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Simple Summary: Recently, the cases of colorectal cancers has been rising in younger age (<50)
individuals. Although current guidelines recommend colorectal cancer screening should be initiated
at age 45 instead of 50, the optimal approach of colorectal cancer screening is not clear. This article
investigates the efficacy of fecal immunochemical test (FIT), which detects occult blood in stool, in
predicting advanced colorectal polyps and tumors among people aged 40–49. The findings suggest
FIT is useful to identify such people with high risk to have advanced colorectal lesions. Hence, FIT
may be considered as the first-line screening tool for these people, and further comparative study
between FIT and colonoscopy will be of great value.

Abstract: Background: The incidence of early-onset colorectal cancer (CRC) is increasing. Many
guidelines recommend initiating screening at 45 years. This study investigated the detection rate of
advanced colorectal neoplasm (ACRN) by using fecal immunochemical tests (FITs) in individuals
aged 40–49 years. Methods: PubMed, Embase, and Cochrane Library databases were searched from
inception to May 2022. The primary outcomes were the detection rates and positive predictive values
of FITs for ACRN and CRC in people aged 40–49 (younger age group) and ≥50 years (average risk
group). Results: Ten studies with 664,159 FITs were included. The FIT positivity rate was 4.9% and
7.3% for the younger age and average risk groups, respectively. Younger individuals with positive
FIT results had significantly higher risks of ACRN (odds ratio [OR] 2.58, 95% confidence interval
[CI] 1.79–3.73) or CRC (OR 2.86, 95% CI 1.59–5.13) than did individuals in the average-risk group,
regardless of FIT results. Individuals aged 45–49 years with positive FIT results had a similar risk
of ACRN (OR 0.80, 95% CI 0.49–1.29) to that of people aged 50–59 years with positive FIT results,
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although significant heterogeneity was observed. The positive predictive values of the FIT were
10–28.1% for ACRN and 2.7–6.8% for CRC in the younger age group. Conclusion: The detection
rate of ACRN and CRC based on FITs in individuals aged 40–49 years is acceptable, and the yield of
ACRN might be similar between individuals aged 45–49 and 50–59 years. Further prospective cohort
and cost-effective analysis are warranted.

Keywords: fecal immunochemical test; aged 40–49 years; colorectal cancer; advanced colorectal
neoplasm

1. Introduction

Colorectal cancer (CRC) is a leading cause of mortality worldwide [1–3]. Because of
organized screening programs, the overall incidence and mortality of CRC have begun
to decline in developed countries [4–6]. However, a persistent trend of new CRC cases
among individuals under 50 years of age has been observed [7,8]. Incidence has nearly
doubled in both Western and Asian countries in two decades and has especially increased
in individuals aged younger than 40 years [9,10].

In addition to this rapidly rising incidence, early-onset colorectal cancer (EOCRC),
CRC occurring before 50 years of age, has become a particular public health problem with
several characteristics. Compared with normal CRC, EOCRC tends to be located on the
left side of the colon and the rectum [11], be present in a higher proportion of individuals
with a first-degree family history or hereditary cancer syndrome [12,13], and be identified
at an advanced stage because of delayed diagnosis [14]. This implies a necessity for prior
screening recommendations focused on individuals aged ≥50 years.

Several society guidelines recommend an earlier screening age of 45 years in response
to increasing EOCRC [15–18]. However, these recommendations are mostly based on
colonoscopy-based screening, which has high costs and personnel burden. Fecal immuno-
chemical tests (FITs) are another widely accepted CRC screening modality with lower
costs and invasiveness than colonoscopy. In people aged ≥50 years, the efficacy of annual
to biannual FIT is similar to that of colonoscopy [19,20]. Because of the lower absolute
incidence of CRC in younger people than in those aged ≥50 years [6], FITs are theoretically
a promising alternative screening tool for EOCRC. However, the efficacy of FITs in younger
individuals is unclear [16]. Therefore, a systematic review of available studies would
be valuable. This study investigated the efficacy of FITs for younger individuals in the
detection of CRC and advanced colorectal neoplasm (ACRN).

2. Methods
2.1. Search Strategy

The literature searches were conducted on PubMed, Embase, and Cochrane Libra-
ry from inception to May 2022. The keywords and search strategy are described in
Supplementary File S1. The study was prospectively registered to the PROSPERO database
(No. CRD42022333124). Two authors (JHY and YCL) independently and manually re-
viewed and identified eligible studies per prespecified criteria, and a consensus was reached
through discussion. When disagreements were unresolved, the corresponding author JYW
made the final decision.

2.2. Selection Criteria and Data Extraction

Studies were eligible if they investigated colorectal polyps or cancers in individuals
aged 40–49 years who received FITs. Studies were excluded if (1) they lacked colonoscopy
outcome data, (2) were simulation model studies, (3) had overlapping cohorts with other
studies, or (4) were non-English language studies. The following data were then extracted
from eligible studies: the name of the first author, year of publication, size, and character-
istics of the studies population, FIT brand name, and colonoscopy results. All data were
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extracted as originally stated or after appropriate calculations. If the necessary data were
unavailable, we contacted the corresponding author for additional information.

2.3. Outcome Assessment

The primary outcomes were the detection rate and positive predictive value (PPV)
of FITs for ACRN and CRC. ACRN consisted of CRC with adenomatous polyps with
high-risk features such as a size of ≥1 cm, high-grade dysplasia, or a villous component.
The secondary outcomes were the detection rate and PPV for overall colorectal neoplasm
(CRN), which included low-risk adenomas and ACRN. Comparisons were made between
the younger age (40–49 years) and average-risk groups (≥50 years).

2.4. Statistical Analysis

Comprehensive Meta-Analysis version 3.3.070 (Biostat, Englewood, NJ, USA) with
random-effects models were used for all meta-analyses. Odds ratios (ORs) were used for
the analysis of the categorical outcome variables. Corresponding 95% confidence intervals
(CIs) were used to compare the outcomes of the younger age and average-risk groups. The
pooled effect size was significant if the ranges of the 95% CIs of the ORs excluded 1. The I2

statistic was used to evaluate statistical heterogeneity, which was considered significant if
I2 > 50% or if a chi-square test yielded a p-value of <0.1.

2.5. Sensitivity Analysis and Risk of Bias Assessment

For all meta-analyses, we evaluated the robustness of the pooled effect estimates by
excluding one study at a time. The risk of bias was assessed using the Newcastle–Ottawa
scale for retrospective studies. We did not calculate publication bias in this study because
the analysis was likely to be underpowered due to relatively few studies in the meta-
analyses. The review adhered to Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [21] (Supplementary File S2).

3. Results
3.1. Baseline Characteristics of the Included Studies and Patients

The search strategy generated 4085 records and 186 potentially eligible studies. After
the manual review process, 10 studies were included in the final analysis (Figure 1). The
risk of bias assessment indicated that all studies included in this review were of high
quality. (Supplementary Table S1). All enrolled studies were retrospective cohort analyses,
most of which included individuals who participated in health checkups or CRC screening
programs, except for that of D’Souza et al. [22], which focused on patients with symptoms
who took FITs. Colonoscopy was offered to all participants in some studies [23–27] but
only for people with positive FIT results in others [22,28–31]. Adenoma detection for the
average-risk group ranged from 28.2% to 33% [22,24,26,27].

In total, 664,159 FITs (35.6% were younger-age group) were included in the studies,
and the pooled FIT positivity rate was 4.9% for the younger age group and 7.3% for the
average-risk group. Most of the studies used FITs from the OC-SENSOR series [24–31]
(Eiken Chemical, Tokyo, Japan); Magstream/Hem SP [23] (Fujirebio, Tokyo, Japan) and
HM-Jack analyzer [22] (Hitachi Chemical Diagnostics Systems, Tokyo, Japan) models were
the next most common. The cutoff FIT values were either 10 or 20 µg Hb/g feces (Table 1).

3.2. Risk of Colorectal Neoplasia by Age and FIT Results

The characteristics of colorectal neoplasms by FIT result are presented in Table 2. A total of
seven studies [22,24–28,30] reported ACRN detection rates and six studies [22,24,25,27,28,30]
reported CRC detection rates stratified by FIT result and age, respectively. Pooled analysis
revealed that ACRN was significantly more common among individuals with positive
FIT results than in those with negative FIT results in both the younger-age (OR 9.98,
95% CI 5.98–16.67) and average-risk groups (OR 10.61, 95% CI 7.17–15.70). Although the
risk of ACRN was higher in younger individuals with positive FIT results than among
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all average-risk individuals (OR 2.58, 95% CI 1.79–3.73, Figure 2), it was lower than
that of average-risk individuals with positive FIT results (OR 0.54, 95% CI 0.34–0.86,
Supplementary Figure S1). Sensitivity analysis suggested the ACRN detection rate would
have been similar in younger-age and average-risk individuals with positive FIT results
if the study with high patient numbers (Chen et al.) [25] had been excluded (OR 0.57,
95% CI 0.32–1.02, Supplementary Figure S2).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.

Table 1. Baseline characteristics of the included studies.

Study Region
Patients by Age, N Age

Started
to Screen

Gender
(Male, %)

Product Name
of FIT

Cutoff Value
of FIT

(µg Hb/g Feces)40–49 ≥50

Nakama, 2001 [28] Japan 2382 5018 40 NA OC-Hemodia NA

Morikawa, 2007 [23] Japan 12,696 9109 40 71.9 Magstream 1000
Hem SP NA

Chen YY, 2014 [24] Taiwan 2214 3882 40 56.0 OC-Light 10
Symonds, 2015 [29] Australia 1849 † 19,839 19 45.2 OC-Sensor 20
Chen CH, 2016 [25] Taiwan 92,062 141,982 20 47.6 OC-Sensor 20

Jung, 2017 [26] Australia 8819 2233 30 74.7 OC-Sensor Diana 20
Levin, 2020 [30] US 3390 13,442 45 52.2 OC-Sensor Diana 20

D’Souza, 2021 [22] England 1103 † 8719 17 45.0 HM-Jack analyser 10
Pin-Vieito, 2021 [31] Spanish 8866 † 29,809 18 46.0 OC-SensorTM 20

Yeh, 2021 [27] Taiwan 1857 3150 20 57.6 OC-Sensor 20

FIT: fecal immunochemical test; †: younger age group people aged <40 were also included.

Likewise, CRC was significantly more common among individuals with positive FIT
results than among those with negative FIT results in both the younger age (OR 19.6,
95% CI 10.17–37.78) and average-risk groups (OR 36.41, 95% CI 15.24–86.98). Younger
individuals with positive FIT results had a higher risk of CRC than did all average-risk
individuals (OR 2.86, 95% CI 1.59–5.13, Figure 3). A comparison between younger and
average-risk individuals with positive FIT results suggested that younger individuals had
a lower risk of CRC (OR 0.38, 95% CI 0.28–0.53, Supplementary Figure S3) and lower risk
of overall CRN (OR 0.50, 95% CI 0.36–0.70, Supplementary Figure S4). However, overall
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CRN was significantly more common among younger individuals with positive FIT results
than among average-risk individuals (OR 2.46, 95% CI 1.57–3.87).

Table 2. The characteristics of colorectal neoplasms among included studies.

Study §

FIT Positive
Patients by

Age, N

Total Colono-
scopy Exams

by Age, N

Total CRN
by Age, N

CRN of FIT
Positive
Patients

by Age, N (%)

ACRN of FIT
Positive
Patients,

by Age, N (%)

CRC of FIT
Positive
Patients,

by Age, N (%)

40–49 ≥50 40–49 ≥50 40–49 ≥50 40–49 ≥50 40–49 ≥50 40–49 ≥50

Nakama,
2001 [28] 138 315 2382 5018 8 81 6

(4.3)
56

(17.8)
6

(4.3)
56

(17.8)
6

(4.3)
56

(17.8)
Morikawa,
2007 [23]

1231
(total cases) 12,696 9109 See footnotes below a

Chen YY,
2014 [24] 64 165 2214 3882 380 1096 25

(39.1)
78

(47.3)
18

(28.1)
38

(23.0)
3

(4.7)
6

(3.6)
Symonds,
2015 [29] 73 † 1104 67 † 1090 NA NA 15 †

(20.5)
512

(46.4) NA NA NA NA

Chen CH, ‡§

2016 [25]
3728 3835 NA NA 272 554 89 ‡

(2.3)
213 ‡

(5.5)
89 ‡

(2.3)
213 ‡

(5.5)
89 ‡

(2.3)
213 ‡

(5.5)
Jung,

2017 [26] 258 94 8819 2233 1634 643 NA NA 26
(10.0)

20
(21.2) NA NA

Levin,
2020 [30] 136 575 116 451 NA NA 67

(49.3)
298

(51.8)
39

(28.7)
119

(20.7)
3

(2.2)
17

(3.0)
D’Souza,
2021 [22] 212 † 1674 1103 8719 189 † 2882 NA NA 29 †

(13.7)
461

(27.5)
13 †

(6.1)
286

(17.1)
Pin-Vieito, §

2021 [31] 754 † 5900 NA NA See footnotes below b

Yeh,
2021 [27] 109 207 1857 3150 389 897 37

(33.9)
101

(48.7)
18

(16.5)
64

(30.9)
3

(2.7)
17

(8.2)

FIT: fecal immunochemical test, CRN: colorectal neoplasm, ACRN: advanced colorectal neoplasm, CRC: colorectal
cancer, NA: not available, †: younger age group people aged < 40 were also included, ‡: CRC cases were only
extractable in 40–49 and 50–59 age groups. §: only included colorectal cancer cases, a: FIT has a sensitivity
significantly higher than the false-positive rate to adenomas ≤ 9 mm (7.0% vs. 4.5%, p < 0.001), especially for men,
b: FIT sensitivity for CRC was 90.5% at a 10 mg Hb/g faeces threshold, and 87.4% at a 20 mg Hb/g feces threshold
(additional CRC miss rate < 1/1000). The negative predictive value was more than 99% with any threshold.
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3.3. Colorectal Neoplasia Risk by FIT in Individuals Aged 45–49 and 50–59 Years

Because the literature suggests similar screening yields for individuals aged 45–49 years
and their older counterparts [7,32,33], we investigated the efficacy of FITs in individuals
aged 45–49 and 50–59 years on the basis of ACRN and CRC risk. Among the four studies
available for analysis, one included CRC data only [25], and three reported the overall
risk of ACRN (Jung et al. did not report CRC case details) [26,27,30]. The pooled analysis
demonstrated that the risk of ACRN was similar between individuals with positive FIT re-
sults aged 45–49 and 50–59 years (OR 0.80, 95% CI 0.49–1.29, Figure 4). However, sensitivity
analysis suggested the ACRN detection rate would have been lower for individuals aged
45–49 years if the study by Levin et al [30]. had been excluded (OR 0.62, 95% CI 0.48–0.80,
Supplementary Figure S5). In individuals with positive FIT results, those aged 45–49 years
had a lower risk of CRC than those aged 50–59 years (OR 0.59, 95% CI 0.45–0.79, Figure 5).
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3.4. Performance of FIT by Age, Lesion Type, and Cutoff Value

The PPV of FITs was substantially affected by the severity of lesions (small/advanced
adenomas and CRC) and varied by age and cutoff value (Supplementary Table S2). For
ACRN, the PPV of FITs ranged from 10–28.1% for younger individuals and 21.3–30.9% for
average-risk individuals. Negative predictive values were generally higher than 96% for
younger individuals [22,24,26,27].
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In the three studies that reported CRC cases (Supplementary Table S3) [22,27,31], FITs
had a 2.7–6.8% PPV and a ≥99.5% negative predictive value for younger individuals. Both
Yeh et al. [27] and Jung et al. [26] demonstrated inaccurate results of FITs for individuals
younger than 30 years, in whom positive FIT results were not associated with higher ACRN
detection. D’Souza et al. suggested that a lower FIT threshold could lead to substantially
greater screening required for CRC detection [22]. With the cutoff adjusted from 150 µg/g
to a detection limit of 2 µg/g of feces, the number of screenings necessary for the detection
of one CRC case increased from 8.8 to 23.8 for individuals aged ≥ 50 years and increased
from 2.9 to 10.9 for individuals aged < 50 years. Although the PPV increased with a higher
threshold, the negative predictive value for CRC was 99% in both age groups for FIT
thresholds of 2, 10, or 150 µg/g of feces.

4. Discussion

CRC screening programs using either colonoscopy or fecal occult blood tests are useful
in lowering incidence and mortality [2,5,34,35]. FITs are the fecal occult blood test of choice
because of their superior diagnostic accuracy, convenience, and cost-effectiveness over stool
guaiac tests [36–38]. Although lowering the age for screening in response to the increasing
threat of EOCRC is reasonable, the optimal strategy for younger individuals is not fully
understood. Compared with individuals aged 50 years or older, younger individuals
have a lower absolute prevalence of ACRN and CRC [1,6,7,14], which might make FITs an
attractive option because of their lower cost and higher accessibility. Therefore, a rigorous
evaluation of the diagnostic efficacy of FITs would be beneficial to determining the optimal
EOCRC screening and prevention approach.

In this study, positive FIT results indicated a significantly higher risk of ACRN and
CRC for people aged 40–49 years. Although the PPV of FITs in this population was lower
than that of older individuals, the negative predictive value for CRC was sufficiently high
in both age groups to be considered a first-line screening tool. In most studies with healthy
participants, sensitivity to ACRN is less than 30% and is even lower for smaller colorectal
adenomas. However, this lower sensitivity can be overcome with periodic checkups, similar
to screening for average-risk individuals. FITs have lower financial and staff requirements
than colonoscopies. Because of the lower absolute incidence of CRC in younger individuals,
FITs may be a reasonable modality, with a balance between efficacy and cost.

Considering the appropriate timing and possible high-risk candidates for FIT screening
for EOCRC is essential. Although guidelines recommend a screening age of 45 years, the
subgroup analysis in our study revealed that individuals aged 45–49 years with positive
FIT results have a lower risk of CRC than individuals aged 50–59 years with positive FIT
results. However, the pooled analysis demonstrated that ACRN incidence might be similar
in both age groups with positive FIT results, despite significant statistical heterogeneity.
This result might be explained by differences in ethnicity in the younger age group. In this
analysis, the outlier study (Levin et al.) [30] only included African American individuals in
the 45–49 year-old group, and the other three studies included Asian individuals. African
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American individuals may have higher CRC incidence and mortality because of lower
accessibility to screening programs [39,40]. Being a noninvasive test, the FIT has the
potential as a complementary component with colonoscopy in screening programs.

Additional cost-effectiveness and risk stratification studies are warranted. Our study
suggests that a universal FIT-based screening strategy for individuals aged 40–49 years may
have a lower yield than the screening of average-risk individuals. To improve diagnostic
yielding, the incorporation of other risk factors before enrollment in screening may be
helpful. Multiple EOCRC risk factors such as Westernized diets, stress, antibiotic use, a
sedentary lifestyle, and first-degree family history [41] have been identified, but few have
been incorporated into screening considerations. Yeh et al. [27] suggested that metabolic
syndrome and fatty liver disease are key risk factors for ACRN in younger individuals who
receive FITs. Moreover, Levin et al. [30] is the only included study focused on African Amer-
ican individuals, and they found the screening yield was similar among ages 45–50 years
African Americans and age 51–56 whites, Hispanics, and Asian-Pacific islanders. This
finding implies race may be an important consideration for EOCRC screening. These
factors, and other modifiable factors such as tobacco use and obesity, should be further
evaluated in subsequent studies and considered as targets for screening and intervention.

This study has several strengths. First, it is a systematic review with integrated analysis
from up-to-date cohort studies of FIT screening for younger individuals. Moreover, the
meta-analyses provides an accurate estimation of the diagnostic efficacy of FIT in these
population. Second, the differences related to the age and characteristics of the participants
were analyzed. However, this review has several limitations. First, the earliest age for
FIT screening in most studies was 40 years; thus, the results cannot be extrapolated to
individuals aged younger than 40 years. Among three studies included individuals aged
younger than 40 years, the median age of the younger group was 44 years in D’Souza et al.
(NICE FIT study) [22], whereas Symonds et al. and Pin-Vieito et al. did not mention the
age demographics of the younger age group [29,31]. Because of the inaccuracy of FITs
and the considerably lower incidence of CRC in the younger group, identifying a novel
modality may be necessary for the prevention of EOCRC in patients aged younger than
40 years. Second, the heterogeneity in this study was high for a meta-analysis. However,
most pooled estimates remained robust after sensitivity analysis. Hence we considered a
meta-analysis using this study to be convincing. Third, low-risk colorectal adenomas and
sessile serrated lesions were not comprehensively reported on in many included studies,
and the impact of polyp numbers and sidedness have not been explored by included
studies, preventing further meticulous analysis. FIT is associated with lower sensitivity
for right-sided lesions for average-risk individuals in previous studies [42,43]. The low
sensitivity in FITs has also been reported for sessile serrated lesions [44] which represent up
to one-fifth of CRCs [45]. However, the role of sessile serrated lesions in EOCRCs remains
unclear. Last but not least, we could not suggest an optimal FIT cutoff value in the younger
group because of the scarcity of data. Despite the outcomes regarding ACRN and CRC that
may be adequate for judgement of the performance of FIT, future studies are necessary to
clarity the above questions.

This systematic review and meta-analysis indicated that FITs may be a useful tool for
the detection of ACRN in individuals aged 40–49 years and should be considered for use as
a first-line screening tool from 45 years. Studies addressing cost-effectiveness and special
risk factors are warranted to determine the optimal EOCRC screening tool choice.

5. Summary and Conclusions

The detection rate of ACRN and CRC based on FITs in individuals aged 40–49 years is
acceptable, and the yield of ACRN might be similar between individuals aged 45–49 and
50–59 years. Further comparative and cost-effective analysis of colonoscopies is mandatory
to guide its use in EOCRC screening.



Cancers 2023, 15, 3006 9 of 11

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers15113006/s1, File S1: The search strategy by advanced search
on PubMed and other databases; File S2: PRISMA 2020 checklist; Figure S1: Pooled OR of ACRN
of younger individuals with positive fecal immunochemical test (FIT) results (YPF) versus that of
average risk individuals with positive FIT results (APF); Figure S2: Sensitivity analysis of pooled
OR of ACRN of younger individuals with positive FIT results (YPF) versus that of average-risk
individuals with positive FIT results (APF); Figure S3: Pooled OR of CRC of younger individuals
with positive FIT results (YPF) versus that of average risk individuals with positive FIT results (ARF);
Figure S4: Pooled OR of colorectal neoplasia (CRN) of younger individuals with positive FIT results
(YPF) versus that of average risk individuals with positive FIT results (ARF); Figure S5: Sensitivity
analysis of pooled OR of ACRN of individuals with positive fecal immunochemical test results aged
45–49 versus 50–59 years; Table S1: Risk of bias assessment by Newcastle–Ottawa Scale for included
studies; Table S2: Sensitivity, specificity, and positive and negative predictive value of advanced
colorectal neoplasia (ACRN) by cutoff of fecal immunochemical test in each age group; Table S3:
Sensitivity, specificity, and positive and negative predictive value of colorectal cancer (CRC) by cutoff
of fecal immunochemical test in each age group.

Author Contributions: J.-H.Y. performed the database search, article review, statistical analysis,
and manuscript writing. Y.-C.L. (Yi-Chia Lee) was responsible for the article review, and provide
recommendations for manuscript writing and revision. C.-H.T. was also responsible for database
search and data curation. W.-L.W. was responsible to assess the risks of bias. C.-I.C. helped refine and
validate statistical analysis. Y.-P.L. helped manuscript revision. Y.-C.L. (Yu-Ching Lin) contributed to
study design and provided insights for subgroup/sensitivity analysis. J.-Y.W. was responsible for
study design and supervision, organized the funding resources and revised the manuscript critically.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by grants from the Ministry of Science and Technology (MOST
109-2314-B-037-046-MY3, MOST 111-2314-B-037-070-MY3, MOST 111-2314-B-037-049) and the Min-
istry of Health and Welfare (12D1-IVMOHW02) and funded by the Health and Welfare Surcharge
on tobacco products, Kaohsiung Medical University Hospital (KMUH111-1R31, KMUH111-1R32,
KMUH111-1M28, KMUH111-1M29, KMUH111-1M31), and Kaohsiung Medical University Research
Center Grant (KMU-TC112A04). In addition, this study was supported by a grant from the Taiwan
Precision Medicine Initiative and Taiwan Biobank, Academia Sinica, Taiwan, ROC. This work was
also supported by grants from E-Da Hospital (EDAHS111013 and EDDHP112001).

Conflicts of Interest: The authors declare no conflict of interests.

References
1. Arnold, M.; Sierra, M.S.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global patterns and trends in colorectal cancer

incidence and mortality. Gut 2017, 66, 683. [CrossRef] [PubMed]
2. Cardoso, R.; Guo, F.; Heisser, T.; Hackl, M.; Ihle, P.; De Schutter, H.; Van Damme, N.; Valerianova, Z.; Atanasov, T.; Májek, O.; et al.

Colorectal cancer incidence, mortality, and stage distribution in European countries in the colorectal cancer screening era: An
international population-based study. Lancet Oncol. 2021, 22, 1002–1013. [CrossRef] [PubMed]

3. Wong, M.C.S.; Huang, J.; Lok, V.; Wang, J.; Fung, F.; Ding, H.; Zheng, Z.-J. Differences in Incidence and Mortality Trends of
Colorectal Cancer Worldwide Based on Sex, Age, and Anatomic Location. Clin. Gastroenterol. Hepatol. 2021, 19, 955–966.e961.
[CrossRef] [PubMed]

4. Gini, A.; Jansen, E.E.L.; Zielonke, N.; Meester, R.G.S.; Senore, C.; Anttila, A.; Segnan, N.; Mlakar, D.N.; de Koning, H.J.;
Lansdorp-Vogelaar, I.; et al. Impact of colorectal cancer screening on cancer-specific mortality in Europe: A systematic review.
Eur. J. Cancer 2020, 127, 224–235. [CrossRef]

5. Levin, T.R.; Corley, D.A.; Jensen, C.D.; Schottinger, J.E.; Quinn, V.P.; Zauber, A.G.; Lee, J.K.; Zhao, W.K.; Udaltsova, N.; Ghai, N.R.;
et al. Effects of Organized Colorectal Cancer Screening on Cancer Incidence and Mortality in a Large Community-Based
Population. Gastroenterology 2018, 155, 1383–1391.e5. [CrossRef]

6. Siegel, R.L.; Fedewa, S.A.; Anderson, W.F.; Miller, K.D.; Ma, J.; Rosenberg, P.S.; Jemal, A. Colorectal Cancer Incidence Patterns in
the United States, 1974–2013. JNCI J. Natl. Cancer Inst. 2017, 109, djw322. [CrossRef]

7. Bhandari, A.; Woodhouse, M.; Gupta, S. Colorectal cancer is a leading cause of cancer incidence and mortality among adults
younger than 50 years in the USA: A SEER-based analysis with comparison to other young-onset cancers. J. Investig. Med. 2017,
65, 311–315. [CrossRef]

8. Siegel, R.L.; Medhanie, G.A.; Fedewa, S.A.; Jemal, A. State variation in early-onset colorectal cancer in the United States, 1995–2015.
JNCI J. Natl. Cancer Inst. 2019, 111, 1104–1106. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers15113006/s1
https://www.mdpi.com/article/10.3390/cancers15113006/s1
https://doi.org/10.1136/gutjnl-2015-310912
https://www.ncbi.nlm.nih.gov/pubmed/26818619
https://doi.org/10.1016/S1470-2045(21)00199-6
https://www.ncbi.nlm.nih.gov/pubmed/34048685
https://doi.org/10.1016/j.cgh.2020.02.026
https://www.ncbi.nlm.nih.gov/pubmed/32088300
https://doi.org/10.1016/j.ejca.2019.12.014
https://doi.org/10.1053/j.gastro.2018.07.017
https://doi.org/10.1093/jnci/djw322
https://doi.org/10.1136/jim-2016-000229
https://doi.org/10.1093/jnci/djz098


Cancers 2023, 15, 3006 10 of 11

9. Sung, J.J.Y.; Chiu, H.-M.; Jung, K.-W.; Jun, J.K.; Sekiguchi, M.; Matsuda, T.; Kyaw, M.H. Increasing Trend in Young-Onset
Colorectal Cancer in Asia: More Cancers in Men and More Rectal Cancers. Off. J. Am. Coll. Gastroenterol. 2019, 114, 322–329.
[CrossRef]

10. Vuik, F.E.; Nieuwenburg, S.A.; Bardou, M.; Lansdorp-Vogelaar, I.; Dinis-Ribeiro, M.; Bento, M.J.; Zadnik, V.; Pellisé, M.; Esteban, L.;
Kaminski, M.F.; et al. Increasing incidence of colorectal cancer in young adults in Europe over the last 25 years. Gut 2019, 68,
1820–1826. [CrossRef]

11. Archambault, A.N.; Su, Y.R.; Jeon, J.; Thomas, M.; Lin, Y.; Conti, D.V.; Win, A.K.; Sakoda, L.C.; Lansdorp-Vogelaar, I.;
Peterse, E.F.P.; et al. Cumulative Burden of Colorectal Cancer-Associated Genetic Variants Is More Strongly Associated with
Early-Onset vs Late-Onset Cancer. Gastroenterology 2020, 158, 1274–1286.e1212. [CrossRef]

12. Pearlman, R.; Frankel, W.L.; Swanson, B.; Zhao, W.; Yilmaz, A.; Miller, K.; Bacher, J.; Bigley, C.; Nelsen, L.; Goodfellow, P.J.; et al.
Prevalence and Spectrum of Germline Cancer Susceptibility Gene Mutations among Patients with Early-Onset Colorectal Cancer.
JAMA Oncol. 2017, 3, 464–471. [CrossRef]

13. Stoffel, E.M.; Koeppe, E.; Everett, J.; Ulintz, P.; Kiel, M.; Osborne, J.; Williams, L.; Hanson, K.; Gruber, S.B.; Rozek, L.S. Germline
Genetic Features of Young Individuals with Colorectal Cancer. Gastroenterology 2018, 154, 897–905.e1. [CrossRef]

14. Connell, L.C.; Mota, J.M.; Braghiroli, M.I.; Hoff, P.M. The Rising Incidence of Younger Patients with Colorectal Cancer: Questions
About Screening, Biology, and Treatment. Curr. Treat. Options Oncol. 2017, 18, 23. [CrossRef]

15. US Preventive Services Task Force. Screening for Colorectal Cancer: US Preventive Services Task Force Recommendation
Statement. JAMA 2021, 325, 1965–1977. [CrossRef]

16. Patel, S.G.; May, F.P.; Anderson, J.C.; Burke, C.A.; Dominitz, J.A.; Gross, S.A.; Jacobson, B.C.; Shaukat, A.; Robertson, D.J. Updates
on Age to Start and Stop Colorectal Cancer Screening: Recommendations from the U.S. Multi-Society Task Force on Colorectal
Cancer. Gastroenterology 2022, 162, 285–299. [CrossRef]

17. Shaukat, A.; Kahi, C.J.; Burke, C.A.; Rabeneck, L.; Sauer, B.G.; Rex, D.K. ACG Clinical Guidelines: Colorectal Cancer Screening
2021. Off. J. Am. Coll. Gastroenterol. 2021, 116, 458–479. [CrossRef]

18. Wolf, A.M.D.; Fontham, E.T.H.; Church, T.R.; Flowers, C.R.; Guerra, C.E.; LaMonte, S.J.; Etzioni, R.; McKenna, M.T.;
Oeffinger, K.C.; Shih, Y.-C.T.; et al. Colorectal cancer screening for average-risk adults: 2018 guideline update from the American
Cancer Society. CA Cancer J. Clin. 2018, 68, 250–281. [CrossRef]

19. Chen, H.; Shi, J.; Lu, M.; Li, Y.; Du, L.; Liao, X.; Wei, D.; Dong, D.; Gao, Y.; Zhu, C.; et al. Comparison of Colonoscopy, Fecal
Immunochemical Test, and Risk-Adapted Approach in a Colorectal Cancer Screening Trial (TARGET-C). Clin. Gastroenterol.
Hepatol. 2023, 21, 808–818. [CrossRef]

20. Zhong, G.-C.; Sun, W.-P.; Wan, L.; Hu, J.-J.; Hao, F.-B. Efficacy and cost-effectiveness of fecal immunochemical test versus
colonoscopy in colorectal cancer screening: A systematic review and meta-analysis. Gastrointest. Endosc. 2020, 91, 684–697.e615.
[CrossRef]

21. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ (Clin. Res. Ed.)
2021, 372, n71. [CrossRef]

22. D’Souza, N.; Monahan, K.; Benton, S.C.; Wilde, L.; Abulafi, M. Finding the needle in the haystack: The diagnostic accuracy of the
faecal immunochemical test for colorectal cancer in younger symptomatic patients. Color. Dis. Off. J. Assoc. Coloproctology Great Br.
Irel. 2021, 23, 2539–2549. [CrossRef] [PubMed]

23. Morikawa, T.; Kato, J.; Yamaji, Y.; Wada, R.; Mitsushima, T.; Sakaguchi, K.; Shiratori, Y. Sensitivity of immunochemical fecal occult
blood test to small colorectal adenomas. Am. J. Gastroenterol. 2007, 102, 2259–2264. [CrossRef] [PubMed]

24. Chen, Y.Y.; Chen, T.H.; Su, M.Y.; Ning, H.C.; Kuo, C.J.; Lin, W.P.; Ho, Y.P.; Lin, C.J.; Hsu, C.M.; Chiu, C.T.; et al. Accuracy of
immunochemical fecal occult blood test for detecting colorectal neoplasms in individuals undergoing health check-ups. Adv. Dig.
Med. 2014, 1, 74–79. [CrossRef]

25. Chen, C.H.; Tsai, M.K.; Wen, C.P. Extending Colorectal Cancer Screening to Persons Aged 40 to 49 Years with Immunochemical
Fecal Occult Blood Test: A Prospective Cohort Study of 513,283 Individuals. J. Clin. Gastroenterol. 2016, 50, 761–768. [CrossRef]

26. Jung, Y.S.; Park, C.H.; Kim, N.H.; Park, J.H.; Park, D.I.; Sohn, C.I. Colorectal cancer screening with the fecal immunochemical test
in persons aged 30 to 49 years: Focusing on the age for commencing screening. Gastrointest. Endosc. 2017, 86, 892–899. [CrossRef]

27. Yeh, J.H.; Lin, C.W.; Wang, W.L.; Lee, C.T.; Chen, J.C.; Hsu, C.C.; Wang, J.Y. Positive Fecal Immunochemical Test Strongly Predicts
Adenomas in Younger Adults with Fatty Liver and Metabolic Syndrome. Clin. Transl. Gastroenterol. 2021, 12, e00305. [CrossRef]

28. Nakama, H.; Zhang, B.; Zhang, X.; Fukazawa, K. Age-related cancer detection rate and costs for one cancer detected in one
screening by immunochemical fecal occult blood test. Dis. Colon Rectum 2001, 44, 1696–1699. [CrossRef]

29. Symonds, E.L.; Osborne, J.M.; Cole, S.R.; Bampton, P.A.; Fraser, R.J.; Young, G.P. Factors affecting faecal immunochemical test
positive rates: Demographic, pathological, behavioural and environmental variables. J. Med. Screen. 2015, 22, 187–193. [CrossRef]

30. Levin, T.R.; Jensen, C.D.; Chawla, N.M.; Sakoda, L.C.; Lee, J.K.; Zhao, W.K.; Landau, M.A.; Herm, A.; Eby, E.; Quesenberry, C.P.;
et al. Early Screening of African Americans (45–50 Years Old) in a Fecal Immunochemical Test–Based Colorectal Cancer Screening
Program. Gastroenterology 2020, 159, 1695–1704.e1691. [CrossRef]

31. Pin-Vieito, N.; García Nimo, L.; Bujanda, L.; Román Alonso, B.; Gutierrez-Stampa, M.; Aguilar-Gama, V.; Portillo, I.; Cubiella, J.
Optimal diagnostic accuracy of quantitative faecal immunochemical test positivity thresholds for colorectal cancer detection in
primary health care: A community-based cohort study. United Eur. Gastroenterol. J. 2021, 9, 256–267. [CrossRef]

https://doi.org/10.14309/ajg.0000000000000133
https://doi.org/10.1136/gutjnl-2018-317592
https://doi.org/10.1053/j.gastro.2019.12.012
https://doi.org/10.1001/jamaoncol.2016.5194
https://doi.org/10.1053/j.gastro.2017.11.004
https://doi.org/10.1007/s11864-017-0463-3
https://doi.org/10.1001/jama.2021.6238
https://doi.org/10.1053/j.gastro.2021.10.007
https://doi.org/10.14309/ajg.0000000000001122
https://doi.org/10.3322/caac.21457
https://doi.org/10.1016/j.cgh.2022.08.003
https://doi.org/10.1016/j.gie.2019.11.035
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1111/codi.15786
https://www.ncbi.nlm.nih.gov/pubmed/34240526
https://doi.org/10.1111/j.1572-0241.2007.01404.x
https://www.ncbi.nlm.nih.gov/pubmed/17617203
https://doi.org/10.1016/j.aidm.2013.09.003
https://doi.org/10.1097/MCG.0000000000000495
https://doi.org/10.1016/j.gie.2017.03.1531
https://doi.org/10.14309/ctg.0000000000000305
https://doi.org/10.1007/BF02234392
https://doi.org/10.1177/0969141315584783
https://doi.org/10.1053/j.gastro.2020.07.011
https://doi.org/10.1177/2050640620949714


Cancers 2023, 15, 3006 11 of 11

32. Butterly, L.F.; Siegel, R.L.; Fedewa, S.; Robinson, C.M.; Jemal, A.; Anderson, J.C. Colonoscopy outcomes in average-risk screening
equivalent young adults: Data from the New Hampshire Colonoscopy Registry. Off. J. Am. Coll. Gastroenterol. 2021, 116, 171–179.
[CrossRef]

33. Knudsen, A.; Rutter, C.; Peterse, E. Colorectal Cancer Screening: A Decision Analysis for the US Preventive Services Task Force; Technical
Report, No. 202s; Agency for Healthcare Research and Quality: Rockville, MD, USA, 2021.

34. Doubeni, C.A.; Corley, D.A.; Quinn, V.P.; Jensen, C.D.; Zauber, A.G.; Goodman, M.; Johnson, J.R.; Mehta, S.J.; Becerra, T.A.;
Zhao, W.K. Effectiveness of screening colonoscopy in reducing the risk of death from right and left colon cancer: A large
community-based study. Gut 2018, 67, 291–298. [CrossRef]

35. Guo, F.; Chen, C.; Holleczek, B.; Schöttker, B.; Hoffmeister, M.; Brenner, H. Strong reduction of colorectal cancer incidence and
mortality after screening colonoscopy: Prospective cohort study from Germany. Off. J. Am. Coll. Gastroenterol. 2021, 116, 967–975.
[CrossRef]

36. Grobbee, E.J.; Wisse, P.H.A.; Schreuders, E.H.; van Roon, A.; van Dam, L.; Zauber, A.G.; Lansdorp-Vogelaar, I.; Bramer, W.;
Berhane, S.; Deeks, J.J.; et al. Guaiac-based faecal occult blood tests versus faecal immunochemical tests for colorectal cancer
screening in average-risk individuals. Cochrane Database Syst. Rev. 2022. [CrossRef]

37. Meklin, J.; Syrjänen, K.; Eskelinen, M. Fecal Occult Blood Tests in Colorectal Cancer Screening: Systematic Review and Meta-
analysis of Traditional and New-generation Fecal Immunochemical Tests. Anticancer Res. 2020, 40, 3591–3604. [CrossRef]

38. Murphy, J.; Halloran, S.; Gray, A. Cost-effectiveness of the faecal immunochemical test at a range of positivity thresholds
compared with the guaiac faecal occult blood test in the NHS Bowel Cancer Screening Programme in England. BMJ Open 2017,
7, e017186. [CrossRef]

39. Lansdorp-Vogelaar, I.; Kuntz, K.M.; Knudsen, A.B.; van Ballegooijen, M.; Zauber, A.G.; Jemal, A. Contribution of screening and
survival differences to racial disparities in colorectal cancer rates. Cancer Epidemiol. Biomark. Prev. 2012, 21, 728–736. [CrossRef]

40. Brawley, O.W. Colorectal cancer control: Providing adequate care to those who need it. J. Natl. Cancer Inst. 2014, 106, dju075.
[CrossRef]

41. Hofseth, L.J.; Hebert, J.R.; Chanda, A.; Chen, H.; Love, B.L.; Pena, M.M.; Murphy, E.A.; Sajish, M.; Sheth, A.; Buckhaults, P.J.; et al.
Early-onset colorectal cancer: Initial clues and current views. Nat. Rev. Gastroenterol. Hepatol. 2020, 17, 352–364. [CrossRef]

42. Haug, U.; Kuntz, K.M.; Knudsen, A.B.; Hundt, S.; Brenner, H. Sensitivity of immunochemical faecal occult blood testing for
detecting left- vs right-sided colorectal neoplasia. Br. J. Cancer 2011, 104, 1779–1785. [CrossRef] [PubMed]

43. Tran, T.N.; Peeters, M.; Hoeck, S.; Van Hal, G.; Janssens, S.; De Schutter, H. Optimizing the colorectal cancer screening programme
using faecal immunochemical test (FIT) in Flanders, Belgium from the “interval cancer” perspective. Br. J. Cancer 2022, 126,
1091–1099. [CrossRef] [PubMed]

44. Chang, L.-C.; Shun, C.-T.; Hsu, W.-F.; Tu, C.-H.; Tsai, P.-Y.; Lin, B.-R.; Liang, J.-T.; Wu, M.-S.; Chiu, H.-M. Fecal immunochemical
test detects sessile serrated adenomas and polyps with a low level of sensitivity. Clin. Gastroenterol. Hepatol. 2017, 15, 872–879.e871.
[CrossRef] [PubMed]

45. Nakanishi, Y.; Diaz-Meco, M.T.; Moscat, J. Serrated colorectal cancer: The road less travelled? Trends Cancer 2019, 5, 742–754.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.14309/ajg.0000000000000820
https://doi.org/10.1136/gutjnl-2016-312712
https://doi.org/10.14309/ajg.0000000000001146
https://doi.org/10.1002/14651858.CD009276.pub2
https://doi.org/10.21873/anticanres.14349
https://doi.org/10.1136/bmjopen-2017-017186
https://doi.org/10.1158/1055-9965.EPI-12-0023
https://doi.org/10.1093/jnci/dju075
https://doi.org/10.1038/s41575-019-0253-4
https://doi.org/10.1038/bjc.2011.160
https://www.ncbi.nlm.nih.gov/pubmed/21559011
https://doi.org/10.1038/s41416-021-01694-2
https://www.ncbi.nlm.nih.gov/pubmed/35022524
https://doi.org/10.1016/j.cgh.2016.07.029
https://www.ncbi.nlm.nih.gov/pubmed/27498176
https://doi.org/10.1016/j.trecan.2019.09.004

	Introduction 
	Methods 
	Search Strategy 
	Selection Criteria and Data Extraction 
	Outcome Assessment 
	Statistical Analysis 
	Sensitivity Analysis and Risk of Bias Assessment 

	Results 
	Baseline Characteristics of the Included Studies and Patients 
	Risk of Colorectal Neoplasia by Age and FIT Results 
	Colorectal Neoplasia Risk by FIT in Individuals Aged 45–49 and 50–59 Years 
	Performance of FIT by Age, Lesion Type, and Cutoff Value 

	Discussion 
	Summary and Conclusions 
	References

