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BACKGROUND & AIMS:
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Colonoscopy is required following a positive fecal screening test for colorectal
cancer (CRC). It remains unclear to what extent time to colonoscopy is associated
with CRC-related outcomes. We performed a systematic review to elucidate this
relationship.
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METHODS:
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An electronic search was performed through April 2020 for studies reporting associations
between time from positive fecal testing to colonoscopy and outcomes including CRC inci-
dence (primary outcome), CRC stage at diagnosis, and/or CRC-specific mortality. Our pri-
mary objective was to quantify these relationships following positive fecal immunochemical
testing (FIT). Two authors independently performed screening, abstraction, and risk of bias
assessments.
92

93
RESULTS:
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From 1,612 initial studies, 8 were included in the systematic review, with 5 reporting outcomes
for FIT. Although meta-analysis was not possible, consistent trends between longer time delays
and worse outcomes were apparent in all studies. Colonoscopy performed beyond 9 months
from positive FIT compared to within 1 month was significantly associated with a higher
incidence of CRC, with adjusted odds ratios (AORs) of 1.75 and 1.48 in the two largest studies.
These studies also reported significant associations between colonoscopy performed beyond 9
months and higher incidence of advanced stage CRC (stage III or IV) at diagnosis, with AORs of
2.79 and 1.55, respectively.
100
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CONCLUSIONS:

102
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Colonoscopy for positive FIT should not be delayed beyond 9 months. Given the additional time
required for urgent referrals and surgical planning for CRC, colonoscopy should ideally be
performed well in advance of 9 months following a positive FIT.
104
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Colorectal cancer (CRC) is a leading global cause of
cancer-related mortality. In 2017, there were

approximately 1.7 million incident cases and nearly
900,000 deaths attributable to CRC worldwide.1

Screening for CRC reduces the incidence of and mortality
from CRC2 and is widely recommended in high-resource
countries.3 Tests designed to detect occult blood in stool
shed by cancers and precursor polyps are widely used
for primary screening, including fecal immunochemical
EV 5.6.0 DTD � YJCGH57531_proof � 19 November 2020 � 4:11 pm � ce OB
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tests (FITs) and guaiac-based fecal occult blood tests
(FOBTs).4 Five-year survival from CRC is largely deter-
mined by stage at diagnosis, ranging from approximately
90% for localized disease to <15% once metastatic.5

Therefore, in cases in which these initial screening tests
are positive, timely colonoscopy is recommended to rule
out the presence of cancer, detect it at an earlier stage,
and remove polyps in an effort to ultimately lower the
risk of subsequent colorectal neoplasia and death from
CRC.2

Adherence to best practice timelines in healthcare can
be impacted by a number of patient-, physician-, and
system-related factors. Limited health care budgets
create persistent challenges for all jurisdictions and in
particular, single-payer health care systems. On the other
end of the spectrum, unique events such as the corona-
virus disease 2019 (COVID-19) pandemic can cause
major time delays for all nonurgent care due to in-
terruptions in health service supply or demand from
suitable patients. Health care policymakers, physicians,
and patients must understand the implications of
delays in care. Furthermore, when health jurisdic-
tions are required to cease or resume usual clinical
practice following a shutdown, it is imperative that
access be prioritized based on evidence-based health
outcomes.

Studies have previously examined the relationship
between time to colonoscopy following positive FIT or
FOBT and CRC-related outcomes. However, a synthesis of
the published literature on this important and timely
topic has yet to be performed. As such, we performed a
systematic review to assess the association between time
interval from positive fecal testing to completion of co-
lonoscopy and CRC outcomes.

Materials and Methods

Overview and Objectives

A systematic review adhering to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) (Supplementary Table 1) was conduct-
ed.6 Our primary objective was to determine whether
longer time intervals from a positive FIT to colonoscopy
were associated with a higher incidence of CRC, more
advanced stage of CRC at diagnosis, or overall or CRC-
specific mortality. In addition, the effect of time from
FOBT to colonoscopy and these outcomes was assessed
as a secondary study objective.

Search Strategy and Study Selection

An electronic search strategy was devised by a health
research librarian (R.S.) with input from clinicians to
guide relevant terminology. A full literature search of the
databases EMBASE, Google Scholar, MEDLINE, and
CENTRAL (Cochrane Central Registry of Controlled
REV 5.6.0 DTD � YJCGH57531_proof � 1
Trials) was performed from inception of the databases to
April 23, 2020. Inclusion of conference abstracts was
restricted from January 1, 2017, onward. The detailed
search strategy is provided in the Supplementary
Materials. The reference sections of any relevant arti-
cles were also reviewed to identify potential additional
citations. Two reviewers (N.F., S.J.H.) independently
screened all titles and abstracts in parallel to identify
citations to be included in the full-text review stage. All
included citations then underwent full-text review by the
same 2 reviewers in parallel (N.F., S.J.H.). Discrepancies
from either stage were resolved by consensus by
including a third reviewer (R.J.H.).

Eligibility Criteria

We included a study if it met all of the following criteria:
(1) it was an observational study (prospective or retro-
spective) or clinical trial, (2) it included data from patients
having received a positive result from either FIT or FOBT,
(3) it reported on 1 or more of the following outcomes of
interest (CRC diagnosis at colonoscopy or beyond, stage of
CRC at diagnosis, overall or CRC-specificmortality), and (4)
outcomes data were separated by time from initial fecal
test to colonoscopy. A study was excluded if it was a
modeling study or a systematic or narrative review. How-
ever, the reference sections of such publications were also
reviewed to identify potential citations.

Data Extraction and Study Quality

A data abstraction form was created to capture data
from each included study, Following the final full-text
review stage, 2 reviewers (N.F., S.J.H.) abstracted study
data in parallel. Study-specific risk-of-bias assessments
according to the Newcastle-Ottawa Scale (NOS)7 were
also scored in parallel by 2 reviewers (N.F., M.M.), with
discrepancies resolved by a third reviewer (S.J.H.).

Outcomes and Analyses

Our primary outcome was CRC incidence. Secondary
outcomes included CRC stage at diagnosis and overall or
CRC-specific mortality. Outcomes from different studies
were divided into respective groups and presented in
tables where data could be considered according to time
elapsed cutoffs from positive fecal screening test to co-
lonoscopy. Given an inability to pool results via a formal
meta-analysis, nonweighted curves of adjusted odds ra-
tios (AORs) of outcomes over time were created for each
study reporting on specific outcomes. For these plots,
median times to colonoscopy were set as midpoints be-
tween time cutoffs, or 3 months after any open-ended
final time cutoffs, if not explicitly provided in study
data. Sensitivity analyses were also performed, in which
data were considered separately according to the
following methodologic or clinically relevant
9 November 2020 � 4:11 pm � ce OB
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distinctions: (1) studies in which fecal testing was used
along with formalized patient navigation to colonoscopy
(deemed “programmatic” screening) vs with no patient
navigation process (deemed “opportunistic” screening)
and (2) studies in which �20% of eligible patients were
not followed up with colonoscopy after their initial
positive fecal test vs <20%.
Figure 1. PRISMA flow diagram ou

REV 5.6.0 DTD � YJCGH57531_proof � 1
Results

Study Selection

A PRISMA flowchart of the search results and study
selection process is provided in Figure 1.6 A total of 1610
citations were identified by the initial electronic database
tlining study selection process.6
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Table 1. Summary of Baseline Characteristics of FIT Studies Included in the Systematic Review

Author, Year
Country/
Countries

Study
Design

Number and Type of
Patients (Screening

Model)
Patient Exclusions or
Model Employed FIT or FOBT Parameters

Proportion of
Patients Not
Receiving

Colonoscopy
(%)

Study
Quality7

Corley, 201713 USA Observational 50–75 y
1,258,039 screened,

70,124 included
(opportunistic)

Those with: prior history of
CRC; no record of
colonoscopy during <1 y
of membership after FIT
screening; >3-mo gap in
membership after
screening; <1 y of
membership prior to
screening; colonoscopy
within 10 y or
sigmoidoscopy within 5 y
before screening;
colonoscopy or CRC
diagnosis 1–7 d after
positive FIT.

OC FIT-CHEK/ OC-Sensor
Diana (Polymedco,
Cortlandt, NY)

Cutoff 20 ug/g (100 ng/mL)

14.0 NOS 9

Kaalby, 201916 Denmark Observational 50–74 y
899,411 screened, 53,171

included
(programmatic)

Those with: lack of
colonoscopy findings
reported; incomplete
colonoscopy and lack of
follow-up.

OC Sensor (Eiken Chemical,
Tokyo, Japan)

Cutoff 20 ug/g (100 ng/mL)

8.3 NOS 7

Kim, 201917 South Korea Observational 50 y and over
52,376 screened, 2362

included
(programmatic)

Those with: history of CRC or
colorectal surgery; history
of inflammatory bowel
disease; poor bowel
preparation.

OC Sensor Diana (Eiken
Chemical)

Cutoff 20 ug/g (100 ng/mL)

26.9 NOS 6

Lee, 201914 Taiwan Observational 50–69 y
2,914,855 screened,

39,346 included
(programmatic)

Those with: no or suboptimal
diagnostic examination
performed (including
sigmoidoscopy and
double-contrast barium
enema; colonoscopy within
2 y before FIT;
colonoscopy within 1 mo
after positive FIT results.

OC Sensor (Eiken Chemical or
Kyowa Medex [Tokyo,
Japan])

Cutoff 20 ug/g (100 ng/mL)

40.9 NOS 6

Zorzi, 202015 Italy Observational 50–69 y
3,427,934 screened,

123,138 included
(programmatic)

N/R OC Sensor (Eiken Chemical)
Cutoff 20 ug/g (100 ng/mL)

20.2 NOS 6

CRC, colorectal cancer; FIT, fecal immunochemical test; FOBT, fecal occult blood test; N/R, not reported; NOS, Newcastle-Ottawa Scale.
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search after removing duplicates, with 2 additional ci-
tations identified via manual review of bibliographies
from selected studies and informal searches. Of these, 22
papers were selected for full-text review following the
initial title and abstract screen. Two modeling studies
were reviewed but excluded.8,9 Eight studies were ulti-
mately included in the final systematic review of primary
or secondary outcomes, with 5 of these reporting out-
comes based on time from positive FIT to colonoscopy.
The remaining 3 studies reported on time from positive
FOBT to colonoscopy.10–12 Detailed results relating to
FOBT are presented in the Supplementary Table 3, while
the results reported in the following subsections pertain
to FIT.
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Study Characteristics and Quality

Baseline characteristics of studies included in the
systematic review for FIT are presented in Table 1. All
included studies were in the form of fully published
manuscripts. All 5 studies were observational. Included
studies were published between 2017 and 2020. The
baseline time comparators for patients to receive colo-
noscopy following FIT ranged from within 1 month to
within 3 months, with 1 study excluding colonoscopies
performed within 7 days13 and another excluding colo-
noscopies performed within 30 days,14 both in an
attempt to eliminate procedures performed in an expe-
dited fashion for heightened suspicion of CRC. Meta-
analysis was not performed given the limited numbers
of studies that would be comparable within each time
cutoff. Summaries of study quality using the NOS are
provided in Table 1, with full assessments provided in
the Supplementary Table 4.7 Study quality was moderate
to high overall, as per the NOS. The most common
sources of potential bias were (1) calculation of CRC
incidence during the index colonoscopy only, as opposed
to an incidence calculation using a period of months or
longer (to account for incomplete or poorly tolerated
colonoscopies, or those with poor cleansing), and (2)
relatively high rates of patients who did not undergo
colonoscopy after positive fecal testing (or with incom-
plete or absent colonoscopy information), ranging from
8% to 38%. These aspects contributed to assessments
concluding suboptimal length and/or adequacy of
follow-up.
569
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CRC Incidence

Most studies reported CRC detection at the time of
colonoscopy, although 1 study reported cumulative
incidence within the 6-month period following colonos-
copy.13 Baseline CRC incidence (calculated from the
earliest possible reference time from positive fecal test to
colonoscopy) ranged from 30 to 50 per 1000 persons.
There were significant increases in CRC incidence in
patients undergoing colonoscopy at 12 months or later
REV 5.6.0 DTD � YJCGH57531_proof � 1
following the initial positive FIT compared with the
baseline time cutoff, with incidences ranging from 76 to
98 per 1000 persons. AORs of CRC incidence associated
with comparisons of colonoscopy at �12 months
compared with the baseline time period ranged from
2.17 to 2.25. The 2 largest observational studies
including 123,138 and 70,124 patients also found sig-
nificant associations with colonoscopy at over 9 months
compared with within 1 month, with AORs of and 1.75
and 1.48.13,15 Though 1 study reported significantly
higher CRC incidence when colonoscopy was performed
within 3 months compared with within 1 month (AOR,
2.68; 95% confidence interval, 2.31–3.10),16 2 other
studies assessing this comparison observed no signifi-
cant difference.13,17 Detailed associations between time
to colonoscopy and CRC incidence are presented in
Table 2. An unweighted graphical representation of these
associations by study is provided in Figure 2.
CRC Stage and CRC-Specific Mortality

Advanced stage CRC was defined as stage III or stage
IV carcinoma as per the American Joint Committee on
Cancer Staging Manual.18 The incidence of advanced
stage CRC at index colonoscopy was 4–15 per 1000 pa-
tients when performed within 1 month of a positive fecal
test. Though 1 study found no significant increase in
advanced stage CRC when colonoscopy was performed
at >6 months compared with within 1 month,17 all
others found significant associations between time to
colonoscopy of 12 or more months and higher inci-
dence of advanced stage CRC, with AORs ranging from
2.11 to 3.22. The 2 largest included studies also found
significant associations between colonoscopy per-
formed at >9 months vs within 1 month, with AORs of
2.79 and 1.55.13,15 Another study found significant
associations between colonoscopy within or after 3
months and higher incidence of advanced stage CRC,
compared with within 1 month (AORs, 1.92 and
2.59).16 Detailed associations between time to colo-
noscopy and advanced CRC stage are found in Table 2.
An unweighted graphical representation of these as-
sociations by study is provided in Figure 3. Only 1
study assessed CRC-specific mortality, reporting a
significantly worse value with colonoscopy after 12
months (hazard ratio, 1.53; 95% confidence interval,
1.13–2.10).11
Sensitivity Analyses

When considering programmatic vs opportunistic
screening approaches between studies, it became clear
that no study included patients screened from a purely
opportunistic approach. The closest, the cohort in the
study by Corley et al,13 did not undergo a formalized
patient navigation process, and the results were com-
parable to those from the other studies in terms of all
9 November 2020 � 4:11 pm � ce OB



Table 2. Comparisons and Outcomes From FIT Studies Included in the Systematic Review

Author, Year
Comparator

Time From FIT

Alternate
Time

Cutoffs Outcomes Detailed Results Summary

Corley, 201713 Within 1 mo
(excluding
within 1–7 d)

Within 2, 3,
4–6, 7–9,
10–12,
>12 mo

CRC incidence
(within 6 mo
of
colonoscopy)

CRC stage
Advanced

adenoma(s)

� 30 of 1000 persons if colonoscopy performed within 1 mo (excluding within
1–7 d)

� No significant differences in colonoscopy within 2, 3, or 6 mo (cases per
1000 were 28, 31, and 31, respectively)

� Significantly higher CRC at 10–12 mo or >12 mo (cases per 1000 were 49
and 76, respectively): AORs were 1.48 (95% CI, 1.05–2.08) and 2.25 (95% CI,
1.89–2.68)

� Advanced stage in 8 of 1000 persons if colonoscopy performed within 1 mo
� No significant differences in colonoscopy within 2, 3, or 6 mo (cases per
1000 were 7, 7, and 9, respectively)

� Significantly higher advanced CRC at 10–12 mo or >12 mo (cases per 1000
were 15 and 31, respectively): AORs were 1.55 (95% CI, 1.05–2.28) and 3.22
(95% CI, 2.44–4.25)

� 81 of 1000 persons if colonoscopy performed within 1 mo
� No/borderline significant differences in colonoscopy within 2, 3, 6, or 12 mo
(cases per 1000 were 91, 93, 84, and 95, respectively)

� Significantly higher rate of advanced adenomas at >12 mo (cases per 1000
were 116): AORs were 1.32 (95% CI, 1.15–1.52)

Delays to colonoscopy of over 9
mo after positive FIT was
significantly associated with
higher CRC incidence and
more advanced stage at
diagnosis (compared with
performing colonoscopy
within 1 mo).

Kaalby, 201916 Within 1 mo Within 2, 3,
>3 mo

CRC incidence
(at
colonoscopy)

CRC stage

Advanced
adenoma(s)

� 41 of 1000 persons if colonoscopy performed within 1 mo
� Significantly higher CRC within 2, 3 or >3 mo (cases per 1000 were 101, 111,
and 201, respectively): AORs were 2.49 (95% CI, 2.56–2.75), 2.68 (95% CI,
2.31–3.10), and 5.32 (95% CI, 4.89–5.79)

� Mean time to colonoscopy in the >3 mo group was 174 (interquartile range,
91–1348) d

� Advanced stage in 14 of 1000 persons if colonoscopy performed within 1 mo
� Significantly higher rates of advanced stage CRC within 2, 3 or >3 mo (cases
per 1000 were 28, 29, and 39, respectively): AORs were 1.93 (95% CI, 1.62–
2.30), 1.92 (95% CI, 1.46–2.53), and 2.59 (95% CI, 2.19–3.06)

� 286 of 1000 persons if colonoscopy performed within 1 mo
� Significantly more advanced adenomas within 3 or >3 mo (cases per 1000
were 303 and 378, respectively): AORs were 1.16 (95% CI, 1.09–1.23) and
1.59 (95% CI, 1.50–1.68)

Delays to colonoscopy of 2 mo or
more after positive FIT was
significantly associated with
higher incidence of CRC, more
advanced stage at CRC
diagnosis, and more advanced
adenomas (compared with
performing colonoscopy
within 1 mo).
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Table 2.Continued

Author, Year
Comparator

Time From FIT

Alternate
Time

Cutoffs Outcomes Detailed Results Summary

Kim, 201917 Within 1 mo Within 2, 3–5,
6, >6 mo

CRC incidence
(at
colonoscopy)

CRC stage

Advanced
adenoma(s)

� 45 of 1000 persons if colonoscopy performed within 1 mo
� No significant changes in CRC within 2, 3–5, 6, or >6 mo (cases per 1000
were 49, 42, 89, and 76, respectively): AORs were 0.91 (0.52–1.58), 0.63
(95% CI, 0.33–1.21), 2.10 (95% CI, 0.69–6.39), and 1.93 (95% CI, 0.74–4.93),
P ¼ .29

� Advanced stage in 15 of 1000 persons if colonoscopy performed within 1 mo
� No significant changes in advanced stage CRC within 2, 3–5, 6, or >6 mo
(cases per 1000 were 13, 15, 0, and 22, respectively), P ¼ .90

� 127 of 1000 persons if colonoscopy performed within 1 mo
� Borderline but nonsignificant increase in advanced adenomas within 2, 3–5,
6, or >6 mo (cases per 1000 were 137, 149, 125, and 196, respectively)

� AOR of CRC or advanced adenomas at >6 mo: 1.73 (95% CI, 0.91–3.27)

Delays to colonoscopy of 6 mo or
more after positive FIT was
associated with a
nonsignificant trend towards
higher incidence of CRC and
advanced adenomas
combined (compared with
performing colonoscopy
within 1 mo). This study was
limited by sample size.

Lee, 201914 Within 3 mo
(excluding
within 30 d)

4–6, 7–9, 10–
12, >12
mo

CRC incidence
(at
colonoscopy)

CRC stage

Advanced
adenoma(s)

� 50 of 1000 persons if colonoscopy performed within 3 mo (excluding within
30 d)

� No significant changes in CRC within 4–6, 7–9, or 10–12 mo (cases per 1000
were 49, 68, and 74, respectively)

� Significantly higher CRC incidence at >12 mo, with 98 cases per 1000: AOR
was 2.17 (95% CI, 1.44–3.26)

� Advanced stage in 11 of 1000 persons if colonoscopy performed within 3 mo
� Significantly higher rates of advanced stage CRC within 7–9, 10–12, or >12
mo (cases per 1000 were 24, 27, and 31, respectively): AORs were 2.09 (95%
CI, 1.43–3.06), 1.97 (95% CI, 1.06–3.65), and 2.84 (95% CI, 1.43– 5.64)

� 140 of 1000 persons if colonoscopy performed within 3 mo
� No significant increases in advanced adenomas within 4–6, 7–9, 10–12, or
>12 mo (cases per 1000 were 135, 149, 155, and 149, respectively)

Delays to colonoscopy of 12 mo
or more after positive FIT was
significantly associated with
higher CRC incidence
(compared with performing
colonoscopy within 3 mo).
However, more advanced
CRC stage at diagnosis was
observed after 6 mo.

Zorzi, 202015 Within 1 mo Within 2, 3, 4,
5, 6, 7–9,
>9 mo

CRC incidence
(at
colonoscopy)

CRC stage

Advanced
adenoma(s)

� 41 of 1000 persons if colonoscopy performed within 1 mo
� No significant differences in colonoscopy within 2, 3, 4, 5, 6, or 7–9 mo
(cases per 1000 were 38, 36, 39, 38, 26, and 43, respectively)

� Significantly higher CRC at >9 mo (cases per 1000 were 78): AORs were
1.75 (95% CI, 1.15–2.67)

� Advanced stage in 4 of 1000 persons if colonoscopy performed within 1 mo
� No significant differences in colonoscopy within 2, 3, 4, 5, 6, or 7–9 mo
(cases per 1000 were 4, 4, 3, 1, and 5, respectively)

� Significantly higher advanced CRC at 7–9 mo or >9 mo (cases per 1000
were 11 and 13, respectively): AORs were 2.35 (95% CI, 1.15–4.80) and 2.79
(95% CI, 1.03–7.57)

� 258 of 1000 persons if colonoscopy performed within 1 mo
� No significant differences in colonoscopy within 2, 3, 4, 5, 6, 7–9, or >9 mo

Delays to colonoscopy of over 9
mo after positive FIT were
significantly associated with
higher incidence of CRC and
advanced stage of CRC at
diagnosis (compared with
performing colonoscopy
within 1 mo).

AOR, adjusted odds ratio; CI, confidence interval; CRC, colorectal cancer; FIT, fecal immunochemical test.
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Figure 2. Nonweighted
graphical representation of
associations between time
to colonoscopy and inci-
dence of colorectal cancer
between FIT studies.
AORs are not directly
comparable between
studies given differences
in reference populations.
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outcomes. Finally, noncompliance with follow-up colo-
noscopy ranged from 8.3% to 37.6% in included studies.
Compared with studies reporting �20% noncompliance
rates, there was no observable difference in outcomes or
trends in studies reporting <20% noncompliance with
colonoscopy.
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Discussion

In this systematic review, we observed clear associ-
ations between longer time delay to colonoscopy after
positive fecal-based CRC screening testing and increased
incidence of CRC, more advanced cancer stage at diag-
nosis, and higher CRC-specific mortality. An under-
standing of these findings is crucial for primary care
physicians, endoscopists, administrators of endoscopy
units, and CRC program planners. While we have quali-
tatively summarized these important temporal trends,
the more challenging task is to translate them into firm
recommendations regarding an acceptable delay to co-
lonoscopy following positive fecal testing.

A number of factors can result in potential delays to
colonoscopy following positive fecal testing. These can be
broadly divided into patient-, physician-, and system-
related factors. Collectively, these contribute to wide
variations in time intervals between positive FIT (or
FOBT) and colonic evaluation. On the one hand, patient-
related factors include issues with compliance,19 and
socioeconomic influences,20 among other considerations.
Physician-related factors can also result in delays to
referral and workup, including inappropriate usage of
stool-based CRC screening tests21 and premature endo-
scopic surveillance recommendations,22 both of which
can lead to reduced resources for higher-risk patients in
need. Many of these contributors to unnecessary delays
are potentially modifiable, such as through educating
patients on the importance of screening adherence and
REV 5.6.0 DTD � YJCGH57531_proof � 1
follow-up,23 or by informing primary care physicians on
appropriate FIT and FOBT use.21,24 Patient-centered
pathways can also support the timely performance of
procedures.25

System-related factors, on the other hand, are most
often beyond the control of patients, referring physicians,
or endoscopists. These frequently involve limitations in
the capacity of endoscopic resources, which vary be-
tween single-payer and multipayer systems. However,
other extrinsic system-based factors can also create un-
expected delays to colonoscopy, as is evident by the
current COVID-19 pandemic having halted nonurgent
endoscopy in an unprecedented and widespread manner
across the world.26 In situations such as these, in which
endoscopy resources are temporarily or permanently
strained, it is crucial for referring physicians, endo-
scopists, and policymakers to have a clear plan on how to
manage inevitable backlogs of FIT- or FOBT-positive
patients waiting for colonoscopy. Although yet to be
demonstrated, it is possible that systems employing
patient-centered pathways25 may navigate the backlog
more efficiently. Multiple societies and experts have
issued guidance on the triaging or resumption of
nonurgent endoscopic services,27,28 including expediting
FIT-positive patients,29 an important endeavor to which
we now provide evidence-based context. The burden of
the COVID-19 pandemic has been overwhelming around
the globe; hence, the measures taken by many countries
to protect their health care systems are understandable.
At the same time, we must not lose sight of the “bigger
picture,” recognizing that many other important diseases
continue to affect patients irrespective of the pandemic.
Our findings underscoring the importance of time to
colonoscopy are especially relevant today but will
remain significant long after the pandemic is over.

Although we were unable to pool data from the studies
in this systematic review, several important conclusions
can be derived from our work. First, time matters; this has
9 November 2020 � 4:11 pm � ce OB



Figure 3. Nonweighted
graphical representation of
associations between time
to colonoscopy and inci-
dence of advanced stage
(stage III or IV) colorectal
cancer between FIT
studies. AORs are not
directly comparable be-
tween studies given dif-
ferences in reference
populations.
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been consistently shown across the evidence base that we
have summarized. Based on the data from the 2 largest
studies,13,15 patients with positive FIT have a higher risk of
both incident CRC and advanced CRC when colonoscopy is
delayed beyond 9 months from their initial screening test.
Though it is intuitive that longer delays to colonoscopy
should be associated with worse outcomes, this relatively
short time frame may be surprising from a purely biologic
perspective, given the established and typically lengthy
adenoma to carcinoma sequence.30 However, considering
that FIT positivity predicts the presence of advanced ade-
noma(s) or CRC in up to 54% and 8% of patients, respec-
tively,4 it is understandable that the impact of delays is
more pronounced in these higher-risk patients.31 There-
fore, in the absence of additional data to guide the field
otherwise, time from positive fecal test to colonoscopy
should not exceed 9 months. When faced with extenuating
circumstances such as a hospital admission for comorbid-
ities, patients can be considered for other forms of full
colonic examination such as computed tomography colo-
nography on an individualized basis.

While a 9-month time frame is supported by evi-
dence, patients diagnosed with CRC at colonoscopy
who are suitable for potential curative treatment must
also complete additional investigations, be referred for
surgery, and undergo resection when appropriate, all
of which take additional time.32 In addition, a primary
aim of CRC screening is to identify earlier stage can-
cers and to intervene before the disease advances in
stage. Furthermore, associations between time to co-
lonoscopy and worse CRC outcomes were observed far
earlier than 9 months in 1 included study.16 It is not
entirely clear why this more pronounced effect of time
was observed in this study, but possibilities could
include the influence of a more comorbid or screening-
naïve population.16 Given these considerations, we
propose that wherever possible, colonoscopy should
not be delayed beyond 6 months of positive fecal
REV 5.6.0 DTD � YJCGH57531_proof � 1
testing as an aspirational target (with 9 months as an
upper limit). However, in situations in which resources
remain pressured, future risk prediction models may
offer the potential to select those most in need of ur-
gent colonoscopy. Alternatively, adjustments in FIT
thresholds could represent another mechanism to
ensure timely access to colonoscopy by matching
supply and demand.17

Our review has several limitations, primarily the result
of the study designs and available data presented in the
included studies. All of the input studies were observa-
tional, and consequently could not account for unmea-
sured confounders. For instance, 1 study reported an AOR
of CRC of 2.7 when colonoscopy was performed at 3
months compared with within 1 month.16 Given the
dubious biological relationship implicit in this association,
this is instead likely representative of important meth-
odological limitations with this input study. Furthermore,
only 1 study adjusted for or excluded patients with signs
or symptoms suggestive of CRC.13 Thus, future studies
should aim to adjust for these factors. As an added
example, patient-related factors associated with time de-
lays including higher comorbidity20 could also have been
associated with the outcomes of interest. In addition,
attrition rates—in this case, those never completing co-
lonoscopy despite a positive fecal test—were relatively
high. These patients were excluded from all analyses, and
therefore, the CRC rates in these patients are unknown. If
patients undergoing colonoscopy in the open-ended up-
per time categories were more likely to have CRC (eg, due
to the presence of symptoms) than those who never un-
derwent a colonoscopy (possibly due to a lack of symp-
toms), the CRC outcomes would be an overestimate, and
therefore biased. As mentioned, most studies reported an
open-ended upper range of time to colonoscopy. For
instance, if time to colonoscopy was >12 months, a pa-
tient having waited 13 months would be included along-
side a patient having waited 3 years. Accordingly, we had
9 November 2020 � 4:11 pm � ce OB
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to assume amedian time to colonoscopy in such situations
if not provided with a value in the study’s results.
Therefore, interpretation of data from these open-ended
time cutoffs should be performed with caution. Addi-
tionally, we performed a sensitivity analysis comparing
the results from studies with less than or greater than
20% noncompliance to follow-up. While this did not yield
any additional findings, it should be noted that given the
low positive CRC rate at colonoscopy, even a much lower
nonadherence rate could result in significant biases in
results. Finally, we were ultimately unable to perform a
meta-analysis of pooled data as a result of the limited
number of studies included in our review and owing to
differences in time cutoffs between the studies. Therefore,
future research is still needed in this area, and researchers
performing this important work should strive to adhere to
similar time cutoffs.

In conclusion, our study demonstrates clear associa-
tions between time from positive fecal screening test to
colonoscopy and worse CRC outcomes. Further research
is urgently needed to elucidate the optimal time frame
within which those with positive fecal testing should
undergo colonoscopy. However, it is clear even now that
incident CRC and advanced stage CRC are both higher
beyond 9 months. Thus, it is incumbent on practitioners
and the health system to support completion of colo-
noscopy well in advance of this time point.
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Supplementary Material

Supplementary File 1. Detailed Search
Strategy

Database: Embase ClassicþEmbase <1947 to 2020
April 23>, Ovid MEDLINE(R) ALL <1946 to April 23,
2020>
Search Strategy:
————————————————

1 exp Colorectal Neoplasms/bl, di (32474)

2 ((colorectal* or CRC or colon* or bowel* or rectal or
rectum or sigmoid or anal or anus) adj2 (cancer or
neoplasm* or tumor* or tumour or carcinom* or sar-
com* or adenocarcinom* or adeno?carcinom* or ade-
nom*or lesion*) adj3 (screen*ordiagnosis)).tw. (33413)

3 ((colorectal* or CRC or colon* or bowel* or rectal
or rectum or sigmoid or anal or anus) and (cancer
or neoplasm* or tumor* or tumour or carcinom* or
sarcom* or adenocarcinom* or adeno?carcinom* or
adenom* or lesion*) and (screen* or diagnosis)).kf.
(2719)

4 Occult Blood/ and feces/ (1423)

5 ((f?ece* or f?ecal) adj3 (immunochemic* or
blood)).tw. (19215)

6 ((f?ece* or f?ecal) and (immunochemic* or
blood)).kf. (788)

7 (gFOBT or FOBT or FOB or haemoccult or hemoc-
cult or sensa or heamoccultsensa or hemocare or
hema screen or hemascreen or hemacheck or hema
check or hemawipe or hema wipe or hemofec or
hemofecia or fecatest or fecatwin or coloscreen
or seracult or ez?detect or colocare or flexsure or
hemmoquant or immocare or hemochaser or bayer
detect or hemeselect or immudia or monohaem or
insure or hemodia or instant?view or immocare or
magstream or guaiac).tw,kw. (17627)

8 or/1–7 (84049)

9 Colonoscopy/ or Colonoscop*.tw,kw. (127896)

10 8 and 9 (23267)

11 Time Factors/ (1198728)

12 (time adj3 (diagnosis or factor* or wait or
delay*)).tw. (205915)

13 time.ti,kf. (559679)

14 Delayed Diagnosis/ (18587)

15 or/11-14 (1888109)

16 10 and 15 (1322)
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17 Occult Blood/ and feces/ (1423)

18 ((f?ece* or f?ecal) adj3 (immunochemic* or
blood)).tw. (19215)

19 ((f?ece* or f?ecal) and (immunochemic* or
blood)).kf. (788)

20 (gFOBT or FOBT or FOB or haemoccult or hemoc-
cult or sensa or heamoccultsensa or hemocare or
hema screen or hemascreen or hemacheck or hema
check or hemawipe or hema wipe or hemofec or
hemofecia or fecatest or fecatwin or coloscreen
or seracult or ez?detect or colocare or flexsure or
hemmoquant or immocare or hemochaser or bayer
detect or hemeselect or immudia or monohaem or
insure or hemodia or instant?view or immocare or
magstream or guaiac).tw,kw. (17627)

21 17 or 18 or 19 or 20 (32796)

22 Colonoscopy/ or Colonoscop*.tw,kw. (127896)

23 21 and 22 (8372)

24 positiv*.tw,kw. (4209560)

25 23 and 24 (4411)

26 follow up.mp. (3296612)

27 25 and 26 (912)

28 16 or 27 (2165)

29 28 use medall (1177) Medline

30 exp colon cancer/di [Diagnosis] (37277)

31 rectum cancer/di [Diagnosis] (7824)

32 ((colorectal* or CRC or colon* or bowel* or rectal
or rectum or sigmoid or anal or anus) adj2 (cancer
or neoplasm* or tumor* or tumour or carcinom* or
sarcom* or adenocarcinom* or adeno?carcinom* or
adenom* or lesion*) adj3 (screen* or diag-
nosis)).tw. (33413)

33 colorectal cancer/ and cancer screening/ (18656)

34 occult blood test/ or occult blood/ (19075)

35 ((f?ece* or f?ecal) adj3 (immunochemic* or
blood)).tw. (19215)

36 (gFOBT or FOBT or FOB or haemoccult or hemoc-
cult or sensa or heamoccultsensa or hemocare or
hema screen or hemascreen or hemacheck or hema
check or hemawipe or hema wipe or hemofec or
hemofecia or fecatest or fecatwin or coloscreen
or seracult or ez?detect or colocare or flexsure or
hemmoquant or immocare or hemochaser or bayer
detect or hemeselect or immudia or monohaem or
insure or hemodia or instant?view or immocare or
magstream or guaiac).tw. (17499)

37 30 or 31 or 32 or 33 or 34 or 35 or 36 (102515)
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38 colonoscopy/ (104116)

39 colonoscop*.tw. (87108)

40 38 or 39 (127032)

41 37 and 40 (28803)

42 time factor/ (1212516)

43 (time adj3 (diagnosis or factor* or wait or
delay*)).tw. (205915)

44 time.ti. (531099)

45 *follow up/ or follow up.ti. (241112)

46 delayed diagnosis/ (18587)

47 or/43-46 (968755)
upplementary
igure 1. Nonweighted
raphical representation of
sociations between time
colonoscopy and inci-

ence of colorectal cancer
etween fecal occult blood
st (FOBT) studies.
djusted odds ratios
ORs) not directly com-
arable between studies
iven differences in refer-
ce populations. CRC,
lorectal cancer.
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1466
48 41 and 47 (1190)

49 conference abstract.pt. (3752439)

50 48 and 49 (260)

51 limit 50 to yr¼"2017 -Current" (71)

52 48 not 49 (930)

53 51 or 52 (1001)

54 53 use emczd (666) Embase

55 29 or 54 (1843)

56 remove duplicates from 55 (1610)

57 56 use medall (1174)

58 56 use emczd (436)
November 2020 � 4:11 pm � ce OB

1467

1468

1469

1470

1471

1472

1473

1474

1475

1476

1477

1478

1479

1480

1481

1482

1483

1484

1485

1486

1487

1488

1489

1490

1491

1492

1493

1494

1495

1496

1497

1498

1499

1500

1501

1502

1503

1504

1505

1506

1507

1508



Supplementary
Figure 2. Nonweighted
graphical representation of
associations between time
to colonoscopy and inci-
dence of advanced stage
(Stage III or IV) colorectal
cancer between FOBT
studies. AORs not directly
comparable between
studies given differences in
reference populations.
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Supplementary Table 1. PRISMA Checklist12

Section/Topic # Checklist item Page Reported on

TITLE

Title 1 Identify the report as a systematic review, Q8meta-
analysis, or both.

Title page

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable:
background; objectives; data sources; study
eligibility criteria, participants, and interventions;
study appraisal and synthesis methods; results;
limitations; conclusions and implications of key
findings; systematic review registration number.

3–4

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of
what is already known.

5–6

Objectives 4 Provide an explicit statement of questions being
addressed with reference to participants,
interventions, comparisons, outcomes, and study
design (PICOS).

6–7

METHODS

Protocol and registration 5 Indicate if a review protocol exists, if and where it can
be accessed (e.g., Web address), and, if available,
provide registration information including
registration number.

N/A

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of
follow-up) and report characteristics (e.g., years
considered, language, publication status) used as
criteria for eligibility, giving rationale.

7–8

Information sources 7 Describe all information sources (e.g., databases with
dates of coverage, contact with study authors to
identify additional studies) in the search and date
last searched.

7

Search 8 Present full electronic search strategy for at least one
database, including any limits used, such that it
could be repeated.

Supp Mat

Study selection 9 State the process for selecting studies (i.e., screening,
eligibility, included in systematic review, and, if
applicable, included in the meta-analysis).

7

Data collection process 10 Describe method of data extraction from reports (e.g.,
piloted forms, independently, in duplicate) and any
processes for obtaining and confirming data from
investigators.

8

Data items 11 List and define all variables for which data were sought
(e.g., PICOS, funding sources) and any
assumptions and simplifications made.

Tables

Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of
individual studies (including specification of
whether this was done at the study or outcome
level), and how this information is to be used in any
data synthesis.

8

Summary measures 13 State the principal summary measures (e.g., risk ratio,
difference in means).

8–9

Synthesis of results 14 Describe the methods of handling data and combining
results of studies, if done, including measures of
consistency (e.g., I2) for each meta-analysis.

8–9
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Supplementary Table 1.Continued

Section/Topic # Checklist item Page Reported on

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect
the cumulative evidence (e.g., publication bias,
selective reporting within studies).

10, Table 1, Supp Mat

Additional analyses 16 Describe methods of additional analyses (e.g.,
sensitivity or subgroup analyses, meta-regression),
if done, indicating which were pre-specified.

8–9

RESULTS

Study selection 17 Give numbers of studies screened, assessed for
eligibility, and included in the review, with reasons
for exclusions at each stage, ideally with a flow
diagram.

9, Figure 1

Study characteristics 18 For each study, present characteristics for which data
were extracted (e.g., study size, PICOS, follow-up
period) and provide the citations.

9–10,
Tables 1 and 2

Risk of bias within studies 19 Present data on risk of bias of each study and, if
available, any outcome level assessment (see item
12).

10, Table 1, Supp Mat

Results of individual studies 20 For all outcomes considered (benefits or harms),
present, for each study: (a) simple summary data
for each intervention group (b) effect estimates and
confidence intervals, ideally with a forest plot.

10–12, Tables 1 and 2

Synthesis of results 21 Present results of each meta-analysis done, including
confidence intervals and measures of consistency.

Figures 2 and 3

Risk of bias across studies 22 Present results of any assessment of risk of bias
across studies (see Item 15).

10, Table 1, Supp Mat

Additional analysis 23 Give results of additional analyses, if done (e.g.,
sensitivity or subgroup analyses, meta-regression
[see Item 16]).

12–13

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of
evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers,
users, and policy makers).

13–16

Limitations 25 Discuss limitations at study and outcome level (e.g.,
risk of bias), and at review-level (e.g., incomplete
retrieval of identified research, reporting bias).

16–17

Conclusions 26 Provide a general interpretation of the results in the
context of other evidence, and implications for
future research.

17

FUNDING

Funding 27 Describe sources of funding for the systematic review
and other support (e.g., supply of data); role of
funders for the systematic review.

Title Page

N/A, --- Q9.
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Supplementary Table 2. Summary of Baseline Characteristics of FOBT Studies Included in the Systematic Review

Author,
Year

Country/
Countries

Study
Design

Number and
Type of
Patients

(Screening
Model)

Patient Exclusions or
Model Employed

FIT or FOBT
Parameters

Proportion of
Patients Not
Receiving

Colonoscopy (%)
Study
Quality7

Gellad,
200942

USA Observational 45 y and over
231 included
(opportunistic)

Those with: FOBT sent
for indications other
than CRC
screening; no
colonoscopy within
18 mo of FOBT;
unavailable
colonoscopy
pathology results.

Hemoccult SENSA
(Beckman
Coulter,
Fullerton, CA)

2 tests each from 3
stool samples

50.024 NOS 6

Flugelman,
201918

Israel Observational
(CRC
cases only)

50–74 y
740,259

screened,
1749
included (all
CRC cases)

(opportunistic)

Those with known
anemia prior to
FOBT.

Hemoccult SENSA
(Beckman
Coulter)

2 tests each from 3
stool samples

N/R NOS 8

Beshara,
202017

Israel Observational 50–74 y
17,958 included
(opportunistic)

Those with: no
colonoscopy after
positive FOBT
within 24 mo; not
belonging to the
health service
continuously from 5
y before FOBT to 24
mo after FOBT; prior
CRC.

Hemoccult SENSA
(Beckman
Coulter)

2 tests each from 3
stool samples

30.7 NOS 8

CRC, colorectal cancer; FIT, fecal immunochemical test; FOBT, fecal occult blood test; N/R, not reported; NOS, Newcastle-Ottawa Scale.
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Supplementary Table 3. Comparisons and Outcomes From FOBT Studies Included in the Systematic Review

Author,
Year

Comparator
Time From

FIT

Alternate
Time

Cutoffs Outcomes Detailed Results Summary

Gellad,
200942

Continuous Continuous Incidence of CRC or
advanced
adenoma(s)

(at colonoscopy)

� Mean time to colonoscopy
236 � 112 d

� Advanced adenomas found
in 11% of patients

� CRC found in 4% of patients
� Longer time to colonoscopy
associated with more
advanced findings (analysis
of variance P ¼ .04)

� Nonsignificant trend toward
longer time to colonoscopy
and presence of advanced
neoplasia: OR was 1.07
(95% CI, 0.98–1.18) for each
additional 1-mo wait

Incremental delays
to colonoscopy
of 1 mo after
positive FOBT
were associated
with a
nonsignificant
trend toward
higher incidence
of CRC and
advanced
adenomas
combined. This
study was
limited by
sample size.

Flugelman,
201918

Within 3 mo Within 4–6,
7–12, >12
mo

CRC-specific
mortality

� For the 4–6 and 7–12-mo
groups, HRs for CRC-
specific mortality were 0.81
(95% CI, 0.55–1.19) and
0.83 (95% CI, 0.50–1.41)

� HR for >12 mo group was
1.53 (95% CI, 1.13–2.12)

Delays to
colonoscopy of
12 mo or more
after positive
FOBT were
significantly
associated with
higher CRC-
specific mortality
(compared with
performing
colonoscopy
within 3 mo).

Beshara,
202017

Within 3 mo 4–6, 7–9,
10–12, 13–

18,
19–24 mo

CRC incidence (at
colonoscopy)

CRC stage

� 39 of 1000 persons if colo-
noscopy performed within 3
mo

� No significant changes in
CRC within 4–6, 7–9, or 10–
12 mo (cases per 1000 were
25, 35, and 42, respectively):
AORs were 0.66 (95% CI,
0.51–0.85), 1.01 (95% CI,
0.70–1.46), and 1.20 (95%
CI, 0.77–1.88)

� Significantly higher CRC
incidence within 13–18 or
19–24 mo (cases per 1000
were 73 and 74, respec-
tively): AORs were 1.93
(95% CI, 1.39–2.69) and
1.78 (95% CI, 1.13–2.80)

� Advanced stage in 9 of 1000
persons if colonoscopy per-
formed within 3 mo

� Significantly higher CRC
incidence within 13–18 mo
(18 cases per 1000): AOR
was 2.11 (95% CI, 1.12–
3.99)

Delays to
colonoscopy of
12 mo or more
after positive
FOBT were
significantly
associated with
higher CRC
incidence and
more advanced
stage of
diagnosis
(compared with
performing
colonoscopy
within 3 mo).

AOR, adjusted odds ratio; CI, confidence interval; CRC, colorectal cancer; FIT, fecal immunochemical test; FOBT, fecal occult blood test; HR, hazard ratio; OR,
odds ratio.
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Supplementary Table 4. Risk Q10of Bias Assessments Using the Newcastle-Ottawa Scale

Author, Year Selection (Max 4) Comparability (Max 2) Outcome Assessment (Max 3) Overall Assessment

Positive FIT

Meester
2016

N/A N/A N/A N/A (modeling study)

Corley
2017

4 2 3 High quality

Rutter
2018

N/A N/A N/A N/A (modeling study)

Zorzi
2020

3 1 2 Moderate quality

Kaalby
2019

4 1 2 Moderate quality

Kim
2019

3 1 2 Moderate quality

Lee
2019

3 1 2 Moderate quality

Positive FOBT

Gellad
2009

3 1 2 Moderate quality

Flugelman
2019

4 2 2 High quality

Beshara
2020

4 2 2 High quality

FIT, fecal immunochemical test; FOBT, fecal occult blood test; N/A, ---.
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