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PillCam colon capsule endoscopy compared

N. Schoofs
J. Deviére
A. Van Gossum

Background and aims: Colonoscopy is regarded as the gold
standard for colorectal cancer (CRC) screening. PillCam capsule
endoscopy could be an alternative approach for screening large
populations. We report a pilot evaluation in humans of the safe-
ty, feasibility, and performance of colon capsule endoscopy com-
pared with colonoscopy.

Patients and methods: Patients included in this single-center
comparative study had presented for screening colonoscopy or
there was suspicion of polyps or CRC. The capsule was ingested
in the morning. After excretion, colonoscopy was performed. Sig-
nificant findings were defined either as polyps > 6 mm, or three or
more polyps of any size. Colonoscopy and colon capsule endosco-
py (CCE) review were performed by independent physicians.
Results: 41 patients (26 women), mean age 56 years (range 26 -
75) were included, and all had complete colonoscopies. Four pa-

Introduction

Colorectal cancer (CRC) is the leading cause of cancer-related
mortality in the western world [1]. There is a compelling evi-
dence that early diagnosis and treatment of adenomas and can-
cer reduces the disease-specific mortality [2]. Colonoscopy is
currently considered to be the gold standard procedure for CRC
screening. Unfortunately, many patients are reluctant to undergo
this examination because of its perceived inconvenience and the
discomfort [3,4]. Although the cost-effectiveness of any screen-
ing program is still debated, awareness of CRC is growing and
novel screening modalities such as computed tomographic
colonography, or “virtual colonoscopy”, and fecal DNA testing
are emerging [5]. Self-propelling visualization devices are cur-

with colonoscopy for colorectal tumor diagnosis:

a prospective pilot study

tients were excluded due to technical problems and one could
not swallow the capsule; thus, 36 patients were considered in
the analysis. In six the capsule had not been expelled at 10 hours
and was retrieved endoscopically. CCE identified 19 of the 25 pa-
tients (76 %) with positive findings and 10 of the 13 (77 %) with sig-
nificant lesions detected by colonoscopy. CCE detected seven le-
sions not seen at colonoscopy and two tumors were detected by
both examinations. Overall sensitivity of CCE to detect significant
lesions was 77%, specificity was 70%, positive predictive value
was 59%, and negative predictive value was 84%. No adverse
events occurred.

Conclusion: CCE showed promising accuracy compared with co-
lonoscopy. This new noninvasive technique deserves further eval-
uation as a potential CRC screening tool.

rently under investigation with the aim of reducing operator de-
pendence and complications as well as improving acceptance
[6]. The ideal screening method for CRC should be noninvasive,
safe, well accepted by the target population, cost-effective, and
with a high diagnostic accuracy.

Following the success of video capsule endoscopy for exploring
the small bowel, colon capsule endoscopy could be an attractive
approach to mass CRC screening.

Indeed, capsule endoscopy of the small bowel has already been
established as the initial diagnostic investigation of choice in pa-
tients with obscure gastrointestinal bleeding [7,8] and in patients
with suspected small-bowel lesions. At this stage, sufficient
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screening yield cannot be achieved in the colon by the standard
small-bowel capsule because of the anatomical and physiological
properties of the colon. The PillCam Colon capsule (Given Imag-
ing, Yoqneam, Israel) was designed specially for colon exploration
and differs from the standard small-bowel capsule in three ways.
First, it has two imagers that enable the device to acquire video
images from both ends. Secondly, it has the same diameter as the
PillCam SB capsule but is approximately 6 mm longer; this in-
creased capsule length is dictated by the need to achieve a specific
weight-to-volume ratio which allows the capsule to progress into
the colon within the desired time frame (up to approximately 10
hours from ingestion). Thirdly, the PillCam Colon capsule can
work at a higher frame rate (4 frames per second) and is able to
operate with a pre-programmed delay mode in order to save ener-
gy until it reaches the colon.

The aims of the present pilot study were to provide preliminary
evaluation of the performance and accuracy parameters of the
PillCam Colon capsule compared with traditional colonoscopy,
and to evaluate the efficacy of colon preparation for colon cap-
sule endoscopy (CCE).

Patients and methods

Patient population

Patients were considered for the study if they were scheduled to
undergo colonoscopy, for CRC screening with or without a perso-
nal or family history of colorectal polyps or cancer (41%; n=17),
or for unexplained abdominal pain or alarm symptoms (includ-
ing rectal bleeding and altered bowel transit time) (59%; n=24).
They were included between January 12 2006 and June 1 2006,
all having been referred to the endoscopy department of our in-
stitution.

Exclusion criteria were as follows: age younger than 18 years;
presence of dysphagia, congestive heart failure, renal insufficien-
cy, intestinal obstruction, or pacemaker or other implanted elec-
tromedical device; pregnancy; abdominal surgery in the past 6
months; inability to understand patient information and/or give
informed consent; presence of a life-threatening condition; and
current participation in another clinical study.

The medical ethics committee of our institution approved the
study and all patients provided written informed consent.

Colon preparation

Patients underwent a 24-hour colon preparation that consisted
of a clear liquid diet after a light breakfast the day before CCE. Be-
tween 18.00 and 21.00 in the evening before capsule ingestion,
patients received 3 1 of an oral preparation of polyethylene glycol
osmotic solution (Colopeg; Roche Laboratories, Gaillard, France),
and another litre of this solution between 06.00 and 07.00 on the
day of the examination. After 2 hours and 15 minutes following
capsule ingestion patients drank a first boost dose of 45 ml of So-
dium phosphate solution (Fleet Phospho Soda®, Wolf, Fleet,
Lynchburg; Virginia, USA), only if the capsule was shown to
have exited the stomach, as assessed with real time viewing sys-
tem performed with Rapid Access Real Time Tablet PC (by Given
Imaging Inc.) If the capsule was not excreted following the first

Schoofs et al. PillCam colon capsule endoscopy - Endoscopy 2006; 38: 971-977

boost dose of sodium phosphate a second boost dose of 30 ml so-
dium phosphate solution was administered at 14.00 (3 hours and
45 minutes after the first one), at 15.00 patients had a small low
fiber snack and energy drink (e.g. Red Bull®). By 15.30, if the cap-
sule was still not excreted, a suppository of bisacodyl (Dulcolax®,
Boehringer Ingelheim, Scherer, Aprilia, Italy) was administered.
The preparatory steps are summarized in Figure 1.

Diagnostic procedures

Colon capsule endoscopy (CCE). The PillCam Colon capsule has
two imagers that enable the device to acquire video images from
both ends. It is 31 x 11 mm in size, and acquires pictures at a rate
of 4 frames per second. The pre-programmed delay mode allows
recording of images from the esophagus and the stomach for 5
minutes before the capsule switches into sleep mode for 2 hours
to save energy. (A 2-hour delay was observed to be the most ap-
propriate for the PillCam Colon capsule for it to reactivate in the
terminal ileum in human volunteers.) The envelope of the Pill-
Cam Colon capsule is made of biocompatible materials, sealed
with biocompatible adhesives, and produced according to sim-
ilar procedures and guidelines as the standard PillCam SB and
PillCam ESO capsules. Data were recorded in an external record-
ing unit that receives the information transmitted by the ingest-
ed capsule. The portable recorder consists of an antenna array
which is attached to the body, a receiver, and memory for data
recording during the examination. Upon completion of the ex-
amination, the physician or the study nurse downloads the data
from the recorder to the RAPID workstation for processing. The
data transmission are transmitted via a high capacity digital link.

Interpretation of the data was always done by a different physi-
cian from the one who performed the colonoscopy. Reading of
the colon capsule data was always done in two steps, first exam-
ining the images taken from one side of the device and then the
images taken from the other side. The selected reading speed
was around 7 - 12 frames per second.

The location of polyps within the colon was done with the help of
the rapid localization feature. Polyps were classified with respect
to the following: size (greater than or equal to 6 mm, or smaller
than 6 mm); confidence rate (high or low); morphology (pedun-
culated, sessile, or flat); colon segment location (rectum, sig-
moid, descending colon, transverse colon, ascending colon, or ce-
cum); colour (pale, mucosal, reddish, or yellow); position (be-
tween folds, on fold, proximal side of fold, distal side of fold, or
unknown); and surface (smooth, nodular, or ulcerated). All this
information was entered into a case report form by the physician
who read the CCE images.

All detected polyps were recorded as positive findings. CCE find-
ings were considered significant if there was a polyp greater than
6 mm in size, and/or more than three polyps, and/or a suspected
tumor. Other lesions such as angiomas, diverticuli, lipomas,
proctitis, and hemorrhoids were also noted but not considered
as significant findings.

Occasionally, real-time viewing was done during the CCE proce-
dure to determine the location (stomach, small bowel, or colon)
of the capsule, thus avoiding fluoroscopy during the procedure. A
real-time display platform based on a laptop was connected to
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Figure 1  PillCam® COLON preparation and
procedure regimen.

Time Action
Day -1
All day Clear liquids only
18:00-21:00 3 Liters Colopeg®solution (1 cupevery 10-15 minutes)
Exam Day"
06:00- 07:00 1 Liter Colopeg®(1 cup every 10-15 minutes)
07:00 Fast until Boost #1 (with the exception of Domperidone (Motilium®) and
PillCam™ COLON ingestions)
07:45 20mg Domperidone (Motilium®) (with a cup of water)
08:00 PillCam™ COLON ingestion (with a cup of water)
10:00 Boost #12%: 45ml oral sodium phosphate (Fleet Phospho-Soda®) + 1 Liter water
14:00 Boost #2:30m! oral sodium phosphate (Fleet Phospho-Soda®) + 1 Liter water
15:00 Optional light snack(low fiber)
Fast until conventional colonoscopy procedure
16:30 10mg Bisacody! (Dulcolax®) rectal suppository
19:00 Conventional colonoscopy performed

1) Colon preparation and procedure on day of PillCam™ COLON examination was performed on-site. When PillCam™ COLON
was excreted early, the regimen was discontinued and patient was preparedfor conventional colonoscopy.

2) Thetiming of Boost #1 wasdelayed if PillCam™ COLON was delayed in the stomachfor longerthan 2 hourspost ingestion
as detected with real-time viewing performed with Rapid Access Real Time Tablet PC (by Given ImagingInc.).
—IfPillCam™ COLON had moved out of the stomach, the colon regimen was continued as describe above.

—If PillCam™ COLON was delayed in the stomach, Boost #1 was administered only when PillCam™ COLON was found by
real-time viewing to have moved out of the stomach and the regimen related to Boost #2 and Bisa codyl suppository

changedforward asfollows:

If Boost #1 was administered  Then Boost #2 was

And Bisacodyl suppository

during the time period administered at the time was administered atthe
indicated below indicated below time indicated below
10:00-11:00 14:00 16:30

11:00-12:00 Time of 1st boost + 3 hours 16:30

12:00-13:00 Time of 1st boost + 3 hours 17:00

13:00-14:00 Time of 1st boost + 3 hours Nosuppository

14:00-16:00 No Boost #2 Nosuppository

No boosts and suppository if PillCam™ COLON stayed instomach after 16:00

the data recorder that was carried by the patient. In this way, the
video images that were transmitted by the device were displayed
in real time on the screen.

Colonoscopy. Patients underwent colonoscopy with a standard
colonoscope (CF-160; Olympus, Tokyo, Japan) at the endoscopy
department in the one-day clinic at our institution. The endo-
scopic procedure was done after expulsion of the capsule or
when the battery was exhausted. All colonoscopies were per-
formed by an experienced endoscopist, with the patient under
general anesthesia with propofol (Diprivan; Astra Zeneca, Swe-
den) and without endotracheal intubation. All examinations
were recorded on videotape and still pictures were taken and re-
corded on the Endobase system (Olympus, Tokyo, Japan).

During colonoscopy the endoscopist classified polyps, if present,
with respect to size; distance from the anal margin; morphology
(pedunculated, sessile, flat); location (rectum, sigmoid, descend-
ing colon, transverse, ascending colon, or cecum); colour (pale,
mucosal, reddish, or yellow); position (between folds, on fold,
proximal side of fold, distal side of fold, or unknown); and sur-
face (smooth, nodular, or ulcerated). All this information was en-
tered into a case report form by the physician who performed the
examination.

973

Further data. At the end of the colonoscopy patients were ques-
tioned about comfort and possible inconvenience regarding each
technique. Adverse events for both procedures were document-
ed. In the case of positive CCE with negative colonoscopy, the
study protocol did not envisage a second colonoscopy.

Data analysis

The CCE and colonoscopy examinations were carried out by two
independent physicians, each of whom was blinded to the results
of the other procedure. The potential role of a noninvasive
screening method is to select patients with polyps who might
benefit from therapeutic endoscopy. Although some experts re-
commend that only polyps that are 10 mm or more in size should
be removed, we defined as a “significant finding” the presence of
either a polyp greater than 6 mm or of three or more lesions of
any size, or a tumor. In addition, all polyps of any size were noted
as positive findings.

For all the defined lesions we calculated the “per patient” sensi-
tivity, the specificity, and the positive predictive value (PPV) and
negative predictive value (NPV) of CCE in comparison with colo-
noscopy.

Other lesions such as angiomas, diverticula, lipomas, proctitis
and hemorrhoids were also noted but not considered in the anal-

Schoofs et al. PillCam colon capsule endoscopy - Endoscopy 2006; 38: 971-977
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ysis. The colon cleansing level was rated for the CCE and for colo-
noscopy, using a scale of 1 to 4 (poor, fair, good, and excellent) for
each section of the colon, according to the Minimal Standard Ter-
minology of digestive endoscopy [9]. An interobserver agree-
ment study was done by two independent physicians.

Although it was not regarded as an initial aim of this study, the
description of the lower esophagus and the Z line was done for
all patients.

Statistical analysis

Descriptive statistics were expressed as the median and range
values for continuous variables. Percentage values are rounded
off to the nearest whole number. We considered the colonoscopy
to be the gold standard against which CCE was compared. The di-
agnostic yield of CCE was assessed, and sensitivity, specificity,
positive and negative predictive values (PPV and NPV) per pa-
tient were calculated. Statistical analyses were done with SPSS
software, version 11.0 (SPSS Inc., Chicago, Illinois, USA) and CIA
(Confidence Interval Analysis) software, version 2.0.0 (Trevor N.
Bryant 2000, Southampton, UK).

Interobserver agreement analysis was carried out by two inde-
pendent reviewers for each detected lesion. We assessed the
presence and the number of significant findings. Reviewers
were considered to agree on a finding according to the size, loca-
tion, and timing of reviewing of the recordings. Kappa statistics
with 95% confidence intervals were calculated.

Results

Baseline characteristics

Between January 12 2006 and June 1 2006, 41 patients (26 wom-
en; mean age 56 years, range 26— 75) agreed to participate in the
study and were referred to the endoscopy unit for colonoscopy
preceded by CCE. Three patients out of the first five in the series
were excluded from the data analysis due to technical problems:
re-activation of the capsule occurred late or not at all, so less
than 30% of the colon was visualized. One patient could not
swallow the capsule because of excessive anxiety; this patient
underwent only colonoscopy. Finally, another patient underwent
both examinations, but reading of the CCE images was hindered
by technical problems in the data transmission from the recorder
to the workstation. Therefore, 36 patients were finally included
in the study.

CCE findings

No adverse events were documented. In six patients (16%) the
capsule was not expelled at the end of the recording time (10
hours); at that time, the capsule was located in the cecum in
one patient, the transverse colon in one patient, the sigmoid in
three, and the rectum in one patient. In these patients the cap-
sule was retrieved using a snare during colonoscopy.

The mean time taken to read the CCE images was 62 minutes
(range 45-90 minutes), with a speed range of 7-12 frames per
second. All the PillCam Colon capsules passed the stomach, and
35 of them (97 %) re-activated in time, before reaching the ileoce-

Schoofs et al. PillCam colon capsule endoscopy - Endoscopy 2006; 38: 971-977

Table1 Findings of PillCam Colon capsule endoscopy and colonos-

copy in the study population (n =36)

Positive
colonoscopy, n

Negative
colonoscopy, n

Any findings
CCE positive 19 4
CCE negative 6 7
Polyps >6 mm
CCE positive 6 7
CCE negative 4 19
>3polyps
CCE positive 5 9
CCE negative 3 19
Polyp >6 mm or >3 polyps
CCE positive 10 7
CCE negative 3 16

Figure 2  PillCam
Colon capsule endos-
copy images: a a tu-
mor; and b a polyp.

cal valve. The overall preparation was evaluated as excellent in
30% of cases, as good in 58 %, as fair in 6%, and as poor in 3 %.

CCE findings were positive in 23 patients and negative in 13 pa-
tients (details are provided in Table 1). Apart from polyps (Fig-
ure 2), several types of lesions were observed and documented,
such as angiomas (n=1), melanosis coli (n=3), diverticuli
(n=25), proctitis (n=1) and the India-ink injection site from a
previous polypectomy (n=1), but these were not considered
when reporting the results of this study (Figure 3).

Interobserver agreement with regard to significant lesions was
80.5%.
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Figure 3 Colon cap-
sule endoscopy (CCE)
images: a melanosis
coli; b angioma; and
c diverticuli.

Colonoscopy

Complete colonoscopy, including examination of the cecum, was
achieved in all cases. All procedures were successfully performed
with all the patients under general anesthesia without intuba-
tion, except for one who had severe chronic obstructive lung dis-
ease. There were no adverse events. Each colonoscopy was per-
formed the same day as the CCE, after excretion of the capsule
or when recording of images had stopped.

Colonoscopy showed positive findings in 25 patients, and was
negative in 11 patients (details are provided in Table 1).

A subjective assessment questionnaire was given to each patient
after colonoscopy and complete resposes were obtained from 33
patients. Three patients (9%) described colonoscopy under gen-
eral anesthesia as more comfortable than CCE.

Figure4 CCEimage
of the Z-line.

Comparison of PCCE and colonoscopy

CCE was negative in six out of 25 patients with positive colono-
scopic findings, but was positive in four patients with negative
colonoscopy.

Regarding the presence of a polyp greater than 6 mm in size, CCE
was negative in four out of 10 patients with positive findings and
was positive in seven out of 26 patients with negative findings at
colonoscopy. A second reading of the recordings of the false-neg-
ative CCEs allowed identification of a bigger than 6 mm polyp in
only one of the four patients; the size of this polyp was initially
considered to be less than 6 mm.

Concerning detection of at least three polyps, CCE was negative
in three out of eight patients with positive colonoscopy findings,
and positive in nine out of 28 patients with negative colonosco-
py. The patient sensitivity, specificity, and the positive and nega-
tive predictive values for the CCE regarding positive findings and
the significant finding are detailed in Tables 2-4. Interestingly,
for polyps larger than 6 mm in size, the positive predictive value
and the negative predictive value were 46 % and 83 %, respectively.

Esophageal data
The lower esophagus as well as the Z-line were well visualized in
60% of the 36 patients (Figure 4).

Discussion

The main message to be taken from this study is that CCE with
the PillCam Colon capsule is feasible, and can provide good qual-
ity images of the entire colon and can detect polyps and tumors
in the majority of cases. This was achieved by both technical de-
velopment of the capsule itself and adaptations of the bowel
preparation. The presence of two imagers undoubtedly enhances
the capabilities for detection, since some of the polyps we ob-
served were visible only on one side of the recorder. The pre-pro-
grammed delay mode was a partial solution to the problem of
battery life duration, and it appeared that the 2-hour inactive
period, calculated on the basis of data collected in previous stud-
ies with healthy participants, was adequate for patients since all
but one colon capsule re-activated before reaching the cecum.
Complete visualization of the colon was not achieved before the

Schoofs et al. PillCam colon capsule endoscopy - Endoscopy 2006; 38: 971-977
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Table2 Diagnostic discrimination, with 95% confidence interval
(95 % Cl), of PillCam Colon capsule endoscopy, for detect-
ing three polyps or more in the study population (n =36)

% 95%Cl, %
Sensitivity 63 29-96
Specificity 68 51-85
Positive predictive value 36 11-61
Negative predictive value 86 72-101

Table3 Diagnostic discrimination of colon capsule endoscopy
(CCE), for any findings™ in the study population (n =36)

% 95%Cl, %
Sensitivity 76 59-93
Specificity 64 35-92
Positive predictive value 83 67-98
Negative predictive value 54 27-81

* Any findings, i.e. all kinds of polyps.

Table4 Diagnostic discrimination of CCE, for polyps larger than
6 mm in size in the study population

% 95%Cl, %
Sensitivity 60 30-90
Specificity 73 56-90
Positive predictive value 46 19-73
Negative predictive value 83 67-98

end of battery life in 16% of the patients, however, underlining
the need for further improvement.

The colonic preparation was adapted not only to clean the colon
but also to facilitate the progression of the capsule, with the ad-
ministration of one or two boosts of sodium phosphate. Excellent
or good preparation for CCE was achieved in 90% of cases. All the
patients tolerated the preparation without any significant com-
plaint. The present study was notable in that all the patients un-
derwent the same preparation for both examinations, which
were performed on the same day. This was an important point
for assuring uniformity and comparability of the two techniques.
Some additional fine tuning of the preparation might help to
avoid the presence of opaque liquid that compromises complete
visualization during CCE.

Standard colonoscopy was regarded as the gold standard in our
study. Despite this being a pilot study, and given our lack of pre-
vious experience in reading colon capsule images, significant le-
sions (an indication for therapeutic colonoscopy) were detected
with high levels of sensitivity and specificity (77 % and 70%). The
negative predictive value (84 %) is the highest and this is poten-
tially important since one of the aims of such an examination
would be to obviate the need for additional examination by
standard colonoscopy. These values have to be put alongside

Schoofs et al. PillCam colon capsule endoscopy - Endoscopy 2006; 38: 971-977

those of colonoscopy itself, when performed two times. A recent
review of six studies reporting two same-day colonoscopies re-
ported miss rates of 13% and 26% for adenomas of 5-10 mm
and 1-5 mm, respectively [10]. Also CCE identified lesions which
were not seen at colonoscopy (in four patients who had no find-
ings at all at colonoscopy). The PillCam Colon capsule takes
images from both its ends, perhaps improving visualization of le-
sions located “behind the folds”, which are easily missed during
colonoscopy. Even polyps larger than 6 mm in size were detected
in seven patients in whom colonoscopy had failed to detect
them. These discrepancies could also be due to a difference in
size assessment at colonoscopy and CCE, with a possible overes-
timation associated with the latter. An accurate evaluation of
missed lesions, either by colonoscopy or CCE, would imply the
need to repeat colonoscopy (after analysis of the CCE) in every
patient having any findings seen only by CCE.

The interobserver agreement for PCCE was 80%, suggesting that
there is still room for improvement and that a learning curve will
be mandatory. The current levels of sensitivity and specificity are
encouraging when compared with those of virtual computed to-
mography (CT) colonoscopy (in two major series the reported
negative predictive values were 98% and 91% [11,12]), or those
of colonoscopy itself (a tandem colonoscopy study by Rex et al.
showed that the first colonoscopy has a negative predictive value
of only 84% for detecting adenomas of any size) [13]. Two multi-
centric studies are planned in order to further evaluate the accu-
racy of CCE compared with colonoscopy for screening CRC.

Compared with other techniques of virtual colonoscopy, such as
CT or magnetic resonance imaging (MRI), CCE is different in that
size is not a limitation for detection since very small lesions are
clearly visible. After having carried out these examinations we
realized that among all the screening techniques currently avail-
able, CCE is the only one that could be performed by patients
themselves without the intervention of a physician, provided
that clear explanation could be offered. This could therefore be
proposed as a test to be carried out at home, and improve the ac-
ceptance for mass screening.

Finally, although we did not ask the patients to swallow the cap-
sule while in the decubitus position as is done in PillCam esoph-
ageal studies, the Z-line was clearly visualized in 60% of cases.
The investigation of this finding in further studies is obviously
justified, since the population who may benefit from CRC screen-
ing may coincide to some extent with the population for whom
detection of Barrett’s esophagus might be useful [14].

In conclusion, this pilot study evaluating CCE done on the same
day as colonoscopy shows that it is feasible, allows the examina-
tion of the entire colon in the majority of cases, and provides en-
couraging sensitivity and negative predictive values for detection
of significant lesions. Further studies are needed to confirm this
accuracy, the technique being potentially also useful for detec-
tion of Barrett’s esophagus.
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In brief
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specificity when compared to colonoscopy performed the same
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10/21/24, 3:16 PM Cross-sectional adherence with the multi-target stool DNA test for colorectal cancer screening in a large, nationally insured cohort ...
Colorectal cancer (CRC) is the second most deadly cancer in the USA. Early detection can
improve CRC outcomes, but recent national screening rates (62%) remain below the 80%
goal set by the National Colorectal Cancer Roundtable. Multiple options are endorsed for
average-risk CRC screening, including the multi-target stool DNA (mt-sDNA) test. We
evaluated cross-sectional mt-sDNA test completion in a population of commercially and

Medicare-insured patients.

Methods

Participants included individuals ages 50 years and older with commercial insurance or
Medicare, with a valid mt-sDNA test shipped by Exact Sciences Laboratories LLC between
January 1, 2018, and December 31, 2018 (n=1,420,460). In 2020, we analyzed cross-
sectional adherence, as the percent of successfully completed tests within 365 days of

shipment date.

Results

Overall cross-sectional adherence was 66.8%. Adherence was 72.1% in participants with
Traditional Medicare, 69.1% in participants with Medicare Advantage, and 61.9% in
participants with commercial insurance. Adherence increased with age: 60.8% for ages 50—
64, 71.3% for ages 65—75, and 74.7% for ages 76 + years. Participants with mt-sDNA tests
ordered by gastroenterologists had a higher adherence rate (78.3%) than those with orders
by primary care clinicians (67.2%). Geographically, adherence rates were highest among

highly rural patients (70.8%) and ordering providers in the Pacific region (71.4%).

Conclusions

Data from this large, national sample of insured patients demonstrate high cross-sectional
adherence with the mt-sDNA test, supporting its role as an accepted, noninvasive option for
average-risk CRC screening. Attributes of mt-sDNA screening, including home-based
convenience and accompanying navigation support, likely contributed to high completion

rates.
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Introduction

Colorectal cancer (CRC) is the second leading cause of cancer deaths and fourth most
diagnosed cancer in the USA [1], representing an ongoing public health concern, with
estimates of 149,500 incident and 52,980 fatal cases in 2021 [2]. Average-risk CRC screening
can favorably impact the CRC public health burden by identifying patients with
premalignant or localized malignant neoplasia for earlier, more effective intervention.
National organizations such as the United States Preventive Services Task Force (USPSTF) in
their 2021 Final Recommendation Statement and the American Cancer Society (ACS)
recommend lowering the age for average-risk CRC screening (beginning at the age of

45 years) using one of several equally endorsed test options, including the multi-target stool
DNA assay [3,4,5] (mt-sDNA; marketed as Cologuard®; Exact Sciences, Madison, WI). Since
receiving approval from the US Food and Drug Administration in August 2014, the mt-sDNA
assay has been prescribed by over 200,000 providers and completed by more than 4 million

patients nationwide.
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Between 2015 and 2018, estimated CRC screening rates increased overall by 4.2%, from 61.7
to 65.9% according to National Health Interview Survey data [6, 7]. The same National
Health Interview Survey (NHIS) data showed that for those who completed screening, 4.1%
used mt-sDNA, and use was consistent across demographic subgroups such as sex, age, and
race/ethnicity, with no apparent disparities. The number of people screened with the mt-
sDNA test further increased in 2019, with 1.7 million patients successfully screened using
mt-sDNA testing [8]. Despite the COVID-19 disruption, the at-home mt-sDNA test with its
built-in navigation component for patients and providers and door-to-door shipping is
uniquely positioned to sustain colorectal cancer screening efforts, potentially tempering the

backlog of CRC screening delays and corresponding late-stage disease.

One critical component of effective CRC screening programs is patient adherence with
completing the selected test option. The practical effectiveness of available screening
strategies may be reduced by suboptimal adherence to screening recommendations [9].
Discouragingly, prior research has demonstrated relatively low completion rates for other
revealed differences in CRC screening completion rates by test modality [9,10,11, 14]. These
differences in completion rates may be exacerbated by multiple factors, such as
socioeconomic status [15, 16] and race [17, 18]. Given the differences between endoscopic,
radiologic, and stool-based screening strategies, accurate understanding of test-specific

patient adherence is critical for population-, provider-, and payor-level discussions.

To date, analyses of mt-sDNA adherence have demonstrated high cross-sectional adherence
rates (71%) but have been limited to Medicare beneficiaries to minimize the influence of
insurance variability on test completion rates [19]. Given the growing adoption of mt-sDNA
screening by commercial insurance plans, nearly all insured (>94%) average-risk patients
now have access to mt-sDNA screening with no out-of-pocket costs [20]. Thus, additional
real-world assessment of mt-sDNA test adherence in non-Medicare patients is both feasible
and timely. Here, we evaluated cross-sectional mt-sDNA test completion in a fully insured
population and identified associated factors, to better inform shared decision-making,
quality monitoring, and comparative effectiveness studies related to average-risk CRC

screening.

Methods
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Aggregate laboratory data from Exact Sciences Laboratories LLC (ESL; Madison, WI), the
sole-source national laboratory for mt-sDNA testing, were retrospectively reviewed as part
of ongoing laboratory quality management processes and in compliance with the Health
Insurance Portability and Accountability Act. Per Mayo Clinic Institutional Review Board

(IRB) criteria, this study was deemed as exempt from review.

Study population, design, and data acquisition

Eligible study participants included individuals who met the following criteria: ages 50 years
and older, covered by commercial insurance or Medicare, with a valid mt-sDNA test shipped
to the order-specified address from ESL between January 1, 2018 and December 31, 2018. At
the time of the study, the USPSTF recommendation was to start screening at 50 years old.
Valid mt-sDNA test shipments were defined as having all information required for ESL to
analyze the sample and report a positive or negative test result. Deidentified data referent to
available patient (sex, age), provider (specialty, practice location), and test order features
(testing status, time to completion) were sourced from the ESL internal data systems. Of
note, patient race/ethnicity is listed as an optional field on the mt-sDNA order form and was

additionally collected when available.

Information from ESL internal data systems regarding order characteristics was initially
collected for 1,508,087 patients. Inclusion and exclusion criteria (including provider/patient
cancellations, duplicate orders, missing information, and reasons for ineligibility) were
utilized to comprise the final analysis cohort consisting of 1,420,460 patients. The cohort
attrition flow chart outlines that cross-sectional adherence was defined as the percentage of
eligible participants who successfully completed the test within 365 days of the shipment
date (Fig. 1).

Fig.1
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test order data system. Therefore, these data were ascertained at the residential zip code

level from public data sources, including the United States Census and American Community

Surveys database [21,22,23].

Statistical analysis

Descriptive statistics were used to describe the baseline characteristics of the study

population overall and by insurance type. Counts and percentages were used to describe

population-level statistics while distribution statistics (mean and median) were provided,

where appropriate, to further describe the study populations’ time to adherence, overall
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adherence, and age. Descriptive statistics were principally stratified by patient insurance
type. Distribution statistics relating to skewness and other appropriate tests (e.g., chi-square

test) were used as needed to describe the study population.

Given that the study population comprises the entirety of mt-sDNA patients during this time
(N=1,420,460), point estimates and p-value testing do not provide necessary context or
support better comparison. In essence, very small differences, even if significant, are likely
to arise due to the population size though do not reflect meaningful differences among
populations. In contrast to significance tests, effect size is independent of sample size, while
statistical significance can be dependent upon both sample size and effect size [24, 25]. To
avoid confounding the meaning of significance due to such a large sample size, we decided
not to report two-sided 95% confidence intervals for point estimates or two-sided p-values

for subgroup comparisons.
Results

0£1,420,460 patients who met the study criteria (Fig. 1), 61.2% were female with a mean age
of 64.9 years. Age distributions were 50—64 years (47.3%), 65—75 years (40.0%), and 76 +
years (12.7%), with the majority of the cohort residing in urban areas (70.4%). Of those who
specified a race/ethnic category, the majority of participants were white, although most
participants (85.6%) did not provide this optional information (Table 1). Within the study
population, 46.1% had commercial insurance coverage, 33.5% had Traditional Medicare
coverage, and 20.4% were covered by Medicare Advantage (Table 2). Patients residing in zip
codes with above average Bachelor’s degree attainment rates (35.0% of all adults above 25 in
the USA had a Bachelor’s degree as of 2018) [22] accounted for 31.2% of all shipments.
Patients in zip codes with a median income greater than the national median ($33,706 per
the American Community Survey conducted in 2018) [23] accounted for 43.3% of mt-sDNA
test orders. Geographically, the highest adherence in the study population was observed for
those dwelling in highly rural locations: urban (66.0%), rural (68.5%), and highly rural
(70.8%) (Table 3). Most mt-sDNA test orders were placed by primary care clinicians
(72.2%), followed by nurse practitioners and physician assistants (19.3%),
gastroenterologists (3.2%), and obstetrics and gynecologists (1.8%), with the remaining
mt-sDNA test orders placed by other specialties (3.5%) (Table 4).
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Table 1 Study population demographics by insurance coverage type

Table 2 Cross-sectional adherence by patient factors

Table 3 Cross-sectional adherence by zip code population factors

Table 4 Cross-sectional adherence by provider-level factors

The overall cross-sectional adherence rate for the entire study population was 66.8%
(948,769/1,420,460 patients received and completed the mt-sDNA test and had a valid
result) with a median time-to-adherence (TTA) of 22 days. The difference in adherence
between males and females was small (67.2 vs. 66.5%, respectively). Cross-sectional
adherence was highest in patients with Traditional Medicare coverage (72.1%) and lowest in
patients with commercial insurance coverage (61.9%). Adherence increased with age: 50—
64 years (60.8%), 65—75 years (71.3%), and 76 + years (74.7%) overall, and within each of
the insurance types (Table 2). Relative to those with commercial insurance, increases in
adherence by age were more pronounced among those with Traditional Medicare or
Medicare Advantage plans, who demonstrated lower rates of adherence among those 50—64
compared to those with commercial insurance (Table 2). Moreover, adherence was 73.6% for
Traditional Medicare patients ages 65—75.

Statistically, cross-sectional adherence with the mt-sDNA test was not shown to be

associated with level of education or median income of the zip code wherein patients resided.
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Adherence was 66.0% in zip codes with an above average Bachelor’s degree attainment rate
compared with 67.2% in zip codes with a below average Bachelor’s degree attainment rate.
Similarly, adherence was 68.2% compared to 65.7% in zip codes with median incomes above
and below the national median, respectively (Table 3).

Adherence also varied among ordering provider specialty and practice location. Patients with
mt-sDNA tests ordered by gastroenterologists exhibited a higher adherence rate (78.3%)
than those with orders placed by primary care clinicians (67.2%), nurse practitioners and
physician assistants (63.5%), obstetricians and gynecologists (63.1%), and other specialties
(67.3%). Adherence rates were highest among patients with ordering providers in the Pacific
region (71.4%) and West North Central region (70.1%). Contrastingly, the lowest adherence
was observed in the Mid-Atlantic region (65.7%), New England (65.2%), West South-Central
region (64.6%), and Puerto Rico/US Territories (60.7%) (Table 4).

Discussion

Results from this retrospective study of a large, insured population demonstrate relatively
high cross-sectional adherence with the mt-sDNA test for CRC screening. Adherence rates
were similar between males and females and increased with age. Of note, area-level
education and median income of patients’ residential zip codes were not significantly
associated with differences in adherence rates. Consistent with previous observations in
Medicare patients [19], adherence rates were also higher for orders placed by
gastroenterologists compared to other provider specialties. Geographically, the greatest
adherence was observed among those living in highly rural areas; however, that population
was only 3% of the overall cohort. Although GIs ordered the fewest mt-sDNA tests, the rate
of adherence to recommendations by disease specialists may relate in part to more detailed
discussion during encounters regarding the importance of completing CRC screening; albeit,

this speculative interpretation requires further evaluation.

With nearly 1.5 million participants included in the study population, our data contributes to
the emerging literature regarding mt-sDNA test adherence in the clinical setting, although
in a younger and larger cohort than seen previously [19]. Overall adherence approached
67%, with meaningful differences observed between age groups. The highest rate was seen

in the 76 + years subgroup having Traditional Medicare coverage. Adherence also increased
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with age, from 60.8% in those 50—64 to 74.7% in patients>76 +years, while Traditional
Medicare patients ages 65—75 exhibited 73.6% adherence.

The mt-sDNA test is offered in conjunction with patient and provider navigation support
(available 24 h per day, 365 days per year, with translation services in over 240 languages).
Previous studies have shown that patient navigation has a beneficial effect on patient health
behavior, demonstrating increased CRC screening rates [19, 26, 27]. The amalgamation of
test and navigation services was shown to be successful in a separate study of Medicare
beneficiaries where individuals who were previously non-adherent with CRC screening were
offered the mt-sDNA test, resulting in 88% completion and 96% diagnostic colonoscopy
exam follow-up for those with a positive mt-sDNA result [28]. This intricate feature adds
inherent value to the mt-sDNA test at no additional cost to the payor, health system, patient,
or provider, while also improving the probability of test completion compared with no
consider as a guiding input variation for CRC modeling studies to investigate comparative

effectiveness between screening modalities.

There is general agreement concerning the effectiveness of colorectal cancer screening;
however, in contrast to other organ sites, major guideline groups have endorsed more than
one test option for average-risk CRC screening in order to maximize engagement. Informed
health care provider discussions and screening decisions are better guided by
implementation considerations that can help patients select the testing option they are most
likely to complete, and this factor is essential for reducing the number of CRC-related deaths
in the USA. Prior research has demonstrated low completion rates for other CRC screening
tests [9, 10], and existing literature on repeat screening with other non-mt-sDNA stool-
based screening tests suggests a need for improvement [9,10,11, 30]. A more sensitive test,
such as mt-sDNA, is less susceptible to drops in adherences rates. Mt-sDNA has a higher
single application sensitivity for all stages of CRC, which distinguishes it from single marker
fecal occult blood tests (FIT/gFOBT) [31]. The 10,000-person mt-sDNA pivotal study by
Imperiale et al. [31] reported 92% sensitivity for CRC (vs 74% for FIT). This performance
difference held true in receiver operating characteristic (ROC) analysis, regardless of the

cutoff chosen for FIT. Higher one-time test sensitivity is relevant given that FIT adherence
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to recommended screening frequency can drop off substantially after the first cycle of

annual testing [32].

As an integral part of the screening process, the follow-up colonoscopy to a positive non-
colonoscopy CRC screening exam is becoming increasingly appreciated in the literature.
Follow-up colonoscopy after a positive first-line test is necessary for complete and effective
CRC screening [33, 34]. Failure to, and delay of follow-up after a positive stool-based test has
been associated with increased risk of later stage CRC and CRC mortality (33, 35,36,37].
Doubeni et al. found that patients failing to follow-up on abnormal FIT results face a
sevenfold higher risk of dying of CRC than those who complete the follow-up process [37].

Differences have also been revealed in CRC screening completion rates by modality [13, 14].
In a study by Rutten et al. [14] among residents of Olmsted County, MN, eligible and due for
CRC screening, it was revealed that CRC screening incidence rates remained stable from
2016 to 2018, while test-specific rates for mt-sDNA significantly increased. Moreover, the
study revealed that adherence with follow-up colonoscopy within 6 months after a positive
stool-based test was significantly higher among patients who underwent mt-sDNA
screening versus FIT/FOBT (84.9% vs 42.6%, respectively). At real-world (imperfect)
adherence rates of 40% for annual FIT and 70% for triennial mt-sDNA derived from a
critical assessment of meta-analyses and retrospective cross-sectional data [19, 38] (in
systems using FIT without a navigation program) [39], modeling illustrates that the number
of LYG and reductions in CRC incidence and mortality were higher for triennial mt-sDNA
[40].

Several geographic variations in adherence aligned with the currently reported US
percentage of adults being up-to-date with CRC screening tests by state [41], with the
highest rates seen in the Pacific and West North Central regions in our study, although
adherence was lower in the New England and Middle Atlantic regions where up-to-date

screening hovers around >70% and > 65%, respectively.

Additionally, practice specialty was associated with higher cross-sectional adherence.
Although gastroenterologists ordered fewer tests, adherence was lower among primary care
providers. The observed difference in adherence by specialty could be related to various
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provider factors (strength of screening recommendation, patient perception of specialty-
related knowledge), patient factors (attitude concerning referral/follow-up completion), or a
combination. It is also likely that patients who present to a gastroenterologist bring with
them specific concerns which may serve as motivation to screen. Although test adherence
rates differed by practice, recent literature has shown widespread awareness of the 2018 ACS
CRC guidelines among primary care providers [42]. A 2020 survey study by the Montana
Cancer Control Program revealed that fecal DNA testing has become much more popular
since 2016, with more than a third (35.2%) of primary care providers reporting discussing it
with patients in 2020 compared to only 4% in 2016 [43]. The same report from the Montana
Department of Public Health and Human Services highlighted that in 2020 the fecal DNA
test was the 3rd highest ranked CRC screening test prescribed with 86% of ordering
providers considering the test effective. Future CRC screening studies can be tailored to
garner information on provider ordering characteristics to better inform screening strategy,

assess prescription differences, and develop provider education initiatives.

We would like to acknowledge several limitations of our study. First, there was limited
reporting of ethnicity in this study population, with less than 15% of patients specifying a
racial category. The unavailability of such data prohibited us from examining an important
demographic aspect associated with screening adherence; thus, the differences observed
among race/ethnicity were not overly considered due to a large percentage of participants
not providing the optional information. Patient and provider factors analyzed in our study
were limited to those characteristics that could be captured from the existing laboratory
database. A more detailed assessment of factors suspected to influence mt-sDNA screening
adherence, such as socioeconomic status along with a closer look at social determinants of
health, will benefit future investigations. Secondly, we relied on determination of the mt-
sDNA ordering clinician to define CRC average-risk status. Although indicated for mt-sDNA,
we assumed that each provider appropriately followed test eligibility indications before
prescribing, and we did not have access to sufficient data to confirm risk status for all
participants in this real-world study. Thus, a percentage of off-label use can be logically
assumed. Lastly, given the relative recency of mt-sDNA availability and adoption in clinical
practice, we did not assess longitudinal adherence for the current study. Mt-sDNA test

adherence was only evaluated on a cross-sectional basis with a review of associated patient
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and provider factors over a 1-year study period. Further evaluation of longitudinal adherence

with triennial mt-sDNA screening is anticipated in future studies.
Conclusions

Novel data from this large retrospective cohort of both Medicare and commercially insured
patients revealed favorable adherence to CRC screening with the mt-sDNA assay test among
eligible patients who met the study criteria, having a valid mt-sDNA test shipped to their
order-specified address from ESL between January 1, 2018, and December 31, 2018.
Innovative features of the mt-sDNA test such as the accompanying patient navigation
system, together with its noninvasive approach and feasibility, likely impacted test
completion rates. The highest adherence rates were observed among those covered by
Medicare and for tests ordered by gastroenterologists. Our findings contribute valuable real-
world data to the existing evidence base and provide clinical decision-makers with
supportive information to recommend a guideline-endorsed CRC screening strategy, with
the goal of increasing adherence through test completion. Future investigations examining
longitudinal completion rates in accordance with national guidelines, as well as more
detailed analyses of associations with socioeconomic, race/ethnicity, and other demographic

factors on mt-sDNA test completion rates, are anticipated to complement this study.
Availability of data and materials

Study data are available upon reasonable request.
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Abstract

Purpose Colorectal cancer (CRC) is the second most deadly cancer in the USA. Early detection can improve CRC outcomes,
but recent national screening rates (62%) remain below the 80% goal set by the National Colorectal Cancer Roundtable.
Multiple options are endorsed for average-risk CRC screening, including the multi-target stool DNA (mt-sDNA) test. We
evaluated cross-sectional mt-sDNA test completion in a population of commercially and Medicare-insured patients.
Methods Participants included individuals ages 50 years and older with commercial insurance or Medicare, with a valid mt-
sDNA test shipped by Exact Sciences Laboratories LLC between January 1, 2018, and December 31, 2018 (n=1,420,460). In
2020, we analyzed cross-sectional adherence, as the percent of successfully completed tests within 365 days of shipment date.
Results Overall cross-sectional adherence was 66.8%. Adherence was 72.1% in participants with Traditional Medicare, 69.1%
in participants with Medicare Advantage, and 61.9% in participants with commercial insurance. Adherence increased with
age: 60.8% for ages 50-64, 71.3% for ages 6575, and 74.7% for ages 76 + years. Participants with mt-sDNA tests ordered by
gastroenterologists had a higher adherence rate (78.3%) than those with orders by primary care clinicians (67.2%). Geographi-
cally, adherence rates were highest among highly rural patients (70.8%) and ordering providers in the Pacific region (71.4%).
Conclusions Data from this large, national sample of insured patients demonstrate high cross-sectional adherence with the
mt-sDNA test, supporting its role as an accepted, noninvasive option for average-risk CRC screening. Attributes of mt-sDNA
screening, including home-based convenience and accompanying navigation support, likely contributed to high completion
rates.

Keywords Colorectal cancer screening/prevention - Colorectal neoplasms - Early detection of cancer - Mt-sDNA -
Insurance

Introduction

Colorectal cancer (CRC) is the second leading cause of can-
cer deaths and fourth most diagnosed cancer in the USA [1],
representing an ongoing public health concern, with esti-
mates of 149,500 incident and 52,980 fatal cases in 2021 [2].
Average-risk CRC screening can favorably impact the CRC
public health burden by identifying patients with premalig-
nant or localized malignant neoplasia for earlier, more effec-
tive intervention. National organizations such as the United
States Preventive Services Task Force (USPSTF) in their

< Paul J Limburg
limburg.paul @mayo.edu

Exact Sciences Corporation, Madison, WI, USA
2 Mayo Clinic, 200 First Street SW, Rochester, MN, USA

2021 Final Recommendation Statement and the American
Cancer Society (ACS) recommend lowering the age for aver-
age-risk CRC screening (beginning at the age of 45 years)
using one of several equally endorsed test options, includ-
ing the multi-target stool DNA assay [3—5] (mt-sDNA; mar-
keted as Cologuard®; Exact Sciences, Madison, WI). Since
receiving approval from the US Food and Drug Administra-
tion in August 2014, the mt-sDNA assay has been prescribed
by over 200,000 providers and completed by more than 4
million patients nationwide.

Between 2015 and 2018, estimated CRC screening rates
increased overall by 4.2%, from 61.7 to 65.9% according
to National Health Interview Survey data [6, 7]. The same
National Health Interview Survey (NHIS) data showed that
for those who completed screening, 4.1% used mt-sDNA,
and use was consistent across demographic subgroups
such as sex, age, and race/ethnicity, with no apparent

@ Springer
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disparities. The number of people screened with the mt-
sDNA test further increased in 2019, with 1.7 million
patients successfully screened using mt-sDNA testing [8].
Despite the COVID-19 disruption, the at-home mt-sDNA
test with its built-in navigation component for patients and
providers and door-to-door shipping is uniquely positioned
to sustain colorectal cancer screening efforts, potentially
tempering the backlog of CRC screening delays and cor-
responding late-stage disease.

One critical component of effective CRC screening pro-
grams is patient adherence with completing the selected
test option. The practical effectiveness of available screen-
ing strategies may be reduced by suboptimal adherence
to screening recommendations [9]. Discouragingly, prior
research has demonstrated relatively low completion rates
for other stool-based CRC screening tests [9-14], and sev-
eral recently conducted trials have revealed differences in
CRC screening completion rates by test modality [9-11,
14]. These differences in completion rates may be exac-
erbated by multiple factors, such as socioeconomic status
[15, 16] and race [17, 18]. Given the differences between
endoscopic, radiologic, and stool-based screening strate-
gies, accurate understanding of test-specific patient adher-
ence is critical for population-, provider-, and payor-level
discussions.

To date, analyses of mt-sDNA adherence have demon-
strated high cross-sectional adherence rates (71%) but have
been limited to Medicare beneficiaries to minimize the
influence of insurance variability on test completion rates
[19]. Given the growing adoption of mt-sDNA screening
by commercial insurance plans, nearly all insured (>94%)
average-risk patients now have access to mt-sDNA screen-
ing with no out-of-pocket costs [20]. Thus, additional
real-world assessment of mt-sDNA test adherence in non-
Medicare patients is both feasible and timely. Here, we
evaluated cross-sectional mt-sDNA test completion in a
fully insured population and identified associated factors,
to better inform shared decision-making, quality moni-
toring, and comparative effectiveness studies related to
average-risk CRC screening.

Methods

Aggregate laboratory data from Exact Sciences Laboratories
LLC (ESL; Madison, WI), the sole-source national labora-
tory for mt-sDNA testing, were retrospectively reviewed as
part of ongoing laboratory quality management processes
and in compliance with the Health Insurance Portability and
Accountability Act. Per Mayo Clinic Institutional Review
Board (IRB) criteria, this study was deemed as exempt from
review.

@ Springer

Study population, design, and data acquisition

Eligible study participants included individuals who met the
following criteria: ages 50 years and older, covered by com-
mercial insurance or Medicare, with a valid mt-sDNA test
shipped to the order-specified address from ESL between
January 1, 2018 and December 31, 2018. At the time of the
study, the USPSTF recommendation was to start screening
at 50 years old. Valid mt-sDNA test shipments were defined
as having all information required for ESL to analyze the
sample and report a positive or negative test result. Deiden-
tified data referent to available patient (sex, age), provider
(specialty, practice location), and test order features (test-
ing status, time to completion) were sourced from the ESL
internal data systems. Of note, patient race/ethnicity is listed
as an optional field on the mt-sDNA order form and was
additionally collected when available.

Information from ESL internal data systems regarding
order characteristics was initially collected for 1,508,087
patients. Inclusion and exclusion criteria (including pro-
vider/patient cancellations, duplicate orders, missing
information, and reasons for ineligibility) were utilized to
comprise the final analysis cohort consisting of 1,420,460
patients. The cohort attrition flow chart outlines that cross-
sectional adherence was defined as the percentage of eligi-
ble participants who successfully completed the test within
365 days of the shipment date (Fig. 1).

Sociodemographic characteristics including income and
education are not tracked in the ESL test order data system.
Therefore, these data were ascertained at the residential zip
code level from public data sources, including the United
States Census and American Community Surveys database
[21-23].

Total Orders
1/1/2018 through 12/31/2018
1.508,087

Excluded Orders
(Mot shipped ta patients)
87,627

""""""" « Cancelzd ordars
+ Duplicate ordars
+ Provideripatien! cancel requests
» Othar
= Miesing order information
Fallsr Ineligibility
v

Shipped Orders
1,420,460

A4

Resulted Ovearall
(within 365 days of shipment) Adhserence
948,769 66.8%

Fig.1 Study cohort—attrition flowchart
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Statistical analysis

Descriptive statistics were used to describe the baseline
characteristics of the study population overall and by insur-
ance type. Counts and percentages were used to describe
population-level statistics while distribution statistics (mean
and median) were provided, where appropriate, to further
describe the study populations’ time to adherence, overall
adherence, and age. Descriptive statistics were principally
stratified by patient insurance type. Distribution statis-
tics relating to skewness and other appropriate tests (e.g.,
chi-square test) were used as needed to describe the study
population.

Given that the study population comprises the entirety of
mt-sDNA patients during this time (N=1,420,460), point
estimates and p-value testing do not provide necessary con-
text or support better comparison. In essence, very small
differences, even if significant, are likely to arise due to the
population size though do not reflect meaningful differ-
ences among populations. In contrast to significance tests,
effect size is independent of sample size, while statistical
significance can be dependent upon both sample size and
effect size [24, 25]. To avoid confounding the meaning of
significance due to such a large sample size, we decided
not to report two-sided 95% confidence intervals for point
estimates or two-sided p-values for subgroup comparisons.

Table 1 Study population demographics by insurance coverage type

Results

Of 1,420,460 patients who met the study criteria (Fig. 1),
61.2% were female with a mean age of 64.9 years. Age dis-
tributions were 50-64 years (47.3%), 65-75 years (40.0%),
and 76 + years (12.7%), with the majority of the cohort
residing in urban areas (70.4%). Of those who specified
a race/ethnic category, the majority of participants were
white, although most participants (85.6%) did not provide
this optional information (Table 1). Within the study popu-
lation, 46.1% had commercial insurance coverage, 33.5%
had Traditional Medicare coverage, and 20.4% were covered
by Medicare Advantage (Table 2). Patients residing in zip
codes with above average Bachelor’s degree attainment rates
(35.0% of all adults above 25 in the USA had a Bachelor’s
degree as of 2018) [22] accounted for 31.2% of all ship-
ments. Patients in zip codes with a median income greater
than the national median ($33,706 per the American Com-
munity Survey conducted in 2018) [23] accounted for 43.3%
of mt-sDNA test orders. Geographically, the highest adher-
ence in the study population was observed for those dwelling
in highly rural locations: urban (66.0%), rural (68.5%), and
highly rural (70.8%) (Table 3). Most mt-sDNA test orders
were placed by primary care clinicians (72.2%), followed
by nurse practitioners and physician assistants (19.3%),
gastroenterologists (3.2%), and obstetrics and gynecologists

Category (% of cohort) Insurance type

Traditional Medicare Medicare advantage Total

Commercial
Age
50-64, n (%) 573,126 (87.5)
65-75, n (%) 71,187 (10.9)
76", n (%) 10,546 (1.6)
Totals 654,859
Sex
Male, n (%) 260,436 (39.8)

56,953 (12.0)
307,007 (64.5)
112,111 (23.5)
476,071

178,860 (37.6)

41,501 (14.3)
190,617 (65.8)
57,412 (19.8)
289,530

110,708 (38.2)

671,580 (47.3)
568,811 (40.0)
180,069 (12.7)
1,420,460

550,004 (38.7)

Female, n (%) 394,174 (60.2) 296,962 (62.4) 178,732 (61.7) 869,868 (61.2)
Unspecified, n (%) 249 (0) 249 (0) 90 (0) 588 (0)
Race
White (%) 87,625 (13.4) 60,967 (12.8) 35,393 (12.2) 183,985 (13.0)
Black or African American (%) 6999 (1.1) 4304 (0.9) 4298 (1.5) 15,601 (1.1)
American Indian/Alaska Native (%) 244 (0) 176 (0) 103 (0) 523 (0)
Asian (%) 2844 (0.4) 1034 (0.2) 820 (0.3) 4698 (0.3)
Native Hawaiian or other Pacific Islander (%) 190 (0) 119 (0) 79 (0) 388 (0)
Not specified (%) 556,957 (85.0) 409,471 (86.0) 248,837 (86.0) 1,215,265 (85.6)
Geography
Urban (%) 471,962 (72.1) 317,426 (66.7) 210,140 (72.6) 999,528 (70.4)
Rural (%) 165,099 (25.2) 141,133 (29.6) 72,247 (25.0) 378,479 (26.7)
Highly rural (%) 17,798 (2.7) 17,512 (3.7) 7143 (2.5) 42,453 (3.0)
@ Springer
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(1.8%), with the remaining mt-sDNA test orders placed by
other specialties (3.5%) (Table 4).

The overall cross-sectional adherence rate for the entire
study population was 66.8% (948,769/1,420,460 patients
received and completed the mt-sDNA test and had a valid
result) with a median time-to-adherence (TTA) of 22 days.
The difference in adherence between males and females
was small (67.2 vs. 66.5%, respectively). Cross-sectional
adherence was highest in patients with Traditional Medicare
coverage (72.1%) and lowest in patients with commercial
insurance coverage (61.9%). Adherence increased with age:
50-64 years (60.8%), 65-75 years (71.3%), and 76 + years
(74.7%) overall, and within each of the insurance types
(Table 2). Relative to those with commercial insurance,
increases in adherence by age were more pronounced among
those with Traditional Medicare or Medicare Advantage
plans, who demonstrated lower rates of adherence among
those 50-64 compared to those with commercial insurance
(Table 2). Moreover, adherence was 73.6% for Traditional
Medicare patients ages 65-75.

Statistically, cross-sectional adherence with the mt-sDNA
test was not shown to be associated with level of education
or median income of the zip code wherein patients resided.
Adherence was 66.0% in zip codes with an above average
Bachelor’s degree attainment rate compared with 67.2% in
zip codes with a below average Bachelor’s degree attainment
rate. Similarly, adherence was 68.2% compared to 65.7% in
zip codes with median incomes above and below the national
median, respectively (Table 3).

Adherence also varied among ordering provider spe-
cialty and practice location. Patients with mt-sDNA tests
ordered by gastroenterologists exhibited a higher adher-
ence rate (78.3%) than those with orders placed by primary
care clinicians (67.2%), nurse practitioners and physician
assistants (63.5%), obstetricians and gynecologists (63.1%),
and other specialties (67.3%). Adherence rates were highest
among patients with ordering providers in the Pacific region
(71.4%) and West North Central region (70.1%). Contrast-
ingly, the lowest adherence was observed in the Mid-Atlantic
region (65.7%), New England (65.2%), West South-Central
region (64.6%), and Puerto Rico/US Territories (60.7%)
(Table 4).

Discussion

Results from this retrospective study of a large, insured pop-
ulation demonstrate relatively high cross-sectional adher-
ence with the mt-sDNA test for CRC screening. Adherence
rates were similar between males and females and increased
with age. Of note, area-level education and median income
of patients’ residential zip codes were not significantly asso-
ciated with differences in adherence rates. Consistent with

@ Springer

previous observations in Medicare patients [19], adherence
rates were also higher for orders placed by gastroenterolo-
gists compared to other provider specialties. Geographically,
the greatest adherence was observed among those living in
highly rural areas; however, that population was only 3%
of the overall cohort. Although GIs ordered the fewest mt-
sDNA tests, the rate of adherence to recommendations by
disease specialists may relate in part to more detailed discus-
sion during encounters regarding the importance of com-
pleting CRC screening; albeit, this speculative interpretation
requires further evaluation.

With nearly 1.5 million participants included in the study
population, our data contributes to the emerging literature
regarding mt-sDNA test adherence in the clinical setting,
although in a younger and larger cohort than seen previ-
ously [19]. Overall adherence approached 67%, with mean-
ingful differences observed between age groups. The highest
rate was seen in the 76 + years subgroup having Traditional
Medicare coverage. Adherence also increased with age,
from 60.8% in those 50-64 to 74.7% in patients > 76 + years,
while Traditional Medicare patients ages 65-75 exhibited
73.6% adherence.

The mt-sDNA test is offered in conjunction with patient
and provider navigation support (available 24 h per day,
365 days per year, with translation services in over 240 lan-
guages). Previous studies have shown that patient navigation
has a beneficial effect on patient health behavior, demon-
strating increased CRC screening rates [19, 26, 27]. The
amalgamation of test and navigation services was shown to
be successful in a separate study of Medicare beneficiaries
where individuals who were previously non-adherent with
CRC screening were offered the mt-sDNA test, resulting
in 88% completion and 96% diagnostic colonoscopy exam
follow-up for those with a positive mt-sDNA result [28].
This intricate feature adds inherent value to the mt-sDNA
test at no additional cost to the payor, health system, patient,
or provider, while also improving the probability of test
completion compared with no intervention [19-29]. This
information may be helpful to consider as a guiding input
variation for CRC modeling studies to investigate compara-
tive effectiveness between screening modalities.

There is general agreement concerning the effectiveness
of colorectal cancer screening; however, in contrast to other
organ sites, major guideline groups have endorsed more than
one test option for average-risk CRC screening in order to
maximize engagement. Informed health care provider discus-
sions and screening decisions are better guided by implemen-
tation considerations that can help patients select the test-
ing option they are most likely to complete, and this factor
is essential for reducing the number of CRC-related deaths
in the USA. Prior research has demonstrated low comple-
tion rates for other CRC screening tests [9, 10], and exist-
ing literature on repeat screening with other non-mt-sDNA

Exact Sciences Ex. 2025 Page 318 of 380



2477

(sAep uerpawr) 9ouaIaype 0} oW V7.7 ‘yueisisse ueiorsAyd yg ‘sommelsqo go ‘reuonmnoeid esmu gn ‘A30[000uk3 N 1D ‘AToj010)uc0onses 1o

pringer

A's

Exact Sciences Ex. 2025 Page 319 of 380

International Journal of Colorectal Disease (2021) 36:2471-2480

€C 6S 8L/9% ¥ €99 6C1/¢8 Sc  ¢'8¢S (443 v¢  L09 6VE/CIT  SSLIOILLIQY, S(] PU® OJIY O)iand
(44 99 €E€8°LE/696 VT 1 60L Y¥0°TS/8L8 9E ¥  S6S T9€°SLI098 Ty < 99 6€T°S91/LOL 901 [enua) YInog 1ISOM
1C YL 9ISTI/SPLOT 0C 671L L89VE/86°ST €C €99 LE6'OY/TLI0E 1oL 0¥1°96/00%°L9 [eNUD) YHON ISoM
1c  L69 065°99/SEV OF 0C 6CL 180°€T1/1TL 68 €¢c 1’19 €66°CS1/105°€6 1C L9 ¥99°TrE/LS9°6TT dnuepy Ynog
¥¢  8¢L £676/0£89 €¢  I'SL 0SL‘SE/8S8°9T LT L9 61S/VEILTTET s VIL TTS'6L/S08°9S oyIoed
€C¢  ¢IL 8L8°0T/CSLL ¢ 669 $88°02/909° V1 LT 909 66L°SE/OTLIT ¥¢  TS9 795°L9/890 Y pue[Sug mMoN
€C 6’19 098°LT/SYT'LT ¢ I'SL 788°0€/€0T°€T 9C¢ §¢9 1T€9€/090°€T €C 899 £90°66/805°€9 UIBJunoN
¢S89 818°GE/0TS VT IZ 869 615°GS/6SL°8€E ¢ 919 YL 6LIVOT 61 €C LS9 €80°TLTI/E8ECIT dnuepv-piA
0C L'89 9S1°9T/196°L1 61 1L 6L8°¢E/0V0 YT 979 TTT1¥/008°ST 0cC L9 LST'TOT/108°L9 [enua) ynog iseyq
0c S'IL 815°09/6L1 Y 0C 90L S1T°68/€00°€9 €¢ L'19 SIS ISI/9VL'E6 1T ¥99 18S°10€/872°00C [enua) YuoN iseyq
(uo1gar) uonEOO[ 9011
12 169 L998/986S 1¢ L 0LS'ST/8LEET ¥Y¢ L'T9 L6ETUTIVO VI €LY €9°61/S0V €E (%5°€) PO
1T 6L9 €01 0S/Y0T Ve 1C  L'89 9T €S/LIT LS ¥¢  68S LTO'TVT/0LOES ¢ S¢9 YOO VLT TYY YLI (%€'61) Vd/dAN
1T €69 09L°L12/S98°0S1 1c  ¢7TL OV SYEEY 6V ¢  S79 601°C9¥/768°88T ¢ TL9 1€€°6T0 1/€6€°689 (%TTL) ored Arewtig
€¢  SLy TTSE/TLOT ¢ vSL 6C8%/099¢ 9¢ 879 0TT'LI/LT80T Y 1°¢9 L6S°ST/6V1°91 (%8'1) NAD/dO
0¢ 6L 8LI6/SSTL 0Cc L08 026°€T/96T°61 ¢ 6CL 901°C1/0€8°8 0C ¢€8L 0T SH/18€°GE (%TE) 1D
Kyeroadg
VLL %  pasepio/pae[dwo)  VILL %  pasepio/pajeidwo)  VILIL %  pamepio/pae[dwo)  VILL %  pasepio/paje[dwo)
a3ejuBApE QIBOIPAN QIBJIPIJA [BUOTIPRI], [eIOIOWWO)) eIoL

Q0ULIAYPE [BUOTOIS-SSOI) SI0}0EJ [9AS[-IOPIAOI]

10308 [oA9]-Top1A0id £q 9oURIAYPE [BUOIAS-SSOI) § d|qel



2478

International Journal of Colorectal Disease (2021) 36:2471-2480

stool-based screening tests suggests a need for improvement
[9-11, 30]. A more sensitive test, such as mt-sDNA, is less
susceptible to drops in adherences rates. Mt-sDNA has a
higher single application sensitivity for all stages of CRC,
which distinguishes it from single marker fecal occult blood
tests (FIT/gFOBT) [31]. The 10,000-person mt-sDNA pivotal
study by Imperiale et al. [31] reported 92% sensitivity for
CRC (vs 74% for FIT). This performance difference held true
in receiver operating characteristic (ROC) analysis, regard-
less of the cutoff chosen for FIT. Higher one-time test sensi-
tivity is relevant given that FIT adherence to recommended
screening frequency can drop off substantially after the first
cycle of annual testing [32].

As an integral part of the screening process, the follow-up
colonoscopy to a positive non-colonoscopy CRC screening
exam is becoming increasingly appreciated in the literature.
Follow-up colonoscopy after a positive first-line test is nec-
essary for complete and effective CRC screening [33, 34].
Failure to, and delay of follow-up after a positive stool-based
test has been associated with increased risk of later stage
CRC and CRC mortality [33, 35-37]. Doubeni et al. found
that patients failing to follow-up on abnormal FIT results
face a sevenfold higher risk of dying of CRC than those who
complete the follow-up process [37].

Differences have also been revealed in CRC screening
completion rates by modality [13, 14]. In a study by Rutten
et al. [14] among residents of Olmsted County, MN, eligible
and due for CRC screening, it was revealed that CRC screen-
ing incidence rates remained stable from 2016 to 2018,
while test-specific rates for mt-sDNA significantly increased.
Moreover, the study revealed that adherence with follow-up
colonoscopy within 6 months after a positive stool-based
test was significantly higher among patients who underwent
mt-sDNA screening versus FIT/FOBT (84.9% vs 42.6%,
respectively). At real-world (imperfect) adherence rates of
40% for annual FIT and 70% for triennial mt-sDNA derived
from a critical assessment of meta-analyses and retrospective
cross-sectional data [19, 38] (in systems using FIT without a
navigation program) [39], modeling illustrates that the num-
ber of LYG and reductions in CRC incidence and mortality
were higher for triennial mt-sDNA [40].

Several geographic variations in adherence aligned with
the currently reported US percentage of adults being up-to-
date with CRC screening tests by state [41], with the highest
rates seen in the Pacific and West North Central regions in
our study, although adherence was lower in the New England
and Middle Atlantic regions where up-to-date screening hov-
ers around > 70% and > 65%, respectively.

Additionally, practice specialty was associated with
higher cross-sectional adherence. Although gastroenter-
ologists ordered fewer tests, adherence was lower among
primary care providers. The observed difference in adher-
ence by specialty could be related to various provider

@ Springer

factors (strength of screening recommendation, patient
perception of specialty-related knowledge), patient factors
(attitude concerning referral/follow-up completion), or a
combination. It is also likely that patients who present to
a gastroenterologist bring with them specific concerns
which may serve as motivation to screen. Although test
adherence rates differed by practice, recent literature
has shown widespread awareness of the 2018 ACS CRC
guidelines among primary care providers [42]. A 2020
survey study by the Montana Cancer Control Program
revealed that fecal DNA testing has become much more
popular since 2016, with more than a third (35.2%) of pri-
mary care providers reporting discussing it with patients
in 2020 compared to only 4% in 2016 [43]. The same
report from the Montana Department of Public Health
and Human Services highlighted that in 2020 the fecal
DNA test was the 3rd highest ranked CRC screening test
prescribed with 86% of ordering providers consider-
ing the test effective. Future CRC screening studies can
be tailored to garner information on provider ordering
characteristics to better inform screening strategy, assess
prescription differences, and develop provider education
initiatives.

We would like to acknowledge several limitations of our
study. First, there was limited reporting of ethnicity in this
study population, with less than 15% of patients specifying
a racial category. The unavailability of such data prohib-
ited us from examining an important demographic aspect
associated with screening adherence; thus, the differences
observed among race/ethnicity were not overly considered
due to a large percentage of participants not providing the
optional information. Patient and provider factors analyzed
in our study were limited to those characteristics that could
be captured from the existing laboratory database. A more
detailed assessment of factors suspected to influence mt-
sDNA screening adherence, such as socioeconomic status
along with a closer look at social determinants of health,
will benefit future investigations. Secondly, we relied on
determination of the mt-sDNA ordering clinician to define
CRC average-risk status. Although indicated for mt-sDNA,
we assumed that each provider appropriately followed test
eligibility indications before prescribing, and we did not
have access to sufficient data to confirm risk status for all
participants in this real-world study. Thus, a percentage
of off-label use can be logically assumed. Lastly, given
the relative recency of mt-sDNA availability and adoption
in clinical practice, we did not assess longitudinal adher-
ence for the current study. Mt-sDNA test adherence was
only evaluated on a cross-sectional basis with a review
of associated patient and provider factors over a 1-year
study period. Further evaluation of longitudinal adherence
with triennial mt-sDNA screening is anticipated in future
studies.
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Conclusions

Novel data from this large retrospective cohort of both
Medicare and commercially insured patients revealed
favorable adherence to CRC screening with the mt-sDNA
assay test among eligible patients who met the study cri-
teria, having a valid mt-sDNA test shipped to their order-
specified address from ESL between January 1, 2018,
and December 31, 2018. Innovative features of the mt-
sDNA test such as the accompanying patient navigation
system, together with its noninvasive approach and fea-
sibility, likely impacted test completion rates. The high-
est adherence rates were observed among those covered
by Medicare and for tests ordered by gastroenterologists.
Our findings contribute valuable real-world data to the
existing evidence base and provide clinical decision-
makers with supportive information to recommend a
guideline-endorsed CRC screening strategy, with the goal
of increasing adherence through test completion. Future
investigations examining longitudinal completion rates
in accordance with national guidelines, as well as more
detailed analyses of associations with socioeconomic,
race/ethnicity, and other demographic factors on mt-sDNA
test completion rates, are anticipated to complement this
study.
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