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Preliminary findings from this emergency clinical service have been presented at several conferences, including: the British Society of Gastroenterology (BSG) 2021 
Conference (online), the Collaborative Group of the Americas on Inherited Colorectal Cancer (CGA-ICC) 2021 and 2022 Conference (online and in person), the European 
Hereditary Tumour Group (EHTG) 2021 Conference, the St Mark’s Hospital and Academic Institute’s Frontiers 2021 Conference (in person), the American Society of 
Clinical Oncology (ASCO) 2022 Conference (in person), and the International Society for Gastrointestinal Hereditary Tumours (InSiGHT) 2022 Conference (in person).

Abstract

Background: Lynch syndrome is a hereditary cancer disease resulting in an increased risk of colorectal cancer. Herein, findings are 
reported from an emergency clinical service implemented during the COVID-19 pandemic utilizing faecal immunochemical testing 
(‘FIT’) in Lynch syndrome patients to prioritize colonoscopy while endoscopy services were limited.

Methods: An emergency service protocol was designed to improve colonoscopic surveillance access throughout the COVID-19 pandemic 
in England for people with Lynch syndrome when services were extremely restricted (1 March 2020 to 31 March 2021) and promoted by 
the English National Health Service. Requests for faecal immunochemical testing from participating centres were sent to the National 
Health Service Bowel Cancer Screening South of England Hub and a faecal immunochemical testing kit, faecal immunochemical 
testing instructions, paper-based survey, and pre-paid return envelope were sent to patients. Reports with faecal haemoglobin results 
were returned electronically for clinical action. Risk stratification for colonoscopy was as follows: faecal haemoglobin less than 10 µg 
of haemoglobin/g of faeces (µg/g)—scheduled within 6–12 weeks; and faecal haemoglobin greater than or equal to 10 µg/g—triaged via 
an urgent suspected cancer clinical pathway. Primary outcomes of interest included the identification of highest-risk Lynch 
syndrome patients and determining the impact of faecal immunochemical testing in risk-stratified colonoscopic surveillance.

Results: Fifteen centres participated from June 2020 to March 2021. Uptake was 68.8 per cent amongst 558 patients invited. For 339 eligible 
participants analysed, 279 (82.3 per cent) had faecal haemoglobin less than 10 µg/g and 60 (17.7 per cent) had faecal haemoglobin greater 
than or equal to 10 µg/g. In the latter group, the diagnostic accuracy of faecal immunochemical testing was 65.9 per cent and escalation to 
colonoscopy was facilitated (median 49 versus 122 days, χ2 = 0.0003, P < 0.001).

Conclusion: Faecal immunochemical testing demonstrated clinical value for Lynch syndrome patients requiring colorectal cancer 
surveillance during the pandemic in this descriptive report of an emergency COVID-19 response service. Further longitudinal 
investigation on faecal immunochemical testing efficacy in Lynch syndrome is warranted and will be examined under the ‘FIT for 
Lynch’ study (ISRCTN15740250).
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Introduction
Lynch syndrome (LS) is an inherited cancer predisposition syndrome 
defined by the presence of pathogenic variants within any mismatch 
repair (MMR) gene (MLH1, MSH2, MSH6, PMS2) or a deletion within 
the EPCAM gene. Individuals with LS have an elevated lifetime risk 
of several different cancers, of which colorectal cancer (CRC) is the 
most common, with a cumulative lifetime risk of 10–47 per cent, 
dependent on the MMR gene variant1. For individuals with LS, 
colonoscopy may prevent or detect CRC earlier, and UK guidelines 
advise biennial colonoscopic surveillance beginning at age 25 or 35 
years depending on genotype2.

During the early phase of the COVID-19 pandemic, the British 
Society of Gastroenterology (BSG) and the Joint Advisory Group 
(JAG) recommended immediate suspension of non-emergency 
endoscopy, including for individuals with LS3.

Consequently, there was a sharp decline in colonoscopy activity, 
with a 92 per cent overall reduction in endoscopy procedures 
performed in April 2020 nationally, and a 72 per cent reduction in 
CRC diagnoses4. Restoration plans in endoscopy from May 2020 
focused on patients referred with suspected cancer-related 
symptoms and on national screening programmes5. Guidance for 
those with LS was not initially well defined before a guidance 
update was subsequently released in January 20216.

Given the omission of LS management from early pandemic 
guidance7, a strategy recommending the emergency use of 
faecal immunochemical testing (FIT) for haemoglobin was 
proposed to identify patients with LS at the highest risk of CRC 
and facilitate their access to urgent colonoscopy8.

FIT is widely used as a quantitative non-invasive triage tool to 
stratify populations for further colorectal investigation in both 
asymptomatic patients in CRC screening programmes and 
symptomatic patients9–11. FIT had not been routinely utilized in 
LS patients previously and should not be considered a 
‘replacement’ for normal colonoscopic surveillance. However, 
there is extensive evidence of a high positive predictive value 
(PPV) for CRC, especially at low concentrations12–16.

The aim of this emergency clinical service was to apply FIT as a 
triage tool to identify LS patients at the highest risk of prevalent 
CRC, and therefore escalate colonoscopic evaluation during the 
COVID-19 pandemic when endoscopy services were critically limited.

Methods
Clinical service evaluation design
This was a prospective emergency clinical service evaluation from 
June 2020 to March 2021 for patients with LS, which was conducted 
at National Health Service (NHS) England (NHSE) endoscopic and 
regional genetics facilities and sponsored by London North West 
University Healthcare NHS Trust. NHS sites were invited to use 
the emergency service via communication from the BSG, with a 
letter of support for urgent implementation provided by NHSE. 
Patient eligibility screening and recruitment was conducted by 15 
participating NHS Trusts throughout England. The centralized 
mailing of FIT kits and accompanying materials, as well as the 
subsequent collection, analysis, result generation, and reporting, 
were performed by laboratory staff based at the NHS Bowel 
Cancer Screening South of England Hub in Guildford, Surrey 
(Southern Hub).

The following risk-stratified colonoscopic triage was 
recommended to participating centres in accordance with 

national COVID-19 surgical prioritization guidance17 to expedite 
colonoscopy in priority patients. These faecal haemoglobin 
(f-Hb) thresholds were chosen to be consistent with existing 
NHSE thresholds for patients with suspected CRC symptoms. 

Group 1: f-Hb concentration less than 10 µg of haemoglobin/g of 
faeces (µg/g)—schedule patient for colonoscopy within 3 
months (90 days), where local endoscopy service availability 
permits.

Group 2: f-Hb concentration greater than or equal to 10 µg/g— 
refer for triage via an urgent clinical pathway for timely 
colonoscopy (as per patients on a suspected cancer pathway) 
within 30 days.

Participants
Eligibility for participation in this emergency service was 
determined by: known LS diagnosis confirmed by germline 
testing, irrespective of prior CRC and/or surgical history; and 
planned colonoscopic surveillance between 1 March 2020 and 31 
March 2021. Age and genotype, which were determined in 
accordance with current UK LS surveillance guidelines2, were 
also considered when screening for eligibility. Patients were 
identified and screened for eligibility by clinical staff from the 
respective participating NHS Trusts by any of the following 
means: through an existing NHS Trust-wide LS registry; through 
local regional genetics service databases; or through linked 
endoscopy clinical records held within their local regional NHS 
Trusts, all of which detailed relevant genotype and age data 
required for screening.

Individuals who were pregnant, had prior subtotal or total 
colectomies, or were not fit to undergo colonoscopy were 
excluded from participating in this service (also see the 
Supplementary Methods).

Faecal immunochemical testing mailings
Requests for an FIT kit (OC-SENSOR™, Eiken Chemical Co., Ltd, 
Tokyo, Japan) and supporting materials to be posted to eligible 
individuals were made by clinicians at any of the participating 
NHSE Trusts (also see the Supplementary Methods and Appendix S1).

Faecal immunochemical testing analysis and 
disclosure of results
Returned FIT kits were promptly retrieved by Southern Hub staff 
for the assignment of a unique study ID and corresponding 
barcode label, immediately followed by the processing of 
collected faecal samples on the OC-SENSOR™ PLEDIA Analyser in 
accordance with the manufacturer’s instructions. Returned 
patient surveys were scanned and saved on secure network 
drives internal to the Southern Hub in both original un-redacted 
and pseudo-anonymized formats, the latter of which were 
printed and mailed via medical courier to the assigned project 
manager of this clinical service. Original paper copies were stored 
in a safe and secure office location within a Southern Hub office.

Sample analysis and FIT result interpretations were conducted 
and overseen for quality checks in accordance with the United 
Kingdom Accreditation Service (‘UKAS’) quality standards by 
registered Healthcare Scientists internal to the Southern Hub. 
After the verification of FIT results, individual reports were 
generated and electronically mailed to the requesting clinician 
via secure and encrypted NHS networks. Requesting clinicians 
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in receipt of FIT reports were advised to refer patients for urgent or 
non-urgent colonoscopy in adherence with the predefined, 
risk-stratified rules.

Outcomes of interest
The primary objectives of interest for this clinical service were to 
identify the highest-risk patients in this LS population and 
determine the impact of FIT in risk-stratified colonoscopic 
surveillance for this patient population. To ensure the availability 
and return of most or all colonoscopic and pathology (where 
applicable) data, analysis was predetermined to commence 1 
year after the study interval end date of 31 March 2022.

Eligible patients who returned an FIT kit to the Southern Hub 
were classified as participants of this clinical service. 
Colonoscopy was performed by NHS-employed and 
JAG-accredited endoscopists. Bowel cleansing and colonoscopy 
procedures were carried out in accordance with local protocols. 
Colonoscopic outcomes were classified into four broad 
categories: no abnormalities detected (that is normal); 
non-advanced adenomas (NAAs); CRC; and advanced adenomas 
(AAs). AAs were classified in line with the latest UK post- 
polypectomy and post-CRC resection guidelines18 and defined 
as adenomas greater than or equal to 10 mm and/or with 
high-grade dysplasia. In the present analysis, adenomas having 
tubulovillous or villous histology were classified as AAs. 
Advanced colorectal neoplasia (ACN) describes either AAs or 
CRC. The adenoma detection rate (ADR) (NAAs and AAs) and AA 
detection rate (AADR; AAs only) were calculated. Colonoscopic 
yield was evaluated at different f-Hb thresholds. The limit of 
quantification of f-Hb was 6 µg/g19.

Additionally, relevant clinical data were also collected at the 
time of colonoscopy, including presence of anastomosis and 
gastrointestinal co-morbidities.

Statistical analysis
Descriptive and analytic statistics were carried out utilizing Stata/ 
SE v. 17.0 (StataCorp LP, College Station, TX, USA). Numbers and 
percentages for the baseline characteristics of participants (sex, 
age (calculated at time of FIT kit request), and the time from FIT 
kit dispatch to date of colonoscopy) were calculated for the 
outcomes (normal, NAAs, AAs, and CRC) overall and for patients 
with f-Hb greater than or equal to 10 µg/g.

Logistic regression analysis was used to compute estimates and 
symmetric confidence limits of sensitivity, specificity, PPV, and 
negative predictive value (NPV). The log OR from the logistic 
regression was converted to a proportion by taking the inverse 
of those values, which was then multiplied by 100 to arrive at 
the percentage.

Group statistics and an independent samples t test (P ≤ 0.050) 
were generated to calculate the statistical significance of age 
between those who returned an FIT kit and those who did not. 
The risk ratio of a CRC diagnosis with f-Hb greater than or equal 
to 10 µg/g was calculated using a two-tailed Fisher’s exact test 
at a significance level of 5 per cent.

A receiver operating characteristic (ROC) curve was produced 
using the ‘senspec’ command20 in Stata to calculate true positive 
(TP) and false positive (FP) rates, which were then plotted using 
a scatter graph. The area under the curve (AUC) and 95 per cent 
confidence intervals (c.i.) were calculated using the ‘somersd’ 
command in Stata21.

Further, differences in time to colonoscopy from the date FIT 
kits were dispatched from the Southern Hub at cut-offs of f-Hb 
less than 10 µg/g versus f-Hb greater than or equal to 10 µg/g 
and at cut-offs of f-Hb less than 6 µg/g versus f-Hb 6 to less than 
10 µg/g versus f-Hb greater than or equal to 10 µg/g were 
analysed (secondary analysis) by means of the Kaplan–Meier 
method and log rank test. Time was defined as the time from 
the date FIT kits were dispatched from the Southern Hub to 
colonoscopy (days) up to 120 days. The log rank test (at a 
significance level of 5 per cent) was used to test the null 
hypothesis that the proportions in the different groups were 
identical.

Pearson’s chi-squared test was used to test for an association 
between FIT results and the presence of a surgical anastomosis, 
with significance pre-specified at <0.050.

Results
Characteristics of clinical service participants
Between 9 June 2020 and 31 March 2021, 558 LS individuals were 
invited across 15 participating NHSE Trusts (Fig. 1), after initial 
identification via internal registries, local regional genetics 
service databases, or through linked endoscopy clinical records 
internal to their local regional NHS Trusts, and subsequently 
screened for eligibility. An uptake of 68.8 per cent (384 of 558) 
was observed. The mean(s.d.) age of this cohort at the time 
their FIT kit was dispatched from the Southern Hub was 
51.6(14.1) years, of whom women accounted for the majority 
(55.0 per cent), though sex was unknown or not reported for 66 
(12.0 per cent) patients (Table S1). Individuals with a pathogenic 
variant in MLH1, MSH2, MSH6, PMS2, and EPCAM comprised 
34.0, 35.0, 19.0, 7.0, and 4.0 per cent of the participants 
respectively. For 22 (4.0 per cent) patients, LS genotype data 
were not available, and these patients were removed from the 
final analysis.

Faecal immunochemical testing results
Sixty (17.7 per cent) participants had f-Hb greater than or equal to 
10 µg/g and met criteria for urgent colonoscopic triage per 
protocol. FIT positivity increased from 17.7 per cent at a cut-off 
of greater than or equal to 10 µg/g to 23.9 per cent at a cut-off of 
greater than or equal to 6 µg/g (including 6 to less than 10 µg/g 
and greater than or equal to 10 µg/g positivity rates; Table 1). Out 
of 384 patients who returned an FIT kit, 339 individuals met the 
eligibility criteria (Supplementary Results and Table S2). Patients 
returning FIT kits were older (mean(s.d.) = 51(13.99) years, P <  
0.001; two-sample t test with unequal variances) compared with 
those who did not return their FIT kits (mean(s.d.) = 45(12.81) 
years). (Supplementary Results and Table S3).

Colonoscopic outcomes
At the time of analysis in March 2022, colonoscopic data were 
provided for 87.0 per cent (295 of 339) of clinical service 
participants (Table 1). Three patients were excluded from 
analysis where the report was unattainable, or the procedure 
was incomplete. The ADR and advanced neoplasia detection 
rate (AN-DR) for all participants were 46.9 and 9.2 per cent 
respectively. The presence of surgical anastomosis was found to 
be non-significantly associated with f-Hb greater than or equal 
to 10 µg/g (17 of 71 (23.9 per cent) when compared with f-Hb less 
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than 10 µg/g (32 of 225 (14.2 per cent), χ2 = 3.69, P = 0.055). In 279 
participants (or 279 colonoscopies) with f-Hb less than 10 µg/g, 
102 adenomas (ADR = 43.4 per cent), 19 AAs (AN-DR = 8.1 per 
cent), and 3 CRCs were detected. For those with f-Hb greater than 

or equal to 10 µg/g, 28 adenomas (ADR = 49.1 per cent), 8 AAs 
(AN-DR = 14.0 per cent), and 4 CRCs were identified. The risk ratio 
for having a CRC with f-Hb greater than or equal to 10 µg/g was 
6.2 per cent (95 per cent c.i. 1.4 to 27.0 per cent) (P = 0.021).

558 patients with
LS invited  to return FIT

384 FIT kits returned 
(69%)

339 eligible for 
analysis

Referral for
colonoscopy within 3
months of FIT result

Referral for
colonoscopy via
urgent pathway

Colonoscopy 
completed = 57

*Colonoscopy 
completed = 235

f-Hb <10 µg/g
n = 279

f-Hb ≥10 µg/g
n = 60

FIT not returned 
n = 174

Excluded due to FIT collection after 
colonoscopy; FIT results disclosed after 
colonoscopy; insufficient faecal sample; 

duplicate FIT for single participant;
unconfirmed LS diagnosis 

n = 45

Defer to routine 
rescheduling per 
local NHS Trust

External colonoscopy
conducted; report 

unattainable
n = 1

Colonoscopy not done
n = 2

Colonoscopy incomplete
due to poor bowel prep

n = 2

Colonoscopy not done
n = 42

Fig. 1 Flow chart depicting risk-stratified colonoscopy referral design using faecal haemoglobin of greater than or equal to 10 µg/g to indicate a 
positive test in a cohort of Lynch syndrome patients who returned a faecal immunochemical testing kit as part of this emergency clinical service 

*Of the 235 participants triaged via Group 1 (f-Hb less than 10 µg/g), 2 were referred for and completed flexi-sigmoidoscopy and 1 had a CT colonography likely due to 
resource limitations and/or participant tolerance. LS, Lynch syndrome; FIT, faecal immunochemical testing; NHS, National Health Service; f-Hb, faecal haemoglobin.

Table 1 Colonoscopic yield by faecal immunochemical testing thresholds of less than 6 µg/g, 6 to less than 10 µg/g, and greater than or 
equal to 10 µg/g

FIT threshold 
(µg/g)

Total Overall instances of participants 
with adenomas*

AAs CRC NAD ADR, 
%

AN-DR, 
%

Pending colonoscopy or 
missing data, n

<6 258 (76.1) 99 (38.4) 19 (7.4) 3 (1.2) 115 (44.6) 45.6 8.8 41
6 to <10 21 (6.2) 3 (14.3) 0 (0.0) 0 (0.0) 15 (71.4) 16.7 0.0 3
≥10 60 (17.7) 28 (46.7) 8 (13.3) 4 (6.7) 25 (41.7) 49.1 14.0 3
Total 339 130 (44.5) 27 (9.2) 7 (2.4) 155 (53.1) 44.5 9.2 47

*Includes non-advanced adenomas as well as advanced adenomas (AAs). Values are n (%) unless otherwise indicated. In the ‘total’ column, listed percentages are of 
the overall total (339), whereas all other percentages are reflective of row total. Please note that ‘overall cases with adenomas’ includes AAs, but not CRC. FIT, faecal 
immunochemical testing; CRC, colorectal cancer; NAD, no abnormalities detected; ADR, adenoma detection rate; AN-DR, advanced neoplasia detection rate.
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Diagnostic accuracy of faecal immunochemical 
testing
The diagnostic accuracy of FIT for those who completed a 
colonoscopy within the advised time frame was analysed using 
an ROC curve (Fig. 2). For the detection of ACN, the AUC was 0.7 
(95 per cent c.i. 0.5 to 0.8). Table 2 describes the diagnostic 
accuracy of FIT in the detection of ACN within 90 days, 
categorized by FIT thresholds of greater than or equal to 6 µg/g 
and greater than or equal to 10 µg/g. FIT accuracy was 
determined to be 61.0 and 65.9 per cent for greater than or equal 
to 6 µg/g and greater than or equal to 10 µg/g respectively. For 
both greater than or equal to 6 µg/g and greater than or equal to 
10 µg/g, sensitivity was 64.7 per cent (95 per cent c.i. 38.3 to 85.8 
per cent). Specificity was 66.0 per cent (95 per cent c.i. 56.2 to 
75.0 per cent) for greater than or equal to 10 µg/g and 60.4 per 
cent (95 per cent c.i. 50.4 to 69.8 per cent) for greater than or 
equal to 6 µg/g. PPV and NPV improved by 2.6 and 0.7 percentage 
points respectively in greater than or equal to 10 µg/g versus 
greater than or equal to 6 µg/g.

Colonoscopic waiting time by faecal 
immunochemical testing results
The mean(s.d.) time to colonoscopy for all participants who 
returned an FIT kit and subsequently underwent colonoscopy 
(292 participants) was 153(116.65) days, with a median of 122 
days (Table 3). Participants with f-Hb greater than or equal to 
10 µg/g who were triaged to urgent colonoscopy had a 
mean(s.d.) wait of 77(85.0) days, with a median of 49 days, with 
12 (20.0 per cent) having a colonoscopy performed within the 
recommended time frame of 30 days. In those with f-Hb less 
than 10 µg/g, the mean(s.d.) waiting time was 153(116.6) days, 
with a median of 122 days, though three such participants who 
were later found to have CRC were referred for colonoscopy 
outside the protocol time frame of within 90 days with a 

mean(s.d.) of 294(74) days. Overall, the majority (58.3 per cent) 
of those with f-Hb less than 10 µg/g were not referred for 
colonoscopy within the service’s recommended time frame. In 
total, 44 patients with f-Hb less than 10 µg/g deferred their 
colonoscopy (beyond study follow-up) in comparison with 2 
colonoscopy deferrals for those with f-Hb greater than or equal 
to 10 µg/g (P = 0.010).

Kaplan–Meier analysis of time to colonoscopy
Time to colonoscopy (days) from date of FIT dispatch was further 
assessed by utilising the Kaplan–Meier (KM) method on 
participants with f-Hb greater than or equal to 10 µg/g versus 
participants with f-Hb less than 10 µg/g (Fig. 3a) to examine the 
proportion of participants from the respective groups 
completing colonoscopy within 120 days, approximately 1 
month outside of the recommended time frame. Within the f-Hb 
greater than or equal to 10 µg/g group, the proportion of 
participants who completed a colonoscopy just beyond the 
specified 90-day/3-month time frame was significantly higher 
than within the f-Hb less than 10 µg/g group (66.4 versus 33.1 per 
cent, χ2 = 13.72 and P < 0.001). Kaplan–Meier analysis was also 
used to examine the same outcome between the FIT result 
classifications of less than 6 µg/g, 6 to less than 10 µg/g, and 
greater than or equal to 10 µg/g (Fig. 3b). In this instance, a 
significantly higher proportion of participants was also referred 
for and completed colonoscopy in a timely manner for the f-Hb 
greater than or equal to 10 µg/g group compared with the other 
two groups (less than 6 µg/g and 6 to less than 10 µg/g) (χ2 =  
13.88, P < 0.001).

Discussion
Despite the severely limited capacity of endoscopy services during 
the COVID-19 pandemic in the UK3,22,23, these findings suggest that 
FIT demonstrated clinical value as a risk-stratified method in this 
emergency service. FIT informed timely colonoscopic triage for 
those with f-Hb results of greater than or equal to 10 µg/g and 
significantly expedited the time to colonoscopy completion 
compared with those with f-Hb results of less than 10 µg/g.

Given the intended use of FIT to inform and augment timely 
colonoscopy as a ‘point-in-time’ test, the diagnostic accuracy of 
FIT in these participants was analysed for those who completed 
a colonoscopy within the recommended 90-day window, which 
yielded sensitivity, specificity, PPV, and NPV estimates of 65, 66, 
23, and 92 per cent respectively.

As such, the three participants with f-Hb results of less than 
10 µg/g who were later diagnosed with CRC did not undergo 
colonoscopy per protocol given the waiting time that exceeded 
the recommended 90 days with a mean(s.d.) of 294(74) days. 
Moreover, these cancers were small (less than 15 mm in 
dimension) and, given the long interval to diagnosis from FIT, 
could well be considered de novo, as opposed to ‘FIT-negative’ 
CRC. However, a non-invasive tool such as FIT may be 
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Fig. 2 Receiver operating characteristic (ROC) curve depicting the 
performance of faecal immunochemical testing at various faecal 
immunochemical testing thresholds 

Area under the curve = 0.66 (95% c.i. 0.53,0.79).

Table 2 Diagnostic accuracy of faecal immunochemical testing for the detection of advanced colorectal neoplasia within 90 days by 
greater than or equal to 6 µg/g and greater than or equal to 10 µg/g thresholds

FIT threshold (µg/g) Accuracy, % Sensitivity Specificity PPV NPV TP, n FN, n FP, n TN, n

≥6 61.0 64.7 (38.3,85.8) 60.4 (50.4,69.8) 20.8 (14.7,28.6) 91.4 (84.6,95.4) 11 6 42 64
≥10 65.9 64.7 (38.3,85.8) 66.0 (56.2,75.0) 23.4 (16.4,32.2) 92.1 (85.8,95.8) 11 6 36 70

Values are % (95% c.i.) unless otherwise indicated. FIT, faecal immunochemical testing; PPV, predictive value; NPV, negative predictive value; FP, false positive; TP, 
true positive; TN, true negative; FN, false negative.
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misinterpreted by patients or clinicians, and this risk needs to be 
incorporated into the future design of the use of FIT as an adjunct 
to colonoscopy.

Nevertheless, as a real-world clinical service designed and 
deployed to address the urgent need for ongoing CRC surveillance 
in a sizeable LS population, potential advantages were observed. 
The collection of real-world surveillance colonoscopy and early 
diagnostic accuracy data during the global pandemic in these 
high-risk participants enabled important clinical insights, and 
findings that may inform future work.

Variable access for LS patients to colonoscopy across 
participating NHS Trusts throughout the duration of this 
emergency clinical service was noted. In response to national 

initiatives to restore endoscopy services to pre-COVID-19 levels 
beginning in the latter half of 202024, individual endoscopy 
services re-established standard surveillance and screening 
programmes whilst minimizing colonoscopy waiting lists at 
variable rates. This may have resulted in variability in 
colonoscopy waiting times for a subset of clinical service LS 
participants, thus slightly skewing colonoscopy triaging timelines 
in favour of NHS Trusts who may have had a wider capacity and 
access to additional endoscopic resources during this time.

Limitations of this project are recognized within this pragmatic 
project report. First, validated colonoscopy outcome data were 
missing for a small subset of participants. Of the 339 
participants, 47 were missing colonoscopy outcome data at the 
time of data analysis, as participants were still awaiting their 
colonoscopy, or patients or clinicians decided to forgo 
colonoscopy altogether. Key insights to better understand 
barriers may be gleaned from the participant paper-based 
surveys that adopted a validated framework25 to summarize the 
attitude and perceptions of FIT of these participants and will be 
evaluated separately.

Second, the reasons for which non-participants chose to forgo 
participation in this service by opting out of using the provided 
FIT kit were not accessible and available for analysis. Several 
scenarios may have accounted for decisions to forgo 
participation, which may include general misinterpretations 
surrounding the clinical service, forgetting to provide and return 
a sample, already having an upcoming colonoscopy appointment, 
or, for older or more vulnerable populations, a concern in leaving 
their home during ongoing lockdown restrictions.

Further, any information pertaining to expected surveillance 
colonoscopy dates before the onset of pandemic restrictions 
could not be verified, albeit indicative of the ‘real-world’ design 
of this emergency clinical service.

Finally, most participating genetics-based services were 
not aware when and where their referred patients were 
completing their colonoscopy. Coordination between genetics 
and endoscopy services was not observed at most participating 
centres, with only a minority maintaining a comprehensive LS 
patient registry, the absence of which may have had an impact 
on patient outcomes, including CRC incidence and mortality26. 
The low response rate from eligible clinical services and 
evidence of the absence of a coordinated national LS registry 
and networked services throughout NHSE are being addressed 
via the Genomic Medical Service Alliance (‘GMSA’) national LS 
project27.

Though several studies have explored the augmentative 
potential of FIT for surveillance colonoscopies in individuals at 
elevated risk of CRC, further longitudinal research in LS patient 
populations is warranted to evaluate the diagnostic accuracy of 
FIT in LS. Specifically, future studies should consider lower FIT 

Table 3 Time (days) to colonoscopy for faecal haemoglobin less than 10 µg/g and for faecal haemoglobin greater than or equal to 10 µg/g 
by colonoscopic outcome

Days Overall f-Hb <10 µg/g f-Hb ≥10 µg/g

Normal NAAs AAs CRC Normal NAAs AAs CRC

0–30 86 (29.5) 26 (20.0) 19 (22.9) 5 (26.3) 0 (0.0) 16 (64.0) 13 (65.0) 4 (50.0) 3 (75.0)
31–60 58 (19.9) 21 (16.2) 24 (29.0) 1 (5.3) 0 (0.0) 4 (16.0) 4 (20.0) 3 (37.5) 1 (25.0)
61–90 2 (0.7) 1 (0.8) 0 (0.0) 1 (5.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
>90 146 (50) 82 (63.1) 40 (48.2) 12 (63.2) 3 (100.0) 5 (20.0) 3 (15.0) 1 (12.5) 0 (0.0)
Total, n 292 130 83 19 3 25 20 8 4

Values are n (%) unless otherwise indicated. f-Hb, faecal haemoglobin; NAAs, non-advanced adenomas; AAs, advanced adenomas; CRC, colorectal cancer.
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Fig. 3 Kaplan–Meier curves 

a Line graph with survivals calculated by utilising the Kaplan–Meier (KM) 
method to examine the proportion of participants by FIT result (f-Hb less 
than 10 µg/g versus f-Hb greater than or equal to 10 µg/g) who completed 
colonoscopy within 120 days from time of FIT dispatch. b Line graph with 
survivals calculated by utilising the KM method to examine the proportion of 
participants who completed colonoscopy within 120 days from time of FIT 
dispatch by the following FIT thresholds: f-Hb less than 6 µg/g; f-Hb 6 to less 
than 10 µg/g; and f-Hb greater than or equal to 10 µg/g. FIT, faecal 
immunochemical testing; f-Hb, faecal haemoglobin.
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thresholds for this patient population given the suboptimal AUC for 
10 µg/g, as depicted in Fig. 2. Moreover, subsequent studies should 
explore whether existing LS surveillance guidelines may be 
adapted to include FIT as an augmentative device to colonoscopy, 
which is presently being explored through the multi-institutional 
prospective feasibility study known as ‘FIT for Lynch’28.

Additional key questions remain, which should also be 
explored through future research, such as ‘do LS CRCs bleed?’ or 
whether they may potentially evade detection using FIT due to 
biological factors, though it should be noted that microvessels in 
LS adenomas are similar to those in non-LS adenomas29. On the 
other hand, FIT may be used to personalize surveillance and 
follow-up while other non-invasive methodology may augment 
colonoscopy, for example the microbiome or other biomarkers, 
potentially improving the efficacy of FIT in individuals with LS. 
The findings that suggest an association between surgical 
anastomosis and a ‘positive’ FIT result with an f-Hb threshold of 
greater than or equal to 10 µg/g should be considered when 
designing future studies. Also, the recommended use of aspirin 
in individuals with LS2 may potentially influence FIT results in 
these participants and should be explored in future studies.

Ultimately, the integration of such questions into future 
research study designs will facilitate a deeper understanding 
of the potential role of FIT as a non-invasive modality in 
augmenting colonoscopy as the gold standard in CRC surveillance.

Funding
This emergency clinical service was supported by funding from the 
40tude Curing Colon Cancer Charity. Additional support was 
provided by Mast Group Ltd, through their generous donation of 
FIT kits (OC-SENSOR™, Eiken Chemical Co., Ltd, Tokyo, Japan). 
J.E.E. is funded by the National Institute for Health Research 
(NIHR) Oxford Biomedical Research Centre. A.G.L. is supported by 
a King’s College London Centre for Doctoral Studies Postgraduate 
Research (PGR) International Scholarship and S.R.S. is supported 
by Peter Sasieni grant, Cancer Research UK (grant number C8162/ 
A16892); neither funder had a role in the preparation of the 
manuscript or the decision to submit for publication.

Acknowledgements
The authors would like to thank the 40tude Curing Colon Cancer 
Charity for the partial funding of this clinical service, as well as 
NHSE for their endorsement, and the BSG for their invaluable 
support. Additionally, the authors would like to thank all 
clinicians (gastroenterologists, surgeons, pathologists, and 
nurses), administrative and laboratory NHS Bowel Cancer 
Screening South of England Hub staff, including Katy Randall, 
Elizabeth Moffat, and Shane O’Driscoll, and clinical research 
staff, including Donna Job, who participated in or assisted with 
this clinical service. Lastly, the authors would like to thank 
London North West University Healthcare NHS Trust for acting 
as primary sponsor for this clinical service. Access to the data 
used in this article was facilitated by an Authorization for 
Research Capability (ARC) for a clinical service evaluation 
sponsored by London North West University Healthcare NHS 
Trust (LNWH), and an accompanying Caldicott agreement 
issued by the UK Caldicott Guardian Council (UKCGC). A 
multi-site Data Sharing Agreement initiated by the sponsor site 
was also secured. The laboratory (FIT) data were based on 
information collected and quality assured by the NHS Bowel 
Cancer Screening South of England Hub. Endoscopy outcomes 

data were collated, maintained, and quality assured by the 
respective participating NHS Trusts. This work used data that 
had been provided by patients and collected by the NHS as part 
of their care and support. This clinical service was implemented 
as a national emergency response at the height of the COVID-19 
pandemic and exempt from a full ethics approval. Individuals 
participating in this emergency clinical service were invited to 
make an informed choice on participating through the return of 
the provided FIT kit, as detailed in an accompanying letter. A 
decision is made to accept or decline a screening test based on 
access to accurate and up-to-date information on the condition 
being screened for, the testing process, and potential outcomes. 
Specific information was provided at the invitation stage 
allowing for personalized informed choice. There was further 
opportunity to reflect on what the test and its results might 
mean when FIT results were disclosed to the patient via their 
local provider. SE20/020 is the ARC reference number provided 
by the sponsor (LNWH) and, along with the accompanying 
Caldicott application, enabled the processing of data from this 
clinical service. The views expressed are those of the authors 
and not necessarily those of the National Health Service, the 
NIHR, or the Department of Health.

Author contributions
Anne G. Lincoln (Data curation, Formal analysis, Project 
administration, Writing—original draft, Writing—review & 
editing), Sally C. Benton (Investigation, Methodology, Resources, 
Supervision, Writing—review & editing), Carolyn Piggott 
(Investigation, Resources), Shama Riaz Sheikh (Formal analysis, 
Resources, Software), Andrew D. Beggs (Resources), Leah 
Buckley (Data curation, Resources), Bianca DeSouza (Resources), 
James E. East (Resources), Pete Sanders (Data curation, 
Resources), Michael Lim (Data curation, Resources), Donal 
Sheehan (Data curation, Resources), Katie Snape (Resources), 
Helen Hanson (Resources), John R. Greenaway (Resources), John 
Burn (Conceptualization, Resources), David Nylander 
(Resources), Menna Hawkins (Data curation, Resources), Fiona 
Lalloo (Resources), Kate Green (Data curation), Thomas J. Lee 
(Resources), Julie Walker (Resources), Gillian Matthews 
(Resources), Terry Rutherford (Resources), Peter Sasieni 
(Conceptualization, Supervision, Writing—review & editing), and 
Kevin J. Monahan (Conceptualization, Funding acquisition, 
Resources, Supervision, Writing—review & editing).

Disclosure
J.E.E. has served on clinical advisory boards for Paion, has served 
on the clinical advisory board for and has share options in 
Satisfai Health, and reports speaker fees from Falk, Janssen, and 
Medtronic. K.J.M. and J.E.E. were contributors to the BSG 
working group for FIT guidelines in symptomatic patients. The 
authors declare no other conflict of interest.

Supplementary material
Supplementary material is available at BJS Open online.

Data availability
The data sets generated during and/or analysed during this study 
may be available from the corresponding author on reasonable 
request.

Lincoln et al. | 7
D

ow
nloaded from

 https://academ
ic.oup.com

/bjsopen/article/7/5/zrad079/7260320 by U
niversity of Birm

ingham
 user on 10 O

ctober 2023

http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zrad079#supplementary-data


References
1. Møller P, Seppälä T, Bernstein I, Holinski-Feder E, Sala P, Evans 

DG et al. Cancer incidence and survival in Lynch syndrome 
patients receiving colonoscopic and gynaecological 
surveillance: first report from the prospective Lynch syndrome 
database. Gut 2017;66:464–472

2. Monahan KJ, Bradshaw N, Dolwani S, Desouza B, Dunlop MG, 
East JE et al. Guidelines for the management of hereditary 
colorectal cancer from the British Society of Gastroenterology 
(BSG)/Association of Coloproctology of Great Britain and 
Ireland (ACPGBI)/United Kingdom Cancer Genetics Group 
(UKCGG). Gut 2020;69:411–444

3. British Society of Gastroenterology. GI Endoscopy Activity and 
COVID-19: Next Steps. https://www.bsg.org.uk/covid-19-advice/ 
gi-endoscopy-activity-and-covid-19-next-steps/ (accessed 2 
January 2023)

4. Rutter MD, Brookes M, Lee TJ, Rogers P, Sharp L. Impact of the 
COVID-19 pandemic on UK endoscopic activity and cancer 
detection: a national endoscopy database analysis. Gut 2021; 
70:537–543

5. Morris EJA, Goldacre R, Spata E, Mafham M, Finan PJ, Shelton J 
et al. Impact of the COVID-19 pandemic on the detection and 
management of colorectal cancer in England: a population- 
based study. Lancet Gastroenterol Hepatol 2021;6:199–208

6. British Society of Gastroenterology. An Update to Information and 
Guidance for Endoscopy Services in the COVID-19 Pandemic. https:// 
www.bsg.org.uk/covid-19-advice/an-update-to-information-and- 
guidance-for-endoscopy-services-in-the-covid-19-pandemic-2/ 
(accessed 2 January 2023)

7. British Society of Gastroenterology. Endoscopy Activity and 
COVID-19: BSG and JAG Guidance. https://www.bsg.org.uk/ 
covid-19-advice/endoscopy-activity-and-covid-19-bsg-and-jag- 
guidance/ (accessed 2 January 2023)

8. Monahan KJ, Lincoln A, East JE, Benton S, Burn J, DeSouza B et al. 
Management strategies for the colonoscopic surveillance of 
people with Lynch syndrome during the COVID-19 pandemic. 

Gut 2021;70:624–626
9. Chapman C, Bunce J, Oliver S, Ng O, Tangri A, Rogers R et al. 

Service evaluation of faecal immunochemical testing and 
anaemia for risk stratification in the 2-week-wait pathway for 
colorectal cancer. BJS Open 2019;3:395–402

10. Ng O, Humes D, Rogers R, Tangri A, Oliver S, Chapman C et al. 
PWE-027 An interim analysis of the ‘getting fit’ project in 
Nottingham: integrating faecal immunochemical testing in a 
two week wait pathway. Gut 2017;66:A138–A139

11. Monahan KJ, Davies MM, Abulafi M, Banerjea A, Nicholson BD, 
Arasaradnam R et al. Faecal immunochemical testing (FIT) in 
patients with signs or symptoms of suspected colorectal cancer 
(CRC): a joint guideline from the Association of Coloproctology 
of Great Britain and Ireland (ACPGBI) and the British Society of 
Gastroenterology (BSG). Gut 2022;71:1939–1962

12. Katsoula A, Paschos P, Haidich AB, Tsapas A, Giouleme O. 
Diagnostic accuracy of fecal immunochemical test in patients 
at increased risk for colorectal cancer: a meta-analysis. JAMA 
Intern Med 2017;177:1110–1118

13. Atkin W, Cross AJ, Kralj-Hans I, MacRae E, Piggott C, Pearson S 
et al. Faecal immunochemical tests versus colonoscopy for 
post-polypectomy surveillance: an accuracy, acceptability and 
economic study. Health Technol Assess 2019;23:1–84

14. Symonds EL, Cole SR, Lau SY, Steele S, Meng R, Woodman RJ 
et al. The significance of the small adenoma: a longitudinal 

study of surveillance colonoscopy in an Australian population. 

Eur J Gastroenterol Hepatol 2019;31:563–569
15. Terhaar sive Droste JS, van Turenhout ST, Oort FA, van der Hulst 

RW, Steeman VA, Coblijn U et al. Faecal immunochemical test 
accuracy in patients referred for surveillance colonoscopy: a 
multi-centre cohort study. BMC Gastroenterol 2012;12:94

16. Moosavi S, Gentile L, Gondara L, McGahan C, Enns RA, Telford J. 
Performance of the fecal immunochemical test in patients with 
a family history of colorectal cancer. J Can Assoc Gastroenterol 
2020;3:288–292

17. Federation of Surgical Specialty Associations (FSSA). Clinical 
Guide to Surgical Prioritisation During the Coronavirus Pandemic. 
https://fssa.org.uk/_userfiles/pages/files/covid19/prioritisation_ 
master_240820.pdf (accessed 02 January 2023)

18. Rutter MD, East J, Rees CJ, Cripps N, Docherty J, Dolwani S et al. 
British Society of Gastroenterology/Association of 
Coloproctology of Great Britain and Ireland/Public Health 
England post-polypectomy and post-colorectal cancer 
resection surveillance guidelines. Gut 2020;69:201–223

19. Fraser CG, Benton SC. Detection capability of quantitative faecal 
immunochemical tests for haemoglobin (FIT) and reporting of 
low faecal haemoglobin concentrations. Clin Chem Lab Med 2019; 
57:611–616

20. Newson R. SENSPEC: Stata Module to Compute Sensitivity and 
Specificity Results Saved in Generated Variables. https://ideas. 
repec.org/c/boc/bocode/s439801.html (accessed 2 January 2023)

21. Newson R. Confidence intervals for rank statistics: Somers’ D 
and extensions. Stata J 2006;6:309–334

22. Lui RN, Wong SH, Sánchez-Luna SA, Pellino G, Bollipo S, Wong M-Y 
et al. Overview of guidance for endoscopy during the coronavirus 
disease 2019 pandemic. J Gastroenterol Hepatol 2020;35:749–759

23. WHO. Critical Preparedness, Readiness and Response Actions for 
COVID-19. https://apps.who.int/iris/bitstream/handle/10665/ 
331422/WHO-COVID-19-Community_Actions-2020.1-eng.pdf? 
sequence=1&isAllowed=y (accessed 2 January 2023)

24. British Society of Gastroenterology. Service Recovery Documents: 
The What, When and How. http://www.bsg.org.uk/covid-19- 
advice/service-recovery-documents-the-what-when-and-how/ 
(accessed 2 January 2023)

25. Waller J, McCaffery K, Forrest S, Szarewski A, Cadman L, Austin J 
et al. Acceptability of unsupervised HPV self-sampling using 
written instructions. J Med Screen 2006;13:208–213

26. Barrow P, Khan M, Lalloo F, Evans DG, Hill J. Systematic review of 
the impact of registration and screening on colorectal cancer 
incidence and mortality in familial adenomatous polyposis 
and Lynch syndrome. Br J Surg 2013;100:1719–1731

27. Monahan K, Shaw A, Monje-Garcia L, Faravelli F, Elmslie F, Kim A 
et al. The English National Lynch Syndrome Transformation 
Project: An NHS Genomic Medicine Service Programme. In: 
Conference of the International Society for Gastrointestinal Hereditary 
Tumours (InSiGHT), Jersey City, NJ, 2022. Familial Cancer 2022;21:621

28. Lincoln A, Benton S, Piggott C, North BV, Rigney J, Young C et al. 
Exploring the utility and acceptability of faecal immunochemical 
testing (FIT) as a novel intervention for the improvement of 
colorectal cancer (CRC) surveillance in individuals with Lynch 
syndrome (FIT for Lynch study): a single-arm, prospective, 
multi-centre, non-randomised study. BMC Cancer 2022;22:1144

29. Vleugels JLA, van Neerven SM, van Leerdam ME, Wanders LK, de 
Wit M, Carvalho B et al. CD31-positive microvessel density 
within adenomas of Lynch syndrome patients is similar 
compared to adenomas of non-Lynch patients. Endosc Int Open 
2019;7:E701–E707

8 | BJS Open, 2023, Vol. 7, No. 5

D
ow

nloaded from
 https://academ

ic.oup.com
/bjsopen/article/7/5/zrad079/7260320 by U

niversity of Birm
ingham

 user on 10 O
ctober 2023

https://www.bsg.org.uk/covid-19-advice/gi-endoscopy-activity-and-covid-19-next-steps/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/gi-endoscopy-activity-and-covid-19-next-steps/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/gi-endoscopy-activity-and-covid-19-next-steps/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/an-update-to-information-and-guidance-for-endoscopy-services-in-the-covid-19-pandemic-2/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/an-update-to-information-and-guidance-for-endoscopy-services-in-the-covid-19-pandemic-2/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/an-update-to-information-and-guidance-for-endoscopy-services-in-the-covid-19-pandemic-2/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/an-update-to-information-and-guidance-for-endoscopy-services-in-the-covid-19-pandemic-2/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/endoscopy-activity-and-covid-19-bsg-and-jag-guidance/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/endoscopy-activity-and-covid-19-bsg-and-jag-guidance/ (accessed 2 January 2023)
https://www.bsg.org.uk/covid-19-advice/endoscopy-activity-and-covid-19-bsg-and-jag-guidance/ (accessed 2 January 2023)
https://fssa.org.uk/_userfiles/pages/files/covid19/prioritisation_master_240820.pdf (accessed 02 January 2023)
https://fssa.org.uk/_userfiles/pages/files/covid19/prioritisation_master_240820.pdf (accessed 02 January 2023)
https://ideas.repec.org/c/boc/bocode/s439801.html (accessed 2 January 2023)
https://ideas.repec.org/c/boc/bocode/s439801.html (accessed 2 January 2023)
https://apps.who.int/iris/bitstream/handle/10665/331422/WHO-COVID-19-Community_Actions-2020.1-eng.pdf?sequence=1&amp;isAllowed=y (accessed 2 January 2023)
https://apps.who.int/iris/bitstream/handle/10665/331422/WHO-COVID-19-Community_Actions-2020.1-eng.pdf?sequence=1&amp;isAllowed=y (accessed 2 January 2023)
https://apps.who.int/iris/bitstream/handle/10665/331422/WHO-COVID-19-Community_Actions-2020.1-eng.pdf?sequence=1&amp;isAllowed=y (accessed 2 January 2023)
http://www.bsg.org.uk/covid-19-advice/service-recovery-documents-the-what-when-and-how/ (accessed 2 January 2023)
http://www.bsg.org.uk/covid-19-advice/service-recovery-documents-the-what-when-and-how/ (accessed 2 January 2023)
http://www.bsg.org.uk/covid-19-advice/service-recovery-documents-the-what-when-and-how/ (accessed 2 January 2023)

	Risk-stratified faecal immunochemical testing (FIT) for urgent colonoscopy in Lynch syndrome during the COVID-19 pandemic
	Introduction
	Methods
	Clinical service evaluation design
	Participants
	Faecal immunochemical testing mailings
	Faecal immunochemical testing analysis and disclosure of results
	Outcomes of interest
	Statistical analysis

	Results
	Characteristics of clinical service participants
	Faecal immunochemical testing results
	Colonoscopic outcomes
	Diagnostic accuracy of faecal immunochemical testing
	Colonoscopic waiting time by faecal immunochemical testing results
	Kaplan–Meier analysis of time to colonoscopy

	Discussion
	Funding
	Acknowledgements
	Author contributions
	Disclosure
	Supplementary material
	Data availability
	References




