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Abstract

Background: Adherence to colorectal cancer screening in the United States is suboptimal, particularly in medically
underserved populations due to significant barriers to care. Unique accessible, low-cost, and non-invasive screening
tests for this population could greatly benefit current rates. In this article, we assess patient preference and the impact
of offering a blood-based test on screening rates in a cost-free health fair setting from April 2017 to April 2019.

Methods: Participants who met colorectal cancer screening eligibility criteria set forth by the United States Preventive
Services Task Force were recommended to attend the colon cancer screening station. Those participants who elected
to attend were offered various, accepted screening methods, and if they declined, were offered alternative blood-
based testing. Screening rates, test outcomes, and the rate of follow up completion of colonoscopy were measured
and compared with historic screening outcomes.

Results: Of 1401 participants who were recommended to attend, 640 (45.7%) participants were evaluated at the colon
cancer screening station, of whom 460 were eligible for testing. Amongst these, none selected colonoscopy, 30 (6.5%)
selected fecal immunochemical testing, and 430 (93.5%) selected blood-based testing. Only 2 participants returned the
fecal immunochemical tests. In the blood test cohort, 88 were positive and 20 received a follow up colonoscopy.

Conclusions: Based on this assessment, blood-based testing is an effective method to increase screening rates in
medically underserved populations, though efforts to further improve access to follow up colonoscopy are necessary.
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Background
Colorectal cancer (CRC) is the second leading cause of
cancer mortality nationally [1]. Routine screening for
CRC, such as with colonoscopy and fecal immunochemi-
cal testing (FIT), at regular intervals leads to earlier CRC
detection, lower CRC incidence and mortality, and overall
cost savings compared to no screening [2–4]. However,

there are significant barriers to screening within medically
underserved populations (MUP), due in part to cost,
accessibility, and acceptability of screening tests. Behav-
ioral Risk Factor Surveillance System (BRFSS) survey data
identified low CRC screening rates among participants
without healthcare coverage (37%) compared to those
with health insurance (69%), as well as lower rates in
participants who lack an identifiable healthcare provider
(31%) compared to those with a regular provider (69%)
[5]. Low income and lack of insurance lead to later CRC
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detection, worse outcomes, and increased mortality from
CRC [6].
To date, there are many well-established CRC

screening modalities, which can be divided into invasive
(capsule endoscopy, sigmoidoscopy, or colonoscopy) or
non-invasive testing options (computed tomographic
colonography and stool-based testing), and can be
further categorized into those detecting both polyps and
cancer versus cancers alone [7]. In the United States, the
most utilized method for CRC screening is colonoscopy,
but it is not necessarily an ideal screening tool in MUP
given its cost, invasiveness, risk, lack of convenience and
accessibility, and patient perception [8, 9]. To that end,
the other modalities remain important alternative
screening options. In fact, modeling studies clearly dem-
onstrate that all the screening methods have benefit over
time, and that adherence to testing, regardless of modal-
ity, is a key driver for successful screening [10]. Many
people are not up-to-date with CRC screening despite
the available testing, with overall screening rates under
70% in the United States in 2018 [11]. Some characteris-
tics of a MUP, such as low income, lack of insurance or
being underinsured, and lack of a primary care provider
(PCP), make screening an even bigger challenge for this
group. This is particularly the case for access to
colonoscopy.
FIT has desirable characteristics for the MUP includ-

ing cost, availability, and efficacy. It has been used fre-
quently for CRC screening in this population, and
programmatic FIT has been shown to be effective [12].
However, return rates are consistently low, around 10%,
in MUP compared to the general population [13]. For
MUP without access to a primary care provider who
may use health fairs as their principal source of health
care, low FIT return rates limit the feasibility of this
option.
The Mitchell Wolfson Sr. Department of Community

Service (DOCS) is a medical student-run, organization at
the University of Miami Miller School of Medicine that
provides preventive, primary, and subspecialty care to
thousands of MUP in South Florida through various
organized activities, including free comprehensive screen-
ing health fairs. This patient population is almost exclu-
sively uninsured or underinsured, and a large percentage
are not eligible for state or federal programs that facilitate
primary care. The county safety net health system.
affords care for some, but this is mostly in the

emergent or urgent settings rather than for elective is-
sues like cancer screening. Therefore, the lone modality
of colorectal cancer screening at these fairs has been
fecal occult blood testing for many years, initially with
guaiac-based and, then, with immune-based testing
(FIT), given its affordability. However, we had noted
consistently low return and positivity rates of FIT at our

health fairs, in line with known national averages [13]. In
the year prior to the data collection presented here,
when FIT was the primary CRC screening option of-
fered, 414 participants received FIT but only 52 returned
them (12.6%) with 0 being positive (0%).
Blood-based testing presents an opportunity to over-

come some, but not all, of the barriers that currently
limit screening, particularly in MUP, including ease of
use and educational barriers to test use and return. The
FDA-approved Septin9 DNA blood test (Epi proColon®)
is indicated for screening of participants unwilling or un-
able to undergo the other recommended tests, and is
therefore appropriate for use in this study design. This
test determines the methylation status of the SEPT9
gene, a member of the Septin family of proteins that
bind GTP and act to modulate vesicle trafficking, apop-
tosis, cytoskeletal remodeling, and cytokinesis [14].
Hypermethylation of the SEPT9 gene in CRC tissue is
associated with colorectal carcinogenesis [15] and meth-
ylated SEPT9 DNA (mSEPT9) shed from the tumor site
is measurable in peripheral blood, providing a blood-
based means to test for CRC [16, 17]. Several studies
have compared mSEPT9 and FIT testing, and test sensi-
tivity has been found to be comparable across all stages,
though at lower mSEPT9 specificity. In one prospective
multi-center study, mSEPT9 sensitivity was 73% at a
specificity of 80%, compared to 68% at 97% for FIT [18].
Given the potential for a blood-based test to improve

screening rates for MUP, we developed a program to as-
sess the impact of adding mSEPT9 testing to our CRC
screening station at the DOCS health fairs. Here we re-
port on CRC screening uptake with both mSEPT9 and
FIT in MUP and secondarily the performance character-
istics of the blood-based test in this resource-limited and
ethnically diverse environment.

Methods
The CRC screening assessment received approval from
the Institutional Review Board at the University of
Miami. All participants recruited at the DOCS health
fairs provided consent upon check in at the fair. A retro-
spective chart review was performed of all participants
attending DOCS health fairs from April 2017 to April
2019. In 2016, DOCS data collection was transitioned
from paper charts to an electronic medical record sys-
tem using REDCap, a secure metadata-driven Electronic
Data Capture (EDC) software and workflow method-
ology for designing clinical and translational research
databases while ensuring HIPAA compliance [19]. All
participants over age 50 years (the recommended age to
start screening in average risk individuals at that time)
attending DOCS health fairs in South Florida during the
pre-determined two-year period were asked to visit the
CRC screening station during their time at the fair.
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At the CRC screening station, those who were at aver-
age risk of colorectal cancer (defined as age 50–75 with-
out rectal bleeding or previous history of colorectal
polyps, CRC, inflammatory bowel disease, familial cancer
syndromes, or family history of CRC) and not up-to-date
with CRC screening (no colonoscopy within the last 10
years, sigmoidoscopy within the last 5 years, or FIT
within the last 1 year) were educated on CRC screening
by station volunteers using a prewritten script that also
explained their options for screening (see Appendix 1).
Translators were used if English was not the patient’s
primary language of preference.
A screening questionnaire was administered at the

CRC station, and a prewritten script was used with the
goal of providing an objective, unbiased approach to
CRC screening options. Participants were offered the op-
tion of assistance in getting a screening colonoscopy
within the county safety net hospital system; however,
given lack of access to the healthcare system for the ma-
jority of participants, a script was used to explain that
colonoscopy could not be guaranteed. Participants were
also offered the option of a take-home FIT screening kit
at the fair in the patient’s primary language to be com-
pleted as per kit instructions and mailed back to DOCS
in the provided prepaid addressed return envelope. In
line with the intended use of the blood test, participants
were offered and declined both colonoscopy and FIT be-
fore being offered blood-based mSEPT9 testing. Screen-
ing modalities were offered in a stepwise fashion in
accordance with current guidelines for CRC screening,
with gold standard being colonoscopy and FIT having
increased sensitivity, affordability, and familiarity.
On acceptance of mSEPT9 testing, a blood sample was

collected by venipuncture-trained student volunteers
and processed on-site per manufacturer instructions for
use. Plasma was stored and shipped in labeled 5-mL
screwcap and flat-bottom transport tubes at − 15 °C to
− 25 °C to Molecular Pathology Laboratory Network,
Inc. (MPLN) (Maryville, TN) for testing. Results were re-
ported online in MPLN’s LIS Blue laboratory manage-
ment system 1–2 weeks after the health fair. FIT kits
were instructed to be returned by mail to the University
of Miami and were processed at the University of Miami
laboratory.
All participants who elected for the mSEPT9 blood

draw or mail-returned a FIT kit had their results mailed
to them in their primary language, including an explan-
ation of appropriate follow up recommendations, within
2–4 weeks of sample collection or return of FIT kit.
Participants who screened positive for either test were
contacted by telephone 2, 4, and 6 weeks after receiving
their results by trained medical student patient naviga-
tors to assist in facilitating follow-up colonoscopies;
participants were followed until time of colonoscopy

completion or for up to 9 months after sample collec-
tion, whichever came first. Screening rates, test rate
positivity, and follow-up colonoscopy rates for both FIT
and mSEPT9 were analyzed through the use of descrip-
tive statistics.

Results
A total of 2513 people attended 19 health fairs. Of all
health fair attendants, 1401 (55.8%) participants were
over 50 years old and directed on initial intake to the
CRC screening station. Of those directed to the CRC
screening station, 640 participants attended the CRC
screening station (45.7%). At that station, 159 partici-
pants were excluded for being greater than average risk
(42) or being up-to-date with screening (117). Of the
481 remaining eligible participants, 21 participants had
incomplete medical records largely due to missing data
points. Therefore, 460 participants were included for
retrospective analysis. Of these, 50% were uninsured and
47% had not seen a PCP within the preceding year. No
participant chose to pursue colonoscopy as the initial
screening test. Thirty participants (6.5%) chose to pursue
FIT, and 430 (93.5%) participants elected for mSEPT9
testing (Table 1).
Two of the 30 participants who chose FIT returned

the test (6.7%) and neither was positive (0%). Of the 430
participants who had blood-based testing, 88 (20.5%)
screened positive. In the nine-month follow-up period,
20 (22.7%) of the 88 participants who screened positive
received diagnostic colonoscopies, 48 (54.5%) were
pending colonoscopies due to financial constraints, and
20 (22.7%) were considered lost to follow up after three
failed attempts to contact. In those who received diag-
nostic colonoscopies to date, no high-risk lesions (aden-
omas > 1 cm, villous features, high-grade dysplasia,
serrated lesions, or cancers) have been identified.

Discussion
The mSEPT9 blood test had similar characteristics as
previously reported in studies where participants had ac-
cess to care; however, the number of participants requir-
ing diagnostic colonoscopy for positive mSEPT9 is
worthy of consideration. Despite participant agreement
to participate in accessible screening modalities, barriers
to further care pose additional complications. The lack
of access to follow-up services for those with positive
mSEPT9 screening has proven to be a challenge, particu-
larly in light of the high test positivity rate, as has the
ability to routinely remain in contact with this popula-
tion, primarily due to inconsistent addresses and phone
access. However, incorporation of blood-based testing in
resource-poor settings may facilitate identification of
individuals who would benefit most from colonoscopy
and can be greatly beneficial when paired with a patient
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navigation program that can facilitate coordination of
needed care. Many of the participants who received
follow up colonoscopy after positive mSEPT9 screen
were able to do so because of the assistance of patient

navigation to facilitate access to financial assistance
within the county safety net hospital system.
By providing mSEPT9 as an alternative method of

CRC screening in MUP in South Florida, there was in-
creased uptake of testing despite the underlying socio-
economic challenges that this population faces. Lack of
adequate uptake of subsequent diagnostic colonoscopy
in those participants testing positive is concerning and
points to the need for improved navigation coupled with
the need for easier access to colonoscopy. In those who
received diagnostic colonoscopy, lack of high-risk lesions
is difficult to interpret until more are completed: a chal-
lenge with our transient and demographically-varied
MUP. While statistically non-inferior to FIT with respect
to sensitivity, specificity is ~ 80% compared to ~ 97% for
FIT [20, 21]. Future work will be aimed at longer follow
up of participants, larger populations, and quantification
of patient acceptability. In addition, an ongoing post ap-
proval study is focused on measuring repeat testing up-
take over time for participants with negative test results.
One limitation of the study was that testing was pro-

vided free of charge to all participants, which would re-
move a cost barrier for participants. In this regard, the
results may not be generalizable to the population. How-
ever, this is a typical of provision of services in a health
care setting, and by way of comparison, FIT testing was
also offered at no cost. On this basis, the impact on test
uptake remains valid. As noted above, a second limita-
tion was the lack of easy availability of screening colon-
oscopy. Recognizing this challenge, we simply reported
the absence of colonoscopy screening and make no com-
parison claims with this method. While the Affordable
Care Act (ACA) mandates full coverage for screening
colonoscopy for those insured, this does not fully re-
move barriers to screening as health fair participants
often have no coverage. Therefore, while our observa-
tions may not be generalizable to the broader popula-
tion, they are relevant to MUPS as they have many of
the same barriers to care in common.
From a public health perspective, the increased uptake

of screening is notable, though importantly, we
recognize the concern that comes from screening partic-
ipants who are unable to access a diagnostic colonos-
copy following a positive screening test. To some degree,
inability to access colonoscopy is a complication that
may deter future use; however, given the variability
among MUP, it is difficult to determine ease of colonos-
copy access at the time of screening. Furthermore, the
lack of access to follow-up colonoscopy is a challenge in
common for all non-invasive screening tests. The cost of
testing represents a second public health challenge.
Testing by FIT remains the least costly approach to
screening, and there is and increased cost impact of
blood-based testing, like other non-invasive methods

Table 1 Population demographics and results

Age

Mean – yr 62

Distribution- no. (%)

50–59 199 (43)

60–69 177 (38)

70–79 63 (14)

> 80 21 (5)

Sex– no. (%)

Male 179 (39)

Female 281 (61)

Race/Ethnicity- no. (%)

White (Non-Hispanic) 152 (33)

White (Hispanic) 147 (32)

Black (Afr American) 32 (7)

Black (Caribbean/Haitian) 101 (22)

Black (Hispanic) 6 (1)

Other 14 (3)

Declined to Answer 8 (2)

Primary Language Spoken in Household- no. (%)

English 236 (51)

Spanish 126 (27)

Haitian Creole 81 (18)

Other 8 (2)

Declined to Answer 9 (2)

Health Insurance Enrollment- no. (%)

Uninsured 229 (50)

Insured (Private, Medicaid/Medicare,
or County Assistance Program)

211 (46)

Declined to Answer 20 (4)

Seen Primary Care Physician in the Last Year- no. (%)

Yes 226 (49)

No 215 (47)

Declined to Answer 19 (4)

Preferred Test– no. (%)

FIT 30 (7)

Septin-9 430 (93)

Result, of mSEPT9 Testing– no. (% of mSEPT9)

Positive 88 (20)

Negative 342 (80)

FIT Kits Returned– no. (% of FIT Kits Distributed) 2 (7)
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such as stool DNA [22]. However, blood-based testing
has been shown to be a cost-effective approach for
screening, given an observed increase in adherence to
testing [23].
Modeling studies have shown that adherence to

screening is a key driver in the success of screening pro-
grams [10]. Our assessment of blood-based testing has
clearly demonstrated that this alternative modality has
the potential to improve adherence to screening in
MUP, overcoming the barriers associated with the other
screening methods. Combining blood-based screening
with navigation for participants with positive results may
be an appropriate model to improve MUP CRC screen-
ing rates.

Conclusions
The availability of mSEPT9 screening in MUP unwilling
or unable to complete FIT or colonoscopy led to a
marked increase in screening uptake when compared to
years prior, where FIT was the only screening modality
offered at the health fairs. For eligible participants, the
rate of testing increased from 12.6% completing testing
with FIT the previous year to 93.5% with the blood test.
Although navigation to colonoscopy was offered, it was
not a comparator in the study as we had no prior data.
In our health-fair setting, most participants are unin-
sured or underinsured, and thus experience great diffi-
culty accessing colonoscopy.
As noted in literature on self-reported barriers to

invasive screening modalities, financial constraints to
screening are rarely the only barrier to uptake. Other
barriers include logistical challenges (e.g., lack of
transportation, time off of work), lack of provider
referral, and concern with bowel preparation [24].
While increased education is vital in patient under-
standing of the importance of screening, addressing
and overcoming these additional barriers has proven
to be more challenging, leading to increased desirabil-
ity of non-invasive testing.
The introduction of a novel approach to CRC screen-

ing (blood-based testing) when compared to FIT has
proven to be well-received by our MUP, likely because
of convenience and ease of testing. In this study, we
demonstrate that tests performed same day at health
fairs are likely to have higher uptake than those tests
that are less accessible to these populations. In the
health fair setting, participants have been accustomed
to providing blood samples for other screening tests,
and it is likely that the execution of blood-based CRC
testing is more in line with a participants’ expectations
of medical care than is sample acquisition for stool-
based testing. It is probable that the inconvenience
posed by completing and returning a FIT also plays a
role in patient preference.

These findings are in line with previous studies on
blood-based testing. In a cross-sectional survey of 100
participants, blood-based testing was ranked as a first or
second choice of screening in 91% when compared with
colonoscopy, sigmoidoscopy, or stool testing. Partici-
pants preferred mSEPT9 over FIT and/or colonoscopy
due to convenience (60%), low cost (47%), low level of
discomfort (30%), lack of required bowel preparation
(28%), and more frequent screening intervals (18%) [25].
Further data will be needed to better understand patient
choice in the health fair setting when selecting among
CRC screening tests.

Abbreviations
BRFSS: Behavioral Risk Factor Surveillance System; CRC: Colorectal cancer;
DOCS: Mitchell Wolfson Sr. Department of Community Service; EDC: Electronic
Data Capture; FIT: Fecal immunochemical testing; MPLN: Molecular Pathology
Laboratory Network, Inc.; mSEPT9: Methylated SEPT9 DNA; MUP: Medically
underserved populations; PCP: Primary care provider

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-021-08678-8.

Additional file 1.

Acknowledgments
We would like to thank Theo deVos of Epigenomics Inc. for his input and
facilitation in donating the testing kits for the health fairs, as well as
Molecular Pathology Laboratory Network, Inc. for running the test samples.

Authors’ contributions
SI was a major contributor in data collection, analysis of results, and
composition of the manuscript. KS was a major contributor in data
collection, analysis of results, development of supplementary materials, and
composition of the manuscript. DAS was a major contributor in composition
of the manuscript. ARD was a major contributor in composition of the
manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by Epigenomics Inc., which donated all mSEPT9
testing kits used in the study and covered the cost of each kit processed by
Molecular Pathology Laboratory Network, Inc. The Mitchell Wolfson Sr
Department of Community Service (DOCS) at the University of Miami (a
501c3 nonprofit organization) donated money for venipuncture supplies and
overhead costs for operation of all health fairs. Polymedco donated all FIT
kits used in the study. The cost of processing each FIT was covered by the
UM Mitchell Wolfson Sr DOCS. Manuscript was reviewed by Theo DeVos
(see: Acknowledgements) but final decisions were per authors. The funding
bodies played no role in the design of the study and collection, analysis, and
interpretation of data and in writing the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
IRB was submitted and approved at the University of Miami: study # 20180497.
As stated in IRB: “A waiver of informed consent is appropriate, as this study
meets the criteria in part 2 of c.f. 45 cfr 46.117; 21 cfr 56.109 – the research
presents no more than minimal risk of harm to participants and involves no
procedures for which written consent is normally required outside of the
research context. All health fair patients signed informed consent for
treatment at the health fairs’ registration stations. Consent is not required for

Ioannou et al. BMC Cancer          (2021) 21:966 Page 5 of 6

https://doi.org/10.1186/s12885-021-08678-8
https://doi.org/10.1186/s12885-021-08678-8


this study as it is a retrospective study that aims to look back at data
collected at DOCS health fairs.”

Consent for publication
Consent for participation in research was obtained from all participants at
time of data collection, as detailed above. No individual patient’s data is
included in the manuscript.

Competing interests
The following authors declare that they have no conflict of interest to
disclose:
Dr. Stephanie Ioannou.
Dr. Kyle Sutherland.
Dr. Daniel A. Sussman.
Author Dr. Amar R. Deshpande received a research grant from Takeda
(money went to institution and grant ended May 2020); received
honorarium from ABIM for being on GI test writing-committee (<$10 K/year);
received honorarium from GI Health Foundation for being on advisory board
(<$10 K/year). He also was asked by Epigenomics in 2016 to speak at a con-
gressional panel about colon cancer screening in the underserved for which
Epigenomics paid for the flight, 1 night hotel, and 1 dinner with no financial
ties since then.

Received: 13 September 2020 Accepted: 12 August 2021

References
1. Croke L. Colorectal Cancer screening: ACS updates guideline for adults with

average risk. Am Fam Physician. 2019;99:129–30.
2. Frazier AL, Colditz GA, Fuchs CS, Kuntz KM. Cost-effectiveness of screening

for colorectal cancer in the general population. JAMA. 2000;284(15):1954–61.
https://doi.org/10.1001/jama.284.15.1954.

3. Mandel JS, Bond JH, Church TR, Snover DC, Bradley GM, Schuman LM, et al.
Reducing mortality from colorectal cancer by screening for fecal occult
blood. N Engl J Med. 1993;328(19):1365–71. https://doi.org/10.1056/NEJM1
99305133281901.

4. Manser CN, Bachmann LM, Brunner J, Hunold F, Bauerfeind P, Marbet
UA. Colonoscopy screening markedly reduces the occurrence of colon
carcinomas and carcinoma-related death: a closed cohort study.
Gastrointest Endosc. 2012;76(1):110–7. https://doi.org/10.1016/j.gie.2
012.02.040.

5. Hall IJ, Tangka FK, Sabatino SA, et al. Peer reviewed: patterns and trends in
Cancer screening in the United States. Prev Chronic Dis. 2018;15. https://doi.
org/10.5888/pcd15.170465.

6. White A, Thompson TD, White MC, Sabatino SA, de Moor J, Doria-Rose PV,
et al. Cancer screening test use—United States, 2015. MMWR Morb Mortal
Wkly Rep. 2017;66(8):201–6. https://doi.org/10.15585/mmwr.mm6608a1.

7. Rex DK, Boland CR, Dominitz JA, et al. Colorectal cancer screening:
recommendations for physicians and patients from the US multi-society
task force on colorectal Cancer. Am J Gastroenterol. 2017;112(7):1016–30.
https://doi.org/10.1038/ajg.2017.174.

8. Gupta S, Sussman DA, Doubeni CA, Anderson DS, Day L, Deshpande
AR, et al. Challenges and possible solutions to colorectal cancer
screening for the underserved. JNCI. 2014;106(4):dju032. https://doi.org/1
0.1093/jnci/dju032.

9. Green AR, Peters-Lewis A, Percac-Lima S, Betancourt JR, Richter JM, Janairo
MPR, et al. Barriers to screening colonoscopy for low-income Latino and
white patients in an urban community health center. J Gen Intern Med.
2008;23(6):834–40. https://doi.org/10.1007/s11606-008-0572-6.

10. D'Andrea E, Ahnen DJ, Sussman DA, Najafzadeh M. Quantifying the impact
of adherence to screening strategies on colorectal cancer incidence and
mortality. Cancer Med. 2020;9(2):824–36. https://doi.org/10.1002/cam4.2735.

11. Joseph DA, King JB, Richards TB, Thomas CC, Richardson LC. Peer reviewed:
use of colorectal Cancer screening tests by state. Prev Chronic Dis. 2018;15.
https://doi.org/10.5888/pcd15.170535.

12. Jensen CD, Corley DA, Quinn VP, Doubeni CA, Zauber AG, Lee JK, et al.
Fecal immunochemical test program performance over 4 rounds of annual
screening: a retrospective cohort study. Ann Intern Med. 2016;164(7):456–63.
https://doi.org/10.7326/M15-0983.

13. Coronado GD, Petrik AF, Vollmer WM, Taplin SH, Keast EM, Fields S, et al.
Effectiveness of a mailed colorectal cancer screening outreach program in

community health clinics: the STOP CRC cluster randomized clinical trial.
JAMA Intern Med. 2018;178(9):1174–81. https://doi.org/10.1001/jama
internmed.2018.3629.

14. Hall PA, Russell SH. The pathobiology of the septin gene family. J Pathol.
2004;204(4):489–505. https://doi.org/10.1002/path.1654.

15. Song L, Li Y. Methylated Sept9 gene is a sensitive biomarker for all stages of
colorectal Cancer. Colorec Cancer. 2015;1:1–7.

16. Devos T, Tetzner R, Model F, et al. Circulating methylated SEPT9 DNA in
plasma is a biomarker for colorectal cancer. Clin Chem. 2009;55(7):1337–46.
https://doi.org/10.1373/clinchem.2008.115808.

17. Lofton-Day C, Model F, DeVos T, Tetzner R, Distler J, Schuster M, et al. DNA
methylation biomarkers for blood-based colorectal cancer screening. Clin
Chem. 2008;54(2):414–23. https://doi.org/10.1373/clinchem.2007.095992.

18. Johnson DA, Barclay RL, Mergener K, Weiss G, König T, Beck J, et al. Plasma
Septin9 versus fecal immunochemical testing for colorectal cancer
screening: a prospective multicenter study. PLoS One. 2014;9(6):e98238.
https://doi.org/10.1371/journal.pone.0098238.

19. Patridge EF, Bardyn TP. Research electronic data capture (REDCap). J Med
Library Assoc. 2018;106:142.

20. Potter N et. al. Validation of a real-time PCR-based qualitative assay for the
detection of methylated SEPT9 DNA in human plasma. Clin Chem 2014,
60(9):1183–1191, DOI: https://doi.org/10.1373/clinchem.2013.221044.

21. Johnson D, et al. Plasma Septin9 versus fecal immunochemical testing for
colorectal cancer screening: a prospective multicenter study. PLoS One.
2014;9(6):1–8. E98238.

22. Roth JA, deVos T, Ramsey SD. Clinical and budget impact of increasing
colorectal Cancer screening by blood- and stool-based testing. Am Health
Drug Benefits. 2019;12(5):256–62.

23. Ladabaum U, Allen J, Wandell M, Ramsey S. Colorectal cancer screening
with blood-based biomarkers: cost-effectiveness of methylated septin 9
DNA versus current strategies. Cancer Epidemiol Biomark Prev. 2013;22(9):
1567–76. https://doi.org/10.1158/1055-9965.EPI-13-0204.

24. Muthukrishnan M, Arnold LD, James AS. Patients' self-reported barriers to
colon cancer screening in federally qualified health center settings. Prev
Med Rep. 2019;15:100896. Published 2019 May 15. https://doi.org/10.1016/j.
pmedr.2019.100896.

25. Taber JM, Aspinwall LG, Heichman KA, Kinney AY. Preferences for blood-
based colon cancer screening differ by race/ethnicity. Am J Health Behav.
2014;38(3):351–61. https://doi.org/10.5993/AJHB.38.3.4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ioannou et al. BMC Cancer          (2021) 21:966 Page 6 of 6

https://doi.org/10.1001/jama.284.15.1954
https://doi.org/10.1056/NEJM199305133281901
https://doi.org/10.1056/NEJM199305133281901
https://doi.org/10.1016/j.gie.2012.02.040
https://doi.org/10.1016/j.gie.2012.02.040
https://doi.org/10.5888/pcd15.170465
https://doi.org/10.5888/pcd15.170465
https://doi.org/10.15585/mmwr.mm6608a1
https://doi.org/10.1038/ajg.2017.174
https://doi.org/10.1093/jnci/dju032
https://doi.org/10.1093/jnci/dju032
https://doi.org/10.1007/s11606-008-0572-6
https://doi.org/10.1002/cam4.2735
https://doi.org/10.5888/pcd15.170535
https://doi.org/10.7326/M15-0983
https://doi.org/10.1001/jamainternmed.2018.3629
https://doi.org/10.1001/jamainternmed.2018.3629
https://doi.org/10.1002/path.1654
https://doi.org/10.1373/clinchem.2008.115808
https://doi.org/10.1373/clinchem.2007.095992
https://doi.org/10.1371/journal.pone.0098238
https://doi.org/10.1373/clinchem.2013.221044
https://doi.org/10.1158/1055-9965.EPI-13-0204
https://doi.org/10.1016/j.pmedr.2019.100896
https://doi.org/10.1016/j.pmedr.2019.100896
https://doi.org/10.5993/AJHB.38.3.4

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

