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Fecal Immunochemical Test to Detect Colorectal
Neoplasia in Lynch Syndrome: A Prospective
Multicenter Study

Elsa L.S.A. van Liere, MD'?2, Nanne K.H. de Boer, MD, PhD?, Monique E. van Leerdam, MD, PhD34, Evelien Dekker, MD, PhD'25,
Maarten A.J.M. Jacobs, MD, PhD!, Jan Jacob Koornstra, MD, PhD®, Johan P. Kuijvenhoven, MD, PhD’, Margriet Lemmens, MD, PhDg,
Gerrit A. Meijer, MD, PhD®, Manon C.W. Spaander, MD, PhD?, Beatriz Carvalho, PhD® and Dewkoemar Ramsoekh, MD, PhD!2

COLON

INTRODUCTION: Colonoscopy surveillance for Lynch syndrome is burdensome and postcolonoscopy colorectal cancers
(CRCs) still occur. The noninvasive fecal immunochemical test (FIT) might guide optimal colonoscopy
intervals.

METHODS: Prospective, multicenter observational study in which individuals with Lynch syndrome performed
a quantitative FIT before high-quality surveillance colonoscopy. Diagnostic performance of FIT at
various thresholds <20 ug Hb/g feces was assessed for relevant neoplasia, including advanced
neoplasia (CRC, advanced adenomas [AAs] and advanced serrated lesions [ASLs]) and non-advanced
adenomas (NAAs).

Fecal immunochemical test for surveillance in Lynch syndrome
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RESULTS:

DISCUSSION:

FIT for Lynch syndrome

Of the 217 included individuals (59% female, median age 51 years), 4 had CRC, 5 AA, 4 ASL, and 57
NAA as most relevant neoplasia. The lowest FIT positivity threshold (2.5 g Hb/g feces, 14% positivity
rate) maximized detection: 4/4 CRCs, 4/5 AA, 1/4 ASL, and 9/57 NAA were detected, resulting in

a sensitivity and negative predictive value of, respectively, 89% and 99% for CRC plus AA, 69% and
97% for advanced neoplasia, and 26% and 72% for all relevant neoplasia (91% specificity for all
groups). At equal sensitivity and negative predictive value, specificity foradvanced neoplasia optimized
t094% at threshold 4.1 pg/g. Per 100 FITs at threshold 4.1 pg/g, 11 individuals would test positive and
thus proceed to colonoscopy, 2 individuals with advanced neoplasia would be missed and 3 individuals
would need colonoscopy to detect 1 advanced neoplasia.

FIT at thresholds <4.1 pg Hb/g feces may be a promising strategy to postpone colonoscopy in
approximately 9 of 10 individuals with Lynch syndrome. Large validation studies that also provide gene

variant-specific outcomes should be prioritized.

KEYWORDS: Lynch syndrome; colorectal cancer; surveillance; biomarkers; fecal immunochemical test
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INTRODUCTION

Affecting an estimated 1 in 279 individuals in the general pop-
ulation, Lynch syndrome is the most common inherited co-
lorectal cancer (CRC) predisposition syndrome (1). Individuals
with Lynch syndrome have an increased lifetime risk for CRC,
ranging from 15% to 70% between the different germline mis-
match repair gene variants (2). In this population, CRC in-
cidence and mortality have reduced substantially through early
detection of CRC and removal of precancerous adenomas,
by means of biennial colonoscopy surveillance from age
25 years (2,3).

However, colonoscopy surveillance also poses several limi-
tations. First, individuals with Lynch syndrome experience the
regular and lifelong colonoscopies and required bowel prepara-
tion as time-consuming, burdensome, and detrimental to their
quality of life (4,5). These barriers, among others, also lead to
a concerning lack of adherence to timely surveillance; as many as
28% of individuals demonstrate delayed surveillance, which sig-
nificantly undermines the effectiveness of the surveillance pro-
gram (5-7). Another limitation is that colonoscopies are invasive,
with a small risk for serious complications. Moreover, the pro-
cedures are costly and resource-intensive, therefore putting
pressure on healthcare systems (8). All these limitations are fur-
ther compounded by the fact that ~70% of performed colonos-
copies for Lynch syndrome do not reveal neoplasia requiring
removal (9,10), thus were “unnecessary” in retrospect. Hence, it
would be valuable to reduce the number of colonoscopies in those
individuals unlikely to benefit from colonoscopy. On the other
hand, some individuals may benefit from a shorter colonoscopy
interval because postcolonoscopy CRC:s still occur (11).

In this context, noninvasive biomarkers might predict the
presence of colorectal neoplasia and therefore select individuals
for colonoscopy. A potential diagnostic biomarker test for CRC
and advanced adenomas in Lynch syndrome is the fecal im-
munochemical test (FIT), a high-throughput, low-cost, and
patient-friendly test which has been extensively studied in other
populations and implemented in many CRC screening pro-
grams worldwide (12,13). In individuals at increased risk of
CRG, FIT has shown high sensitivity for CRC—particularly with
thresholds =20 pg Hb/g feces—as well as for advanced

adenomas on thresholds =4 g Hb/g feces (14-16). Despite the
routine use of FIT in other populations, the role of FIT for Lynch
syndrome has not yet been determined.

Therefore, we designed a prospective multicenter observa-
tional study to evaluate diagnostic performance of FIT for CRC
and precancerous lesions at different positivity thresholds in
Lynch syndrome.

METHODS

Study design

This prospective multicenter observational study was performed
from February 2021 to February 2023 at 5 hospitals across the
Netherlands—3 academic hospitals (Amsterdam University
Medical Center, Erasmus University Medical Center, University
Medical Center Groningen), 1 comprehensive cancer center
(Netherlands Cancer Institute), and 1 general hospital (Spaarne
Gasthuis). The study was approved by the Research Ethical
Committee of Amsterdam UMC (2020.317), and by local ethical
committees of the other participating centers, and was registered
at the WHO International Clinical Trials Registry Platform
(NL8749). Written informed consent was obtained from all study
participants.

Study participants and sample collection
We invited consecutive individuals with a pathogenic germline
variant in one of the mismatch repair genes or EPCAM, who were
scheduled for surveillance colonoscopy. In the Netherlands,
colonoscopy surveillance for Lynch syndrome starts at age
25 years (independent of gene variant) and is generally performed
every 2 years, with some exceptions at 1-year intervals. The Dutch
guideline for Lynch syndrome does not recommend chemo-
prevention by means of aspirin (an agent that could have skewed
FIT results). Individuals who had a history of bowel resection
could be included in our study, except for (sub)total colectomy.
Individuals participating in our study were asked to perform
a FIT in the 3 months before surveillance colonoscopy. FIT was
performed before bowel preparation using the “FecesCatcher” (TAG
Hemi, Zeijen, the Netherlands), which eases sample collection and
prevents contamination from urine and toilet water. FITs were
collected alongside fecal samples for another study, and therefore
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stored in participant’s own freezer, within 1 hour after stool collec-
tion. Subsequently, samples were transported to the hospital either
by the participant using cooling gel packs (200 X 282 mm seg-
mented; De Ridder Packaging, Assendelft, the Netherlands) or by
aresearcher using dry ice. On arrival at the hospital, FITs were stored
at —20 °C until further analysis. Although freezing FIT is not
a standard approach in other studies and CRC screening programs,
we previously observed that hemoglobin levels measured by FIT
were not affected by freeze-thaw cycles (17).

Individuals were excluded if during surveillance colonoscopy the
cecum landmarks or ileocolic anastomosis were not identified,
the Boston Bowel Preparation Score was not =2 in each segment, the
endoscopist observed inflammation or infection (e.g,, diverticulitis or
active inflammatory bowel disease), or polypectomy was performed,
but no histopathology report was available. Other exclusion criteria
were bowel preparation within 7 days before sample collection or
insufficient fecal sample for analysis.

Colonoscopy and histopathology

Colonoscopies were either performed or supervised by consultant
gastroenterologists, who had performed more than 2,000 colo-
noscopies. In line with the European Society of Gastrointestinal
Endoscopy guideline for endoscopic management of Lynch syn-
drome, colonoscopies were performed using high-definition white
light endoscopy, with additional use of advanced imaging techni-
ques at the discretion of the endoscopist (2). Following the Euro-
pean Society of Gastrointestinal Endoscopy quality measures,
minimum withdrawal time was 6 minutes (18). Except from ob-
vious hyperplastic lesions =5 mm in the rectosigmoid (19), all
detected neoplasia were resected using standard polypectomy
techniques. Histopathology was evaluated by experienced gastro-
intestinal pathologists and was reported according to the Vienna
classification of gastrointestinal neoplasia (20). Serrated lesions
were classified according to the 2019 World Health Organization
criteria as sessile serrated lesion (SSL, with or without dysplasia),
traditional serrated adenoma, or hyperplastic polyp (21).

FIT analysis

Similar to the Dutch population-based CRC screening program, we
used the SENTIFIT—fecal occult blood (FOB) gold test (Sentinel
Diagnostics, Milan, Italy) for quantitative fecal hemoglobin anal-
ysis. FITs were analyzed in 4 batches after a median storage of

340 days (interquartile range [IQR] 169-432) and with no differ-
ence in positivity rates between batches (P = 0.691), using an
automatic analyzer (SENTiFIT 270; Sentinel Diagnostics)
according to manufacturer’s protocols. The analyzer was cali-
brated, and checked for quality control at the beginning of each
batch analysis, and had a lower limit of quantitation of 2.5 g Hb/g
feces and a lower limit of detection of 1.8 g Hb/g feces. Laboratory
personnel was blinded with respect to colonoscopy results.

Definitions and outcomes
Individuals were classified by their most relevant neoplasia at
colonoscopy. Relevant neoplasia included CRC, advanced ade-
noma (defined as adenomas =10 mm, with (tubulo)villous his-
tology or showing high-grade dysplasia (22)), advanced serrated
lesion (defined as serrated lesions =10 mm or showing dysplasia
(23)), or non-advanced adenoma. Individuals with non-advanced
serrated lesions only, along with those having no colorectal lesions,
were deemed as controls, because recent research showed that they
have a negligible risk for metachronous CRC within the 3 years
after colonoscopy (24). Neoplasia size, location, and the Paris
classification for morphology were retrieved from the endoscopy
report; neoplasia located in the cecum, ascending colon and
transverse colon, were classified as proximal, whereas neoplasia in
the splenic flexure, descending colon, sigmoid, and rectum as distal.
Diagnostic performance of FIT was evaluated at different
positivity thresholds—ranging between the lower limit of quan-
titation and the 20 g Hb/g feces threshold which is used in most
CRC screening programs worldwide (12,13)—and for different
outcome measures: all relevant neoplasia (CRC, advanced ser-
rated lesions, all adenomas), advanced neoplasia (CRC, advanced
adenomas, advanced serrated lesions), and CRC plus advanced
adenomas.

Statistical analysis
Data were presented as medians with IQRs or as numbers
with percentages. Differences in baseline demographics be-
tween the neoplasia and control group were assessed using the
Mann-Whitney U test for continuous variables and the x? or
Fisher exact test (in case =20% of cells had expected counts
less than 5) for categorical variables.

Using IBM SPSS Statistics version 28, diagnostic performance
of FIT was calculated in terms of sensitivity, specificity, negative

Eligible: n=239

Included: n=217

Excluded: n=22

- Non-pathogenic germline mismatch repair gene variant (n=2)

- Insufficient sample for analysis (n=3)

- Date sample collection unknown (n=3)

- Sample collected after bowel preparation (n=1)

- Colonoscopy not performed within three months following sample collection (n=9)
- Boston Bowel Preparation Score was not 22 in each segment (n=1)

- Inflammation or infection during colonoscopy (n=2)

- No histopathology report after polypectomy (n=1)

Center 1 n=92
Center 2 n=55
Center 3 n=36
Center 4 n=23
Center 5 n=11

Figure 1. Flowchart showing the selection of the study population.
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Table 1. Patient characteristics, n (%) or median (IQR)

Relevant
neoplasia Controls
(n =70) (n=147) Pvalue
Male 38 (54) 51 (35) 0.01
Age, years 60 (42-68) 49 (40-57) 0.02
Pathogenic variant 0.47
MLHI 10 (14) 25(17)
MSH2 21 (30) 31 (21)
MSH6 18 (26) 52 (35)
PMS2 20 (29) 36 (24)
EPCAM 1(1) 3(2)
History of colorectal cancer 14 (20) 19 (13) 0.18
History of bowel resection 0.41
No 56 (80) 129 (88)
Left hemicolectomy 2(3) 2(1)
Right hemicolectomy 9(13) 13(9)
Proctectomy or sigmoidectomy 3(4) 3(2)
No. of previous colonoscopies 0.14
0 10 (14) 10(7)
1 6(9) 20 (14)
2+ 54 (77) 117 (80)
Surveillance interval, mo 24 (18-29) 24 (23-27) 0.92
No. of relevant neoplasia at n.a. n.a.
study colonoscopy per patient
1 40 (57)
2 20 (29)
3 6(9)
4+ 4(6)
Most relevant neoplasia at n.a. n.a.
study colonoscopy
Colorectal cancer 4(6)
Advanced adenoma 5(7)
Advanced serrated lesion 4 (6)
Non-advanced adenoma 57 (81)

predictive value (NPV), positive predictive value (PPV), and the
area under the curve including the corresponding P value. Re-
ceiver operating characteristic analysis established the most ac-
curate threshold. Fagan’s nomogram in RStudio version 4.2.1
visualized the estimated probability that an individual has neo-
plasia following negative or positive FIT, with the neoplasia
prevalence being considered as the pretest probability (25). Fi-
nally, per 100 individuals tested by FIT at various thresholds, we
calculated the number of missed neoplasia and the number
needed to colonoscope—that is, the number of individuals un-
dergoing colonoscopy to detect at least 1 neoplasia, a simple in-
dicator of cost-effectiveness. Calculations were based on the
neoplasia prevalence as observed in our cohort, given that no
other data are available using our definition of relevant neoplasia
in Lynch syndrome.

FIT for Lynch syndrome

Patient and public involvement

The design and conduct of the study were established in col-
laboration with the Dutch Lynch Polyposis patient association.
Patient and public representatives of the Dutch Digestive
Foundation provided feedback during the grant application.
The results of this study will be shared to the public through
scientific conferences, press releases, and the Dutch Lynch
Polyposis patient association. The results will also be dissemi-
nated to individuals with Lynch syndrome that participated in
our study.

RESULTS

Patient characteristics

In total, 217 individuals were included in the study (Figure 1,
Table 1). Of the inclusions, 128 (59%) were female, median age
was 51 years (IQR 41-61), and 33 (15%) had a personal history of
CRC. Pathogenic germline variants in MSH6 were the most
common, followed by PMS2 and MSH2 variants, and then MLH1
and EPCAM variants. Most individuals (79%) had undergone at
least 2 colonoscopies before inclusion, with a median time since
last colonoscopy of 24 months (IQR 23-27). FITs were performed
a median of 7 days (IQR 4-14) before colonoscopy.

Neoplasia characteristics

Of the 217 individuals, 70 (32%) had relevant neoplasia at colo-
noscopy; the vast majority had no more than 2 relevant neoplasias
and the most advanced relevant neoplasia was CRC in 4/217 (1.8%;
all adenocarcinomas), advanced adenoma in 5/217 (2.3%;
all =10 mm with low-grade dysplasia), advanced serrated lesion in
4/217 (1.8%; 1 small SSL with dysplasia and 3 SSLs =10 mm
without dysplasia), and non-advanced adenoma in 57/217 (26.3%).
Of the 4 CRCs, 2 were stage I (1 distal pTINO and 1 proximal
pT2NO) and 2 were stage III (1 proximal cT2N1 and 1 proximal
cT3N1). The advanced serrated lesions and adenomas were located
in the proximal colon in 55% and had mostly sessile (56%) or flat
(26%) morphology; for further characteristics, see Supplementary
Table S1 (Supplementary Digital Content 1, http://links.lww.com/
AJG/D384). Compared with controls, individuals having relevant
neoplasia were older and more frequently of male sex (P value 0.02
and 0.01, respectively, Table 1); no other significant differences in
baseline characteristics were found.

The 13 advanced neoplasia were identified in 5/52 (9.6%)
MSH?2 carriers, 2/35 (5.7%) MLHI carriers, 3/56 (5.4%) PMS2
carriers, and 3/70 (4.3%) MSHG6 carriers; all 4 advanced serrated
lesions were found in PMS2 and MSH6 carriers. Of these 13
individuals, 8 (62%) were male, median age was 61 years (IQR
42-67), and 3 (23%) had a personal history of CRC and sub-
sequent right hemicolectomy. Regarding surveillance history, 4
individuals (31%) had not undergone any previous colonoscopy
whereas the other 9 individuals had, with a median time since last
colonoscopy of 28 months (IQR 21-60). Of the 4 CRCs, 2 were
found during the index colonoscopy whereas the other 2 were
postcolonoscopy CRCs after a delayed colonoscopy surveillance
interval of 61 and 73 months.

Fecal hemoglobin concentration

Fecal hemoglobin was detectable in 4/4 CRCs, 4/5 advanced ad-
enomas, 1/4 advanced serrated lesions, and 9/57 nonadvanced
adenomas. In these individuals, median hemoglobin concentra-
tion per gram feces was 240.3 pg (range 6.3-1,361.3) for those
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Table 2. Diagnostic accuracy of the fecal immunochemical test for all relevant neoplasia (CRC, advanced serrated lesions, all adenomas),
advanced neoplasia (CRC, advanced serrated lesions, advanced adenomas), and CRC plus advanced adenomas, at different thresholds for

a positive test in pg Hb/g feces

Sensitivity, % (95% CI)  Specificity, % (95% CI) NPV, % (95% Cl) PPV, % (95% Cl)  AUC (95% CI) Pvalue

Threshold 2.5
All relevant neoplasia 25.7 (16.3-37.8) 91.2 (85.1-95.0) 72.0(64.9-78.2) 58.1(39.3-74.9) 0.58(0.50-0.67)  0.039
Advanced neoplasia 69.2 (38.9-89.6) 91.2 (85.1-95.0) 97.1(92.3-99.1) 409 (21.5-63.3) 0.82(0.66-0.97) <0.001
CRC + advanced adenomas 88.9 (50.7-99.4) 91.2 (85.1-95.0) 99.3(95.3-100) 38.1(19.0-61.3) 0.92(0.80-1.00) <0.001

Threshold 4.1
All relevant neoplasia 21.4(12.9-33.2) 93.9 (88.4-97.0) 71.5(64.5-77.6) 62.5(40.8-80.4) 0.58(0.50-0.67)  0.039
Advanced neoplasia 69.2 (38.9-89.6) 93.9 (88.4-97.0) 97.2(92.5-99.1) 50.0(26.8-73.2) 0.82(0.66-0.97) <0.001
CRC + advanced adenomas 88.9 (50.7-99.4) 93.9 (88.4-97.0) 99.3 (95.5-100) 47.1(23.9-71.5) 0.92(0.80-1.00) <0.001

Threshold 20
All relevant neoplasia 7.1 (2.7-16.6) 97.3 (92.7-99.1) 68.8(61.9-74.9) b55.6(22.7-84.7) 0.58 (0.50-0.67)  0.039
Advanced neoplasia 38.5(15.1-67.7) 97.3(92.7-99.1) 94.7 (89.5-97.5) 55.6 (22.7-84.7)  0.82(0.66-0.97) <0.001
CRC + advanced adenomas 55.6 (22.7-84.7) 97.3(92.7-99.1) 97.3(92.7-99.1) 55.6 (22.7-84.7)  0.92 (0.80-1.00) <0.001

AUC, area under the curve; Cl, confidence interval; CRC, colorectal cancer; NPV, negative predictive value; PPV, positive predictive value.

with CRC, 18.6 pg (range 6.2-87.0) for those with an advanced
adenoma, 4.4 pg for the patient with an advanced serrated lesion,
and 5.9 pg (range 2.8-10.2) for those with a non-advanced ade-
noma. Owing to the low number of individuals in each neoplasia
group, we were not able to investigate whether hemoglobin
concentration varied statistically between groups.

Diagnostic accuracy: all relevant neoplasia

Using the lowest positivity threshold of 2.5 pg Hb/g feces, FIT
identified 4/4 CRCs, 4/5 advanced adenomas, 1/4 advanced ser-
rated lesions, and 9/57 non-advanced adenomas, resulting in
a26% sensitivity and 72% NPV (Table 2, Figure 2). Of note, 6/24
(25%) distally located and 3/33 (9%) proximally located non-
advanced adenomas were identified, respectively (P = 0.15). The
accuracy to detect any type of neoplasia did not improve on other
thresholds =20 wg Hb/g feces, with the 20 wg/g threshold spe-
cifically identifying only 3/4 CRCs, 2/5 advanced adenomas, 0/4
advanced serrated lesions, and 0/57 non-advanced adenomas,

Sensitivity
Sensitivity

corresponding to a 7% sensitivity and 69% NPV. For all thresh-
olds, the estimated probability of having relevant neoplasia after
negative FIT was more or less comparable to the pretest proba-
bility of 32%, in other words, a negative FIT does not change the
probability that an individual has relevant neoplasia (see Sup-
plementary Figure S1, Supplementary Digital Content 1, http://
links.Iww.com/AJG/D384).

Diagnostic accuracy: advanced neoplasia

When advanced neoplasia were the target lesions, the 2.5 pg Hb/g
feces threshold demonstrated 69% sensitivity, 91% specificity,
97% NPV, and 41% PPV. The most accurate threshold was found
tobe 4.1 g Hb/g feces: specificity and PPV improved to 94% and
50%, respectively, while not compromising sensitivity and NPV
(Table 2, Supplementary Figure S2, see Supplementary Digital
Content 1, http://links.lww.com/AJG/D384). Again, the 20 pg
Hb/g feces threshold showed poor diagnostic accuracy as sensi-
tivity was only 39% (NPV was 95%).

Sensitivity

AUC 0.82 AUC 0.92

00 02 04 06 08 10 00 02

1 - Specificity

1 - Specificity

06 08 10 00 02 04 06 08 10

1 - Specificity

Figure 2. Receiver operating characteristic curves showing the diagnostic accuracy of the fecal immunochemical test for (a) all relevant neoplasia; CRC,
advanced serrated lesions, all adenomas, (b) advanced neoplasia; CRC, advanced serrated lesions, advanced adenomas; and (c) CRC plus advanced

adenomas. AUC, area under the curve; CRC, colorectal cancer.
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Figure 3. Fagan’'s nomograms illustrating the pretest and post-test probability of colorectal cancer (CRC) and advanced adenomas (AA), following positive
(blue line) and negative (red line) fecal immunochemical test (FIT) at different thresholds. The gray line represents the situation when the post-test
probability remains unchanged. The figures show that a negative FITat thresholds < 4.1 g Hb/g feces decreases the estimated probability of CRC and AA
from 4% to 0.5%, while a positive FIT increases the probability of these neoplasia to 30% (2.5 pg/g threshold) or 38% (4.1 pg/g threshold). By contrast,
a negative FIT at 20 ng Hb/g feces decreases the probability of CRC and AA only to 2%. NLR, negative likelihood ratio; PLR, positive likelihood ratio.

Diagnostic accuracy: CRC and advanced adenomas

When CRC and advanced adenomas were the target lesions, the 2.5
p.g/g threshold showed 89% sensitivity, 91% specificity, 99% NPV,
and 38% PPV. Again, specificity and PPV improved at the 4.1 pug/g
threshold—to 94% and 47%, respectively—while not compro-
mising sensitivity and NPV (Table 2, Figure 3). By contrast, FIT at
20 pg/g showed a sensitivity of only 56% with a 97% NPV.

Outcomes per 100 individuals tested by FIT

Per 100 individuals with Lynch syndrome tested by FIT, a positive
test result would be obtained in 14 individuals (2.5 pg/g thresh-
old), 11 individuals (4.1 pg/g threshold), and 4 individuals
(20 pg/g threshold, Figure 4). The number of missed relevant
neoplasia would vary between 24 and 30 lesions depending on the
threshold used, while for all 3 thresholds the number of indi-
viduals undergoing colonoscopy to detect at least 1 relevant
neoplastic lesion would be 2. On the other hand, per 100 FITs,
only 2 individuals with an advanced adenoma or advanced ser-
rated lesion would be missed using either the 2.5 or 4.1 pg/g
threshold, with a number needed to scope of 4 individuals or 3
individuals for the 2.5 or 4.1 pg/g threshold, respectively.

DISCUSSION
This is the first prospective multicenter study evaluating the
performance of FIT in Lynch syndrome, a population requiring
strict lifelong surveillance that would benefit substantially from
a noninvasive, low-cost biomarker guiding optimal surveillance
colonoscopy intervals. Our study shows that FIT at threshold
4.1 ng Hb/g feces maximized detection of CRC and advanced
adenomas to 89% sensitivity and 99% NPV, along with 94%
specificity. Per 100 individuals tested by FIT at 4.1 pg/g,
11 individuals would proceed to colonoscopy while only 1 in-
dividual with advanced adenoma would be missed, with a high
efficiency in terms of number needed to colonoscope (n = 4) as
surrogate measure for cost-effectiveness. The 20 g Hb/g feces
threshold, which is used in most CRC screening programs,
detected CRC and advanced adenomas with only 56% sensitivity.
In population-based CRC screening, the goal of FIT is to accurately
detect CRC, and therefore, a high test specificity for CRC is prioritized
over adenoma detection. However, in Lynch syndrome, FIT should
detect CRC as well as advanced adenomas and, ideally, non-advanced
adenomas with high sensitivity and NPV, accepting a suboptimal
specificity. Our study confirms previous research showing that ac-
curacy of FIT to detect CRC and advanced adenomas is highly
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Figure 4. Number of positive tests, lesions missed and needed to scope to detect at least 1 neoplasia per 100 individuals tested by fecal immunochemical
test at different thresholds in wg Hb/g feces. Calculations are based on a prevalence of 32% for all relevant neoplasia (CRC, advanced serrated lesions, all
adenomas), 6% for advanced neoplasia (CRC, advanced serrated lesions, advanced adenomas), and 4% for CRC plus advanced adenomas. CRC,

colorectal cancer.

dependent on the FIT threshold, with sensitivity improving
significantly—although at the expense of specificity—the lower the
threshold, predominantly through enhanced detection of adenomas
(14-16,26). In line with our study, thresholds =20 j.g Hb/g feces have
shown high sensitivity and specificity for CRC in recent meta-analyses
which evaluated either average-risk individuals or individuals with
a familial or personal history of CRC (15,26). On the other hand,
a threshold as low as the limit of detection (2 g Hb/g feces) seemed to
be required to detect advanced adenomas with high sensitivity in
individuals under colonoscopy surveillance (14,16). A slightly higher
threshold of 6 g Hb/g feces resulted in suboptimal sensitivity when
individuals with Lynch syndrome were tested by FIT as an emergency
service during the coronavirus pandemic, although accuracy was
based on only 123 individuals without reporting detailed patient
characteristics and the number of CRCs and advanced adenomas (27).
Regardless of the FIT threshold, we found that FIT has poor
diagnostic accuracy for both non-advanced adenomas and ad-
vanced serrated lesions, which seemed to be more pronounced for
lesions located in the proximal colon. These findings are in line with
those in previous studies and may be explained by the low tendency
of such polyps to bleed (14,28-30). While identification of non-
advanced adenomas is relevant in Lynch syndrome given the ac-
celerated progression of adenomas to CRC (31), the independent
risk of serrated lesions in this population remains unknown. Nev-
ertheless, the prevalence of serrated lesions in individuals with
Lynch syndrome seems to be similar to that of the general pop-
ulation (32), in whom most advanced serrated lesions have no
dysplasia (24,28) and probably little to no malignant potential in the
short term (24,33-35), granting a window for their detection. To
improve sensitivity of FIT for advanced serrated lesions and non-
advanced adenomas in Lynch syndrome, potential strategies might
be to sample 2 FIT's per patient, repeat FIT at short intervals, or add
other biomarkers such as stool DNA (16,36-39). When devising
novel biomarkers, the molecular pathways of colorectal tumori-
genesis identified in Lynch syndrome should be considered (40).
Even if sensitivity for advanced serrated lesions and non-
advanced adenomas remains poor, FIT might still enable per-
sonalized surveillance in Lynch syndrome by selecting those
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high-risk or low-risk carriers who might benefit from either
a shorter or longer colonoscopy interval, respectively. Although
risk group-specific performance of FIT could not be assessed in
our study, individuals having variants in the higher-risk genes
MLH1 or MSH2 (11) could potentially be tested with FIT half-
way through the 2-yearly colonoscopy interval, aiming to reduce
the postcolonoscopy CRC rate. MLHI and MSH2 variants
accounted for all CRCs and most advanced adenomas in our
study, although these variants were under-represented because
of their lower prevalence (1) and (sub)total colectomy being
an exclusion criterion. For individuals at lower risk for
neoplasia—such as those having MSH6 or PMS2 variants
(1,11,41-43) and no other risk factors for CRC (e.g., personal
history of colorectal neoplasia, smoking, and overweight)
(6,44,45)—a negative FIT could potentially extend the 2-year
surveillance interval with, for example, 6-12 months, or even
further if subsequent FITs also yield negative results. Reducing
colonoscopy frequency could be of great benefit for lower-risk
individuals, provided that CRC prevention remains intact
through accurate detection of advanced adenomas.

Ideally, future clinical studies should compare the effectiveness
and harm of fixed colonoscopy intervals with FIT-guided colono-
scopy intervals. Such studies should evaluate both the FOB-gold test
and the other widely used quantitative FIT called the OC sensor
(which has a slightly higher limit of quantitation of 4-5 g Hb/g
feces), as well as high-quality qualitative FITs at specific very low
thresholds as they become available (46,47). Various thresholds that
have precision to 0.1 g should be assessed to determine the optimal
threshold, which should be an integer to be practical in clinical
practice. Regarding outcome measures, such studies should evaluate
neoplasia detection rates and (modelled) long-term impact on CRC
incidence and mortality per risk group, as well as patient accept-
ability and adherence over multiple surveillance rounds. Although
a recent study showed that the uptake of 3 rounds of FIT was similar
to 1-time colonoscopy in surveillance-naive individuals with familial
CRC (48), uptake of FIT may be superior when taking multiple
surveillance rounds into account, especially in individuals with
Lynch syndrome who require surveillance more frequently than
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those with familial CRC. Moreover, individuals with Lynch syn-
drome have shown to be receptive to noninvasive, less-burdensome
surveillance strategies (5). Other aspects that a clinical trial should
compare are complication rates, costs, and burden to health systems
including endoscopy practice. That endoscopy capacity can be
a bottleneck became unmistakably evident during the coronavirus
pandemic, although FIT demonstrated clinical value in prioritizing
individuals with Lynch syndrome for colonoscopy (27,49).

This study has several strengths, as well as some limitations. A
strong aspect is that it is the first prospective multicenter study
assessing the diagnostic performance of FIT for Lynch syndrome,
with evaluation of different positivity thresholds in a cohort of 217
individuals. Other strengths are the consecutive recruitment of
participants and that all participants underwent high-quality colo-
noscopy as the reference standard (50), thereby limiting the possi-
bility of spectrum bias. Moreover, neoplasia prevalence was
comparable with other high-quality studies in Lynch syndrome
(9,10,32), FIT positivity rates at all thresholds were consistent with
a large trial on FOB-gold in individuals with a similar advanced
neoplasia prevalence (51), and baseline characteristics were detailed
and not biased (the neoplasia and control group differed only in age
and sex, which is unavoidable as these are known risk factors for
neoplasia (11)). As our study population was under strict colono-
scopy surveillance, the number of advanced neoplasia assessed was
relatively small, leading to rather wide confidence intervals for sen-
sitivity and PPV, although this effect was minimal for specificity and
NPV. Nevertheless, our study may have been adequately powered to
prove that FIT was noninferior to colonoscopy (15% absolute
margin) in detecting CRC and advanced adenomas, according to the
post hoc sample size calculation that was performed as part of the
manuscript preparation process (see Supplementary Digital Content
1, http://links.lww.com/AJG/D384). The small number of advanced
neoplasia also hampered comparison of median fecal hemoglobin
concentration between advanced neoplasia types and resulted in
only 2 stage I CRCs being included (the other 2 CRCs were stage III).
A recent meta-analysis showed that stage I CRC, in particular T1
CRC, has a lower FIT sensitivity than later stages (52), although this
meta-analysis did not evaluate very low thresholds (<10 g Hb/g
feces) and stage-specific sensitivity by tumor location. As detection of
early-stage CRCs (stages I and II) is most relevant for reducing CRC
morbidity and mortality, further larger studies should ensure that
FIT at thresholds below 10 g Hb/g feces can accurately detect both
proximal and distal early-stage CRC in Lynch syndrome. Finally,
because the Dutch guideline for Lynch syndrome does not recom-
mend aspirin for chemoprevention, the impact of this agent on FIT
performance remains to be determined.

In conclusion, the noninvasive FIT at positivity thresholds =4.1
ng Hb/g feces may be a promising strategy to postpone colono-
scopy in approximately 9 of 10 individuals with Lynch syndrome.
Large validation studies that also evaluate risk group-specific per-
formance, patient acceptability and cost-effectiveness should be
prioritized—in an effort to personalize colonoscopy surveillance in
Lynch syndrome and thereby reduce colonoscopy burden as well as
postcolonoscopy CRC rates.
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WHAT IS KNOWN

\/ The fecalimmunochemical test (FIT) at thresholds =4 wg Hb/
g feces has high sensitivity for sporadic colorectal cancer
(CRC) and advanced adenomas.

/ The role of FIT for Lynch syndrome has not yet been
determined.

WHAT IS NEW HERE

\/ FIT at threshold 4.1 wg/g showed 89% sensitivity and 99%
negative predictive value for CRC and advanced adenomas in
Lynch syndrome.

/ Per 100 FITs, 11 individuals would proceed to colonoscopy
while 1 individual with advanced adenoma would be missed.

\/ FIT might enable personalized surveillance in Lynch
syndrome, aiming to reduce colonoscopy overuse and
postcolonoscopy CRC rates.
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