ≥ 18 years. 
To obtain an eligible sample for our study, we excluded 
392,172 respondents with no cancer history (n = 379,245), 
most recent cancer diagnosis of CRC (n = 851), other 
than breast, cervical, prostate, skin, and lung cancer his-
tory  (n = 5430), male reported history of breast cancer 
(n = 17), and missing information on CRC screening utiliza-
tion (n = 6). Adults less than 45 or greater than 75 years of age 
were also excluded based on the American Cancer Society 
(ACS) and the U.S. Preventive Services Task Force (USP-
STF) recently updated guidelines (n = 6629) [15, 26]. Male 
breast cancer survivors were excluded from analysis due to 
low representative sample. As a result, 9780 respondents were 
eligible and included in this study to examine the relationship 
between guideline-concordant CRC screening utilization and 
sociodemographic characteristics, access to care, risk behav-
ior factors, and chronic disease conditions in cancer survivors. 
The sample comprised 1886 breast cancer survivors, 410 cer-
vical cancer survivors, 1076 prostate cancer survivors, 6161 
skin cancer survivors (including melanoma), and 247 lung 
cancer survivors (Supplementary Fig. 1).

Measures

Guideline-concordant CRC screening utilization was our pri-
mary outcome of interest. According to ACS and USPSTF 

https://www.cdc.gov/brfss/
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recommendations, adults aged 45 years or older who are at 
average risk of CRC should start regular colonoscopy every 
10 years, flexible sigmoidoscopy every 5 years, or FOBT 
every year [15, 25]. Thus, respondents with a guideline-
concordant CRC screening were classified as those that 
(1) had a colonoscopy within 10 years, (2) sigmoidoscopy 
within 5 years, or (3) FOBT within a year. Respondents that 
reported a colonoscopy more than 10 years, sigmoidoscopy 
more than 5 years, FOBT more than a year, or never used 
any of these three CRC screening options were defined as 
having no guideline-discordant CRC screening.

Our main factors included age, and factors related to 
access to care, risk behavior factors, and chronic disease 
conditions. We classified age into three age groups, 45–59, 
60–69, and 70–74 years. Access to care factors included 
insurance status (yes or no), having a health care provider 
(yes or no), and recency of routine checkup (within past year 
or 2 years or more). Risk behavior factors included smok-
ing (yes or no), binge drinking (yes or no), and body mass 
index (BMI) (normal, overweight, and obese). Furthermore, 
binge drinking was defined as having 5 or more drinks for 
men or 4 or more drinks for women on an occasion during 
past 30 days [27–29]. Normal BMI was classified as under-
weight and normal (< 25 kg/m2); overweight was classified 
as BMI between 25 and 30 kg/m2; and obese was classi-
fied as BMI greater than or equal to 30 kg/m2. We included 
chronic disease conditions previously studied as confounders 
such as diabetes, coronary heart disease (CHD) or myocar-
dial infarction (MI), stroke, chronic obstructive pulmonary 
disease (COPD), emphysema or chronic bronchitis, arthritis, 
depressive disorder, or kidney diseases (not including kid-
ney stones, bladder infection, or incontinence) [30]. Num-
ber of chronic diseases was calculated from abovementioned 
chronic diseases and categorized into a three-level variable 
including (1) zero, (2) one to two chronic diseases, and (3) 
three or more chronic diseases. Other covariates of interest 
were age at first cancer diagnosis (< 40, 41–59, 60–79), gen-
der (male or female), race/ethnicity (non-Hispanic White, 
non-Hispanic Black, other non-Hispanic/Hispanic), educa-
tion (high school graduate or lower educational attainment, 
some college, college graduate), marital status (married, 
others, never married), annual household income (less than 
$50,000 or $50,000 or more), and rural areas (yes or no) 
(Table 1).

Statistical analysis

Survey weights were used to account for the complex BRFSS 
survey design and to generate representative results. All esti-
mates are presented as weighted estimates. Descriptive sta-
tistics were performed to summarize sociodemographic char-
acteristics, access to care, risk behavior factors, and chronic 

disease conditions among five types of survivors (breast, 
cervical, prostate, skin, and lung cancers). Cross-tabulation 
of frequency and weighted percentages were conducted to 
describe the differences across the five types of cancer sur-
vivors, using weighted chi square test. Five weighted mul-
tivariable logistic regression models were applied to assess 
the association between guideline-concordant CRC screen-
ing utilization and access to care, risk behavior factors, and 
chronic disease conditions among breast, cervical, prostate, 
skin, and lung cancer survivors. Given breast, cervical, and 
prostate cancers are gender-specific cancers, guideline-con-
cordant CRC screening rates of breast and cervical cancers 
were only for female and prostate cancer was only for male. 
Logistic regression models for those gender-specific cancers 
also excluded gender. Observations with missing data, don’t 
know, or refused responses in the included variables are pre-
sented in Supplementary Table 1 and removed for the multi-
variable analyses. All five regression analyses were adjusted 
for sociodemographic characteristics (gender, race/ethnicity, 
education, marital status, income, and rural areas) and age at 
first cancer diagnosis. Results were reported as odds ratios 
(ORs) and the associated 95% confidence intervals (CIs) and 
p-values. Data analyses were conducted using SAS Version 
9.4, SAS Institute Inc., Cary, North Carolina. All the p-values 
were based on two-sided probability tests. The level of statisti-
cal significance was set at 0.05.

Results

Study participant characteristics and CRC screening 
utilization

Among 9780 cancer survivors included in the analysis, 
the majority were aged 60–69 years, had first cancer at 
41–59 years, were Non-Hispanic White, had some college 
or college graduate education, were married, had an annual 
household income of $50,000 USD or more, and reported 
living in non-rural areas (Table 1). Most cervical cancer sur-
vivors were younger (55.7% of those aged 45–59 years) and 
had their first cancer at age < 40 years (67.7%). Among lung 
cancer survivors, 63% had a high school or lower level of 
education attainment, and 44.7% had an annual household 
income less than $50,000 USD. When examining access to 
care factors, most cancer survivors had insurance, health 
care providers, and recency of routine checkup within the 
past year. Reported smoking and binge drinking behaviors, 
overweight or obese, and one or two chronic disease condi-
tions were also associated with the uptake of CRC screen-
ing across the five types of cancer survivorship. Compared 
to CRC screening rates in breast, prostate, skin, and lung 
cancer survivors, cervical cancer survivors had a lower rate 
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Table 1  The sociodemographic 
characteristics, access to care, 
risk behavior factors, chronic 
health condition, and guideline-
concordant CRC screening of 
cancer survivors (n=9,780)

Breast Cancer
(n=1,886)

Cervical Cancer
(n=410)

Prostate Cancer
(n=1,076)

Skin Cancer
(n=6,161)

Lung Cancer
(n=247)

n (%) a n (%) a n (%) a n (%) a n (%) a

Gender
  Male NA NA 1,076(100%) 2,918(48.5%) 100(40.9%)

      Female 1,886 (100%) 410 (100%) NA 3,243(51.5%) 147(59.1%)
Age
     45−59 480(32.8%) 198(55.7%) 107(11.7%) 1,536(29.2%) 47(22.5%)
     60−69 877(44.5%) 145(34.4%) 509(46.2%) 2,739(44.8%) 111(40.2%)
     70−74 529(22.8%) 67(9.9%) 460(42.1%) 1,886(26.0%) 89(37.4%)
Age at first cancer diagnosis
     < 40 190(9.4%) 275(67.7%) 31(3.3%) 726(13.6%) 19(7.5%)
     41−59 1,111(63.0%) 92(24.8%) 451(42.0%) 3,091(51.6%) 94(40.6%)
     60−79 545 (24.3%) 27(4.2%) 581(54.1%) 2,097(31.0%) 121(45.1%)
Race/ethnicity
     Non-Hispanic 

White
1,446(75.5%) 306(77.2%) 844(70.3%) 5,874(95.6%) 191(80.5%)

     Non-Hispanic 
Black

208(15.3%) 30(8.4%) 147(24.2%) 32(0.9%) 26(13.3%)

     Other non-His-
panic/Hispanic b

232(9.2%) 74(14.3%) 85(5.5%) 255(3.5%) 30(6.2%)

Education
     High school or 

lower
446(31.6%) 171(45.0%) 274(32.0%) 1,329(28.1%) 115(63.0%)

     Some college c 552(33.3%) 120(32.5%) 275(31.9%) 1,737(33.8%) 83(27.3%)
     College graduate 884(34.8%) 117(21.6%) 525(36.1%) 3,090(38.1%) 49(9.7%)
Marital Status
     Married 1,026(59.8%) 196(58.0%) 783(75.7%) 4,168(71.7%) 111(41.0%)
     Others d 674(30.9%) 169(32.8%) 196(17.1%) 1,458(20.8%) 114(48.3%)
     Never married 177(8.5%) 42(7.5%) 94(7.1%) 516(7.1%) 21(9.7%)
Income
     Less than 50,000 698(36.9%) 215(46.3%) 326(30.1%) 1,746(28.0%) 130(44.7%)
     50,000 or more 860(46.9%) 132(35.1%) 598(55.9%) 3,524(56.5%) 68(28.1%)
Rural areas
    No 1,610(92.1%) 351(91.6%) 938(92.6%) 5,379(91.4%) 212(91.9%)
    Yes 250(7.8%) 56(8.4%) 132(7.4%) 758(8.6%) 33(8.1%)
Insurance status
     No 34(2.8%) 27(8.3%) 17(3.7%) 142(3.2%) 5(1.1%)
     Yes 1,847(97.0%) 380(90.6%) 1,055(95.5%) 6,008(96.7%) 242(98.9%)
Health care provider
     No 81(3.7%) 49(11.0%) 45(2.9%) 397(5.8%) 13(8.0%)
     Yes 1,800(95.8%) 360(88.9%) 1,027(96.8%) 5,757(94.0%) 234(92.0%)
     Missing 5(0.5%) 1(0.03%) 4(0.3%) 7(0.2%) 0
Recency of routine checkup
     Within past year 1,703(88.9%) 347(86.1%) 978(91.9%) 5,340(87.4%) 224(95.1%)
     2 years or more 170(10.7%) 60(13.6%) 94(7.3%) 790(12.0%) 19(4.1%)
Current Smoker
     No 1,709(90.3%) 306(67.5%) 960(87.4%) 5,506(88.0%) 175(66.7%)
     Yes 172(9.4%) 102(29.2%) 105(11.8%) 624(11.5%) 70(32.8%)
Binge drink e

     No 98(7.0%) 35(9.1%) 114(12.6%) 567(10.7%) 18(7.5%)
     Yes 1,757(91.7%) 370(90.2%) 942(85.2%) 5,483(87.1%) 221(91.3%)
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of 65% (breast cancer: 81.9%, prostate cancer: 88%, skin 
cancer: 78.1%, and lung cancer: 80.1%) (p-value < 0.001) 
(Table 1).

Table 2 examines the association between guideline-con-
cordant CRC screening utilization and sociodemographic 
characteristics of the five types of cancer survivors. Higher 
CRC screening utilization was observed in the 60–74 years 
age group for breast, cervical, skin, and lung cancer survi-
vors (p-value < 0.001), among Non-Hispanic Black for cervi-
cal (86.1%) and lung cancer (94.7%) survivors, and among 
Non-Hispanic White for skin cancer survivors (78.7%). 
Cervical, skin, and lung cancer survivors who first had 
cancer diagnoses at 60–79 years also reported higher CRC 
screening rates. In addition to age and race/ethnicity, the 
relationships between education level and CRC screening 
utilization were observed among cervical and skin cancer 
survivors (p-value < 0.05). Married breast and skin cancer 
survivors also reported higher CRC screening uptake. Skin 
and lung cancer survivors that earned more than $50,000 in 
yearly income were more likely to have greater guideline-
concordant CRC screening (p-value < 0.05). Finally, we also 
observed that rural residence was associated with higher 
guideline-concordant CRC screening uptake in lung cancer 
patients (p-value < 0.05). 

When exploring access to care variables, risk behavior 
factors, and chronic disease conditions, we observed greater 
CRC screening utilization among all cancer survivors when 
they reported having a health care provider (p-value < 0.05), 

insurance, recency of routine checkup within the past year, 
no smoking behaviors, and chronic disease conditions. 
Comparing to non-binge drinkers, 67.5% of cervical can-
cer survivors who had binge drinking behaviors received a 
guideline-concordant CRC screening (p-value = 0.01); how-
ever, lower CRC screening use was observed among lung 
cancer survivors who did not have binge drinking behaviors 
(96.1%) (p-value = 0.004). Higher CRC screening utilization 
was also observed among overweight and obese respondents 
in prostate and lung cancers (p-value < 0.05) (Table 3).

Determinants of CRC screening utilization

We used logistic regression to examine the relationship 
between age, access to care, risk behavior factors, and 
chronic disease conditions with guideline-concordant CRC 
screening utilization adjusting for other sociodemographic 
characteristics and age at first cancer diagnosis (Table 4). 
Relative to adults aged 45–59 years, older age (≥ 60 years) 
was associated with higher odds of CRC screening uptake 
among breast, cervical, and skin cancer survivors (p-value 
< 0.05). Female lung cancer survivors were more likely to 
be screened for CRC compared to male lung cancer survi-
vors (OR = 5.06; 95% CI, 2.05–12.47). Respondents that 
had their recency of routine checkup within the prior two 
years or more had reduced odds of having CRC screening 
among cervical (OR = 0.06; 95% CI, 0.02–0.22), prostate 
(OR = 0.26; 95% CI, 0.14–0.49), and skin cancer (OR = 0.50; 

Abbreviation: NA, non-applicable; CRC , colorectal cancer; BMI, body mass index
a Data shown as frequency and weighted percentages. There are missing values for age at first cancer diag-
nosis, education, marital status, income, rural areas, insurance status, health care provider, recency of rou-
tine checkup, current smoker, binge drink, and BMI (data not shown, Supplementary Table 1)
b Other non-Hispanic include Asian, American Indian/Alaskan Native, and others
c Some college or technical school
d Divorced, widowed, or separated
e During the past 30 days, having 5 or more drinks for men or 4 or more drinks for women
f Normal includes underweight and normal

Table 1  (continued) Breast Cancer
(n=1,886)

Cervical Cancer
(n=410)

Prostate Cancer
(n=1,076)

Skin Cancer
(n=6,161)

Lung Cancer
(n=247)

n (%) a n (%) a n (%) a n (%) a n (%) a

BMI f

     Normal 590(29.9%) 108(26.8%) 232(19.6%) 1,917(27.2%) 86(33.0%)
     Overweight 558(27.3%) 113(27.3%) 440(42.4%) 2,201(34.8%) 75(31.5%)
     Obese 589(34.8%) 164(40.3%) 387(36.5%) 1,744(32.1%) 75(32.1%)
Chronic disease condition
     0 610(31.8%) 81(18.5%) 380(36.4%) 2,167(32.5%) 35(13.8%)
     1−2 1,047(55.2%) 216(51.8%) 562(50.4%) 3,265(55.7%) 138(56.9%)
     3+ 229(13.0%) 113(29.6%) 134(13.3%) 729(11.8%) 74(29.4%)
Guideline-concordant CRC screening
    No 374(18.1%) 141(35.0%) 130(12.0%) 1,275(21.9%) 55(19.9%)
    Yes 1,512(81.9%) 269(65.0%) 946(88.0%) 4,886(78.1%) 192(80.1%)
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95% CI, 0.36–0.70) survivors. Respondents with one or 
more chronic disease conditions were more likely to have 
guideline-concordant CRC screening among breast, pros-
tate, and skin cancer survivors; however, lung cancer sur-
vivors with one or two chronic disease conditions exhibited 
lower odds of receiving CRC screening (OR = 0.16; 95% CI, 
0.04–0.61) compared to respondents without any chronic 
diseases. Overweight and obese lung cancer survivors were 
also associated with greater CRC screening uptake (p-value 
< 0.001). Other observations showed that respondents with 
any insurance coverage had the higher odds of CRC screen-
ing utilization in cervical (OR = 2.81; 95% CI, 1.05–7.50) 
and lung (OR = 11.7; 95% CI, 1.56–87.71) cancers. CRC 
screening utilization was lower for breast (OR = 0.36; 95% 
CI, 0.02–0.65) and skin (OR = 0.69; 95% CI, 0.48–0.99) can-
cer survivors that reported currently smoking.

Discussion

Although receiving appropriate cancer screening for secondary 
cancers is recommended due to increased risk among cancer 
survivors [14], data on CRC screening utilization among differ-
ent cancer survivor groups are lacking. To our knowledge, this 
study is the first to examine guideline-concordant CRC screen-
ing utilization and determine the key factors among breast, 
cervical, prostate, skin, and lung cancer survivors. 

Overall, 81.9%, 65%, 88%, 78.1%, and 80.1% of 
breast, cervical, prostate, skin, and lung cancer survivors 
received guideline-concordant CRC screening, respec-
tively (p-value < 0.001). These findings are consistent 
with prior BRFSS studies examining screening behav-
iors among cancer survivors that reported between 70.8% 
and 80.9% cancer survivors receive CRC screening [18, 
24]. In a study using 2014 BRFSS, 80.9% of eligible can-
cer survivors in breast, cervical, colorectal, melanoma, 
prostate, and other cancers were guideline-concordant 
for CRC screening [24]. Using 2010 BRFSS data, a simi-
lar result was reported by Homan and colleagues that 
75.4% of breast cancer survivors were more likely to be 
guideline-concordant for their colonoscopy screening 
compared to female survivors of other cancers (70.8%) 
[18]. Also, over half of breast cancer survivors received 
recommended screening for CRC (65%) [31]. However, 
our data reports higher level of CRC screening utiliza-
tion in breast and prostate cancer survivors compared to 
44.2% of breast and 54.1% of prostate cancer survivors 
who had a colonoscopy screening in a multi-specialty 
practice [22]. This difference may be attributed to study 
design and population sample. This multi-specialty prac-
tice study was based on data abstracted from electronic 
medical records from 12 locations in the state of Maryland 
with a potential for missed entries on CRC screening use. 

They also did not examine screening behaviors in cervical, 
skin, and lung cancer patients. Additionally, we observed 
that cervical cancer survivors had slightly lower screening 
use (65%) compared to other types of cancer survivor-
ships. Compared to a prior study, using cancer registries, 
78% of cervical cancer survivors received CRC screening 
[32]. Higher screening use from this study may be due to 
using registry-based data, which usually have more accu-
rate information compared to self-reported data. Varia-
tions of CRC screening utilization across different cancer 
types may be influenced by doctor’s recommendations on 
screening tests [23] and CRC risk perceptions [33, 34] as 
well as insurance coverage to access preventive care [32, 
35]. Finally, more research on examining CRC screening 
behaviors in skin and lung cancer survivors are needed due 
to lack of existing literature.

An important insight from our study is that age con-
tinues to be an important factor in CRC screening. We 
observed that older breast, cervical, and skin cancer survi-
vors were more likely to be guideline-concordant with CRC 
screening (p-value < 0.001). This finding is consistent with 
prior studies that reported older age was associated with 
a greater likelihood of receiving CRC screening among 
cancer survivors [22, 24]. In contrast to these findings, a 
state-based study reported increasing age was associated 
with a lower likelihood of receiving early detection screen-
ing for other cancers among women cancer survivors [31]. 
It is plausible that differences in their findings and ours are 
attributed to their study sample being younger with range 
32–69 years compared to our sample range (45–74 years), 
and they also examined associations with other preventive 
care service use among cancer survivors [31].

Moreover, the role of chronic comorbidities was also 
highlighted in our results. We observed that survivors with 
multiple chronic diseases were more likely to receive guide-
line-concordant CRC screening compared to those without 
any chronic diseases. Particularly, breast and prostate cancer 
survivors that reported three or more chronic diseases were 
more than four times as likely to be screened for CRC. This 
finding is consistent with a study that indicated breast and 
prostate cancer survivors with hypertension were more likely 
to receive CRC screening compared to those without hyper-
tension [22]. Our study also observed that lung cancer sur-
vivors living with obesity had a fourfold increased odds and 
participants with overweight BMI status had more than six-
fold increased odds of guideline-concordant CRC compared 
with survivors with healthy weight or underweight BMI sta-
tus. This is especially important given that research has con-
sistently shown obesity is associated with an increased risk 
of colorectal cancer [36]. Higher CRC screening uptake may 
be due to increased doctor visits regarding cancer survivor-
ship plans that could lead to adherence with other important 
preventive care, such as CRC screening [23, 24].
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PCPs (i.e., obstetrics and gynecological doctors, family 
medicine doctors, and internal medicine physicians) appear 
to value survivorship care plans because they follow cancer 
patients during active treatment as well as after treatment 
completion [37]. Cancer survivors also prefer PCPs to lead 
their care for other preventive care and management of comor-
bid conditions [38]. In our study, we observed that cancer sur-
vivors with a recency of routine checkup at 2 years or greater 
have between 20 and 94% reduced likelihood of receipt of 
guideline-concordant CRC screening, a finding that may be 
linked to a lack of physician recommendation attributed to 
the absence of an ongoing PCP-patient relationship. Medical 
mistrust in healthcare providers experienced by patients or 
lack of patients’ trust may be explained through mechanisms 
such as patient preference in gender, race, or identity con-
cordance with their provider, or the patients’ may have an 
expectation for specialist-led care, which in turn drive either 
stronger or reduced relationships with their PCPs [39–42]. In 
addition, limited time and workload pressure among providers 
may be the drivers for lack of communication between patient 
and provider [39]. Having insurance coverage to preventive 
health services for common cancer screening may also explain 
access to CRC screening [35, 43], which is consistent with 
our finding that having insurance was associated with CRC 
screening uptake. Therefore, patient-physician CRC screening 
communication could become a critical channel for timely 
CRC screening use among cancer survivors [44, 45].

Given an increased risk of a subsequent diagnosis of CRC 
among prostate cancer survivors [5], ongoing educational 
programs tailored to prostate cancer survivors are needed to 
increase CRC screening use. This is because we observed 
that those aged 60 years or older were less likely to receive 
timely screening compared to those aged less than 50 years, 
though not statistically significant. Another important find-
ing is that lung cancer survivors with one or two chronic 
diseases were less likely to receive timely CRC screening. 
The presence of comorbid conditions was associated with 
poorer survival at different stages in lung cancer patients 
[46]; thus, this may lead physicians to be less likely to offer 
screening and for patients to be less likely to accept other 
preventive services [30, 47]. However, BRFSS is not a can-
cer surveillance database and does not collect information 
regarding cancer prognosis, progression, treatment, and 
therapy and thus we were unable to examine cancer staging 
in lung cancer survivors. Finally, our study observed that 
breast cancer survivors with current smoking and increased 
drinking behaviors were less likely to receive CRC screen-
ing. Educational programs to promote smoking and/or drink-
ing cessation in this subgroup are needed, given cigarette 
smoking and drinking are major risk factors for CRC [48, 
49]. Patient navigation to promote smoking cessation is also 
critical for skin cancer patients due to their lower likelihood 
of being for CRC screening in our analysis.

While professional organizations have issued screening rec-
ommendations for CRC, variations of CRC screening uptake 
still exist across varying cancer-specific survivors. Thus, pro-
fessional organizations should strongly consider evidence on 
cancer-specific risks for secondary colorectal cancer develop-
ment, and thus establish guidelines that may promote cancer 
survivors to increase adherence to CRC screening recom-
mendations. Moreover, effective implementation of patient 
and provider communication regarding CRC screening rec-
ommendation in cancer survivorship care may also increase 
adherence to screening uptake across different cancer survivor-
ships. In addition to reinforcing the important efforts to involve 
primary care in cancer survivorship plans, patient education 
programs are also needed to promote adherence to healthy 
lifestyle choices. Adherence to healthy lifestyle among cancer 
survivors, including tobacco reduction and cessation, limiting 
alcohol consumption, and maintaining a healthy weight, may 
reduce cancer recurrence and secondary cancer risk. Finally, 
our results may not apply to the impact of the SAR-COV-2 
(COVID-19) pandemic on CRC screening utilization because 
the outbreak had just begun in 2020 and most participants 
either completed timely screening or are not yet due for another 
one. Given reversal of gains in CRC screening are significant 
after the onset of the COVID-19 pandemic [50], it is timely 
for further research to re-examine barriers to screening uptake.

Although strengths of this study included the three most 
common CRC screening tests and multiple factors across 
different cancer survivorships, this study has important 
limitations that should be noted. First, we performed a 
cross-sectional analysis, and therefore, a temporal relation-
ship between sociodemographic characteristics, access to 
care, risk behavior factors, and chronic disease conditions 
with guideline-concordant CRC screening utilization could 
not be established. Second, the survey question design for 
cancer survivorship was to collect respondents’ most recent 
cancer type. If participants had multiple cancers and the 
most recent one was not CRC, we were unable to exclude 
them from this study. CRC screening utilization may be 
underestimated for those with CRC history due to ongoing 
cancer treatment or follow-up care to detect recurrence. 
Third, over 90% of BRFSS sample was insured; thus, the 
CRC screening utilization may not be generalizable to those 
without insurance who may experience barriers in access-
ing preventive care. Moreover, as with any self-reported 
survey research, study participants may have given socially 
acceptable responses instead of answering with the accu-
rate facts. Recall bias may also have affected the accuracy 
of responses. Therefore, guideline-concordant CRC screen-
ing utilization might be either overestimated or underesti-
mated. Finally, we are unable to include time since cancer 
diagnosis as a covariate because BRFSS survey is not a 
cancer surveillance database and does not collect informa-
tion regarding cancer prognosis and progression.
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Conclusion

Findings from this study provide important information 
on factors that may be associated with national recom-
mendations for CRC screening utilization within different 
cancer survivors. Our results suggest that older age, hav-
ing recency of routine checkup within a year, and hav-
ing chronic diseases were strongly associated with timely 
CRC screening uptake. Insurance, current smoking status, 
binge drink behaviors, and overweight/obese could also 
influence screening behaviors. Given the variations of 
CRC screening uptake across cancer survivors, these fac-
tors should be investigated further to optimize follow-up 
care in promoting secondary prevention of CRC through 
timely CRC screening. The importance of secondary can-
cer prevention in survivorship care plans for breast, cervi-
cal, prostate, skin, and lung cancer survivors, and effective 
implementation of such plans through primary health care 
initiatives are necessary.
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