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Abstract

Background: In 2014, the FDA approved the first stool DNA-based 
multitarget colorectal cancer (CRC) screening test, the CologuardTM 
test. It has shown a higher sensitivity but a lower specificity than the 
other stool-based non-invasive test, the fecal immunochemical test, 
for the detection of CRC and advanced precancerous lesions. There 
have been limited studies on the positive predictive value (PPV) of 
the CologuardTM test.

Methods: A retrospective clinicopathologic review was performed 
on 147 patients who were tested positive for CologuardTM and fol-
lowed by diagnostic colonoscopy with biopsies/polypectomies in our 
institution from 2016 to 2021. 

Results: On colonoscopy and subsequent histopathologic exami-
nation, 3 patients (2.0%) were found to have invasive adenocarci-
noma. There were 110 patients (74.8%) who had any precancerous 
lesion such as tubular adenoma or sessile serrated adenoma/polyp 
(SSA/P). Among them, 42 (28.6%) had high-risk precancerous lesions 
such as advanced adenoma, traditional serrated adenoma, SSA/P 
with cytologic dysplasia, or ≥5 adenomas. There were 34 patients 
(23.1%) who showed no carcinoma or precancerous lesion during 
the subsequent colonoscopy. Among them, 15 (10.2%) had hyper-
plastic polyps, which were all <10 mm in size and <20 in number.

Conclusion: CologuardTM test offers a convenient, non-invasive 
option for CRC screening. It shows a high PPV for precancerous le-
sions but a low PPV for CRC. Thus, a positive CologuardTM test result 
should always be followed by diagnostic colonoscopy, which remains 
to be the gold standard for CRC detection in the era of molecular 
medicine.
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Introduction

In the United States (US), colorectal cancer (CRC) is the 
fourth most commonly diagnosed and the second deadliest 
cancer, with estimated 147,950 new cases and 53,200 deaths 
in 2020 [1]. If detected early, up to 90% of deaths can be pre-
vented [2]. An effective strategy to reduce CRC incidence and 
to improve overall survival is regular CRC screening. In the US, 
the CRC screening program guidelines rely on both government 
institutions and national independent bodies, such as the US 
Preventive Services Task Force, the American Cancer Society 
(ACS) and the American College of Gastroenterology (ACG). The 
most current ACG guidelines published in 2021 recommended 
CRC screening for average-risk individuals aged 50 to 75 years 
[3]. Screening for average-risk individuals aged 45 to 49 years 
was also suggested. For individuals beyond age 75 years, the 
ACG guidelines suggested that the decision to continue CRC 
screening be individualized. The ACS guidelines published in 
2018 recommended that screening begin at the age of 45 and 
discontinue at the age of 85 [4]. In terms of options for CRC 
screening, the ACS guidelines included visual invasive examina-
tions, such as computed tomography (CT) colonography (every 
5 years), flexible sigmoidoscopy (every 5 years) or colonoscopy 
(every 10 years) [4]. The ACS guidelines also recommended 
stool-based non-invasive tests, such as fecal immunochemical 
test (FIT) every year. In fact, FIT has been gradually replacing the 
guaiac-based fecal occult blood test (gFOBT) and has become 
the most commonly used screening tool for CRC globally. Along 
with colonoscopy, it is also the primary screening modality rec-
ommended by the ACG [3]. FIT enables detection of a small 
amount of blood by targeting hemoglobin using antibodies that 
selectively detect the globin portion of human hemoglobin. 
gFOBT is no longer recommended due to its high false-positive 
rate as well as  the dietary and pharmaceutical restrictions [5,6]. 
Despite the availability of multiple screening tools to improve 
early detection of CRC, nearly one-third of eligible US adults 
have never been screened, well below the National Colorec-
tal Cancer Roundtable goal of 80% adherence among eligible 
adults [7]. While improvements in FIT detection is still ongoing, 
the need for more accurate non-invasive tests remains.

Since enterocytes constantly exfoliate and shed into the 
intestinal lumen, molecular alterations in feces, such as DNA 
methylations, have been widely investigated [8]. The multi-
target stool DNA (mt-sDNA) test (also called Cologuard™) is a 
non-invasive CRC screening tool, developed by Exact Sciences 
Corporation and Mayo Clinic [9]. Cologuard™ is designed to de-
tect three independent categories of biomarkers that exhibit 
an additive association with CRC. The first category targets epi-
genetic changes in the form of gene promoter methylation. The 
specific methylated gene targets include N-Myc Downstream-
Regulated Gene 4 (NDRG4) and Bone Morphogenetic Protein 
3 (BMP3). The second targets seven specific mutations in the 
v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS) 
gene. The third biomarker is non-DNA-based and detects occult 
hemoglobin. Additionally, β-actin is used as a reference gene for 
confirmation and quantitative estimation of the total amount of 
human DNA present in each sample. Results from the methyla-
tion, mutation and hemoglobin assays are integrated by the Ex-
act Sciences Analysis Software to determine a positive or nega-
tive reportable result or an invalid result [10].

Cologuard™ is so far the only fecal-based mt-sDNA test mar-
keted in the US. In a cross-sectional study at 90 sites through-
out the US and Canada involving 9,989 participants, 65 (0.7%) 
patients were found to have CRC, 757 (7.6%) had advanced 
precancerous lesions (advanced adenomas or sessile serrated 
polyps measuring ≥1 cm), 2,893 (29%) had non-advanced ad-
enomas, and 6,274 (62.8%) had negative findings on colonosco-
py. The sensitivity of mt-sDNA test for CRC detection was 92.3%, 
compared with 73.8% for FIT. For participants with a negative 
colonoscopy, the specificity of mt-sDNA test was significantly 
lower than that for FIT: 89.8% versus 96.4%, respectively, indi-
cating a higher false-positive rate with mt-sDNA test [11], which 
led to unnecessary colonoscopy in some patients.

This study investigated the spectrum of colonoscopic and 
histopathologic findings in patients with a positive Cologuard™ 
test in our institution. The goals were to determine the false 
positive rate and the positive predictive rate for CRC as well as 
its precursor lesions in our patient cohort.

Materials and methods

Patient population and data source

This study was approved by the University of California Los 
Angeles (UCLA) Institutional Review Board. The database of pa-
tients who tested positive with the Cologuard™ test and subse-
quently underwent colonoscopy with biopsies/polypectomies 
at UCLA from 2016 to 2021 were retrospectively reviewed. 

All colonoscopies were performed by experienced gastroen-
terologists according to standard protocol. Colonoscopically de-
tected polyps were described according to their location, size, 
and microscopic diagnosis. The lesions detected by colonoscopy 
were stratified into various risk groups according to the surveil-
lance colonoscopy interval recommended by the US Multi-Soci-
ety Task Force on Colorectal Cancer [12]: (1) adenocarcinoma; 
(2) >10 adenomas on single examination (recommended sur-
veillance colonoscopy interval of 1 year); (3) advanced adeno-
ma (adenoma with villous or tubulovillous histology, with high-
grade dysplasia, or ≥10 mm in size), 5-10 adenomas <10 mm, 
traditional serrated adenoma (TSA), 5-10 sessile serrated ad-
enomas/polyps (SSA/P) <10 mm, SSA/P ≥10 mm, or SSA/P with 
cytologic dysplasia (recommended interval of 3 years); (4) 3-4 
tubular adenomas <10 mm, 3-4 SSA/Ps, or hyperplastic polyp 
≥10 mm (recommended interval of 3-5 years); (5) 1-2 SSA/Ps 
<10 mm (recommended interval of 5-10 years); (6) 1-2 tubular 
adenomas <10 mm (recommended interval of 7-10 years); and 
(7) normal colonoscopy, ≤20 hyperplastic polyps <10 mm, or 
other no risk polyps (recommended interval of 10 years).

Statistical analysis

Patient and polyp characteristics were presented as a mean 
and range for continuous variables, and frequency and percent-
age for categorical variables. Microsoft Office-365 Excel (version 
2016) was used for tabulation of the data and analysis.

Results

We retrospectively analyzed the data of 147 patients who 
had a positive Cologuard™ test and subsequently underwent 
colonoscopy with biopsies/polypectomies. There were 64 males 
(43.5%) and 83 females (56.5%) in this study. The patients’ age 
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Table 1: Spectrum of colonoscopic and histopathologic findings 
(n=147).

ranged from 33 to 87 years, with a mean age of 69.5 ± 9.4 and 
a median age of 71. The number of polyps detected in these 
patients ranged from 0 to 15, with a mean number of 2.9. 

As shown in (Table 1) and (Figure 1), 3 patients (2.0%) 
were found to have invasive colorectal adenocarcinoma. These 
patients ranged in age from 64 to 75 years old. Two had stage 
III disease and one had stage I disease at the time of surgical 
resection. None of the patients had distant metastasis.

There were 34 patients (23.1%) who had a positive Colo-
guard™ test but with no carcinoma or precancerous lesions 
detected in the subsequent colonoscopy. Among them, 15 pa-
tients (10.2%) had hyperplastic polyps, which were all <10 mm 
in size and <20 in number. None of the patients met the cri-
teria of serrated polyposis syndrome. Six patients (4.1%) had 
completely normal colonoscopic examination. Two patients 
(1.4%) had an inflammatory polyp. The remaining 11 patients 
had small colonic polyps that showed either benign lymphoid 
aggregates, mucosal prolapse or mucosal fold on histologic ex-
amination. The risk-stratified repeat colonoscopy interval for 
these patients would be 10 years according to the current rec-
ommendations by the US Multi-Society Task Force on Colorectal 
Cancer [12].

Among the patients with precancerous polyps detected by 
colonoscopy, 48 (32.6%) had only 1-2 small (<10 mm) tubu-
lar adenomas with no high-grade dysplasia. The risk-stratified 
repeat colonoscopy interval for these patients would be 7-10 
years. There were also 6 patients (4.1%) who had only 1-2 small 
(<10 mm) SSA/Ps without cytologic dysplasia. The risk-stratified 
repeat colonoscopy interval for these patients would be 5-10 
years.

There were 14 patients (9.5%) who had 3-4 small (<10 mm) 
tubular adenomas, 3-4 small (<10 mm) SSA/Ps, or 3-4 small 
(<10 mm) tubular adenomas and SSA/Ps without cytologic dys-
plasia. The risk-stratified repeat colonoscopy interval for these 
patients would be 3-5 years.

Twenty-nine patients (19.7%) had advanced adenomas de-
fined by having villous or tubulovillous histology, having high-
grade dysplasia, or being ≥10 mm in size. Additional 9 patients 
had TSA (n=2), SSA/P with cytologic dysplasia (n=2), large (≥10 
mm) SSA/P (n=2), 5-10 small (<10 mm) tubular adenomas (n=2), 
or 5-10 small (<10 mm) SSA/Ps without cytologic dysplasia 
(n=1). The risk-stratified repeat colonoscopy interval for these 
patients would be 3 years. There were only 4 patients (2.7%) 
who had >10 tubular or tubulovillous adenomas on one single 
examination. The risk-stratified repeat colonoscopy interval for 
these patients would be 1 year.

Overall, in our cohort, the positive predictive value (PPV) 
of the Cologuard™ test was 2.0% for colonic adenocarcinoma; 
30.6% for adenocarcinoma and high-risk precancerous lesions 
such as advanced adenoma, TSA, SSA/P with cytologic dysplasia 
or ≥5 adenomas (28.6% for high-risk precancerous lesions only); 
and 76.9% for adenocarcinoma and any precancerous lesion 
(74.8% for any precancerous lesion only). The false positive rate 
of the Cologuard™ test in our patient population was 23.1%.

Category No. (%)

Normal colonoscopy or no risk polyps 34 (23.1)

≤20 hyperplasic polyp (<10 mm) 15 (10.2) 

1-2 tubular adenoma(s) (<10 mm) 48 (32.6)

3-4 tubular adenomas (<10 mm) 7 (4.8)

5-10 tubular adenomas (<10 mm) 2 (1.4)

>10 tubular adenomas 4 (2.7)

Tubular adenoma (≥10 mm)* 7 (4.8)

Tubulovillous or villous adenoma* 20 (13.6)

Traditional serrated adenoma 2 (1.4)

Adenoma with high-grade dysplasia* 2 (1.4)

1-2 SSA/P with no cytologic dysplasia (<10 mm) 6 (4.1)

3-4 SSA/P with no cytologic dysplasia (<10 mm) 1 (0.7)

3-4 tubular adenoma and SSA/P with no cytologic dysplasia 
(<10 mm)

6 (4.1)

5-10 SSA/P with no cytologic dysplasia (<10 mm) 1 (0.7)

>10 SSA/P 0

SSA/P ≥10 mm 2 (1.4)

SSA/P with cytologic dysplasia 2 (1.4)

Hyperplastic polyp (≥10 mm) 0

Serrated polyposis syndrome 0

Adenocarcinoma 3 (2.0)

SSA/P, sessile serrate adenoma/polyp
*Adenomas with villous or tubulovillous histology, with high-grade 
dysplasia, or ≥10 mm in size are defined as advanced adenomas. These 
3 features frequently overlap. To avoid double counting, adenomas 
with 2 or 3 advanced features were counted under the “villous or tubu-
lovillous” category first. The remaining advanced adenomas (without 
villous or tubulovillous histology) were then counted under the size 
category (i.e., ≥10 mm). The rest of advanced adenomas (i.e., without 
villous or tubulovillous histology and <10 mm) were counted under the 
“high-grade dysplasia” category. 

Discussion 

The mt-sDNA test, sold in the US under the brand name of 
Cologuard™, was approved in 2014 by the US Food and Drug 
Administration (FDA) and the US Preventive Services Task Force 
as an accepted CRC screening option [9]. The Centers for Medi-
care and Medicaid Services have included coverage for this 
test for individuals between the ages of 50 and 84 years who 
are considered average-risk patients. The performance of the 
mt-sDNA test for CRC screening has been evaluated in several 
large-scale studies worldwide [11,13-15]. Overall, the mt-sDNA 
test is more sensitive but less specific than FIT in detecting CRC 
and precancerous lesions. These data make sense given the fact 
that FIT detects only one of the three categories of the mt-sDNA 
test.
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Despite these large-scale studies, the mt-sDNA test is still a 
relatively new test and more data are needed on screening out-
comes to evaluate its diagnostic accuracy. In this single institu-
tional retrospective study with a limited number of patients, we 
further confirm a low PPV for colorectal adenocarcinoma with 
only 3 of 147 patients being found to have CRC (PPV=2.0%). 
Thus, a positive Cologuard™ test is by no means diagnostic or 
indicative of CRC. The overall PPV for any precancerous lesion 
in our cohort is 74.8%, three times higher than the benchmark 
adenoma detection rate for average-risk screening colonosco-
pies [16]. As discussed by Eckmann et al [15], the high PPV for 
any precancerous lesion is likely the result of enrichment for 
neoplasia in the study population created by screening with 
the positive Cologuard™ test. In addition, the fact that the en-
doscopists are aware of positive Cologuard™ results may have 
increased their diligence during colonoscopy. Therefore, a posi-
tive mt-sDNA result appears to have a beneficial impact on the 
quality of subsequent colonoscopy and the diagnostic yield [17].

There were 34 patients (23.1%) in our cohort who had a posi-
tive Cologuard™ test but had no CRC or precancerous lesion de-
tected in the subsequent colonoscopy. One of the categories 
of biomarkers in the Cologuard™ test is targeting epigenetic 
changes in the form of gene promoter methylation. DNA meth-
ylation has been shown to occur during the normal aging pro-
cess, which may explain the high false positive rates in patients 
above the age of 65 [18]. 

The Cologuard™ test is an acceptable option for patients 
who are either at higher risk for colonoscopic complications, 
possibly due to underlying breathing or cardiac issues or for pa-
tients who would prefer to undergo a less invasive screening 
option. It may also draw the attention of younger patients to 
participate in CRC screening due to its non-invasive nature. In 

Figure 1: Distribution of endoscopic and histopathologic findings 
stratified by recommended repeat endoscopy intervals. Advanced 
adenomas include those with villous or tubulovillous histology, 
with high-grade dysplasia, or ≥10 mm in size. Advanced adenoma 
equivalents include traditional serrated adenoma, SSA/P with cy-
tologic dysplasia, large (≥10 mm) SSA/P, 5-10 small (<10 mm) TAs, 
and 5-10 small (<10 mm) SSA/Ps without cytologic dysplasia. TAs, 
tubular adenomas; SSA/Ps, sessile serrated adenomas/polyps. 

our study, there were 3 patients under the age of 50 who took 
the Cologuard™ test and had a positive result. The first patient 
was a 33-year-old male with a history of hemorrhoids and rec-
tal bleeding. Subsequent colonoscopy revealed one tubular ad-
enoma and one SSA/P, both <10 mm in size. The second patient 
was a 38-year-old male who happened to go to a local health 
fair where Cologuard™ was performed. His only symptom was 
occasional streaks of blood on the toilet paper. Subsequent 
colonoscopy revealed two polyps, which both showed unre-
markable colonic mucosa (mucosal folds) on histologic exami-
nation. The third patient was a 47-year-old female with obesity, 
constipation and weight loss. Subsequent colonoscopy revealed 
4 hyperplastic polyps, all <10 mm in size.

One of the limitations of this study is its retrospective na-
ture. Because Cologuard™-negative patients less likely undergo 
colonoscopy in clinical practice, only PPVs for each endpoint 
could be estimated, without the ability to directly assess other 
performance characteristics such as sensitivity, specificity, or 
false negative rates. Selection bias is also present because only 
Cologuard™-positive patients who also underwent colonos-
copy with biopsies/polypectomies were included in this study. 
Another limitation is small sample size, which is intrinsic to a 
single institutional study. Nonetheless, our data are convincing 
and support the conclusions. 

Offering a convenient non-invasive and inexpensive screen-
ing option with a high sensitivity for curable stage cancer may 
improve its clinical use and be fully integrated into the CRC 
screening program. In this study, we evaluated the performance 
of a positive Cologuard™ test in our patient population. Our 
study confirm a low PPV for CRC, but a high PPV for precan-
cerous lesions. These data further emphasize the necessity of 
follow-up diagnostic colonoscopy after a positive Cologuard™ 
test. Colonoscopy remains to be the gold standard for early CRC 
detection in the era of molecular medicine.
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