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Abstract

Colorectal cancer [CRC] is the third most diagnosed but preventable
cancer worldwide. The guidelines for CRC screening were first introduced
formally in the 1990s, and over the past three decades, the screening
rate slowly increased. As per the American Cancer Society [ACS], in
the year 2020, about 69.7% of adults between 50 and 75 had colorectal
cancer screening, with the lowest screening rate in adults between 50 and
64 years of age. The incidence of colorectal cancer is also rising in the
younger population worldwide. According to recent American College
of Gastroenterology guidelines, the starting age for screening is 45 years
instead of 50. The rising incidence and low compliance with screening in
the younger population make it hard to improve CRC-related mortality.
As per ACS, there is almost 30% of the eligible unscreened population
in 2020, so we believe there is a need for effective screening programs
worldwide.

We understand that there are modifiable and non-modifiable factors
for non-compliance. Some of them are lack of awareness, fear about
screening, their previous experience with screenings, and overprescription
of Colonoscopies in open or direct access systems. Overprescription
of Colonoscopies in open or direct access systems [OAC] can lead to
longer wait times due to fewer appointments for people who need them.
Implementing patient navigation or tracking systems with reminders can
help recruit people for cancer screening, overcome the barriers to accessing
clinical services, and provide appropriate counseling. Executing clinical
care pathways can help reduce the risks of overprescription. Monitoring
practice progress by establishing a baseline screening rate and a future goal
is also essential. Developing quality improvement projects around these
goals can help discover system deficits and ideas to overcome them. The
primary purpose of this review, even though it is not new, is to increase
awareness among physicians regarding the rising incidence of CRC in
the younger population and the need to increase screening rates. We also
believe there is a need for more effective CRC screening tests that are easy
to administer, with minimal discomfort to the participant.
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in the older population have decreased in recent years due
to the wide availability of screening and early polypectomy
with the help of Colonoscopy [4, 5]. However, the incidence
and death rate has increased in younger people under 50
[6, 7]. CRC incidence increased by 51% in people younger
than 50 between 1974 and 2013. Studies showed increasing
adenoma detection in people between 45 and 49 years of age,
even after excluding family and personal history of polyps
and colorectal cancer [8]. Patients between the ages of 40 and
49 have a 14-16% risk of adenoma detection and a 3-6% risk
of large polyp detection [9-11]. Some studies advise starting
the screening at 40, considering increasing the detection of
CRC in these individuals [12, 13]. Younger individuals also
risk delayed diagnosis and misdiagnosis due to the focus on
more common illnesses by the physicians in this population
[14, 15]. Colon cancer has different screening tests, but 31%
of the eligible population is not current with their screening,
as per 2018 statistics. These statistics are from before the
Coronavirus disease of 2019 [COVID-19] pandemic era
[16]. One-third of the patients did not get screening, and
approximately 46%-63% of deaths due to colorectal cancer
are in this unscreened population [17, 18]. During the
COVID pandemic, the number screened decreased further
[19, 20]. 1.2 million Americans who have Lynch syndrome
remain undiagnosed; this syndrome increases the risk for not
only colorectal but also for the ovarian, endometrial, small
intestine, stomach, urinary bladder, and breast cancer in
females, so it is essential to diagnose this syndrome earlier to
avoid unnecessary morbidity and mortality [21-24]. National
Comprehensive Cancer Network [NCCN] recommends
Universal screening for Lynch syndrome in patients with
CRC or endometrial cancer [25].

Risk factors and prognosis

Colorectal cancer has an excellent prognosis with a 5-year
survival of 91% if localized, but 5-year survival is only 14%
if cancer has spread to distant organs [26]. The risk factors are
both modifiable and non-modifiable. The common risk factors
are family history, de novo mutations, smoking, alcohol use,
inadequate physical activity, salty food consumption, excess
body weight, and excess calorie diet [27-31]. It is interesting
to note that in a study, the risk of colon cancer in young
women increased by 20% with five points increase in BMI
and by almost 69% with more than 14 hours of television
watching per week [32, 33]. A recent retrospective study did
not show any relation between increased CRC risk in young
individuals and obesity, diabetes, or smoking [34]. Some
studies found associations of early- onset CRC with antibiotic
use, high fructose corn syrup, and changes in gut microbiota
[35-37]. Many medications like aspirin, statins, NSAIDs
[Non-Steroidal Anti-inflammatory drugs], and hormone
therapy decrease the risk of colon cancer and adenomatous
polyps based on evidence. The harm associated with the
long-term use of these medications limits their use [38, 39].
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Family history and genetic syndromes: Having a family
history of CRC in first-degree relatives increases the risk by
2 to 4 times [40]. Increased risk of CRC is also common
in individuals with distant relatives with a history of CRC
[41]. A family history of adenomas also increases the risk
of CRC [42]. Almost 25% of younger patients with CRC or
adenomas have a first-degree relative with CRC, and 16%
have hereditary syndrome, mainly Lynch syndrome [43, 44].
Family history documentation is vital, but less than 50% of
Primary Care Physicians document complete family history
due to a lack of guidelines and awareness. Less than 22%
of medical records register information on family history
necessary for genetic counseling [45, 46].

Prevention: Controlling all the risk factors and
implementing primordial, primary, or secondary prevention
is impossible for any cancer. However, colorectal cancer is
one of the few cancers that qualify for prevention with the
help of available screening methods. Identifying colorectal
polyps is possible nowadays with available screening tests
but the beginnings of these tests and the discovery of polyp
date to the 1930s. The hard work of dedicated physicians for
years led to the development of these screening tests [47].
Colonoscopy screening primarily aims to identify and remove
adenomas and sessile serrated lesions. These tests can also
detect early-stage colorectal cancer preventing mortality.

History of colorectal cancer screening tests

Adenoma Carcinoma sequence: The development of
colon cancer screening tests took many years. Lockhart—
mammary et al. illustrated the relationship between residual
adenomas and colorectal cancers in 1927. In the early 1930s,
physicians discovered precancerous adenomas changed
to colorectal cancer in St. Mark's Hospital, London and
developed the first staging system for colorectal cancers.
After observing polyp growth, they noted that it takes at least
five and more than ten years to become cancer. Morson called
the name polyp—cancer sequence for the first time, and this
concept got accepted more than 70 years after being proved
by the National Polyp study in the 1990s [48, 49] and the
decades of hard work from physicians led to the development
of additional screenings based on this sequence. Screening
methods, including Colonoscopy, Sigmoidoscopy, CT
Colonography, and stool-based tests, can detect advanced
adenomas, but Colonoscopy can also detect sessile serrated
lesions [50] [Figure 1].

Rigid sigmoidoscopy origin

Rigid sigmoidoscopy use dates to 1895. Initially, its use
was for defects identified with barium enema in the distal
colon. It was tough to see till sigmoid flexure except by
experienced colorectal surgeons, and patients were under
general anesthesia but still had significant discomfort. The
use of rigid Sigmoidoscopy as a screening investigation to
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1. Natural history:

No lesions or adenomas
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Figure 1: Adenoma carcinoma sequence and importance of colorectal cancer screening

avoid colorectal cancer in healthy adults was an observation
on 21,500 people done at the University of Minnesota in
1948. They demonstrated significant results [51]. So, in
1960, a Randomized Controlled Trial [RCT] was done
with 26,000 asymptomatic patients on Sigmoidoscopy
as a screening procedure, demonstrating 90% survival in
patients with colorectal cancer screening [52]. The early rigid
Sigmoidoscopy was not used often due to extreme patient
discomfort and the surgeon's inexperience. Eventually, they
could insert longer scopes up to splenic flexure under general
anesthesia. It was not a very good experience for patients
and physicians. With early rigid sigmoidoscopy screening,
the morbidity and mortality rate was very high as it required
frequent hospital admissions due to complications and
polyp removal. Even though it showed improved mortality
with screening, rigid Sigmoidoscopy was not a screening
performed by many due to the amount of work involved.

Flexible Sigmoidoscopy [FS]: Flexible Sigmoidoscopy is
easy to use without sedation. Bowel preparation is also much
more manageable than traditional Colonoscopy, consisting
of only enemas. Randomized controlled trials showed a
reduction of CRC incidence by 18%-23% and CRC mortality
by 22%-31% in patients who had screening only once on 10-
13 years of follow- up; in participants screened every 3-5
years, CRC incidence and mortality decreased by 20% and
27% respectively [53-57]. The systemic review showed more
reduction in mortality with Sigmoidoscopy in CRC affecting
distally. Recent pooled flexible sigmoidoscopy trials and
updated Norwegian NORCCAP trials showed no reduction

with FS in CRC incidence or mortality in women [58].
Flexible Sigmoidoscopy is a screening test for individuals
unwilling to undergo Colonoscopy or FIT.

Guaiac card test origin [gFOBT]: Patients with colon
cancer usually present with bleeding. There was a suspicion
that gross bleeding precedes occult bleeding. Initially,
patients got whole stool specimens with benzidine, which is
carcinogenic. In 1967, a primary care physician, Dr. Greegor,
identified a new home card for colorectal cancer screening
that tests occult blood in the stools. He proposed identifying
cancers earlier using these guaiac fecal occult blood test cards
[gFOBT]. This test required a person to be on a high-fiber diet
for three days and follow dietary restrictions like avoiding
meat, aspirin, and peroxide-rich foods [59]. Randomized
controlled trials that followed patients for 11-30 years showed
an 18% reduction in colon cancer-related mortality in patients
screened with guaiac fecal occult blood tests [60-66]. Annual
FOBT testing showed a 33% reduction in CRC mortality over
30 years and a 20% reduction in CRC incidence with 18 years
follow-up in the Minnesota FOBT trial [67, 68].

Colonoscopy introduction

In the 1970s, colonoscopy introduction was a real game
changer and made life easier. Eventually, Colonoscopy
was used not only as a screening procedure but also as a
treatment to remove the polyps identified. In the 1990s,
trials using FOBT cards in combination with Colonoscopy
revealed reduced colorectal cancer mortality. In these trials,
patients who tested positive on an gFOBT card got screened
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with a Colonoscope. In 1997 after accepting that colorectal
cancer originated from pre-existing adenomas, guidelines for
colorectal screening were introduced [69]. This screening was
offered to all patients 50 years or older as the tumor was seen
in these patients most commonly. The guidelines recommend
Colonoscopy once every ten years based on the observation
that it takes at least 10 to 15 years on average for a polyp
to transform into cancer and should be as conservative as
possible [70, 71]. Based on observational studies, it reduces
colorectal cancer incidence by 69% and colorectal cancer-
related mortality by 65-88% [72]. Sensitivity changes with
the physician performing the procedure, and it has a chance
of missing 27% of serrated polyps, 26% of adenomas, and
9% of advanced adenomas [73]. Colonoscopy was associated
with a 68% reduction in colorectal cancer mortality compared
to no screening, and individuals with polypectomy had a
43% reduction in the incidence of colorectal cancer [74].
No randomized controlled trial results are available for our
review showing Colonoscopy's effect on the incidence and
mortality of colorectal cancer.

However, cohort and case-control studies showed
decreased colorectal cancer mortality and the incidence with
lower endoscopy [75-77]. NorDICC study, a randomized
controlled trial, is currently being conducted comparing
Colonoscopy with no screening, the results of which are
pending, and only one population-based RCT showed
increased cancer detection rates in patients who underwent
Colonoscopy screening [78, 79].

Fecal Immunohistochemical test origin [FIT]: Fecal
Immunohistochemical Test checks for Hemoglobin in the
stool with monoclonal or polyclonal antibodies directed
against globin moiety in Hemoglobin. These tests started as
early as the 1970s and almost wholly replaced the gFOBT
test, considering the increased sensitivity of FIT compared to
gFOBT [80, 81, 82]. As per studies, the FIT test has increased
sensitivity for detecting colorectal cancer and advanced
adenomas compared to the gFOBT test [83]. It is available
in qualitative and quantitative forms. In the United States,
qualitative testing reporting positive or negative results is
used. A meta- analysis of 19 studies showed a sensitivity of
79% and a specificity of 94%; another said 91% sensitivity
and 90% specificity [84, 85]. No results of randomized control
trial data on CRC mortality reduction with the FIT test are
available, and one RCT trial showed no mortality benefit [86,
87]. A recent meta-analysis comparing fecal tests, including
highly sensitive gFOBT or FIT with no screening, showed a
12% relative reduction in CRC mortality over 15 years [88,
89]. According to the recent American college of physicians
[ACP] guidelines, yearly fecal- based testing is an option,
like a Colonoscopy every ten years [90].

Cologuard origin: Cologuard is a quantitative test that
checks for aberrantly methylated BMP3 and NDRG4 promoter
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regions, mutant KRAS, beta-actin, and fecal Hemoglobin
[91]. It is also called the Fecal Immunohistochemical
and Deoxynucleic acid [DNA] test [FIT-DNA TEST].
In 2014, an article on Stool DNA testing in combination
with fecal Hemoglobin compared with Colonoscopy was
published. This study included 9989 participants who had
Colonoscopies as a reference. Multitarget stool DNA and
fecal hemoglobin testing have higher sensitivity for detecting
colorectal cancer, advanced precancerous adenomas, and
Sessile Serrated Lesions [SSLs]. It had fewer false-positive
results than traditional fecal immunoglobulin testing [92].
But no randomized controlled studies are available to test
CRC-related mortality or incidence. It has higher sensitivity
for detecting CRC and advanced adenomas than gFOBT,
as per observational studies [93, 94]. As an add-on benefit,
no need for bowel preparation or dietary or medication
restrictions. In 2014, Food Drug Administration [FDA]
approved Cologuard as a screening test [95]. There is an
ongoing Voyage prospective cohort trial on Cologuard, and
the interim analysis will be available next year [96]. Recent
studies reported that annual FIT and colonoscopy every
ten years are more effective than Cologuard every three
years [97]. American College of Gastroenterology [ACG]
recommends no further testing for asymptomatic individuals
with positive Cologuard and negative Colonoscopy.

CT Colonography origin: Computed Tomography
Colonography [CTC], also called virtual Colonoscopy, was
first reported in 1994 as a test that can detect both colon polyps
and colorectal cancer. This imaging creates 3D pictures with
the help of CT technology [98]. Magnetic Resonance Imaging
[MRI] technology can also produce similar pictures [99]. The
dark lumen technique, where the colon lumen is pictured
black with wall and polyps as bright T1-enhanced images, was
first described in 2001 [100, 101]. An observational study on
122 subjects showed that dark lumen Colonography has 93%
sensitivity and 100% specificity compared with Colonoscopy
[102]. In studies that compared CT colonography with
Colonoscopy, the sensitivity, and specificity were between
70 and 100%. However, small polyps' sensitivity is very
low, even with newer multi-slice CT technology [103, 104].
Flat and depressed colonic lesions are not easily seen in CT
Colonography but are easy to notice on Colonoscopy [105-
108]. It can easily detect advanced proximal colon tumors
compared to flexible Sigmoidoscopy and FIT. However, it
has a lower detection rate for distal neoplasia than flexible
Sigmoidoscopy [109, 110]. No long-term RCTs data in our
search evaluating its effect on colorectal cancer incidence and
mortality. Colon polyps with a size more than or equal to 10
mm need a Colonoscopy as a follow-up study, between 6-
and 9-mm size need CTC follow-up, or a Colonoscopy and
polyps less than or equal to 5 mm need routine screening.
However, precise guidelines have yet to exist [111]. It is
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associated with fewer complications than Colonoscopy; CTC
is an alternative for advanced neoplasia.

Development of colorectal screening

guidelines

cancer

In the 1970s, after the availability of excellent
colonoscopes, patients who had positive gFOBT tests
underwent Colonoscopies for accurate diagnostic workups.
The advantage of removing polyps was also proposed in 1973,
adding more benefits to this testing [ 112]. Several randomized
controlled trials administered Colonoscopy in patients with
positive gFOBT test proved the reduction in mortality with
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showing the benefit of colorectal cancer [CRC] screening
in people 50 and older led to the development of guidelines
between 1993 and 1996 recommending the options of gFOBT
or flexible Sigmoidoscopy at different intervals [115]. Based
on the benefit of clinical studies, screening Colonoscopy was
added to guidelines in 1997 by Gastrointestinal Consortium
[GI Consortium] and American Cancer Society [ACS]
[116]. Colonoscopy is recommended every ten years in
asymptomatic individuals based on the time required for
a small polyp to grow into CRC [117]. Cologuard was
included in colorectal cancer screening guidelines in 2016 by
U.S. Preventive Taskforce and the National Comprehensive

screening [113, 114]. Confirmation from several studies Cancer Network [Figure 2].
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International colorectal cancer screening guidelines
and recommendations

The highest incidence of colorectal cancer is in the Asia
Pacific region, with more than 50% of cases and mortality
related to this cancer [118]. In this region, organized screening
programs available in countries including Australia, Brunei,
Hong Kong, Japan, South Korea, New Zealand, Singapore,
and Taiwan use fecal immunohistochemical test [FIT] every
year or every two years as the primary screening test or
Colonoscopy every ten years in some situations. In contrast,
Sigmoidoscopy is not used [119]. The Asia Pacific working
group in this region recommended using the screening for the
population over 50 years of age—the decisions for screening
patients over 75 years depend on overall health status and
preferences. Screening could be stopped for the population
over 85 years of age if the recent screening test was negative.

Patients with two first-degree relatives [FDR] with
colorectal cancer or advanced adenoma at any age should
start screening ten years before the diagnosis of their FDR
or 40 years, whichever is earlier, and then repeat every
five years [120]. In the United States, organized settings
use Colonoscopy and FIT tests for screening. Other tests,
including CTC, FS, Cologuard, and Colon Capsule, are
reserved for people unwilling or unable to get Colonoscopy
or FIT test and in individuals with incomplete Colonoscopy.
The United States Preventive Services Task Force [USPSTF]
screening recommendations exclude blood-based tests, urine
tests, and capsule endoscopies. USPSTF includes stool-
based tests with high sensitivity [high sensitivity gFOBT,
FIT, DNA-FIT] and direct visualization tests [Colonoscopy
every ten years, computed tomography [CT] Colonography
every five years, flexible Sigmoidoscopy every five years,
or flexible Sigmoidoscopy every ten years plus FIT every
year] in the recommendations considering the available
evidence. However, we included most screening tests that
are available now in our review [121]. American College of
Gastroenterology recommends colorectal cancer screening at
45 [122] [Table 1]. Many European countries do not have a
conventional screening program in place; European Council
recommends starting colorectal cancer screening between
ages 50 and 74 years and then repeating every two years if
the screening test used earlier was Fecal Occult Blood Test
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[FOBT] or Fecal Immunohistochemical test [FIT] or every
ten years or more if the screening used was Colonoscopy or
flexible Sigmoidoscopy [123, 124]. The quantitative fecal
immunohistochemical test is the preferred screening test
for colorectal cancer, as per European Health Union [125].
Patients with abnormal FIT or FOBT and large or multiple
polyps on Sigmoidoscopy require follow-up Colonoscopy
[126]. A population-based European study by Cardoso and
colleagues also noted the recent increase in colon cancer in
the younger population [127]. The lack of well-established
health insurance makes it hard for proper colon cancer
screening in Sub-Saharan Africa [128].

Colorectal cancer screening types

The screening methods for colorectal cancer are both
non-invasive and invasive. Non-invasive techniques include
stool-based and radiological testing. The stool-based tests
check for blood or hemoglobin in the stools or newer fecal
DNA, and these tests are fecal occult blood test [gFOBT],
fecal immunohistochemical test [FIT], and Cologuard [FIT-
DNA]. The radiological investigations are CT colonography
and capsule endoscopy. Invasive tests are sigmoidoscopy and
Colonoscopy help us visualize the colon directly by inserting
the scope. A Colonoscopy is the most accurate screening
test as it screens the entire colon and can stop the adenoma-
carcinoma sequence by removing polyps [129]. Stool-based
screening tests like Cologuard and FIT tests cannot test
high-risk patients who have a family history of colorectal
cancer, IBD, personal history of polyps, and those who have
GI symptoms [130]. Screening tests can be 1-step or direct,
like a Colonoscopy, which is diagnostic and therapeutic.
They can also be 2-step tests that need a Colonoscopy if
positive to know if it is genuinely positive. The 2-step tests
include stool-based tests, flexible sigmoidoscopy [FS], CT
colonography [CTC], or colon capsule test [CC] [131]. All
the screening tests except Colonoscopy are 2-step tests,
requiring Colonoscopy follow-up if positive.

Perceived advantages and disadvantages of individual
screening tests Colonoscopy: Colonoscopy is the gold
standard screening investigation and is still the top in the list
of screenings as it offers screening, diagnosis, and treatment if
needed. It is also valid for at least ten years. It can be a primary
screening or secondary when other tests are positive, and it

Table 1: American College of Gastroenterology screening recommendations.

Age to start or stop screening
Start at 45 years

Continue screening between 50 and 75 years

Stop screening >75 years

Start at 40 years or 10 years before the age of youngest affected
relative

Evidence of recommendation
Conditional recommendation
Strong recommendation

Conditional recommendation (decision should be dependent on life
expectancy and adverse risks)

If they have a first degree relative (FDR) with CRC or advanced polyps
before age 60. Two first degree relatives with CRC or advanced
polyps after age 60
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can visualize the entire colon. The downside is that it needs
bowel preparation with purgatives and dietary modification.
It requires general anesthesia; some patients cannot tolerate
the bowel preparation and require assistance from others to
transport them back home after the procedure [132]. Poor
bowel preparation can lead to poor colon visualization, with
missing opportunities to detect adenomas and polyps [133].
Sometimes multiple attempts are needed due to poor bowel
preparation. Many newer bowel preparations, with low
volume and pleasant flavor, are now available to improve
palatability and comfort [134]. It is operator dependent and
has a complication rate of 4-8 in 10,000. Colonoscopy-
related complications include bleeding, perforation in
older individuals, splenic injury due to tension on the
splenocolic ligament or colon manipulation in combination
with preexisting adhesions, electrolyte imbalances, bowel
preparation-related nephropathy, and cardiopulmonary
events due to sedation [135-137]. There is also a concern for
post Colonoscopy detected CRC [PCCRCs] due to missed
diagnosis as it is operator dependent; therefore, there is a
necessity for good quality improvement programs to reduce
PCCRCs [138, 139]. PCCRCs are common in the proximal
colon and account for about 3-9% of CRCs.

Flexible Sigmoidoscopy [FS]: Flexible sigmoidoscopy
allows us to see the distal colorectal portion and helps with
biopsy and removal of polyps. It needs less bowel preparation
than the Colonoscopy in the form of enemas, does not require
sedation, and needs follow-up every five years. However, it
is limited to detecting adenomas or cancers only in the distal
colon [140]. It is also less invasive and has a lower risk of
complications than a Colonoscopy. Rates of CRC screening
with sigmoidoscopy are low in the United States as the
equipment is similar to Colonoscopy; it cannot examine the
entire colon and is limited to the distal colon. The lack of
sedation makes it a very uncomfortable procedure. Recent
studies also revealed no reduction in CRC-related mortality
and lower use of FS in women. If positive, it needs to follow
up with a Colonoscopy like every other 2-step screening
test. It is like Colonoscopy in scheduling, but no specialist
consultation is required. Its use and availability are low in
the United States [141]. We expect small blood in bowel
movements after FS, but more severe bleeding and intestinal
puncture are rare.

Non-endoscopic radiologic screening tests: Individuals
who do not want to or cannot undergo a Colonoscopy or FIT
or those who couldn't complete a Colonoscopy can get these
screening tests.

CT Colonography: 1t is one of the screening tests like
flexible sigmoidoscopy and Colonoscopy that directly
visualizes the colon polyps and cancers. It takes three-
dimensional images of the bowel using CT or MRI
technology in 10 minutes in lying back and prone positions.
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It needs colonic insufflation through a small flexible rectal
catheter with air or carbon dioxide for distension just before
the imaging. Patients need laxative bowel preparation
before this procedure, like Colonoscopy, but no sedation or
analgesia is required [142-145]. The bowel preparation might
be considered unpleasant by some patients. It is less invasive
than a Colonoscopy and works well in patients who cannot
tolerate anesthesia. There is also an advantage to seeing
other organs besides the colonic mucosa [146]. It works
when Colonoscopy is impossible due to obstructing tumors
or adhesions. Those circumstances allow us to detect and
stage the tumors [147-149]. The other indications of its use
are in Inflammatory bowel disease [IBD] and follow-up on
patients with treated colorectal cancer. It can detect stenosis
and fissures in IBD and see tumors and extracolonic lesions
during treated colorectal cancer follow-up [150- 152]. Itis a
primary screening in some centers but has lower sensitivity,
as per some previous studies [153]. Accurate reading of CT is
radiology reader dependent. It is sometimes also not covered
by insurance and not available widely. Patients may feel
bloated and have cramps due to air in the colon and rectum,
but these should be relieved once air passes away. The risk of
puncture or perforation is much less than Colonoscopy [154].

Colon Capsule endoscopy [CC]: Capsule endoscopy is
a technique in which a patient swallows a pill-like capsule
containing a camera. This camera takes pictures of the entire
intestine and sends them to a patient's recorder on their
shoulder or waist, which the radiologist can later read. The
capsule swallowed will be out with a bowel movement. It has
a sensitivity of 81%, specificity of 93% for polyps greater
than or equal to 6mm, and 87% for polyps >9 mm [155,
156]. It is minimally invasive and does not require sedation.
Patients can do newer version tests at home, and it requires
bowel preparation. Positive CC requires a Colonoscopy,
which involves cleansing the bowels before administering.
There are no screening guidelines for repeat intervals.
FDA approved the use of CC in patients with incomplete
Colonoscopy or in individuals who cannot get a Colonoscopy
due to lower gastrointestinal bleeding. However, it cannot be
a standard screening test. A recent study comparing CTC and
CC reported a sensitivity of 32% and 84%, respectively, for
polyps more than or equal to 6 mm and a sensitivity of 53%
and 84%, respectively, for polyps more than or more than
equal to 10 mm [157]. Further testing and clinical trials are
needed to characterize the repeat time interval and if it can be
a routine primary screening test.

Stool-based tests: Guaiac FOBT test: Guaiac fecal
occult blood testing is the first stool-based test included in
screening, and it needs repeatition yearly. It tests the pseudo-
peroxidase activity to detect blood in the stool. It has a very
low positive predictive value. This test has confounding
results with a specific diet containing peroxidases, including
red meat, plants with enzyme peroxidase, medications like

Citation: Manasa Anipindi, Shriya Doreswamy, Rafal Ali, Aysha Jilani, Daniel Bitetto. Colorectal Cancer Screening History, Methods and Future
Perspectives. Archives of Clinical and Medical Case Reports. 7 (2023): 216-239.



Anipindi M, et al., Arch Clin Med Case Rep 2023

Journals DOI:10.26502/acmcr.96550604

non-steroidal anti-inflammatory drugs, and vitamin C [158].
It also requires patients to submit three stool samples at home.
Office or hospital-based testing is not for screening as it tests
only once and is unreliable [159, 160]. The downside of this
test is that the patient should be motivated to follow dietary
restrictions, there is laboratory variability, it needs repetition
every year, and a positive result requires follow-up with a
Colonoscopy [161]. Screening with the gFOBT test showed a
reduction in colon cancer-related mortality.

FIT test: FIT tests for globin in the feces and is susceptible
to even a small amount of hemoglobin in the feces [162].
This test has no interaction with dietary factors and can
detect advanced neoplasia compared to the gFOBT test but
has very low sensitivity for detecting polyps [163, 164].
This test requires only one stool sample, and patients were
more adherent than gFOBT [165]. If the FIT test is positive,
patients should get a Colonoscopy for further surveillance to
look for and treat adenomas. Patients with hemorrhoids and
other perianal issues cannot be tested accurately with the FIT
test, and patients should get it annually for screening.

The positive result needs follow-up with a Colonoscopy
like every other two-step test [166]. Research also showed
the importance of quantifying the amount of hemoglobin
concentration with a qFIT [quantitative FIT] test to
distinguish between neoplasia versus non-neoplasia-related
gastrointestinal bleeding [167, 168]. In the United States,
the qualitative FIT is the approved test for screening. It has
low sensitivity for advanced adenomas and does not detect
serrated lesions. As discussed, no randomized control trials
testing FIT were available to prove its effectiveness. However,
observational studies showed a 62% reduction in colorectal
cancer-related mortality with the routine FIT [169].

Cologuard or FIT-DNA: Cologuard tests fecal DNA
biomarkers with occult hemoglobin. The patient can perform
it at home without going to the clinician's office [170]. No
bowel preparation or sedation is needed. No dietary or
medication restrictions are required [171]. The sensitivity of
the Cologuard test depends on the size of the tumor, and it
can detect only less than half of the precancerous polyps, as
per research. If any non-invasive tests are positive, patients
should get the Colonoscopy for further surveillance; it has
lower specificity with a 12% false positive rate, and patients
with a normal Colonoscopy after a positive result on the
Cologuard test might require aggressive surveillance [172]. It
is expensive compared to FIT and Colonoscopy, as per a 2016
study. If Cologuard is positive, some insurances can consider
the follow-up Colonoscopy diagnostic rather than screening,
leading to an increased cost burden on the patients [173,
174]. Stool tests are accessible at home, but some patients
reported aversion to sampling their stool. False positive
results of stool-based tests lead to anxiety, sometimes leading
to Colonoscopy- related harm [175].
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Blood DNA tests or Liquid biopsy: Septin9: Septin9
[SEPT9] gene is a cell cycle protein belonging to the
cytoskeletal GTPase family [176, 177]. It is involved
in polarization, cytokinesis, vesicle trafficking, DNA
repair, apoptosis, cell migration, and cell division [178].
An abnormal SEPT9 gene can cause problems with cell
division—mutation in the SEPT9 gene is common in many
malignancies. SEPT9 mRNA is low when progressing
from colorectal adenoma to CRC, and protein expression
is lower in CRC cells than in normal epithelial cells [179].
Overexpression of SEPT9 transcripts v2, v4, v4*, and v5 in
colorectal cancer cells is seen [179]. This gene is a tumor
suppressor gene, and hypermethylation of the promoter gene
can inhibit its tumor suppressor and cell autophagy actions
promoting the development of CRC [180, 181]. SEPT9 gene
methylation results in microsatellite instability [MSI]. As per
studies, 72% of CRC patients have it, so they confirmed its
importance as a specific diagnostic marker of CRC [182].
SEPT9 gene knockout also led to tissue cancer development,
as per studies [183]. SEPT9 methylation detection peripheral
blood tests, as per studies, had low sensitivity in adenomas
and polyps but had higher detection rates in all stages of
CRC, showing the importance of this test in detecting early
CRC [184].

An increase in necrosis and apoptosis as colorectal
cancer progresses is one reason for increasing methylation
rates in stages II, III, and IV compared to stage I. The use
of methylated SEPT9 in peripheral blood in screening,
diagnosis, prognosis, and monitoring of CRC is under
research [185]. It can be an add-on test to the routine blood
draw and a minimally invasive test. It has low sensitivity and,
if positive, will need a Colonoscopy. When done together, the
fecal occult blood test and SPET9 gene methylation have a
sensitivity of 88.7%-97.8% and a specificity of 52.9%- 78.8%
per study [186, 187]. However, this test should be combined
with other tests to improve test sensitivity and specificity, so
further research is needed [188]. No evidence from studies is
available that it reduces CRC incidence or mortality. FDA-
approved SEPT9 test, Epi proColon test, or Septin9 test to
screen adults aged 50 years and older at average risk for CRC
and declined other tests for CRC screening. It cannot replace
routine colorectal cancer screening tests.

Prophylaxis to prevent CRC: Primary prevention
strategies are being studied for all cancers to avoid the
development of neoplasia altogether. Aspirin reduces the
risk of colon cancer in the long term but does not minimize
CRC risk in the first years of initiating therapy, as per studies
[189]. However, it cannot serve as a replacement for routine
screening. The mechanism of aspirin's effect on tumors is not
entirely known, but it has both direct and indirect impacts
on tumors. Prostaglandin E2 [PGE2] is involved in CRC
tumorigenesis, and aspirin decreases the production of
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PGE2 [190]. It inhibits the WNT signaling pathway [WNT-
wingless-related integration site], PIK3CA/AKT pathway
[Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic
Subunit Alpha, Ak strain transforming] and Ras/Raf/MAP
kinase [MEK]/ERK pathway [Rat sarcoma virus /rapidly
accelerated fibrosarcoma /Mitogen-activated protein kinase/
ERK kinase [MEK]/extracellular- signal-regulated kinase
[ERK]] by decreasing PGE2 production [191-194]. Aspirin
inhibits the NF-kB [Nuclear factor kappa B] and AMPK/
mTOR [mechanistic [or mammalian] target of rapamycin
[mMTOR] and the adenosine monophosphate-activated protein
kinase [AMPK]]| pathways and stimulates the apoptosis
pathway [195-197]. It has indirect effects through platelet
inhibition and decreasing inflammation [198, 199]. Case-
control and cohort studies noted that aspirin use decreases
the risk of CRC [200]. Aspirin, at least 16 times per month,
reduced the risk of colon cancer mortality by 40% in 6 years
in early analysis of Cancer Prevention Study II Cohort [201].
The use of 325 mg aspirin daily for five years showed a lower
incidence of CRC. The use of aspirin at least two times a
week reduced CRC risk by 21% in 18 years of follow-up
and 23% in 20 years of follow-up [202-204]. In RCTs and
meta-analysis, aspirin initiation was beneficial 5-7 years
after initiation [205]. In the Women Health Study [WHS]
low dose of aspirin at 50 mg was also found effective [206].
Aspirin use also showed decreased colorectal adenomas in
placebo-controlled RCTs. Meta-analysis of several trials
showed a 17% reduction in the risk of colorectal adenomas
over 33 years of follow-up with aspirin at any dose from 81
mg to 325 mg [207-211]. Long-term use of aspirin increases
the risk of gastrointestinal bleeding, and adding a proton
pump inhibitor, especially in patients on dual antiplatelet
therapy, was helpful, as per some studies [212, 213]. There
were concerns that aspirin affects the FIT test by increasing
physiological and pathological blood loss [214, 215]. The
recent meta-analysis did not show any effect of aspirin on
FIT results [216]. A randomized, double-blind, controlled
trial conducted on patients with Lynch syndrome showed a
reduced risk of CRC in the aspirin group compared to the
placebo group with per-protocol analysis but no difference
with intention-to- treat analysis [217]. USPSTF recommends
aspirin for primary prevention of CRC in patients with a 10-
year cardiovascular risk of more than 10% and ages between
50 and 59 years of age [218, 219].

Screening in younger population: CRC incidence rates
have doubled in patients aged between 20 and 49 years, and
most of these individuals do not have a family history of
colorectal cancer [220,221]. American Cancer Society in 2018
recommended the change to start colorectal cancer screening
at an earlier age of 45 years instead of 50 years based on age-
cohort epidemiological evidence of a 51% increase in CRC
incidence among individuals younger than 50 years [222].
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As per modeling studies, starting screening at 45 years of
age instead of 50 years results in 25 more life years per 1000
individuals screened [223]. The increase in the incidence rate
of colorectal cancer is partly due to the birth cohort effect.
People born around 1990 have approximately 2-4 times the
risk of colorectal cancer compared to people born around
1950, showing the impact of exposures in early life [224-
226]. People living in regions with poverty, unemployment,
and poor access to healthcare have the highest incidence of
early-onset CRC [227]. As usual, the reasons for this increase
in early-onset CRC are multiple, including lifestyle-related
factors like diet and obesity, occupational exposures like
mineral dust and trace elements, and environmental factors
including agricultural runoff and industrial pollution [228].

Considering the increasing evidence of increased CRC
incidence in this age group, it is crucial to consider the
diagnosis of CRC in younger adults. Routine screening at 45
should be propagated among all adults even before they turn
45, especially during their regular PCP visits. Early detection
of adenomas in the age group 45-49 years leads to reduced
CRC incidence in those 50 and older. It is also essential to
know that younger individuals are usually diagnosed with
distal colon or rectal cancers, while proximal colon cancers
are common in older patients [229]. Most of these increased
numbers in younger population are due to rectal cancer, which
has increased by more than 90% since the 1990s compared
to colon cancer which only increased by 40% with a higher
incidence in women. The younger population diagnosed
with CRC usually lacks a family history of CRC, hereditary
syndromes, or germline mutations but has genetic mutations
unrelated to CRC [230, 231]. However, screening for CRC in
the younger generation has its disadvantages due to the use
of resources in this population instead of elderly individuals
who are at more risk.

Reasons for noncompliance with the recommended
screening guidelines

Screening for colon cancer has been essential to any annual
wellness visit in family practice or primary care physician’s
office. Adherence to screening guidelines is being monitored
in many countries. Patients can decline the screening even
with excellent education background and after listening to the
importance of screening [232]. The reasons for deferral are
many; they are not specific, and there is no general answer. The
factors influencing colorectal cancer screening participation
are modifiable and non-modifiable. Modifiable factors
include patients' knowledge of screening and their views
on it, providers' views, and barriers to screening, whereas
non- modifiable factors include demographics, education,
income, and insurance [233]. There can be socioeconomic
or psychosocial factors, or variations in healthcare provider
recommendations [234]. In younger individuals, time spent at
their job and caring for family risks their health.
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Anxiety about CRC and feeling reassured with the
screening are essential in determining CRC screening
participation [235]. Decision style, individual attitude
towards screening, and education level play a crucial role in
non-participation [236]. A recent publication in 2022 showed
anxiety about the invasive procedure as the first concern in
the first-time screening population. In contrast, in previous
participants, anxiety about colon preparation and test
accuracy played an essential role in participation. The effect
of cost and insurance coverage was also seen [237].

About 50% of direct-access or open-access Colonoscopies
are inappropriate, indirectly leading to longer Colonoscopy
waiting times, especially in patients with positive stool tests
or alarming symptoms. The reasons for excess Colonoscopy
referrals include lack of awareness of post- polypectomy
surveillance guidelines among physicians, inadequate bowel
preparation, new clinical signs, suspicion for synchronous or
metachronous lesions, patient or referring physician insistence,
and sometimes medico-legal issues. An open access system
also has many no-shows; this, along with overprescription of
Colonoscopies, leads to non-adherence with recommended
screening guidelines [238]. The decreased use of screening
tests leads to late diagnosis and increasing colorectal cancer
related mortality. Out of all the screening tests, gFOBT and
FIT tests are cheap, readily available, and easy to perform
[239]. As the benefits of polypectomy are delayed by 7-10
years after screening, the use of colon cancer screening is low
in people with diminished life expectancy which could also
be a reason for low compliance in some groups.

Compliance with follow-up Colonoscopy in
individuals with positive stool-based tests

Numerous studies also showed suboptimal follow-up with
Colonoscopy in individuals with positive FIT tests [240, 241].
The adherence to follow-up Colonoscopy after a positive
stool- based test is between 50% and 87%. Compliance is
higher in larger health systems and lower in safety net settings
[242]. In observational studies with information from four
large health centers between 2010 and 2012, adherence was
79.6% at three months and 58.1% to 83.8% at six months [243,
244]. At VA clinics in California using 2014-2016 data, the
follow-up Colonoscopy completion rate after a positive stool
test was 62.1% at six months [245]. Large safety net systems
reported only 51.5% to 57.7% adherence at 6-12 months
follow-up. In Netherlands and Spain, a study conducted by
National screening programs reported a compliance rate
of 90% [246, 247]. The compliance rates with follow-up
Colonoscopy were 84.9% with positive FIT-DNA testing and
42.6% with routine positive FIT test [248]. A retrospective
study done on 15,469 patients at the Mayo clinic showed
87% compliance with follow-up Colonoscopy in patients
with a positive FIT-DNA test [249]. Studies showed that
every extra month until Colonoscopy increases mortality in
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patients with positive stool tests, so implementing a fast-
track Colonoscopy within one month is crucial [250, 251].
Implementation of screening programs after a positive FIT
test by Kaiser Permanente showed an increase in screening
rate from 38% to 82%, along with a decrease in CRC
incidence and mortality by 25% and 52%, respectively [252].
If any two-step screening tests are positive, they will need a
follow- up with a Colonoscopy. Insurance might not cover
the follow up costs after positive stool-based tests as they
consider this Colonoscopy a diagnostic instead of screening.
So, physicians need to consider insurance issues and be able
to find a solution for the patients when stool-based tests are
positive to avoid non-compliance with screening.

Methods to improve colorectal Cancer screening
compliance

To improve compliance with the colorectal cancer
screening, many qualitative studies performed in different
medical centers showed the importance of using standard
terms with straightforward language and avoiding medical
jargon [253, 254]. Per a study published in the American
Journal of Gastroenterology [ACG], patients are more likely
to get Colonoscopy if their physicians recommend it [255].
They suggested interventions targeting patients, providers,
and organizations for improving CRC screening. Another
study at the University of Florida also proved that compliance
with CRC screening increases with patient-provider
discussions on the importance of screening [256]. Individuals
most likely choose non-invasive tests over invasive tests like
Colonoscopy [257].

Using healthcare management tools developed by national
healthcare systems like clinical care pathway [CCP] has fewer
Colonoscopy over prescriptions. CCP also has reduced wait
times compared to open-access Colonoscopies, suggesting
the need for additional surveillance of open- access systems
to improve wait times and adherence. Introducing navigation
services, including outreach services with letters or calls,
educational materials, or sessions, addressing barriers to
screening, appointment scheduling and reminders, mailed
supplies, assistance with bowel preparation, and transportation
assistance into practice improves colorectal cancer screening
rates [258]. Patient navigators are vital in enrolling people
in cancer screening, increasing screening quality, increasing
screening rates in populations at risk for noncompliance, and
increasing the number of follow-ups [259, 260]. Even though
developed countries have a wide availability of screening
tests and opportunities, advertising the importance of colon
cancer screening tests is essential, considering the increasing
death rate in the younger population and mortality rate in
unscreened patients [261].

Future suggestions for improving compliance

Improving the taste of bowel preparation, making it
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individualized based on a patient’s ability to tolerate it, and
understanding their comorbidities which could limit their
mobility, can improve compliance with invasive tests like
Colonoscopy. Communicating well with the patients about
the procedure with visual aids can help them understand it
better. In the future discovery or invention of a small one-
time pill that can serve the purpose of bowel preparation can
be helpful as well. The development of quantitative FIT tests
that distinguish between non-neoplastic and neoplastic GI
bleeding can reduce the number of required Colonoscopies.
Decreasing the number of stool samples needed to increase
specificity for gFOBT and FIT tests can improve patient
outcomes and ease. Banning cost sharing by the states for
Colonoscopies after a positive Cologuard screen can be
helpful for patients and can be beneficial for being more
compliant with screening guidelines. Newer techniques like
color coding, fecal tagging, computer-directed diagnosis,
or virtual pathology might increase the sensitivity of CT
Colonography, making virtual Colonoscopy a primary
screening test in the future. CT Colonography avoids
sedation and bowel preparation making it more cost-effective
[262]. Additional training and evaluations for reading
Colonography to prevent variation in the practice and missing
polyps can help. Low dose scanning and newer reconstruction
techniques can reduce the risk of radiation from CTC, but the
benefits of screening outweigh the risks from radiation [263,
264]. Randomized controlled trials are needed to compare
other available screenings to know if we can switch from one
screening to another to improve patient ease. We need more
RCTs on CT Colonography and Cologuard to see if they
influence CRC incidence and mortality.

Future of colorectal cancer screening

Blood, fecal-based micro-RNA, circulating tumor DNA
tests, and gut microbiome-related markers are a possibility
that can make future screening much easier than before.
Developing more blood-related tests like Septin-9 that
work equally well in high-risk and low-risk individuals can
improve screening compliance. Blood tests are easier to get
than procedures that are too uncomfortable, time-consuming,
and expensive. It also avoids aversion to stool-based testing
and the false positives associated with them [265]. There is
ongoing research to develop new blood tests with the help
of circulating tumor cells [CTCs], nucleic acids including
RNA, DNA, messenger RNA, microRNAs and cytokines,
antibodies, and proteins [266-269].

Research on urine-based metabolites to check for
colorectal polyps and tumors is ongoing [270- 272]. Research
to improve the detection of biomarkers and increase the
sensitivity of stool-based tests is continued [273]. Creating a
risk score, especially for younger patients, to know if they need
to get screened helps reduce CRC incidence and mortality.
Considering the lack of evidence on the benefits and harms
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of initiating CRC screening at an earlier age, precision cancer
screening can better understand risk assessment and make
personalized screening recommendations based on the risk
score [274]. These models documented starting screening
from age 38 in a young patient with a family history of
CRC to 71 years in women with no family history and lower
scores [275]. They can also predict the choice of a screening
test based on risk score and other factors [276]. Blood-
based screening tests which can check DNA/RNA/mRNA
changes or mutations might be the future of cancer screening,
diagnosis of adenomas/precancerous lesions/cancers, and
monitoring of treatment.

Conclusion

Colorectal cancer is preventable with effective screening,
but only 68.8% of adults aged between 50 and 75 underwent
screening in 2018, as per CDC statistics [277]. The current
screening rates are only 57.9% in ages 50-64 and 62.4%
in ages 50-75 [278]. American cancer society now also
recommends colorectal cancer screening from age 45 years
instead of 50 years due to the recent increase in cancer-related
mortality in younger adults [279]. The exact number screened
between 45 and 50 is still to be determined, considering recent
addition to the guidelines. Screening patients at a younger age
of 45 years is cost-effective but achieving a target of 80%
screening between 50 and 75 years will reduce CRC-related
mortality by three times at a lesser cost [280]. Many countries
are yet to include the screening starting at 45 years. Further
research is needed to precisely account for the usefulness of
beginning screening at a younger age of 45 years. Research
is also necessary to see if we can shift from one screening
test to another to improve patient ease. Further investigations
are essential to improve the current screening methods and to
develop more accessible blood, urine, and stool-based tests,
which are much more comfortable for the entire population at
a reasonable cost.

Treatment of colorectal cancer improved significantly in
recent years, leading to improved morbidity and mortality.
But even with the availability of excellent treatment
regimens, after the detection of colon cancer, patients still
undergo colectomy or get chemotherapy depending on the
stage of cancer [281]. Not all stage III and IV patients can
get chemotherapy, as the treatment depends on their baseline
functional status. Therefore, effective screening prevents
colorectal cancer mortality and morbidity by removing polyps
and precancerous lesions [282]. In office visits, it is essential
to create a personalized screening plan for the patients
depending on their risk, lifestyle, needs, and comorbidities
instead of providing overwhelming information about all
available screening tests. Interventions to help include patient
navigators, provision of follow-up appointments, providers
reminders or performance data, telephone calls, group,
and one-to-one education, small or mass media, reducing
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client out-of-pocket costs, reducing structural barriers,
and improving quality improvement efforts to improve the
screening rate are necessary [283, 284]. National tracking of
everyone for colorectal cancer screening might help increase
screening rates through patient outreach with notifications,
support tools, and other recommendations. The goal of the
National Colorectal Cancer Roundtable is 80% of screening
which is hard to achieve worldwide without aggressive
efforts. We want to conclude our paper by informing that
implementing organized CRC screening programs is crucial
in every community worldwide to avoid colorectal cancer-
related mortality.
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