
Fecal Microbiota and Screening for Colorectal Cancer
Meredith E. Pittman*

Colorectal carcinoma ranks third for cancer incidence
and fourth for cancer mortality worldwide (1 ). In the
US, the incidence of colorectal carcinoma has been de-
creasing across all racial and ethnic groups in those older
than 50 years, largely as a result of standardized screening
guidelines and the consequent removal of adenomatous
(premalignant) polyps (2 ). Recently, however, there has
been a concerning rise in the incidence of colorectal car-
cinoma in young adult patients. In response, the Ameri-
can Cancer Society released new guidelines in May 2018
that lower the recommended age to begin colorectal can-
cer screening from 50 to 45 years (3 ). The short- and
long-term efficacy of this guideline change to improve
patient morbidity and mortality remains to be seen, but
the immediate result is a renewed interest in safe, cost-
effective, and accurate testing methods for the detection
of colorectal carcinoma.

It is now accepted that the microbiome of the hu-
man gastrointestinal tract is associated with certain forms
of gastrointestinal disease, and there is growing evidence
that dysbiosis facilitates the development and spread of
colorectal carcinoma (4 ). For example, the bacteria Fu-
sobacterium nucleatum is not prevalent in feces from pa-
tients with benign colonic disease or in healthy colonic
tissue, but it is often found in association with colorectal
carcinoma. Recent studies have shown that F. nucleatum
promotes an inflammatory microenvironment within
colorectal carcinoma through recruitment of myeloid
cells, that the presence of F. nucleatum persists from
primary colonic tumors to distant metastases, and that
antimicrobial treatment of mice with F. nucleatum-
associated colorectal carcinoma both decreases the
tumor-associated bacterial load and slows overall tu-
mor proliferation (5–7 ).

In this issue of Clinical Chemistry, Guo and col-
leagues describe a stool-based assay for the detection of
colorectal carcinoma (8 ). Using qPCR to evaluate the
relative abundance of 4 microbes, including F. nuclea-
tum, the authors demonstrated that certain bacterial ra-
tios were sensitive and specific for the presence of colo-

rectal carcinoma. In the first part of the study, the authors
confirm the previously reported microbe–carcinoma as-
sociations by analyzing the fecal microbiota of patients
with colorectal carcinoma and comparing the micro-
biome sequence to that of healthy controls. As expected,
patients with known colorectal carcinoma had a signifi-
cant increase in the prevalence of F. nucleatum. The au-
thors then used qPCR to verify the relative abundance of
F. nucleatum in colorectal carcinoma patients as com-
pared to patients with nongastrointestinal carcinoma,
patients with benign colon disease (i.e., inflammatory
bowel disease and nonadvanced adenomatous polyps),
and in healthy controls. When expressed as a ratio of F.
nucleatum to Bifidobacterium spp., the fecal microbiota
could successfully differentiate between colorectal carci-
noma and the 3 other patient groups.

The value of a screening test depends largely on the
patient population in which it will be used. As previously
mentioned, asymptomatic patients at average risk for
colorectal carcinoma should begin screening at age 45;
this patient group is represented in the study as “healthy
controls.” As a screening test, the F. nucleatum:Bifidobac-
terium spp. could achieve 84.6% sensitivity and a negative
predictive value of 91.8% when differentiating between
colorectal carcinoma patients and healthy controls. The-
oretically, these patient populations have the largest dif-
ferences in composition of the fecal microbiota and
therefore present the best opportunity for differentiation
by a qPCR stool assay. A sensitivity of nearly 85% is an
improvement on previously published assays that quan-
tified only F. nucleatum, and it meets the sensitivity
threshold of other accepted screening methods for colo-
rectal carcinoma (e.g., fecal immunochemical test) (9 ).
Although colonoscopy is still considered the gold stan-
dard for detection of colorectal carcinoma and advanced
adenomas, there are data to suggest that stool-based
screening tests may be equally efficacious at identifying
disease because of increased patient compliance with
noninvasive testing. Additionally, stool-based screening
assays are more easily distributed in rural or resource-
poor areas where access to specialized physicians may be
limited (10 ).

The clinical symptoms of colorectal carcinoma in-
clude changes in bowel habits, changes in stool caliber,
and presence of blood in stool, although these symptoms
are not specific for malignancy. In this study, the ratio of
F. nucleatum:Bifidobacterium spp. was also significantly
different between patients with benign colon disease,
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who likely have the aforementioned clinical symptoms,
and the cohort of patients with colorectal carcinoma,
who may or may not be symptomatic. From a clinical
standpoint, the threshold for moving from a noninvasive
assay to an invasive procedure for assessment of malig-
nancy is low in symptomatic patients. The better the
negative predictive value of a noninvasive assay, the more
likely it is to be of practical utility in this patient popula-
tion. It would be of interest to know if concurrent use of
2 noninvasive stool-based assays (e.g., qPCR and FIT)
provide an improvement on the negative predictive value
in these patient groups.

The authors conclude their study with an attempt to
understand the inverse correlation of F. nucelatum with
Bifidobacterium spp. and Faecalibacterium prausnitzii,
bacteria that are prevalent in the stool and colonic tissue
of healthy individuals. They hypothesize that F. nuclea-
tum may have the ability to inhibit growth of “healthy”
bacteria via a previously reported bacteriocin-like sub-
stance identified in oral strains of F. nucleatum. Using
cell-free culture supernatants, they confirm this antago-
nistic capability against bacteria of the large, but not
small, intestine, providing yet another piece of evidence
for the complex interplay of host and microbes in the
puzzle of human disease and carcinogenesis.

Guo and colleagues have demonstrated that an in-
creased ratio of F. nucleatum:Bifidobacterium spp. as de-
tected in stool by qPCR can be used as a marker of colo-
rectal carcinoma and that this assay is at least as sensitive
and specific as other stool-based screening assays cur-
rently in clinical use. Furthermore, they have shown that
the process of developing these assays may provide in-
sight into the mechanisms by which the microbiome
evolves and interacts with host tissue. Although addi-
tional work, including confirmation of the relative fecal
bacterial abundance in other racial, ethnic, and geo-
graphic populations and assessment of cost-efficiency,
laboratory feasibility, and patient compliance with assay
protocols, is needed before laboratory implementation

can occur, the time is right for the development of new
noninvasive screening assays for colorectal carcinoma.
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