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Background: Fecal immunochemical testing (FIT) and multi-target stool DNA testing (mt-sDNA) are
recommended colorectal cancer screening options but require follow-up with colonoscopy to determine
the source of a positive result. We performed a retrospective analysis in an academic health system to
determine adherence to colonoscopy in these patients.
Methods: We identified all patients aged 40 years and older with at least 1 primary care visit who
had a positive FIT or mt-sDNA between January 2016 and June 2018. We identified receipt of colonoscopy within 6 months of the positive test and reviewed medical records to determine reasons for lack
of colonoscopy.
Results: We identified 308 eligible patients with positive FIT and 323 with positive mt-sDNA. Some
patients with positive FIT (46.7%) and patients with positive mt-sDNA (71.5%) underwent colonoscopy
within 6 months, and time to colonoscopy was also shorter with mt-sDNA (hazard ratio, 1.83; 95% CI,
1.48-2.25). These differences remained in a multivariable model adjusting for patient characteristics.
Among patients without colonoscopy after positive FIT, 1 or more system, provider, and patient-related
barriers were identified in 32.1%, 57.6%, and 36.3%, respectively. Among patients without colonoscopy
after positive mt-sDNA, corresponding frequencies were 30.4%, 43.5%, and 57.6%, respectively.
Conclusions: Follow-up colonoscopy was higher for mt-sDNA than FIT, which could be due in part
to preselection by clinicians and/or patients. Among patients who did not follow-up, provider and system factors were as frequently encountered as patient factors. These findings reinforce the need for
multi-level interventions to improve follow-up. ( J Am Board Fam Med 2021;34:61–69.)
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Introduction
Colorectal cancer (CRC) is the second most fatal
cancer in the United States1 but the majority of cancers are preventable through the use of screening beginning at age 45 or 50 years in the average-risk
population.2–4 Most guidelines recommend a choice
of screening options in addition to colonoscopy,
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including less invasive screening methods that are
fecal based.2–4 The 2 most commonly used stool
based methods are the fecal immunochemical test
(FIT), which detects globin from human hemoglobin; and a multitarget stool DNA panel (mt-sDNA),
which includes 2 aberrant DNA methylation
markers, K-Ras oncogene as well as FIT (Cologuard,
Exact Sciences, Inc., Madison, WI)5 (Table 1).
Although providing noninvasive screening options
such as FIT and mt-sDNA are likely to improve
overall adherence to CRC screening, these tests are
only effective if patients adhere to follow-up colonoscopy if the tests are positive. The US Multisociety
Task Force on Colorectal Cancer has set a benchmark of 80% adherence with colonoscopy for positive tests.6
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ORIGINAL RESEARCH

Characteristic

FIT

Mt-sDNA

Measures stool hemoglobin

Yes

Yes

Measures genomic markers
Approved as screening test

No
Yes

Yes
Yes

Labeling restricted to average risk patients

No

Yes

Recommended interval
Kit distribution

1 year
In-person or mail from local lab

3 years
Mail from external site

Kit return

In person or mail to local lab

Mail to external site

Reminder calls to return
Medicare out-of-pocket cost

No
$0

Yes
$0

Medicare reimbursement

$22

$483

FIT, fecal immunochemical testing.

Compliance with follow-up colonoscopy after a
positive FIT is as high as 90% in certain groups of
privately insured patients, but a multicenter consortium7 found follow-up rates of as low as 40%
to 50%. Other studies have found follow-up to be
40% to 60% in Veterans Affairs (VA) centers8–10
and 69% in a large health maintenance organization.11 With the exception of one study of approximately 50 patients in a multispecialty group
practice,12 similar data on frequency of follow-up
colonoscopy after a positive mt-sDNA tests are
not available. Furthermore, delays in time to colonoscopy after positive FIT testing are associated
with risk of CRC and advanced stage disease.13–14
In fact, each month delay that occurs between a
positive FIT and a follow-up colonoscopy is associated with a 0.1/1000 person increase in cancer
incidence.15
There are at least 3 potential levels for lack of
follow-up for a positive stool test: patient, provider, and system, and all 3 have been implicated
in previous studies.9,10,16–18 Moreover, these 3
levels are intimately connected as patient may fail
to attend their colonoscopy appointment if the
provider does not discuss the patient’s screening
results and the reasons why colonoscopy is necessary. The goal of our study was to use electronic
medical record data from a large vertically integrated health care system (ie, hospital acquired
physician practices) to evaluate the frequency of
follow-up colonoscopy after a positive FIT or mtsDNA test and to determine underlying reasons
for lack of follow-up. Our study is one of the few
that were performed in an academic health care
system and included more than one noninvasive
screening test.
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Methods
Study Design and Population
We performed a retrospective cohort study among
patients in a large, vertically integrated health care
system in the Midwest. Approval for the study was
obtained from the Institutional Review Board.
Using the ambulatory electronic medical record
(AEMR), we identiﬁed men and women aged
40 years and older with either a positive FIT or mtsDNA between January 2016 and June 2018. Both
tests required a provider order to be distributed. All
FITs were distributed to patients who then
returned the kit to the hospital laboratory where
they were run centrally using a cutoff of 50 mg/gram
stool as a positive test. The FIT (OC-Auto Sensor
Diana, Polymedco, Cortlandt, NY) test results were
sent directly to the electronic task lists of the ordering provider where they were veriﬁed. The mtsDNA kits (Cologuard, Exact Sciences, Inc.) were
mailed to the patients’ home. Stool samples were
then mailed directly to Exact Sciences where they
were reported as a single positive or negative result.
Providers were sent the results, which were then
scanned into the AEMR and for all positive mtsDNA results, providers were also telephoned to
reinforce the positive tests. All veriﬁcation of
follow-up colonoscopy was contained in the AEMR,
regardless of whether the procedure was performed
in or out of network.
Data Elements
The medical records of all patients with a positive
FIT or mt-sDNA test during the speciﬁed time period were reviewed by a single abstractor. We collected data on demographic characteristics, date of
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Table 1. Characteristics of FIT and mt-sDNA Tests

Analysis
Patients for whom the date of stool test (FIT or
mt-sDNA) or colonoscopy was missing were
excluded. The difference of continuous patient
characteristics variables between 2 cohorts of
patients with FIT or mt-sDNA screening was
made using t-test and the association between 2
categorical factors was examined using c2 tests.
Time-to-colonoscopy was measured from the date
of screening test (FIT or mt-sDNA) to the date of
colonoscopy and was censored to the date of last
follow-up (December 31, 2019) for those without
having colonoscopy. Time to colonoscopy was analyzed using univariate and multivariate Cox proportional hazards models with effect size of predictors
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esti-mated using hazard ratio (HR) and corresponding 95% CI. The cumulative rate of having colonoscopy between 2 cohorts of patients was
estimated using the Kaplan-Meier method and its
difference was examined using log-rank tests. All
tests were 2-sided and P < .05 was considered statistically signiﬁcant.

Results
Characteristics of Positive FIT and mt-sDNA Patients
During the study period, we identiﬁed a total of
310 patients who received a positive result on their
FIT. Two patients were excluded because of missing date of colonoscopy, thus leaving 308 patients
eligible for analysis. The mean age was 68.8 years,
47% of patients were female, and 53% were male
(Table 2). The cohort was majority white (88%),
with 10% African American and 1% or less, Asian,
Hispanic, and Native American. Almost 50% of
the cohort had commercial insurance and 43% had
Medicare, while the remainder were either
Medicaid (1.9%), or self pay (1.9%). Insurance
type was unknown in 4.6%. FIT tests were ordered
by family medicine specialists in 73% and by internal medicine providers in 26%. Approximately
54% of providers were male and fewer than 5%
were midlevel providers. Of the 308 patients with
positive results, 144 (46.7%) patients underwent a
colonoscopy within 6 months.
We identiﬁed a total of 337 patients who had a
positive mt-sDNA test, of whom 14 were excluded
from analysis because of missing date of mt-sDNA
or colonoscopy. The mean age of the 323 patients
was 69.6 years, 63% were female, and 37% were
male (Table 2). The cohort was majority white
(94%) with 5% African American and less than 1%
Hispanic. Forty-nine percent of the cohort had
Medicare, 46.7% had commercial insurance, and
the remainder were insured by Medicaid (1.6%) or
were self pay (0.9%). Insurance type was unknown
in 1.9%. More than half of the mt-sDNA tests were
ordered by internal medicine providers, 44.3% by
family medicine, and 4.9% by gastroenterology.
Fifty-four percent of tests were ordered by female
providers and 6.8% by midlevel providers. When
comparing the 2 groups, the mt-sDNA-positive
patients were more likely to be female and have
tests ordered by internal medicine and female providers (Table 2). Among the patients with positive
testing, 231 (71.5%) underwent a colonoscopy
within 6 months.
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the positive stool test, whether a colonoscopy was
ordered, and whether a colonoscopy was performed
within 6 months of the positive test result. If a
follow-up colonoscopy was not completed, using
the ambulatory progress notes, we determined
whether a colonoscopy was ordered by the provider
and any stated reasons why the colonoscopy was
not ordered or performed using nonmutually exclusive categories. The reasons for a colonoscopy not
ordered were categorized as the positive test being
attributed to other reasons, the provider failing to
inform the patient of his or her results, the patient
having had a colonoscopy within the past year, the
patient being referred to a gastroenterology clinic
instead of directly ordered a colonoscopy, and the
patient refusing the colonoscopy. The reasons a
colonoscopy was not performed included the
patient refusing or failing to schedule their colonoscopy, the patient cancelling or not completing
their appointment, the patient failing to properly
complete their preoperative tasks, and the patient
having other health issues to prioritize. We also
determined whether a colonoscopy was performed
but not resulted in the AEMR because it was done
out of network. For both positive FIT and positive
mt-sDNA, some providers opted to refer the
patient for an appointment with a gastroenterology
clinic instead of directly ordering a colonoscopy for
the patient. Patients for whom the gastroenterologist ordered a colonoscopy that was not completed
were included in both the “no-show/cancellation”
as well as the “colonoscopy-not-ordered” groups.
Finally, those who did not attend their appointment
were also included in both the “no-show/cancellation” and “colonoscopy-not-ordered” groups.

Variables
Age (years)
Sex
Female
Male
Hispanic
No
Yes
Race

All Patients (n = 631), Mean (STD)/
Frequency (%)

Mt-sDNA
(n = 323)

FIT (n = 308)

P Value*

69.19 (10.57)

69.55 (7.95)

68.82 (12.76)

.39

349 (55.3)

205 (63.47)

144 (46.75)

<.0001

282 (44.7)

118 (41.84)

164 (53.25)

573 (99.13))

285 (99.30)

288 (98.97)

5 (0.87)

2 (0.70)

3 (1.03)

Asian

3 (0.49)

0 (0.00)

3 (0.99)

Black
Other

48 (7.77)
1 (0.16)

17 (5.41)
0 (0.00)

31 (10.20)
1 (0.33)

White

563 (91.10)

296 (94.27)

267 (87.83)

2 (0.32)
1 (0.16)

1 (0.32)
0 (0.00)

1 (0.33)
1 (0.33)

Commercial
Medicaid

301 (47.7)
11 (1.7)

151 (46.7)
5 (1.6)

150 (48.7)
6 (1.9)

Medicare

290 (46)

158 (48.9)

132 (42.9)

Self-pay
Unknown

9 (1.4)
20 (3.2)

3 (0.9)
6 (1.9)

6 (1.9)
14 (4.6)

368 (58.3)
242 (38.3)

143 (44.3)
163 (50.5)

225 (73)
79 (25.7)

20 (3.2)

16 (4.9)

1 (0.2)

1 (0.3)

0 (0)

317 (50.2)

175 (54.2)

142 (26.1)

314 (49.8)

148 (45.8)

166 (53.9)

Hispanic
Native

.66

.064

Insurance

.18

Specialty
Family Medicine
Internal Medicine
GI
Gynecology
Provider Gender
Female
Male
Mid-Level Provider
Yes
No (physician)

<.0001

4 (1.3)

37 (5.9)

22 (6.8)

15 (4.9)

594 (94.1)

301 (93.2)

293 (95.1)

.43

.3

*P value was based on the comparison between two cohorts (FIT, mt-sDNA) of patients.
GI, gastroenterology; FIT, fecal immunochemical testin; STD, standard deviation.

Barriers to Follow-up in Positive FIT and mt-sDNA
Patients
The electronic medical records of the 164 patients
without colonoscopy after a positive FIT were
reviewed to determine reasons for lack of followup. In 135 patients, the provider did not order a
colonoscopy. For many (23.8%), the positive FIT
was attributed to other causes than possible colorectal pathology. For 29.3% of the patients, instead
of directly ordering the colonoscopy, the provider
referred the patients to a gastroenterology (GI)
clinic appointment which they did not keep.
Another 14.6% of the patients had a colonoscopy
(within the past year) and were determined to not
need another. Other reasons included a presumed
64 JABFM
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false-positive result (1.8%), and the patient refusing
the colonoscopy (7.4%). There were also several
instances (16%) where the reasoning behind the
provider failing to order a colonoscopy after a positive FIT was not indicated in the patients’ medical
record. In these instances, the provider did not
acknowledge the patient’s positive result in subsequent visits, or the patient did not return for any
future visits to the provider (Table 3). For the 30
patients for whom a colonoscopy was ordered but
not performed, most did not show or cancelled
their appointment. Other reasons included patients
refusing or not scheduling the procedure and the
patients having other health issues to prioritize
(Table 3). Overall, system level factors were iden-
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Table 2. Patient Characteristics of Cohort of 631 Patients

FIT
(n = 164)
Frequency
(%)

Mt-sDNA
(n = 92)
Frequency (%)

System
GI clinic referral

48 (29.3)

11 (12.0)

Colonoscopy not scheduled
Total

5 (3.0)
53 (32.3)

17 (18.5)
28 (30.4)

3 (1.8)
0 (0.0)

0 (0.0)
7 (7.6)

Provider level
Attributed to false positive
Failure to inform patient
Attributed to other reasons

39 (23.8)

1 (1.1)

Recent colonoscopy done
Other health issue to prioritize

24 (14.6)
8 (4.9)

1 (1.1)
11 (12.0)

Unknown

21 (12.8)

20 (21.7)

Total
Patient level

95 (57.9)

40 (43.5)

8 (4.9)

8 (8.7)

Patient refused (before
ordered)
Patient refused (after ordered)
No show/cancellation
Did not complete bowel prep
Other reason
Total

4 (2.5)

15 (16.3)

42 (25.6)

26 (28.3)

0 (0)
6 (3.7)

1 (1.1)
3 (3.3)

60 (36.6)

53 (57.6)

*Determined by medical record review.
FIT, fecal immunochemical testing; GI, gastroenterology.

tiﬁed in 22.3%, provider-level factors in 57.9%, and
patient-related factors in 36.6%.
Review of the electronic health records of the
92 patients (28.5%) who did not receive a colonoscopy after a positive mt-sDNA indicated several
reasons for this lack of completion. For 47
patients (51%), the provider did not order a colonoscopy. In 12% of cases, the patient was referred
for a GI clinic appointment that they did not
keep. In addition, 25% of patients expressed
unwillingness to undergo colonoscopy and in
7.6% the provider failed to inform the patient of
their mt-sDNA results. Other reasons included
the provider attributing the positive mt-sDNA
test to other reasons (1.1%), and the patient having a colonoscopy within the past year (1.1%). As
in the case with positive FIT tests, there were
instances where there was no apparent reason for
the provider not ordering a colonoscopy after a
positive mt-sDNA test (Table 3). A colonoscopy
was ordered and not completed in 45 patients
(49%). The most common reasons for the lack of
colonoscopy completion were the patient refusing

doi: 10.3122/jabfm.2021.01.200345

or not scheduling the colonoscopy and the patient
cancelling or not showing up to their colonoscopy
appointment. Other reasons included the patient
having other health issues to prioritize and the
patient not completing the bowel preparation
(Table 3). Overall system-level factors were implicated in 30.4%, provider related factors in 43.5%,
and patient related factors in 57.6%.
Follow-up in FIT Versus mt-sDNA-Positive Patients
We compared time to follow-up colonoscopy
among patients with positive FIT versus mt-sDNA
(Table 4). In this analysis, compared with FIT, the
hazard ratio of having colonoscopy after mt-sDNA
was 1.83 (95% CI, 1.48-2.25). No other sociodemographic characteristics were associated with time
to colonoscopy, though we did ﬁnd a positive association with female providers (HR, 1.30; 95% CI,
1.06-1.60). These differences are also shown
graphically in an unadjusted Kaplan Meier analysis
with a median time to colonoscopy of 2.2 months
for mt-sDNA and > 6 months for FIT (Figure 1).
In a multivariable Cox proportional hazards model
adjusting for age, gender, race, type of insurance
and provider, gender, similar differences were
observed, with a signiﬁcant difference in time to
colonoscopy observed in positive mt-sDNA
patients compared with positive FIT patients (HR,
1.75; 95% CI, 1.40-2.19) (Table 4). However, there
was no longer an association with provider gender.
After excluding the 25 patients (24 FIT, 1 mtsDNA) who were not referred for colonoscopy
because it had already been recently performed,
follow-up was still higher in mt-sDNA than FIT
(71.7% vs 50.7%, respectively; P ≤ .001).
Yield of Colonoscopy with Positive FIT or mt-sDNA
Among the 144 patients with a positive FIT who
underwent colonoscopy, precancerous or malignant
lesions were found in 70 (48.6%). The most
advanced ﬁnding included adenocarcinoma (n = 5),
adenomas with high-grade dysplasia (n = 5), villous
or tubulovillous adenomas (n = 11), sessile serrated
adenomas (n = 9) and tubular adenomas (n = 40).
For the 231 patients with positive mt-sDNA testing, the yield was even higher (77.1%). The most
advanced ﬁnding included adenocarcinoma (n = 8),
adenomas with high-grade dysplasia (n = 9), villous
or tubulovillous adenomas (n = 19), sessile serrated
adenomas (n = 33), and tubular adenomas (n = 109).
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Table 3. Reasons for Lack of Follow-up after Positive
mt-sDNA or FIT*

Univariate Cox Regression

Multivariable Cox Regression

Variables

HR

95% CI of HR

P value

HR

95% CI of HR

P Value

Age (per year increase)

0.99

0.98, 1.00

.13

0.99

0.98, 1.00

.181

Sex (female vs male)

1.17

0.95, 1.43

.14

1.09

0.83, 1.32

.717

Race (Black vs White)
Insurance (commercial vs Medicare)

1.30
1.12

0.91, 1.85
0.91, 1.38

.16
.29

1.38
1.10

0.95, 2.00
0.87, 1.39

.089
.411

Screening test method (mt-sDNA vs FIT)

1.83

1.48, 2.25

< .0001

1.75

1.40, 2.19

< .0001

Specialty (FM vs IM)
Provider gender (female vs male)

0.87
1.30

0.71, 1.08
1.06, 1.60

.202
.01

1.19

0.95, 1.50

.125

Mid-level provider (yes vs no)

1.16

0.77, 1.75

.483

FIT, fecal immunochemical testing; FM, family medicine; HR, hazard ratio; IM, internal medicine; CI, conﬁdence interval.

Discussion
CRC screening is recommended for all adults and
has been shown to decrease the incidence and

mortality from CRC. Current guidelines offer
patients and providers a choice between different
options.2–4 The stool-based tests, including FIT

Figure 1. Kaplan-Meier estimation of time-to-colonoscopy of patients who had FIT test and who had mt-sDNA.
The median time-to-colonoscopy for patients FIT was N/A (50% rate was not reached for this group). The median
(95% CI) time-to-colonoscopy for patients who had mt-sDNA was 2.16 (95% CI, 1.80-2.52) months. Abbreviation:
FIT, fecal immunochemical testing.
100
mt-sDNA (n=323)
FIT (n=308)
p-value < 0.0001

Cumulative rate of having colonoscopy (%)

80

60

40

20

0
0

3

6

9

12

Months after screening by FIT or mt-sDNA
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Table 4. Cox Regression Analysis on Time-to-Colonoscopy
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system, providers ordered a gastroenterology clinic
referral before colonoscopy, which the patient often
did not keep. Although for certain patients (ie, those
on anticoagulants or with a history of anesthetic reactions or inﬂammatory bowel disease) the gastroenterologist may have required visits before undertaking
colonoscopy, in many cases the visit may not have
been necessary and created another level of complexity. In addition, the extra appointment may not have
been feasible for certain patients who could not miss
work or other responsibilities or had transportation
difﬁculties. In contrast, a VA based study found that
referral to gastroenterology actually facilitated colonoscopy completion,10 which suggests that barriers
to colonoscopy in an individual health care setting
should be assessed before proposing solutions. We
also noted that although some providers did not refer
patients because of concerns of competing comorbidities or evidence of recent colonoscopy, these issues
may not have been addressed before stool testing.
Another potential barrier is the out-of-pocket cost
associated with colonoscopy, which is considered
diagnostic if performed as a result of a positive stool
test. Our database did not include the out-of-pocket
costs that patients faced.
Although we found a higher rate of follow-up after positive mt-sDNA testing than with positive
FIT testing, reasons for lack of follow-up were generally similar between the 2 modalities. Whereas
the reasons for this difference in follow-up frequency could not be determined from this study,
the differences persisted even after adjustment for
demographic characteristics such as insurance coverage. However, there may also be unmeasured
physician and/or patient biases as to which test was
ordered. If mt-sDNA was more likely to be ordered
than FIT for patients who were more motivated at
baseline to complete the follow-up that could
account for some of the observed differences. In
addition, for both FIT and mt-sDNA, colonoscopy
performed as a follow-up to a positive stool test is
generally considered to be diagnostic as opposed to
screening and potentially subject to coinsurance;
this could create an additional barrier for lowincome patients. Physicians may have also ordered
FIT testing as a conﬁrmatory test to assess gastrointestinal blood loss as opposed to a screening test.
In addition, the manufacturer of mt-sDNA employs
a patient navigator program that encourages
patients to return the kits. Although the navigators
do not facilitate follow-up with colonoscopy after
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and mt-sDNA are speciﬁcally targeted for patients
who prefer an alternative to colonoscopy or in
whom colonoscopy would be difﬁcult. The positive
predictive value (PPV) of FIT testing for cancer is
2% to 11% and in a retrospective analysis, the PPV
for detecting advanced neoplasia (advanced adenomas or cancer) was 24%.19 In the largest clinical
trial of mt-sDNA testing, the PPV for advanced neoplasia was 24%.20 Thus, it is important that
patients with positive testing undergo appropriate
evaluation with colonoscopy to detect and remove
underlying neoplasia. The US Multisociety Task
Force on Colorectal Cancer has recommended a
minimum of 80% of patients have a follow-up colonoscopy after a positive FIT6 though similar guidelines for mt-sDNA are not in place.
In our study, which included patients from a vertically integrated health system, we found that compliance with follow-up colonoscopy after a positive
FIT was only 46.7% and although compliance was
higher after a positive mt-sDNA test, it was 71.5%,
not nearly the preferred 100%. The colonoscopy
frequency after positive FIT was in the range of
previous reports.7–11 One small study in a multispecialty group practice found close to 100% followup after positive mt-sDNA,12 but the ﬁndings may
not be generalizable to other settings. Moreover,
we found that a combination of provider and health
system issues were more frequent barriers to colonoscopy completion than patient-related factors,
especially after positive FIT. Although this ﬁnding
was in contrast with a recent VA-based study that
found patient cancellation of colonoscopy was the
most frequent reason for lack of colonoscopy after
positive stool testing,9 they also reported system
and provider factors as common deterrents. In a
qualitative study from Ontario, Canada, attribution
of a positive FIT to other causes and patient fear of
colonoscopy were the 2 most common identiﬁable
reasons for lack of follow-up.18 A recently published qualitative that included patients from federally qualiﬁed health centers also identiﬁed fear as a
barrier but also determined that communication
about the need for colonoscopy, transportation and
cost of the procedure were additional obstacles.21
Whereas patients who are inherently reluctant to
have a colonoscopy may have self-selected themselves
for noninvasive screening options, we found several
additional barriers to completion. A common reason
for lack of compliance with colonoscopy in our study
was that despite having a direct endoscopy referral
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