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Introduction

Colorectal cancer (CRC) is the second most common cause 
of cancer-related mortality in the United States (U.S.), and 
exerts a substantial economic burden on the healthcare sys-
tem.1,2 Early detection of CRC can significantly improve 
survival rates among patients. The 5-year relative survival 
rate for patients diagnosed with localized CRC is 90% and 
drops to 14% for those diagnosed with advanced-stage 
CRC.1 Routine screenings can effectively reduce mortality 
particularly in CRC since the progression from precancer-
ous polyp to invasive cancer to late-stage CRC is slow.3

Multiple CRC screening modalities are available in the 
U.S., including colonoscopy, sigmoidoscopy, and stool-based 

tests such as guaiac-based fecal occult blood test, fecal 
immunochemical test (FIT), and multi-targeted stool DNA 
(mt-sDNA) test. The expanded availability of non-invasive 
stool-based tests, with the launch of the mt-sDNA test in 
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Abstract
Introduction/Objectives: Despite compelling evidence of clinical and economic benefits, adherence to colorectal cancer 
(CRC) screening remains low. Increasing public awareness through various outreach methods may improve screening 
uptake. The objective of this study was to evaluate the uptake of non-invasive multi-target stool DNA (mt-sDNA) by 
different outreach methods in an average-risk employer population. Methods: This retrospective observational study 
included CRC screening-eligible individuals aged ≥50 years insured by the Metropolitan Nashville Public Schools (MNPS) 
employee healthcare plan. The study intervention arms included population-based outreach and office visit-based 
interaction. The mt-sDNA completion rate (proportion of individuals who return the mt-sDNA kit after consenting to 
have it shipped to their home), proportion of patients who performed follow-up colonoscopy after a positive test, and 
time to follow-up colonoscopy were assessed. Results: A total of 167 mt-sDNA kits were shipped to eligible participants 
(aged 50-64 years) in the population-based outreach arm. In the office visit-based interaction arm, a total of 132 mt-sDNA 
kits were shipped to eligible participants (aged ≥50 years). The mt-sDNA completion rate was significantly higher for 
office visit-based interaction as compared to population-based outreach (76.8% vs 53.5%; P < .001) among those aged 50 
to 64 years. While all patients aged 50 to 64 years with a positive mt-sDNA result received a follow-up colonoscopy in 
both arms, the median time to follow-up colonoscopy was shorter among the population-based outreach (55 vs 136 days; 
P < .05). Conclusions: Office visit-based interaction was associated with a higher mt-sDNA completion rate as compared 
to the population-based outreach among average-risk, CRC screening-eligible individuals aged 50 to 64 years old.
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2014, may help to increase the number of individuals that 
initiate CRC screening with a non-invasive test, particularly 
among those who are apprehensive of invasive procedures 
and/or are restricted due to rurality, lack of transportation, or 
the extensive bowel preparation required for colonoscopy or 
flexible sigmoidoscopy.4-6 The recent white paper proposes a 
systematic approach to improve CRC screening uptake that 
includes starting with noninvasive testing methods and inte-
grating these options with colonoscopy based on individual 
risk profile.6

Despite the availability of multiple CRC screening 
modalities and compelling evidence of the clinical and eco-
nomic benefits, CRC screening rates among U.S. adults 
aged 50 to 75 years remain sub-optimal. While colonoscopy 
is often considered the gold standard screening method for 
CRC, the perceived barriers including inadequate knowl-
edge, laxative bowel preparation, travel, dietary restric-
tions, anxiety, feelings of embarrassment and vulnerability, 
potential test-related complications, and pain may limit the 
uptake of colonoscopy as a preferred screening method.7-9 
Non-invasive home-based stool tests may tackle some of 
these barriers related to travel, extensive bowel preparation, 
and procedure-related complications or perception of pain. 
Nonetheless, the most effective strategies to address the 
barriers related to lack of knowledge and awareness regard-
ing the CRC screening process are uncertain.10

Various outreach strategies have been implemented to 
increase awareness of non-invasive CRC screening modali-
ties such as mt-sDNA among the general population as well 
as providers. Increasing public awareness through provider 
recommendations, media campaigns, educational interven-
tions along with improved access has been shown to improve 
adherence to overall CRC screening.5,11-14 However, little is 
known about how outreach versus inreach intervention strat-
egies impact the adoption and completion of mt-sDNA in the 
real world. Hence, the primary objective of the current study 
was to describe mt-sDNA test completion rates for 2 differ-
ent interventions within an average-risk employer popula-
tion: a population-based outreach and an office visit-based 
intervention. Secondarily, the study assessed follow-up 
colonoscopy rates after a positive mt-sDNA test, and time to 
the follow-up colonoscopy.

Methods

This was a retrospective observational study including  
2 distinct interventions—population-based outreach and 
office visit-based interaction. The study focused on evaluat-
ing the completion rates of the mt-sDNA screening modal-
ity and follow-up colonoscopy among individuals who 
participated in these 2 interventions. The study was con-
ducted among employees of the Metropolitan Nashville 
Public Schools (MNPS) system and their dependents and 
was approved by the Vanderbilt Institutional Review Board 
(IRB#192421).

For the population-based outreach, individuals aged 50 
to 64 years who were due for CRC screening were identified 
from the claims data warehouse (Continuance Health 
Solutions) for certificated employees and dependents of the 
MNPS system as of September 30, 2018. Individuals were 
considered due for CRC screening if they did not have a 
recorded CPT or HCPCS code for: colonoscopy within the 
last 10 years, gFOBT within the last year, mt-sDNA within 
the last 3 years, flexible sigmoidoscopy or CT colonography 
within the last 5 years in their recorded healthcare claims 
data. These individuals received a letter from their 
employer-based health care clinic with educational material 
explaining the risk of CRC, the importance of screening, 
and encouraging them to speak with their provider about 
CRC screening. Additionally, the letter informed them that 
they would be receiving outreach from Exact Sciences 
Laboratories (ESL), the mt-sDNA laboratory, in mid-
December 2018 regarding mt-sDNA screening. Individuals 
from this cohort who were receptive to ESL outreach were 
shipped a mt-sDNA kit to their home to complete the stool 
collection for the test. The test was then shipped back to 
ESL for processing, and the test results were provided to the 
employer-based health care clinic. The status of mt-sDNA 
test completion was assessed as of December 31, 2019.

For the office visit-based interaction, individuals who 
were due for CRC screening were identified during their 
visit to the participating employer-based health care clinic, 
based on having no record or recollection of: colonoscopy 
within the last 10 years, gFOBT within the last year, mt-
sDNA within the last 3 years, flexible sigmoidoscopy or CT 
colonography within the last 5 years in their medical record. 
If the identified individual was seen in the employer-based 
health care clinic from July 1, 2018 to July 31, 2020, they 
were offered CRC screening by a nurse practitioner. If an 
individual chose mt-sDNA as their screening option, the 
staff at the employer-based health care clinic ordered the 
mt-sDNA kit from ESL to be shipped to the patient’s home 
for stool sample collection. The test was then shipped back 
to ESL for processing, and the test result was provided to 
the employer-based health care clinic. The status of test 
completion was assessed as of September 30, 2020. For 
both the interventions, the staff at the employer-based 
health care clinic delivered the test results to individuals 
who had undergone mt-sDNA screening and if there was a 
positive mt-sDNA result, the individual was referred for a 
follow-up colonoscopy.

Study Population Inclusion/Exclusion Criteria

For both interventions, individuals were included if they 
were at least 50 years old, male or female, and were identi-
fied as due for CRC screening based on the above-men-
tioned definitions. Additionally, for both intervention arms, 
individuals were not considered screening eligible if there 
was current evidence or history of being above average- or 
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high-risk for CRC, as determined by the presence of at 
least 1 International Classification of Diseases (ICD)-9/
ICD-10 code indicating the presence, history, or symptoms 
of any of the following: benign or malignant colorectal 
neoplasms, colorectal adenomatous polyps, inflammatory 
bowel disease (ulcerative colitis or Crohn’s disease),  
family history of CRC or colorectal adenomatous polyps, 
familial adenomatous polyposis, and hereditary nonpolyp-
osis CRC. Individuals were also required to reside within 
the state of Tennessee and have a valid phone number. 
Individuals were excluded if they lost their health plan cov-
erage (or otherwise became ineligible) during the study 
period or if the initially placed mt-sDNA order was can-
celed prior to shipping.

Additionally, the population-based outreach included 
only certificated employees (eg, teachers, principals, etc.) 
and their dependents who are covered by the MNPS health 
plan. Non certificated employees (eg, administrative and 
support staff) are covered under a separate benefit plan 
were excluded. For this intervention, continuous eligibility 
in the health plan during the evaluation period was required. 
Finally, individuals were excluded from the population-
based outreach if they were aged 65 years and older or had 
Medicare as the primary insurer.

Study Measures

Demographic characteristics of individuals included age, 
gender, and race. The following study outcomes were 
assessed: mt-sDNA completion rate calculated as a propor-
tion of individuals who return the completed mt-sDNA test 
kit after it has been shipped to their home, proportion of 
patients who performed follow-up colonoscopy among 
individuals with a positive mt-sDNA test result, and time to 
follow-up colonoscopy compliance following a positive 
mt-sDNA result.

For both the interventions, outcomes were calculated for 
individuals aged 50 to 64 years old who ordered tests 
between December 1, 2018 and December 31, 2019. For the 
office visit-based interaction, study outcomes were also cal-
culated for the overall population (aged 50 years or older), 
as well as stratified by age (aged 50-64 years old and 
≥65 years old) for the tests ordered between July 1, 2018 
and July 31, 2020.

Statistical Analysis

Descriptive analyses including means (standard deviations 
[SDs]), median (interquartile range [IQR]) for continuous 
variables, and frequency distributions and percentages  
for categorical variables were performed to describe the 
study variables. Differences in rates were compared using 
z-scores for proportions. Differences in median time to 
colonoscopy after a positive mt-sDNA test result between 

the 2 outreach methods were determined using the 
Wilcoxon rank sum test.

Results

Cohort Characteristics

Population-based outreach. A total of 6710 individuals were 
identified from the claims data warehouse for the MNPS 
during the study identification period as of September 30, 
2018. Of those, 840 individuals met the study inclusion cri-
teria and were sent an outreach letter from the employer-
based health clinic (Figure 1). The average age of the cohort 
was 56.0 (±4.4). More than half of the individuals were 
females (59.2%), and White (51.1%) (Table 1).

Office visit-based interaction. Overall, 101 patients aged 
above 50 years participated in the office visit-based interac-
tion from December 1, 2018 through December 31, 2019. 
Out of which, a total of 68 individuals aged 50 to 64 years 
were included in the main analysis as this group was directly 
comparable to the population-based outreach. The average 
age of the cohort was 56.0 (±4.5). Almost 62% of the par-
ticipants were females and two-thirds of the participants 
were White (Table 1).

Mt-sDNA Completion Rates

For the population-based outreach, 167 out of 840 included 
individuals (19.9%) agreed to have the mt-sDNA shipped to 
their home. Of those shipped, 89 (53.3%) tests were com-
pleted. Among tests that were completed, 6 (6.7%) had posi-
tive test results while 83 (93.3%) had negative test results. 
All patients (100%) with positive results completed a fol-
low-up colonoscopy. The median (IQR) time to follow up 
colonoscopy was 54.5 (44.3-67.0) days. In 5 of the patients, 
polyps were found and removed, and repeat colonoscopy 
was recommended within 3 years. For 1 patient, the reports 
were normal (an internal hemorrhoid was identified) and the 
patient was recommended to repeat colonoscopy in 10 years.

For the office visit-based outreach, a total of 56 mt-
sDNA kits were shipped. Of those, results were available 
for 43 returned kits (mt-sDNA test completion rate = 76.8%). 
Out of those, 4 test results were positive, and all 4 individu-
als with a positive test result received a follow-up colonos-
copy. The median (IQR) time to follow-up colonoscopy 
was 136.0 (±41.0-226.0) days (Table 2). Conclusive results 
were reported for only 2 patients—a polyp was found and 
removed in 1 patient, and results were negative for another 
patient who was recommended to repeat colonoscopy in 
10 years.

When the rates were compared between the interven-
tions, office visit-based interaction resulted in a significantly 
higher mt-sDNA completion rate as compared to the popula-
tion-based outreach (76.8% vs 53.3%; P < .001) (Table 2). 
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In this subgroup analysis, the proportion of individuals with 
positive test results was also higher for the office visit-based 
interaction as compared to the population-based outreach; 
however, the difference was not statistically significant 
(9.3% vs 6.7%; P > .05). Finally, the median time to follow-
up colonoscopy after a positive test result was significantly 
shorter for individuals in the population-based outreach as 

compared to the office visit-based interaction (54.5 vs 
136.0 days; P < .05).

Discussion

This study assessing mt-sDNA test completion was con-
ducted in an employer-insured population of public-school 

Figure 1. Attrition flow chart (population-based outreach).

Table 1. Demographic Characteristics.

Measure

December 1, 2018-December 31, 2019

Population-based outreach Office visit-based outreach

Overall (Age 50-64) 
(n = 840) Overall (n = 101) Age 50-64 (n = 68) Age 65+ (n = 33)

N % N % N % N %

Age (years)
 Mean (SD) 56.0 (4.4) 60.5 (7.6) 56.0 (4.5) 69.7 (3.4)  
 50-54 years 353 42.0% 31 30.7% 31 45.6% NA —
 55-59 years 252 30.0% 19 18.8% 19 27.9% NA —
 60-64 years 235 28.0% 18 17.8% 18 26.5% NA —
 65 years and above NA — 33 32.7% NA — 33 100.0%
Sex
 Male 343 40.8% 36 35.6% 26 38.2% 10 30.3%
 Female 497 59.2% 65 64.4% 42 61.8% 23 69.7%
Race
 Black 117 13.9% 18 17.8% 14 20.6% 4 12.1%
 White 429 51.1% 51 50.5% 50 73.5% 1 3.0%
 Other/Unknown 26 3.1% 32 31.7% 4 5.9% 28 84.8%
 N/A 268 31.9% 0 — 0 — 0 —
Spouse/Partner 268 31.9%  
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teachers and their dependents. Notably, the mt-sDNA test is 
supported by a robust patient navigation program, as well as 
24/7 telephonic assistance available for those who may 
need it.15 The outreach from ESL including reminders for 
test completion, on-demand support for mt-sDNA testing, 
as well as ease of testing at home may have impacted indi-
viduals’ decisions to get screened for CRC using the mt-
sDNA test. This is particularly important from an employer 
perspective since non-invasive, at-home screening modali-
ties such as mt-sDNA may result in less time off, that is, lost 
productivity due to days of work missed, a key factor to 
consider for employees such as the teachers included in the 
current study.

Results from this study showed that a little more than 
half of the individuals (53.3%) who were due for screening, 
met criteria for stool-based testing, and agreed to have a mt-
sDNA kit shipped to their home, completed the mt-sDNA 
test after being identified from health plan data and receiv-
ing a letter from the employer health clinic (population-
based outreach). All patients with positive mt-sDNA test 
results completed a follow-up colonoscopy within 3 months. 
Test completion rates were at least 70% among individuals 
who were seen by a nurse practitioner at the employer-
based health care clinic, and during their visit had a discus-
sion about CRC screening (office visit-based intervention).

A previous study conducted among Medicare patients 
aged 50 to 85 years found that mt-sDNA completion rate 
was as high as 88.3% for tests ordered from October, 2014 
to September, 2015 by physicians in a multispecialty group 
practice (USMD Physician Services, Dallas, TX). The rate 
of follow-up colonoscopy was 96.1%.16 In our study, the 
mt-sDNA completion rate among individuals aged 50 years 
or older for tests ordered by providers in the employer-
based health care clinic (office visit-based intervention) 
was 75.0%. Differences in underlying population charac-
teristics (eg, education, profession), younger age, and 
insurance status (eg, Medicare vs non-Medicare) may have 
contributed to the differences in the overall test completion 

rates in our study as compared to the Prince et al study. 
Interestingly, previous studies evaluating the effect of out-
reach programs related to stool-based tests mostly included 
the Medicare population.5,16,17 Our study adds to the exist-
ing research literature showing the impact of inreach and 
outreach interventions for the mt-sDNA CRC screening 
test among a younger commercially insured employer 
population.

We found that both these strategies offered a potential to 
improve mt-sDNA test completion rates. The office visit-
based intervention yielded a higher test completion rate 
(76.8%) as compared to the population-based outreach 
(53.5%) for individuals aged 50 to 64 years who ordered a 
test between December 1, 2018 and December 31, 2019. 
Several factors including population demographics and 
established engagement with a provider may have resulted 
in a higher completion rate among office visit-based inter-
vention arm. An in-person encounter with a provider, in this 
case a nurse practitioner, may be effective in removing the 
initial compliance barrier among these individuals.12 During 
their visit at the employer-based health care clinic, individu-
als can ask questions and clarify any doubts with the provid-
ers directly, perhaps easing the initial screening inhibition.18 
Further, having an established relationship with the ordering 
provider and a sense of trust in the provider may also play an 
important role in individuals following through with the 
completion of the at-home mt-sDNA test. This may have 
influenced the shorter time to follow-up colonoscopy in this 
group as well; however, we do not have a sufficient sample 
size to support this conclusion.

This study raises the question of how deploying inreach 
and outreach intervention strategies in concert with each 
other, instead of as distinct strategies, may improve out-
comes. The office visit-based intervention offers an opportu-
nity to engage existing patients (coming to see providers for 
care), while the population-based approach may also iden-
tify individuals who do not have a consistent relationship 
with a health care provider or would not otherwise engage 

Table 2. Study Outcomes.

Measure

December 1, 2018-December 31, 2019

Population-based 
outreach Office visit-based intervention

Overall (Age 50-64) Overall Age 50-64 Age 65+

Kits shipped (N) 167 86 56 30
Kits with results (N) 89 64 43 21
Completion rate (%) 53.5 74.4 76.8 70.0
Among those with results:
 Subjects with positive test results, N (%) 6 (6.7) 7 (10.9) 4 (9.3) 3 (14.3)
 Received follow-up colonoscopy (%) 6 (100) 6 (85.7) 4 (100.0) 2 (66.7)
 Median (IQR) time to follow-up colonoscopy 

following a positive mt-sDNA result (in days)
54.5 (44.3-67.0) 89.0 (42.8-200.5) 136.0 (41.0-226.0) 85.5 (63.3-107.8)
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with a health care provider. It is noteworthy that in the pop-
ulation-based approach, almost 20% of the members identi-
fied through MNPS claims data as being due for screening 
who then received a letter and follow-up ESL patient naviga-
tion agreed to screening using mt-sDNA. More than half of 
these individuals subsequently completed the mt-sDNA test. 
This is intriguing as a potentially low-cost method for 
increasing CRC screening completion rates and should be 
explored further. Future studies should focus on the impact 
of combining these outreach strategies and assessing this 
combined impact on mt-sDNA completion rates as well as 
CRC screening overall to further understand how these out-
reach strategies can optimize screening outcomes.

We also found that within the office visit-based inter-
vention group, individuals aged 50 to 64 years old had a 
higher completion rate as compared to those above 65 years 
of age. The rate of follow-up colonoscopy was also higher 
in the younger group; however, the median time to colo-
noscopy after a positive mt-DNA result was longer within 
this group as compared to the older group. The ease of mt-
sDNA testing at home without any extensive bowel prepa-
ration, invasive instruments, sedation, or travel to physician 
office or ambulatory center may drive younger individuals 
to complete the mt-sDNA testing. Note that this is a com-
mercially insured population and the mt-sDNA screening 
test is covered through their insurance minimizing the  
economic barriers to screening among this cohort. Thus, 
patient preference for a non-invasive, at-home CRC screen-
ing modality may be playing an important role in screening 
completion rates. Further research is warranted to better 
understand patient preference and factors associated with 
the choice of CRC screening modalities.

This study has several limitations. First, the focus of the 
current study is on mt-sDNA test completion rates, and we 
did not evaluate overall screening rates in this population. 
The completion rates reported may not be generalizable to 
all populations since the study included average-risk indi-
viduals in a select commercially insured population of 
MNPS employees and their dependents. The participants in 
this study were predominantly classroom teachers and 
therefore would have higher education than the average 
American population. Most of the MNPS teachers have 
college degrees or higher and, in this study, about 60% to 
70% of participants were female, depending on the study 
cohort. Additionally, the majority of the study population 
was non-Medicare; hence these results may not be general-
izable to the Medicare population. Further studies are 
needed in more diverse populations and other employer 
settings to evaluate the different outreach methods among 
average-risk individuals. In the population-based outreach 
arm, mt-sDNA kits were shipped to ~20% of the screening-
eligible individuals after they were contacted by ESL (167 
out of 840), thus limiting our denominator of kits shipped 
to a smaller proportion of screening-eligible individuals. 
Next, the small sample size particularly as it relates to the 

follow-up colonoscopy trends after a positive mt-sDNA 
test, limited our ability to show statistically significant dif-
ferences and draw any meaningful conclusions. Hence, 
these data are only reported descriptively. Note that the 
sample size in our study was small and the median time to 
follow-up colonoscopy ranged from 41 to 226 days for 
individuals aged 50 to 64 in the office visit-based interac-
tion group. The range was narrower for the population-
based outreach (44-67 days). Due to the lower sample size 
and wide distribution among office visit-based interaction 
group, these results should be interpreted cautiously. 
Further studies with a larger sample size are needed to bet-
ter understand the patterns in follow-up colonoscopy after 
different outreach methods. Note that the starting sample 
sizes were different for the 2 interventions (n = 840 in the 
population-based group, n = 68 in the office visit-based 
group); however, the denominator for the test completion 
rate was the total number of kits shipped (n = 167 in the 
population-based group, n = 56 in the office visit-based 
group). We used z-scores for proportions to compare the 
test completion rates to minimize the effect of unequal 
sample sizes. Our post-hoc power calculations indicated 
90.6% statistical power at 0.05 Type I/II error rate. As such, 
we believe the study had sufficient statistical power to sup-
port the validity of the results. Also, the individuals ana-
lyzed in both outreach arms chose to receive the mt-sDNA 
test for their CRC screening and the sample was not ran-
domized, hence introducing potential selection bias. By 
limiting the denominator to those who were shipped a mt-
sDNA kit, there may be a bias toward those who are primed 
to be screened. Additionally, we did not require long-term 
continuous enrollment in the pre-period for the employer 
health plan outreach to confirm the screening history of the 
study population. There was a variable lookback period. 
We excluded members that are potentially above average-
risk or high-risk for CRC from both groups. Family history 
is often not well documented in the medical record, espe-
cially when relying on ICD-10 codes as in the current 
study. Therefore, additional patients may not have been 
eligible for mt-sDNA due to family history.

Further, we did not collect data on how many of the 
patients who were offered mt-sDNA refused CRC screening 
entirely or requested other forms of screening instead, as the 
current study focused on mt-sDNA test completion rates. 
Understanding patient preferences for the various screening 
modalities was outside the scope of this study. Although we 
had 2 distinct intervention arms and ensured that there was 
no overlap in the individuals being evaluated in each arm, it 
is possible that some of the office visits in the office-visit-
based intervention arm may have been triggered by educa-
tional materials received as a part of the population-based 
outreach. This may have positively impacted completion 
rates in the office visit-based interaction group. Finally, in 
the office visit-based interaction arm, if there was not a long-
standing medical record at the employer clinic, we had to 
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rely on patient recollection of their medical and screening 
history to define their current screening status.

Implications for Practice

This study showed that among average-risk individuals 
aged 50 years or older who were CRC screening-eligible 
and due for screening, both the population-based outreach 
and office visit-based interaction methods triggered the 
completion of mt-sDNA tests. The office visit-based inter-
action had significantly higher mt-sDNA test completion 
rates as compared to the population-based outreach. To 
increase awareness of colorectal cancer risks and the ben-
efits of screening, there needs to be an ongoing effort to 
identify and recommend CRC screening to all eligible 
individuals.
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