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8 Colorectal cancer

Interval colorectal cancers after negative
faecal immunochemical test in the New
Zealand Bowel Screening Pilot

Kai Sheng Saw
Susan Parry?®

ABSTRACT

Objective Evaluate the diagnostic performance of faecal
immunochemical test (FIT), identify risk factors for FIT-
interval colorectal cancers (FIT-IC) and describe long-term
outcomes of participants with colorectal cancers (CRC) in
the New Zealand Bowel Screening Pilot (BSP).

Design From 2012 to 2017, the BSP offered eligible
individuals, aged 50-74 years, biennial screening using
a quantitative FIT with positivity threshold of 15pg
haemoglobin (Hb)/g faeces. Retrospective review of
prospectively maintained data extracted from the BSP
Register and New Zealand Cancer Registry identified any
CRC reported in participants who returned a definitive FIT
result. Further details were obtained from hospital records.
FIT-ICs were primary CRC diagnosed within 24 months
of a negative FIT. Factors associated with FIT-ICs were
identified using logistic regression.

Results 0f 387215 individuals invited, 57.4%
participated with 6.1% returning positive FIT results.
Final analysis included 520 CRC, of which 111 (21.3%)
met FIT-IC definition. Overall FIT sensitivity for CRC was
78.7% (95% Cl=74.9% to 82.1%), specificity was 94.1%
(95% Cl=94.0% to 94.2%). In 78 (70.3%) participants
with FIT-IC, faecal Hb was reported as undetectable.
There were no significant associations between FIT-IC
and age, sex, ethnicity and deprivation. FIT-ICs were
significantly associated with proximal tumour location, late
stage at diagnosis, high-grade tumour differentiation and
subsequent round screens. Median follow-up time was
74 (2-124) months. FIT-IC had significantly poorer overall
survival.

Conclusion FIT sensitivity in BSP compared favourably
to published data. FIT-ICs were more likely to be proximal
tumours with poor long-term outcomes. Further lowering
of FIT threshold would have minimal impact on FIT-IC.

INTRODUCTION
Colorectal cancer (CRC) screening has
been shown to reduce CRC-related mortality
through early detection and removal of
tumours and precursor lesions.! Popula-
tion screening programmes for CRC most
commonly use the faecal immunochemical
test (FIT) for haemoglobin (Hb).!
Australasia has the highest estimated age
standardised incidence rate of CRC.* In New
Zealand, CRC is the third most common

,! Kerry Sexton,? Paul Frankish,® Mike Hulme-Moir,* lan Bissett,’

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Faecal immunochemical tests (FITs) are widely
used internationally for detection of colorectal can-
cer. Different population and screening programme
parameters can impact test performance. Pilot pro-
grammes provide important local data to inform na-
tional programmes.

WHAT THIS STUDY ADDS

= Most FIT interval cancers (single, 0C-Sensor at
positivity threshold of 15 pg Hb/g faeces) had unde-
tectable faecal haemoglobin (f-Hb) levels at the time
of screening and were more likely to be proximal
tumours with poor long-term outcomes.

= There is lower participation in bowel screening for
Maori and Pacific populations.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Lowering already low f-Hb positivity thresholds
is unlikely to significantly reduce FIT-IC. New ap-
proaches are required to optimise identification of
FIT-IC in population screening for CRC.

= Targeted interventions are required to improve par-
ticipation of Pacific and Maori populations in bowel
cancer screening.

cancer and second most common cause of
cancer-related death.®* Hence, in 2012, New
Zealand launched an FIT (OC-Sensor) based
Bowel Screening Pilot (BSP) to determine
the feasibility of rolling out a national bowel
screening programme.

Screening tests are not diagnostic tests
and therefore all bowel cancer screening
programmes will fail to detect disease in
some individuals. The incidence of interval
or ‘missed’ cancers is a key performance indi-
cator informing FIT sensitivity for detection
of CRC.?® Faecal Hb (£Hb) concentrations
and, by extension, the diagnostic perfor-
mance of FIT are affected by a number of
variables, including age and sex. The majority
of published FIT diagnostic performance
data are from European cohorts and many
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questions remain regarding the transferability of FIT
diagnostic performance data between different popula-
tions.®” Analysing the impact of these variables in context
can help optimise screening parameters to ensure
that, within limits of available resource, predefined
programme goals are met.””

The BSP represents the first systematic large-scale
use of FIT in New Zealand. The aims of this study were
therefore:

1. To evaluate the diagnostic performance of FIT for the
detection of CRC in participants of the BSP.

2. To identify factors that are associated with increased
likelihood of an FIT-interval CRC (FIT-IC) diagnosis
compared with screen-detected CRC (SDCRC) diag-
nosis.

3. To describe the long-term outcomes for participants
with CRC in the BSP.

METHODS

The reporting of this observational cohort study conforms
to the Strengthening the Reporting of Observational
studies in Epidemiology (STROBE) statement.'’

The New Zealand Bowel Screening Pilot

The BSP was funded by the New Zealand Ministry of
Health and conducted by the Waitemata District Health
Board (WDHB) from January 2012 to December 2017. A
single biennial quantitative FIT (OC-sensor, Eiken Chem-
ical Co, Tokyo, Japan) was offered to all men and women
aged 50-74 years who lived in the WDHB catchment area
and were eligible for publicly funded healthcare. Indi-
viduals who had a colonoscopy within the last 5years,
were under colorectal polyp or CRC surveillance, were
actively being treated for inflammatory bowel disease or
were already referred for and awaiting colonic investiga-
tions due to presence of symptoms were advised not to
participate.

Eligible participants were identified and managed
through the BSP pathway using a purpose-built infor-
mation system—the BSP Register. A pre-invitation letter
was sent, followed by a kit containing a FIT specimen
collection device, information leaflet, test instructions
and a consent form. A prepaid first class return enve-
lope was provided for participants to post their sample to
one centralised accredited laboratory for analysis. Non-
responders were followed up by a reminder letter and
for priority population groups (Maori, Pacific peoples
and individuals in the most deprived quintile of socio-
economic deprivation) by telephone.

FIT specimen handling, analysis and quality control
were conducted and reported in line with guidelines for
studies on FIT (see online supplemental appendix 1 for
details)."" Quantitative f-Hb concentrations for partici-
pants were prospectively recorded in the BSP Register but
were identified to clinicians as positive or negative result
only based on the predetermined positivity threshold of
15 pg Hb/g faeces.

Participants with negative FIT results were informed
directly in writing. Participants with a positive FIT result
were contacted by their general practitioner or a BSP
nurse and offered a free of charge colonoscopy (and/
or computed tomographic colonography if indicated)
within 55 working days. Colonoscopy procedures were
performed by experienced endoscopists with regular
review of key performance indicators and unplanned post
procedure admissions. Colonoscopy findings and histo-
pathology results were electronically reported according
to a standardised template and linked automatically to
the BSP Register. All histopathological diagnoses of
CRC in New Zealand were automatically registered with
the New Zealand Cancer Registry (NZCR). Participants
diagnosed with CRC were referred to a colorectal multi-
disciplinary meeting to determine cancer management
recommendations.

Data sources

In May 2022, data were extracted from the NZCR for
individuals who were diagnosed with CRC between 2012
and 2019. The resulting list of patients were matched
with data in the BSP Register to ascertain participation in
BSP and relevant screening history. This cross-referenced
registry generated list was then further audited against
individual WDHB electronic clinical records. Further
data as indicated below were collected to complete the
dataset required for planned analysis. Only primary
colorectal adenocarcinomas were included. Due to a
change in FIT positivity threshold in the BSP from 15 pg
Hb/g faeces (75 ng Hb/mL buffer) to 40 pg Hb/g faeces
(200 ng Hb/mL buffer) for the period of 1st July 2017 to
31st December 2017, CRCs identified in this time period
were also excluded from analysis.

FIT-ICs were defined, in line with international conven-
tion, as CRC diagnosed after a negative FIT result but
before the invitation of subsequent screening round. The
remaining CRCs were classified as SDCRC.

In all identified CRC cases, the following variables were
obtained from cross-referencing of registry data and
further audited against clinical records: age at the time of
FIT, sex, ethnicity, socioeconomic status, screening round,
date of definitive FIT result, quantitative f-Hb level, histo-
pathological confirmation of CRC diagnosis and CRC
primary tumour location. Further data collected directly
from clinical records included cancer stage at diagnosis,
tumour characteristics including tumour differentiation
grade, mucinous differentiation, presence of lymphovas-
cular invasion, presence of perineural invasion, BRAF
mutation or microsatellite instability (MSI), treatment
intent, treatments received, date of last follow-up, disease
recurrence status and survival status at last follow-up. Data
on participation was provided by the Ministry of Health.

Socioeconomic status was classified based on
NZDep2013 Index of Deprivation, an area-based measure
of socioeconomic deprivation in New Zealand.'* Primary
tumour location was categorised as proximal (caecum to
transverse colon) and distal (splenic flexure to rectum).
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CRCs were staged according to the AJCC TNM eighth
edition."”” Tumour differentiation grade was categorised
as low grade (well-differentiated/grade 1 and moderately
differentiated/grade 2) and high grade (poorly/grade 3
and undifferentiated/grade 4).

Statistical analysis

The primary outcome was the sensitivity and specificity
of FIT for detection of CRC at BSP positivity threshold of
15pg Hb/g faeces. FIT-IC proportions were calculated by
dividing the number of FIT-IC by the sum of SDCRC plus
FIT-IC and presented in percentages. Median follow-up
for participants was calculated from date of definitive FIT
result to death or considered censored at last follow-up.

For description of categorical variables, frequency
tables and percentages were used. For description
of continuous variables, mean and medians were
used. Missing values were excluded from analysis that
compared between groups. Wilson’s method for bino-
mial distribution was used to calculate 95% Cls. Differ-
ences in proportions between categorical groups were
evaluated for statistical significance using % test or Fish-
er’s exact test. Univariate and multivariate logistic regres-
sion analysis was performed with FIT-IC as the outcome
variable of interest. Kaplan-Meier curve and Cox propor-
tional hazards models were used to assess overall survival
and disease-free survival (DFS) between groups. Survival
analyses were performed using the date of definitive FIT
result as the start time to address potential time-related
bias. Sensitivity analyses for survival were performed
using landmark survival analyses and time-dependent
Cox proportional hazards model. For landmark survival
analyses, varying landmark times using the date of
CRC diagnosis, date of treatment initiation and mean
diagnosis time for FIT-IC cohort were used. For time-
dependent Cox proportional hazards analysis, CRC diag-
nosis time and treatment initiation time were selected as
time-dependent variables.

For exploratory analysis of FIT-IC proportions across a
range of relevant f-Hb positivity thresholds, the numeric
f-Hb concentration of each case was used to determine
the number of cases with a positive and negative result at
alternative cut-offs of 4, 10, 15, 20, 40, 60, 80, 100, 150 and
200pg Hb/g faeces, respectively. This analysis was based
on the assumption that all CRCs with measured f-Hb level
above the exploratory positivity threshold would be diag-
nosed as an SDCRC and vice versa for FIT-IC.

P values<0.05 were considered statistically significant.
Analysis was conducted in R software V.4.2.2 (R Core
Team, Vienna, Austria).

Patient and public involvement

The BSP was implemented in association with consumer
and professional consultation, particularly with regard
to consideration of strategies to optimise ethnic-specific
participation.* ' This study proposal was reviewed by
the Auckland Health Research Ethics Committee, a

Invited Population
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N =387215

Returned FIT sample
N=222391

Definitive FIT results
N=213088

¥ v

Spoilt kits
N=9303

Positive FIT result Negative FIT result
(> 15 pg Hb/g facces) (< 15 pg Hb/g facces)
N=12901 N=200187

SDCRC FIT-IC

N =409 N=111

Figure 1 Invited BSP participant study flow diagram.
*Cancers in colorectum excluded —anal squamous cell
carcinoma, neuroendocrine tumours, gastrointestinal
stromal tumours, lymphoma, metastases to or malignant
invasion into colorectum and duplicate registration for one
FIT result due to synchronous CRC. BSP, New Zealand
Bowel Screening Pilot; CRC, colorectal cancer; FIT, faecal
immunochemical test; FIT-IC, FIT-interval colorectal cancer;
SDCRC, screen-detected CRC.

panel comprising representatives of consumers of health
services and the indigenous Maori people.

RESULTS
The BSP invited 387215 eligible individuals to partici-
pate, with 222391 (57.4%) individuals returning a FIT
kit. Figure 1 shows the flow of invited BSP participants in
the study.

Participation rate for women was 63.0% compared
with 58.8% for men. Participation rate increased with
increasing age. Those of Pacific ethnicity had the lowest
participation rate (37.9%) followed by Maori (50.2%),
Asian (53.8%) and European/other ethnicities (60.0%).
Participation rate decreased with increasing socioeco-
nomic deprivation. Initial screening rounds made up
54.5% of FIT results, with 45.5% results from two subse-
quent screening rounds.

At the £-Hb threshold of 15 pg Hb/g faeces (75ng Hb/
mL buffer), 12901 (6.1%) returned FIT results were
treated as a positive result. Prevalent round FIT positivity
rate was significantly higher compared with subsequent
round screens (7.0% vs 4.9%, p<0.001).

In total, 520 CRCs were identified and included in the
final analysis, of which 111 met the definition of FIT-
IC. In total, 46 (41.4%) FIT-ICs were detected within 12
months of a negative FIT and 65 (58.6%) were detected
in between 12 and 24 months of a negative FIT. For 78 of
the FIT-ICs (70.3%), there was no detectable f-Hb at the
time of FIT screening (the lower limit of detection for
the OC-Sensor assay analyser was 4pg Hb/g).

Overall FIT sensitivity for CRC was 78.7% (95% CI
74.9% to 82.1%) with specificity of 94.1% (95% CI 94.0%
to 94.2%). Positive predictive value for CRC was 3.1%
(95% CI 2.9% to 3.3%), with negative predictive value
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Table 1 Cumulative incidence of interval colorectal cancer and FIT sensitivity by age, sex, ethnicity and screening round

SDCRC FIT-IC Sensitivity (95% CI) OR for FIT-IC P value

All 409 111 78.7% (74.9% to 82.1%)

Female 188 60 75.8% (70.1% to 80.7%) 1 (ref.)

Male 221 51 81.3% (76.2% to 85.4%) 0.723 (0.474-1.101) 0.131
Age 50-54 years 41 14 74.5% (61.7% to 84.2%) 1.021* (0.990-1.055) 0.189
Age 55-59 years 47 9 83.9% (72.2% 10 91.3%)

Age 60-64 years 84 15 84.8% (76.5% to 90.6%)

Age 65-69 years 107 27 79.9% (72.3% to 85.8%)

Age 70-74 years 130 46 73.9% (66.9% to 79.8%)

Maori 15 88.2% (65.7% to 96.7%) 1 (ref.)

Pacific 9 64.3% (38.8% to 83.7%) 4.167 (0.730-33.643) 0.128
Other 329 98 77.0% (72.8% to 80.8%) 0.804 (0.165-5.863) 0.801
Asian 56 6 90.3% (80.5% to 95.5%) 2.234 (0.616-14.332) 0.291
Prevalent round 233 49 82.6% (77.7% to 86.6%) 1 (ref.)

Subsequent 176 62 73.9% (68.0% to 79.1%) 1.675 (1.099-2.564) 0.017

roundst

*OR with each year of increasing age.

TSubsequent rounds include CRCs detected on participants second and third screening rounds due to small CRC numbers and shortened

third screening round.

CRC, colorectal cancer; FIT, faecal immunochemical test; FIT-IC, FIT-interval colorectal cancer.

0f 99.9% (95% CI 99.9% to 99.9%). The overall FIT-IC
proportion was 21.3% with an SDCRC to FIT-IC ratio of
3.7 to 1.0.

There were no significant differences on univariate
regression analysis between FIT-IC and SDCRC by age,
sex, ethnicity and socioeconomic deprivation (table 1).
Although FIT-IC proportion was higher in subsequent
round screens compared to prevalent round screens,
the difference was not significant on multivariable anal-
ysis. There was no significant difference in proportion
of interval cancers with undetectable f-Hb by screening

round (FIT-IC with undetectable f-Hb in prevalent round
69.4% vs subsequent round 71.0%).

Compared with SDCRC, FIT-ICs were more likely to
be proximally located tumours, late stage (stages III and
IV) at diagnosis with high grade tumour differentiation
(table 2). Mean f-Hb values for the SDCRC cohort were
higher for distal CRC compared with proximal CRC
(146.4pg Hb/g faeces vs 119.3pg Hb/g faeces, respec-
tively; p<0.001). On multivariate analysis adjusting for
age, sex, ethnicity, socioeconomic deprivation, screening
round, location of primary tumour, stage at diagnosis and

Table 2 FIT-IC proportion by location of primary tumour, stage and tumour differentiation grade

SDCRC FIT-IC FIT-IC proportion Univariate p value
All cases 409 111 21.8%
Primary tumour location
Proximal 115 (28.1%) 52 (46.8%) 31.1% <0.001
Distal 293 (71.6%) 56 (50.5%) 16.0%
CRC stage at diagnosis
Early stage (I, I) 291 (71.1%) 65 (58.6%) 18.3% 0.015
Late stage (lll, IV) 114 (27.9%) 44 (39.6%) 27.8%
Tumour differentiation grade
Low grade 376 (91.9%) 87 (78.4%) 18.8% 0.017
High grade 29 (7.1%) 15 (13.5%) 34.1%

One SDCRC and three FIT-ICs: unclear primary tumour location. Four SDCRCs and two FIT-ICs: incomplete CRC stage information. Four

SDCRCs and nine FIT-ICs: incomplete tumour grade information.

CRC, colorectal cancer; FIT, faecal immunochemical test; FIT-IC, FIT-interval colorectal cancer; SDCRC, screen-detected CRC.
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Figure 2 Kaplan-Meier curve for overall survival of

all participants with CRC at 5 years from FIT. CRC,
colorectal cancer; f-Hb, faecal haemoglobin; FIT, faecal
immunochemical test; FIT-IC, FIT-interval colorectal cancer;
SDCRC, screen-detected CRC.

tumour differentiation grade, only location of primary
tumour retained a statistically significant association with
FIT-IC.

The median follow-up time for all patients with CRC
was 74 months (range 2-124 months). There was a signifi-
cantly higher 5-year overall survival for SDCRC compared
with FIT-IC, with divergence of survival becoming
apparent at 24 months from FIT result (figure 2).
FIT-IC group had 2.4 times higher unadjusted all-cause
mortality compared with SDCRC group at 5 years (31.5%
(22.3%-39.7%) vs 13.7% (10.3%-17.0%), p<0.001). A
similar improved DFS for SDCRC at 5 years was observed
(SDCRC 83.1% (79.5%—86.8%) vs FIT-IC 64.9% (56.6%—
74.4%), p<0.001).

Sensitivity analyses with various landmark times for
survival analysis to account for time-related biases also
showed significant survival advantage in favour of SDCRC
group. There was no significant difference in survival
between SDCRC and FIT-IC when stratified by stage at
diagnosis on multivariate survival analysis. In keeping
with the greater proportion of stage IV CRC in this group,
FIT-ICs were less likely to be suitable for curative intent
management than SDCRC (79.3% vs 94.1%, p<0.001).

Exploratory analysis at different positivity thresholds
Exploratory analysis across a range of relevant f-Hb
positivity thresholds showed an expected increase in
FIT-IC proportions at higher f-Hb thresholds (figure 3).
Projected FIT-IC proportions were 15.0% at threshold of
4pg Hb/g faeces and 34.8% at threshold of 40 pg Hb/g
faeces with further increase to 51.9% at threshold of
120 pg Hb/g faeces.

DISCUSSION

The present study assessed the diagnostic accuracy of the
OC-Sensor FIT in the BSP using a positivity threshold

g

o

g

R

Type
M Frc
[ socre
000
=4 =10 =15 220 =100 20 =150 >200

Threshold in pg Hb / g faeces
Figure 3 Exploratory analysis with proportion of SDCRC to
FIT-IC by various f-Hb thresholds. F-Hb, faecal haemoglobin;
FIT, faecal immunochemical test; FIT-IC, FIT-interval
colorectal cancer; SDCRC, screen-detected colorectal
cancer.

of 15ng Hb/g faeces. The overall sensitivity, specificity,
positive predictive value and negative predictive value,
including initial and subsequent rounds, were 78.7%,
94.1%, 3.1% and 99.9%, respectively. Patients with a
FIT-IC made up 21.3% of the patients with CRC. More
than 70% of the FIT-ICs had undetectable levels of f-Hb.
Primary tumour location in the proximal colon, advanced
cancer stage at diagnosis and a high tumour differentia-
tion grade were all associated with FIT-IC. Those with a
FIT-IC had poorer overall survival.

Despite high age standardised incidence rates of CRC
in New Zealand, the diagnostic performance of FIT for
CRC detection in the BSP compares favourably with find-
ings from a meta-analysis of 17 studies reporting on FIT-
IC.° This meta-analysis included a heterogenous mix of
screening programme settings and reported a pooled
SDCRC to FIT-IC ratio of 2.6 to 1.0, which is estimated to
represent an FIT sensitivity of 71.9%.° Tran et al reported
FIT sensitivity estimate of 86.8% for a Belgian cohort with
several screening programme parameters that are more
directly comparable with the BSP.'® FIT-IC comparison
between cohorts can be complicated due to variation
in reported metrics. Different screening programme
parameters (eg, f-Hb positivity threshold, screening
age range) and underlying CRC epidemiology can also
influence observed FIT-IC. Hence, caution is required
when comparing FIT-IC between different screening
programmes.

There were no observed significant associations
between FIT-IC proportion and age or sex in the BSP.
While some FIT-based screening programmes have
different positivity thresholds for men and women, it is
worth noting that a number of meta-analyses have not
demonstrated a significant association between FIT
sensitivity or FITIC rates and sex.’?'”'® While there was
a trend towards increasing FIT-IC proportions for older
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participants in the BSP and other cohorts, this did not
reach statistical significance. 1920 Differences in a country’s
population composition and disease incidence can limit
transferability of findings regarding FIT performance.
This highlights the important role pilot programmes can
play in populations for whom screening is proposed. It is
then possible to tailor screening programme parameters
to meet local contexts, priorities and resources.” '

Similar to findings in the BSP, other international
cohorts have reported significantly higher FIT-IC propor-
tions in subsequent screening rounds.”* * The effect
of screening round in the BSP was no longer signifi-
cant on multivariate regression, suggesting that other
confounding factors such as age and location of primary
lesion may be crucial in explaining this observation as
suggested by Zorzi et al.**

Consistent with many other studies, FIT-IC identified in
the BSP are significantly more likely to be proximal colon
cancers.'® ' ** Similar to those reported by Selby et al,
BSP data demonstrated that f-Hb levels were significantly
lower for proximal colon cancers, possibly explaining
in part the higher proportion of FIT-IC in the proximal
colon.”” One proposed explanation for lower f-Hb levels
in proximal colonic lesions is related to longer colonic
transit time leading to greater f-Hb degradation.” % It
has also been proposed that non-polypoid tumours that
bleed less are more commonly identified in the proximal
colon, hence the association with a lower probability of
detection by f-Hb-based tests."® 772 This effect is further
compounded by the fact that sessile serrated lesions,
which can account for 15%-30% of sporadic CRC, are
more common in the proximal colon.***

Many FIT-IC analyses have demonstrated that FIT-ICs
are more likely to be diagnosed at a more advanced
cancer stage.'® ' *! This observation could be partly
explained by the delayed diagnosis and stage progression
of truly missed CRGCs at the time of FIT testing. FIT-IC
stage distribution in the BSP was comparable to an
unscreened cohort in New Zealand.” ** Another possible
explanation for this association would be the existence
of a subgroup of newly arising tumours with inherently
‘aggressive’ tumour biology that progressed rapidly and
presented as late stage at diagnosis.

A strength of this study was the use of data generated
from crossreference of two prospectively maintained
registries, augmented by auditing against individual
hospital records to ensure data accuracy. While this study
of the BSP represents the first detailed analysis on the
diagnostic performance of FIT for CRC screening in New
Zealand, several limitations need to be acknowledged.

FIT diagnostic performance measures in this study were
estimated using number of SDCRC and FIT-IC. The true
number of CRCs in all FIT-tested participants is unknown
as not all CRCs missed at the time of FIT screening would
have been diagnosed within the conventionally defined
24-month time interval. This can lead to overestima-
tion of FIT sensitivity. Given FIT-IC figures reflect both
CRC truly missed at the time of FIT screening and newly

arising CRC not present at the time of FIT screening,
there is also the possibility of underestimating FIT sensi-
tivity.” While imperfect, this method of estimating FIT
diagnostic performance remains a practical approach to
monitoring an important aspect of FIT-based population
screening.

The retrospective nature of some elements of data
collection in this study limited analysis of a number of
factors that may be associated with increased likelihood
of FIT-IC such as BRAF mutation and MSI status. Explor-
atory analysis by van der Vlugt et al has demonstrated
striking molecular profile differences between FIT-IC and
SDCRC.” While CRC molecular profiles are routinely
measured now, this was not the situation during the BSP.

The survival analysis should be interpreted with caution.
While long-term outcomes are important programme
goals for CRC screening, survival analyses are limited by
numerous confounders that can be difficult to quantify
and adjust for, such as tumour biology and individual risk
factors.

A further limitation of this study is the variable
participation rate between subgroups of eligible partic-
ipants. While BSP participation rates are above the
recommended acceptable minimum uptake of 45%,
participation is inequitable across different ethnic and
socioeconomic subglroups.5 Caution is required when
interpreting overall findings in the context of these
underscreened subgroups and when extrapolating
findings outside a single centre. While not a problem
unique to New Zealand, efforts to improve participation
in underscreened population groups are underway to
reduce these inequities.

The present study found that less than a third of the
patients with FIT-IC could have been identified even by
lowering the FIT threshold to any detectable f-Hb value.
FIT-IC analyses in other cohorts have similarly demon-
strated that the majority of FIT-ICs had f-Hb values below
the predetermined low f-Hb positivity threshold." ** In
recent publications exploring the role of FIT in assess-
ment of symptomatic patients, the sensitivity of FIT for
CRC detection was also not 100% even when positivity
thresholds were set at the lower limits of detection of
various FIT assay-analyser platforms.” 7 The practical
implications of a disproportionate loss of specificity and
increase in test positivity with ever lower f-Hb positivity
thresholds is well documented.'®*"*** Efforts to improve
neoplasia detection in FIT-based screening may be more
productive if pivoted towards developing more compre-
hensive risk-stratified screening strategies or enhancing
FI'T-based technology.28 940

In conclusion, FIT diagnostic performance in the
BSP as evidenced by FIT-IC rates compared favourably
to existing meta-analysis. Patients with FIT-IC are more
likely to present with more advanced CRC and expe-
rience poorer outcomes. The majority of FIT-IC had
no detectable f-Hb at the preceding FIT, so, even with
lower f-Hb positivity thresholds, FIT-IC proportion will
remain significant in FIT-based population screening

6 Saw KS, et al. BMJ Open Gastroenterol 2023;10:€001233. doi:10.1136/bmjgast-2023-001233
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programmes. Further understanding of the tumour
biology of both CRC groups, those present at FIT screen
butwith no detectable f-Hb and those that rapidly develop
between screens, is needed. This information could lead
to the development of novel screening strategies with the
potential to reduce the FIT-IC rate.
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