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Abstract

Background: Optimizing colonoscopy resources is challenging, and information
regarding performing diagnostic quantitative faecal immunochemical test (FIT) in
daily clinical practice in primary health care is still limited. This study aimed to
assess the sensitivity, specificity, positive predictive value and negative predictive
value of varying FIT positivity thresholds on colorectal cancer (CRC) detection in
primary health care.

Methods: A retrospective cohort study of 38,675 asymptomatic and symptomatic
patients with a FIT (OC-Sensor™) performed between 2012 and 2016 in a primary
health-care setting, using a clinical laboratory database of two Spanish areas linked
with the National Health System's Hospital Discharge Records Database. The pri-
mary outcome was 2-year CRC incidence.

Results: The mean age of the participants was 63.2 years; 17,792 (46.0%) were
male. CRC prevalence was 1.7% (650/38,675). The percentage of patients with a FIT
result above the threshold was 20.7% and 14.6% for 10 ug Hb/g faeces and 20 ug
Hb/g faeces thresholds, respectively. Sensitivity was 90.5% (95% confidence inter-
val 88.0%-92.5%) at a 10 pg Hb/g faeces threshold, and this decreased by 3.1%
when a 20 pg Hb/g faeces threshold was used. The negative predictive value for
CRC was at least 99.2% in any subgroup analysed. At a 20 ug Hb/g faeces threshold,
less than one additional CRC would be missed per 1000 patients investigated, while
approximately 1.3 times more colonoscopy examinations were needed to identify an
incidence of CRC using the lowest threshold for any situation analysed.
Conclusions: In primary health care, a quantitative FIT threshold should be tailored
to colonoscopy capacity and CRC prevalence in specific populations.
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INTRODUCTION Participants and setting

Although colorectal cancer (CRC) screening programmes have been This population-based retrospective cohort study included

extended widely in Western Europe, most cases of CRC are still
diagnosed in symptomatic patients.® Unfortunately, the majority of
lower gastrointestinal symptoms have a low positive predictive value
(PPV) for CRC (3%-4%),% and several studies included in previous
meta-analyses have revealed that a quantitative faecal immuno-
chemical test for haemoglobin detection (FIT) can be used to identify
those symptomatic patients with a higher CRC risk. Therefore, this
assists primary health care in determining who should be referred for
colonoscopy.®*

The threshold to determine which patients would benefit from
further investigation plays a crucial role in any diagnostic strategy for
CRC detection, as it may be locally selected on the basis of regional
variables such as CRC incidence, colonoscopy capacity and popula-
tion demographics (sex, age) which could affect FIT diagnostic
performance among others.>¢

Furthermore, the National Institute for Health and Care Excel-
lence (NICE) recommends (NICE DG30) FIT to guide referral in pri-
mary care for suspected CRC. This would be in people without rectal
bleeding who have unexplained symptoms but who do not meet the
criteria for a suspected cancer pathway referral using a 10 ug Hb/g
faeces threshold regardless of sex or age.” However, the main
concern for implementation of this strategy is that information
regarding FIT diagnostic performance in primary health care is still
limited, and large studies are required to validate its use.®

Since then, some studies have been conducted in this scenario
using different FIT platforms.” 2 A recent study revealed that faecal
haemoglobin (f-Hb) <10 pg Hb/g faeces, in the absence of iron-
deficient anaemia, rectal bleeding, a palpable mass or persistent
diarrhoea, identifies patients with an extremely low risk of devel-
oping CRC.° However, use of f-Hb, regardless of variables which
define the clinical spectrum of an individual patient, could lead to
missing CRC in some subgroups of patients while at the same time
overusing colonoscopy resources in others.

We designed a retrospective study that aimed to assess the
diagnostic accuracy of FIT in daily clinical practice in primary health
care for CRC diagnosis in two areas of northern Spain between 2012
and 2016.

METHODS

We followed the Standards for Reporting of Diagnostic Accuracy
Group initiative checklist for diagnostic tests and the Strengthening
the Reporting of Observational studies in Epidemiology statement to

conduct and report our study.*>**

asymptomatic and symptomatic patients aged >18 years from two
northern Spanish health areas (Ourense and San Sebastian) who
consulted their general practitioners between 1 January 2012 and 31
December 2016, who requested a FIT as part of their medical
treatment.

Data on their consultations and laboratory results were linked to
the Spanish Health System's Hospital Discharge Records Database
(CMBD). This database receives information about hospital dis-
charges from approximately 98% of public hospitals in Spain and,
since 2005, has gradually covered private hospitals. This information
includes diagnoses made during hospital admission, which are mainly
coded based on the Spanish version of the International Classification
of Diseases, 9th Revision, Clinical Modification (ICD-9- CM) and 10th
revision. Patients with a history of CRC in the 2 years prior to FIT
determination were excluded.

Index test

The FIT used in both health areas is OC-Sensor™ (Eiken Chemical
Co.). Use of this FIT in our community has been reported before.® In
short, patients were told to collect a faecal sample from one bowel
movement without specific diet or medication restrictions, and each
sample was processed as previously reported at each regional
reference hospital's laboratory.® Estimates of f-Hb were quantitated
as pg Hb/g of faeces so that results could be compared across
analytical systems.?”

FIT performance was assessed using the thresholds of 10 and
20 pg Hb/g faeces. When a patient had more than one FIT deter-
mination in the database, only the former was used. Reasons for
FIT request were classified into three groups: (a) opportunistic
screening (outside the scope of regional CRC screening pro-
grammes), (b) study of symptoms and (c) follow-up of gastrointes-
tinal pathology. An overview of FIT data collection is shown in

Figure S1.

Outcome variables

The main outcome was 2-year CRC incidence. Patients were included
as having CRC if a diagnosis was recorded in the CMBD, and latency
was defined as the time elapsed between FIT determination and the
earliest record of CRC assigned in the CMBD.

CRC was recorded as ‘right-sided’ when located proximal to the

splenic flexure.
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Data analysis

Differences between both cohorts were evaluated using chi-square
and Mann-Whitney U-tests for qualitative and quantitative variables,
respectively. Discriminatory ability for detecting CRC was assessed
using the receiver operating characteristics curve and its area under
the curve (AUC). Sensitivity, specificity, PPV, negative predictive
value (NPV), positive and negative likelihood ratio, diagnostic odds
ratio and their 95% confidence interval (Cl) were calculated using 10
and 20 pg Hb/g faeces as thresholds. Subgroup analysis was con-
ducted to assess differences between centre, age category (<50, 50-
69 and >69 years), sex, presence of symptoms and CRC location due
to their potential association with FIT accuracy. The number of co-
lonoscopy examinations needed to detect a subject with CRC
(number necessary to scope) and the number of missed CRC per
1000 patients evaluated were calculated for each subgroup. A
p-value of <0.05 was deemed statistically significant. Statistical

analysis was performed using SPSS v15.0 (SPSS, Inc.).

RESULTS
Participants

In the study period, 54,327 FIT samples were submitted from primary
health care to San Sebastian's and Ourense's referral laboratories.
Reasons for exclusion are detailed in the study population flow chart
(Figure 1). We analysed data from 38,675 participants. Their median
age was 65.2 years (interquartile range 25.1), and 54.0% (20,883/
38,675) were female. Patient cohort characteristics are provided in
Table 1.

Colorectal cancer

CRC was detected in 650 (1.7%) patients, with differences in preva-
lence regarding health area (San Sebastian = 1.1%, Ourense = 2.0%;
p < 0.001), age group (<50 years old = 0.3%, 50-69 years old = 1.4%,

>69 years old = 2.8%; p < 0.001) and sex (female = 1.1%, male = 2.3%;
p < 0.001). Information regarding FIT indication and CRC location was
only available for San Sebastian. The prevalence of CRC according to
FIT indication was 1.4% in patients with gastrointestinal symptoms,
0.8% in opportunistic CRC screening and 0.4% in patients with
gastrointestinal tract disorders different from CRC (p = 0.02). The
rate of right-sided CRC was more common in females (females 49.1%,
males 31.1%; p = 0.04). The delay between FIT determination date
and the first recorded date in CMBD was significantly higher in FIT
negative patients (<10 pug Hb/g faeces = 10.6 months, >10 ug Hb/g
faeces = 5.9 months; p < 0.001) and inversely correlated with the
amount of f-Hb detected (r = —0.2; p < 0.001).

Percentage of FIT above threshold

For the whole cohort, the percentage of patients with FIT result above
the threshold was 20.7% and 14.6% at 10 and 20 pg Hb/g faeces
thresholds, respectively, with statistically significant differences

(p < 0.01) according to area, sex and CRC location (Tables 2 and 3).

Diagnostic accuracy for CRC detection

The AUC of FIT for CRC detection was 0.89 (95% CI| 0.88-0.91), as
shown in Figure S2. At the 10 pg Hb/g faeces threshold, the sensi-
tivity and specificity for detecting CRC were 90.5% (95% CI
88.0%-92.5%) and 81.4% (95% Cl 81.0%-81.8%), respectively
(Table 2). In contrast, at the 20 pug Hb/g faeces threshold, sensitivity
decreased by 3.1% and specificity increased by 6.5%. The PPV for
CRC increased from 7.7% to 10.1% without changes in the NPV.

Effect of demographic variables on FIT performance
characteristics

FIT sensitivity was not significantly different between sex or age

category (p > 0.1). However, there were differences in specificity

FIT sample returned to
laboratory, n = 54,327

Excluded:
Repeated FIT, n = 14,009 (25.8%)

No FITT result, n = 6 (0.01%)

v

Patients with valid
FIT results, n = 38,675

* Unknown age or < 18 years old, n = 1585 (2.9%)
* Unknown sex, n = 6 (0.01%)
¢ CRC before FIT, n = 46 (0.08%)

!

f-Hb> 10 pg Hb/g faeces, n = 7,663

|
! !

CRC, n=588 No CRC, n=7,075

}

f-Hb< 10 pg Hb/g faeces, n = 31,012

|
! !

CRC, n=62 No CRC, n = 30,950

FIGURE 1 Study population flow chart. CRC, colorectal cancer; f-Hb, faecal haemoglobin concentration; FIT, faecal immunochemical test

(threshold 10 pg Hb/g faeces)
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TABLE 1 Characteristics of the individuals included in the analysis
San Sebastian Ourense Total p

CRC RSP starting year 2009 2015
n (%) 12,674 (32.8) 26,001 (67.2) 38,675 (100)
Median age (IQR) 61.2 (25.9) 66.8 (23.8) 65.2 (25.1) 0.000

<50 years (%) 3735 (29.5) 5131 (19.7) 8866 (22.9)

50-69 years (%) 4664 (36.8) 9841 (37.8) 14,505 (37.5)

>70 years (%) 4275 (33.7) 11,029 (42.4) 15,304 (39.6)
Female sex (%) 13,927 (53.6) 6956 (54.9) 20,883 (54.0) 0.01
CRC (%) 135 (1.1) 515 (2.0) 650 (1.7) 0.000

Right-sided® 49 (36.3) ND

Left-sided 78 (57.8) ND

Unknown side 8 (5.9) ND
Median latency (IQR)? 4.9 (6.1) 4.9 (5.8) 4.9 (5.8) 0.9
Median f-Hb (IQR)¢ 3.0 (22.0) 48.0 (136.0) 16.0 (81.0) 0.000
FIT >10 ug Hb/g faeces (%) 1993 (18.1) 5670 (21.8) 7663 (20.7) 0.000
FIT >20 pg Hb/g faeces (%) 1502 (11.9) 4143 (15.9) 5645 (14.6) 0.000
FIT indication (%)

Opportunistic screening 6383 (50.4) ND

Symptom study 5623 (44.4) ND

L-GI 4543 (80.8) ND

U-GI 526 (9.4) ND

Unspecific 554 (9.8) ND

Follow-up® 568 (4.5) ND

Abbreviations: CRC, colorectal cancer; FIT, faecal immunochemical test; f-Hb, faecal haemoglobin; IQR, interquartile range; L-GlI, lower gastrointestinal
symptom; ND, no data; RSP, regional screening programme; U-GlI, upper gastrointestinal symptom.

@Right-sided CRC were located proximal to the splenic flexure.

PLatency was defined as the time elapsed between FIT determination and the date of hospital discharge in the Spanish Health System's Hospital

Discharge Records Database (months).

“Median f-Hb was evaluated using continuous data from Ourense (n = 9300) and San Sebastian (n = 10,982).

94Indication was unknown in 100 (0.7%) patients.

Indication was follow-up of known gastrointestinal pathology other than CRC or polyps: oesophagitis, gastritis, peptic ulcer, duodenitis, colonic
diverticula, inflammatory bowel disease, haemorrhoids, ischaemic or infectious colitis and benign anorectal pathology.

between health area, sex and age category (p < 0.001). The PPV for
CRC detection in the different subgroups ranged from 2.6% to 9.9%.
However, the NPV for CRC was at least 99.6% for all subgroups
analysed (Table 2).

Influence of symptoms and CRC location

Table 3 shows FIT characteristics based on CRC location and reason
for FIT request in the San Sebastian cohort. These are detailed in
Table 4. Sensitivity did not change significantly between symptomatic
and asymptomatic patients (p = 0.7) despite differences in FIT

positivity in those groups. However, specificity was significantly
higher in opportunistic screening setting at both 10 and 20 ug Hb/g
faeces thresholds (p < 0.05). Conversely, FIT specificity was similar
regardless of CRC location (p = 0.4), while sensitivity decreased
significantly in right-sided CRC at 10 and 20 upg Hb/g faeces
thresholds (p < 0.05).

Effect of threshold on diagnostic yield for CRC

The difference in missed CRC using both thresholds was less

than one in 1000 patients evaluated for any subgroup analysed.



UNITED EUROPEAN GASTROENTEROLOGY JOURNAL

260

"(0°00T) [ewId3p 2UO 03 papunoJ aJam A3y} i pa3aJdiaiul A|3281400ul 84 p|Nod A3y} Se ‘S|eWIdSp OM} 03 PapuUnoJ aJe s3nsal AdN 3Wos,

‘|eAJ23Ul 92UBPYUOD %64 J19Y) pue sadejuadtad se passaldxa a4 sanjep,

‘anjeA aAdIpasd aAlsod ‘Add

‘90Ud|eAS.d J2DUED |B3D30|0D ‘d ‘aN[eA SAIRIPaId SAIFESU ‘AJN ‘Ol3ed POOYI|S1] ‘YT 3S93 [EdIWaYd0UNWW| [BD3EY ‘| [4 ‘Ol13Ed SPPO d13souselp “YOq ‘Ploysa4y3 dAoge | |4 4o a8ejuadiad ‘| % :suoljeinaiqqy

€691
S/6¢C
8009
886
6°8€
L1°0S
96°0€
¥5'9S
51844
¥9's¢
06°GS
0S'T0T
9€'9¢
SY'1v
§9°LC
ov'sy
doa

¥1°0
910
€10
170
810
[4%0]
€¢0
170
110
Y10
01’0
800
710
170
0co
01’0
—d1

LS9
9LV
182
£80T
102
[400%
[4%4
ce9
98'v
65°€
65
[45°]
60'S
98Y
€39S
1404
+d1

(8'66-L'66) 8'66
(L°66-7'66) 966
(666-L66) 866

(66°66-68'66) 9666

(6:66-L66) 866
(8'66-966) L'66
(8'66-966) L'66
(8'66-L66) 866
(8'66-L66) 866
(£66-566) 966
(666-866) 666

(66°66-16'66) L666

(6'66-866) 8'66
(8'66-L66) L'66
(666-L66) 866
(666-L66) 866

qeAdN

(6:0T-€6) T'OT
(T'€T-80T) 61T
(€T1-9'8) 8'6
(05-¥2) ¥'E
(7'8-¥9) €L
(6€T-S'TT) 9°CT
(5'8-6'9) T'L
(czr-€or) 21T
(€8-TL) L'L
(T'0T-¥'8) T6
(€8-€9) €2
(8€-8T) 9C
(T9-8%) 'S
(8'0T-06) 6'6
(L'9-L%) 9°S
(T6-£L) ¥'8

eAdd

1000 > d

1000 >d

1000 >d

1000 >d

1000 >d

1000 >d

(0£8-€98) L'98
(€z8-1'18) LT8
(z68-1'88) £'88
(€26-TT6) 816
(7'88-5£8) 6'£8
(9'58-9%8) 1'58
(7'68-€88) 6'88
(098-1°58) 9'58
(818-0'18) ¥'18
(L'SL-€vL) OSL
(c¥8-0€8) 9€8
(z68-6'£8) 588
(ze8-128) 98
(508-€6L) 661
(9'58-¥'%8) 0'58
(T'08-1°6L) 9'6L

qAHdYIadS

680 > d

L00>d

100>d

0L0>d

810>d

100>d

(006-618) £'£8
(006-9€8) T'/8
(zce-€€8) 588
(r'96-9€L) L'68
(9'88-1'6/4) S8
(026-198) 768
(TS8-LTL) €6L
(¢26-0'L8) 668
(5'26-088) 506
(€26-598) 868
(9v6-8'98) S'T6
(1'86-08L) T'€6
(6T6-L€8) 788
(6'€6-988) 9'16
(7'88-L5L) 0°€8
(r'v6-868) ¥'T6

eANAIISUSS

9Vl
8'9¢
vl
S8
6Cl
991
611
6'ST
861
89¢
VLT
LT
18T
8T¢
L'ST
8T¢
1V %

LT
8¢
V1
€0
T
€¢
T
0¢
LT
8¢
v
€0
T
4
7
0¢

d

GL9'8€
Y0E'ST
S0S'vT
9988

£88°0¢
T6LLT
vL9°CT
10092
SL9°8E
Y0e'ST
S0S'vT
9988

£88°0¢
T6LLT
vL9°CT
10092

u

s1eah 9<
sieah 69-09
SieaA 0G>
Slewa

dlen
ueljseqss ueg

asuainQ

s1eah 9<
sieah 69-09
sieaA 0G>
Slewa

SleN
ueljseqas ues

asuainQ

syuaned ||y

a8y

X35

ealy sad9ey 3/qH 3l 0z<

syuaned ||y

a8y

X35

ealy sad9ey 3/qH 3 Q1<

a|qereA ploysaay L

ploysaJly} pue A1o393ed Aq Jadued [e30240[0d 104 | |4 € JO Adedndde diysoudeld Z 3749V L



PIN-VIEITO ET AL | 261

x 2 N g % § W v g s However, FIT positivity was higher using the lowest threshold
O 6 v < o v o N < v <of &
2 2 2 2 o ¥ o T v 5 (Tables 5 and 6).
[
| ® ¥ 99 ¥ < o ¥ 9 o |3
x — N © O <G o o O o | o
4 © o o o o ©o © o o of o
.
Q
N N (] ~ O N
d 89 R 95 3 88 x 3¢ DISCUSSION
4 Y9 v 1B & O N O N 1 N|J
— —~ | ®
. .5 .8 . .5 . &% Statement of principal findings
N ¥ g N & XN 9V g & |5
NN O N o6 o oo & o ol =L
o~ [e} «— o~ I o~ o~ ~— o~ | o
I | | | ~ I I | | < o . .
g g g 2 2 '; § g g 2 o In this study, we evaluated performing FIT (OC-Sensor™) at
o o o o o o o o o o kY . . . . e . . .
- PO 5 - = 5 o 5 different thresholds in daily clinical practice in primary health care,
. . . . . d . g d . [
2 2% 8 & &8 & & 8 & & 3 outside the scope of regional CRC screening programmes. We
4 — — s
s confirm FIT has high sensitivity to detect CRC in this setting using
—_ e~ =~ =~ =~ =~ 9 - =~ ~|= .
T R & 9§ 3§ 5 9§ 9 o3 both 10 and 20 pg Hb/g faeces thresholds. Furthermore, unlike
AR EREE © T T T 9
O S 1 M o ;1 oo N Vv N| o specificity, FIT sensitivity was not significantly influenced by char-
g O W o d d ¥ 98 S d I - ) -
z ® o O ®» ©w O ©® v «~ 9|8 acteristics related to the patient clinical spectrum such as de-
> mographics (sex and age group) or symptoms. Conversely, sensitivity
wn un
o < = < o was significantly impaired in right-sided lesions. Most importantly,
o o] o o z
v v v v o NPV was >99.2% in any situation evaluated, covering a wide range of
Q Q Q Q +
[0
I S [ CRC prevalence. Thus, at the 20 ug Hb/g faeces threshold, fewer
©® < ¥ v v m 9o 0o ¥ ¥/|T38
0 o O O O iti i i -
R $ $ $ g.lg gl 5 & &5 % _.E than one additional CRC would be missed per 1000 patients evalu
S £ ¢ o N ¥ % 9 0o N 0o 07 ated, while approximately 1.3 more colonoscopy examinations were
228823 ighes gl
R T needed to identify a CRC using the lowest threshold for any situation
&8 § 9 2 m o 9o wan o ol v 8 Y
Q O N un un o~ o] O (o] (o] i
A & 3 3 8 88 8 8 8 8 3| analysed.
c s
© — — —_
n N o N o ©
c e} o (=} o 2
= £
Y Y v v
o (]
S a a a o < Strengths and weaknesses
< <]
0 — — c
o - - 0 -~ -~ =~ —~ 8 ~ ~|5
= < M g in 9 9 ®» g < o
= gl $ SI % QI $ $ SI ,'tl gl £ The main strength of this study is the large sample size. In addition,
[ o M N 1NN vV N vV N ™M Ol ® . .. . .
g z Q ':' §§ 3 g g 3‘,5 é‘; E E. B our data were collected from a daily clinical practice setting where
S S e ege . . . . .
SERCT ©° £ © ECERCERONRTNEC
2 R :_— initial suspicion of CRC arises and comprised any requested FIT in
g 5 S 2 8 3T I FRREESEReENS T the aforementioned scenario. The main limitation of this study was
—_ (2] ~ — s
o
S o = the absence of colonoscopy as a reference standard.
o
— O [ce] O N un o o] O (sp] O — . . . . epe . .
" f ¥ «@ ! 1 <+ & ® «H - o Previous studies reported overestimation of sensitivity in
o X = H N H H A H A H k]
= S o . . . .
2 0 v ¥ ¥ 9 @ ¥ ¥ % 9l . registry-based studies evaluating diagnostic performance of FIT, but
z @ ° 7 @ e e e e o9 Z g that bias mainly affected studies with 1 year of follow-up.'®
™ ™ [e) (o] ~N ™ ™ [ee) (e} [ c [} . .. pe e
9] ® N YV ©® = O N 0 ® | 6w b= Furthermore, one meta-analysis detected similar sensitivity and
8 R F 338858 3L
T = S 9 S Sz 8 specificity between studies using colonoscopy to follow-up all
-_— (7] . . . .
I a0 an 8 z participants and those using 2-year registry follow-up.?® Moreover,
o ‘= ‘= s c . o e . . . . .
g § § % 3 our study included cases of CRC requiring hospitalization, which is
—_ ful = < ) . . . . . . .
S Q > g > g ? not equivalent to the true CRC incidence in the population, as in situ
o o = o .
§ v B - 2 B < E= = CRC would not be detected by the CBMD. The effect of this infor-
= a © © ¢ a o o| 9 o . . . s _—
E § g 7 29 § g 2 = 9 3 = mation bias could be to overinflate sensitivity, as a significant
C it 2 v — C ) 2 v o= e e . ) .
D § g— 2 % ; § g— o ‘_OED ; : s number of supposed ‘true negatives’ might actually be fully endo-
o ~ o 2 o ~ o = o|r n . . .
> O o u @ 40 0 o u @ U & scopically resectable CRC which therefore would not require
Q o O
g o § s E s o E hospital admission. However, the effect of this bias could also be the
v} o £ 2 = a2 S g O . . e .
s & 8 T 3 ® *g 2 g opposite. Our study could underestimate FIT sensitivity, as detect-
v & T s) = s) g g . .
B> £ = £ = T o ® able f-Hb has been revealed to correlate with the severity of an
o >
o = O . . ape
g § § =B 9 underlying lesion, and many false positives could be related not only
@ o] @ <% 9 .. . .
a 8 8 N g 5 to advanced adenomas or other significant colonic lesions but also to
oo oo 0 x P . N
. ) S é g9 in situ colorectal carcinomas.?® Another weakness of the study is the
e T T S OB o . . . .. .
w9 o o ® 7?0 lack of detailed information on the clinical spectrum of patients.
- &8 2 2 0 . . . . .
m ¢ o o L -3 Non-specific gastrointestinal symptoms commonly associated with
< c < N o >
= Al Al sa I .
- <a s CRC are common and sometimes unreported among apparently



UNITED EUROPEAN GASTROENTEROLOGY JOURNAL

262

VN
60'SY
¥'09
60°€T

VN
Ev'é6c
€CT8
91'GC
€CST

VN
61°TS
61°9¢

VN

VN

VN
C8'ee
8¢y
eeTl

VN

6CS
8E'€S
LT'TC
06TT

VN
S99
S9vE

doa

000
[4A0)
810
[450]
000
120
[4%0)
S¢0
0€’0
000
910
[40)
000
000
000
[4A40]
610
0€0

000

€10
€20
€0
000
110

0co

816
c6'6
8801
61V
0,9
819
9L'6
6C'9
LSV
09'6
618
8¢'8
008
629
9599
'L
71'8
ore
91's
6C'S
6'9
L8V
69°€
002
129
€69
+41

(0'00T-T'66) 0°00T
(96'66-8'66) 8'66
(86'66-5'66) 666
(6'€8-1'08) T'66
(0'001-9'86) 0°00T
(6:66-0'66) L'66
(86'66-1766) 666
(£°66-€66) 966
(6:66-166) L'66
(0'00T-5'86) 0°00T
(6°66-5'66) 8'66
(6:66-1'66) 8'66
(0°001-596) 0°00T
(0'001-£86) 0°00T
(0'00T-2'66) 0°00T
(96'66-6'86) 866
(86°66-1'66) 6'66
(5'66-9'86) T'66
(0°00T-586) 0°00T
(L6°66-T66) 666
(86'66-766) 666
(8'66-1'66) 966
(666-T'66) L'66
(0'00T-5'86) 0°00T
(L6°66-9'66) 666
(56'66-9'66) 6'66
oAdN

(T€T-97) 8%
(e0z-7¢€) L8
(cT1-¥'2) 'S
(CvT-L24) SOT
(s8T-1°€) 8L
(OvT-T¥) L'L
(Tst-ch) 18
(L11-1L)T6
(€'8-1'C) 5
(9€z-1€) T'6
(0CT-09) 8L
(6'6-€€) 8'S
(€82-TT) €9
(€2T-¥0) ¥'e
(L6-TT) e
(6'5T-92) L9
(r'6-81) ¥
(LTT-¥9) L'8
(8Y1-¥'2) 29
(8TT-L€) L9
(C11-0%€) 6°S
(€6-LS) €L
(89-6T) 9°¢
(z'81-€72) 89
(€'6-6€) T9
(08-62) 8F
oAdd

(r'16-798) T'68
(076-€68) 616
(8'€6-9'06) €26
(¢'¥8-9108) 5¢8
(9'88-£08) T'58
(6:88-T¥8) £'98
(5'26-6'88) 606
(9'88-998) 9'/8
(9°68-1'18) 9°€8
(9°26-558) 568
(8°06-1'88) 5'68
(9°26-1'06) 9’16
(€26-708) 5'L8
(1'88-T°64) T'¥8
(5'£8-5'18) 88
(9'76-€98) €68
(r'16-8°£8) 8'68
(0£8-TV9) TLL
(9%8-6'SL) 908
(z'98-1°08) 8¢8
(1'68-058) T8
(S'¥8-€28) ¥'€8
(618-€LL) L'6L
(€'68-C'18) L'S8
(698-8'€8) 'S8
('68-£98) 188

PSIRITTRED]

(000T-6'€%) 000T  +TT
(r'96-9'L€) 008 L8
(0L6-L€v) £€8 18
(8'€8-L65) S'€L T'6T

(000T-0TS) 000T 09T
(676-€CS) 818 44"
(0'86-5'95) 6'88 86
(8'68-6'99) 8'/L v'ET
(TT6-8'9%) 0'SL 0'LT

(000T-6'€Y) 000T  +'TT
(0'56-%'59) £'58 A
(£'98-6"9%) 9'0L 68

(0°00T-£02) 000T  Z€T

(0°00T-£02) 000T  Z9T

(0'00T-6'€¥) 000T  £'ST
(7'96-9°£€) 008 4
(0L6-L€v) £€8 90T
(0£8-T¥9) 9°LL eve

(000T-0TS) 000T  +'0C

(7'86-€29) 606 z8r

(086-595) 6'88 GeT

(#'88-00£) 908 9'LT

(T'76-89%) 0'GL 60T

(0'00T-6'€¥) 000T  Z'ST
(€26-T'TL) 506 €St
(8'€6-0'65) ¥'C8 ¥z

GAUARISUSS 1Y %

S0
0T
S0
LT
T
€T
60
91
0T
0T
0T
L0
80
0
S0
01
S0
LT
T
€T
60
91
01
01
0T
L0

d

7SS
9¢s
6C11
008T
61€
G¢8
8001
944
419"
06¢
L¥0C
[4%74
1t
6S¢C
59
9¢s
6C11
0081
61¢
G¢8
8001
19414
[4:1%%
06¢
L¥0C
[4%714

u

,wordwAs oyadsun
woldwAs |9-N
PUI0 e

psiuanied Jsu-ysiH e
uoljedijsuo) e
eaoy.Lielq e

uled jeuiwopqy e
woldwAs |9-]
>1PY10

puno.3xoeq |euosiad
anss| 9A13598Ip-UON
sisAjeue pajnpayds
A3ojoyzed |D-n
|e3oaJoue usiuag
,wordwAs oyadsun
woldwAs |9-N
2PUI0 e

pSiuanied dsu-ysiH e
uoljedijsuo) e
eaoy.llelq e

uled jeujwopqy e
woldwAs |9-]
>1P410

punoJ3xoeq |euosad
aNnss| 9A13598Ip-UON

sisAjeue pajnpayds

Apnis woldwAs

Sujuaauos ansiunjioddo

dn-mojjo-

Apnis woldwAg

8ujuaauds a13siunjsoddo

LuonesIpuj

sadaey 8/qH 8l 0z

sadaey 3/qH 8l 1<

ploysaay L

UelIseqas Ues U] pjoysaly} pue uoledipul Ag Jadued [30210]0D Joj | |4 B Jo Adedndde dipsouseld + 3149V L



| 263
L.

IN-VIEITO €7 A

PIN-

ic’ based
atic’ ba
tom
p
‘asym ias.
ient as f bia
tien isk o
ing a pa igh ris
izing a hig
or has
d categ est
2% an requ ies
eOple’ for FIT Studle
p on r
healthy orded reas ion to othe
rec 10 i-
ona in relat ummari
sses lyses s
kne -analy:
. nd wea s meta EIT
N ngths a ith previo s34 ion-based
2w = Stre sistent w nt settings. Opulatlonh Ids were
; n . e . p o
> 9 % a re co in differ n hres| of
2 % @ . a S t e
2|z = T E findings rmed in ifference tailored imal us
no: < > 5 = % = Our ies perfo sex di d sex- he optim tect any
L2 i i n
[= 4 t= p % £ ing stud ion on icting, a increase t id not de 19
8| ¢ c 8 £ zi formatio confli to incr lysis di or age,
S > | © % Info een s naly sex
I 8 °| 3 Bl 3 has b thor ta-a by )
€ S Q = © : au t me racy sion.
= o % N o £ screenlnj by some 22 A recen in FIT accu lysis conclu is the
o =] X w s S es. S -ana is
+ 3 i = 2% : propose py resourc t difference this meta-a p analysi ts from
]
& T &£ S noscopy r ifican ith bgrou ohor
| = = ® 5 ; @ colo signi in line wi e su ite c in terms
S S 5 8 7 £ 3 istically ere in in th Desp ent in
S 8| g o8 E = stat sults w finding areas. differ lysis by
3 & ; 3 5 o -rg“ nd our re esting between tatistically up analy usly
< = ) a inter e . o i
(J-) S Tu; E g 8 @ An inte SensltIVIty . belng S fed Subgl’ the previo FIT
g ¥ s =3 w 3 FIT rens trati Il as on
® 7z 22 % nt Ou ics, s e ex
— o w Q5 S iffere nd istics, S W d s r
= iff . a ris a n fol
Q g 8 *g B % % < d Sebastian characte th Cohortsy t of age a account
S S | e 5 L - San hic bo fec ot een
g 3 o g 3 S 9 grap! in he ef do n betw
z —| 5 c 2 2 Q . demo oups ing t ces RC
5 @ g, Se £tz of d age gr discussing differen le out C
S¢) @ - - g © Q an ies se ru
< 3 g gz ¢ o sex a d studi that tho AT to that the
I =} 3 3 ~ 2 5 entione gest of t note nd
) Q) = 5 i) 8 © < m ivity, sug mance importan tian a
e - o © 2 = S I ensitivity, t perfor it is imp Sebas hose
0 o S, n
- ElE ¥ o3 s < § the difforen n of result o e Sehastan i
m = rey e . . n
& 4 3£ & s 5 th rpretatio mme beg The imp ubseque
ST = o v ¢ g 2 them. er inte ing progra ctively. d in s
pE 3 8 g 8 = 5 For prop reening 15, respe detecte 23,24 .
o ! IS : @ Q 5 9 3 RC scl 2015, logy ore. posi-
<. CID E % g i E I & 3 regional C 2009 and on patho ported bef ce and FIT tian,
tE » - | 8 a = 9 £ | in mes nre alen ebas
c g o 2% E o g = ense ram bee prev. ns .
E X< | 5 8 s o 3 S Our rog has CRC in Sa se in
9w =2 Ez & £ = ive p ions r d rea
S > : @ > tivi ti we ate dec
2 2 o £ S % £ v f_\s ven lora h lo alu in the f
o e - s 8 = s € pre exp bot ev, ain t ion o
. S| 3 £ R pel S 8 o|on°SC0pydy revealed hic subgroup could expl the populat
— g @ s = Ci
8 S & £ 2 g £ RS ‘ Our stu demograp tudies and egard to o
S 5 E S €3 > o £ g any ose s ith r impa
= p=1 = . : Wi
< S|k 28 g 5 ® 5 5 tivity for line with th pulation have an right-
~ o .
Y ] o .2 ) 3 n B= 2 Q % ich is in in that po| mmes 5 Since 26
£ g = 2 s £ V% hich ity in t rogra »'s IT
= 5’ 8 ; g _‘% = o g - 5 wi nsitivity ening p ry rates. t by FIT,
T 3 SER € g @ o FIT se sed scre RC surge to detec RC with
S S B 5 > £ c g e. -ba C It C
oy © o —= 3 IS e ‘T rens FIT istal ifficu nly ided
0 ©Q Q5 3] 2 2 = Ou ver, d dis re d t o ight-side
B C I} 2 g c reo an mo no igh
NI s e 53 g Mo imal be lect or
°eo5 g = € 5 g xim to se als
2 ST & go - 2 3 g © th on pro re known ds could CRC) but d
R - T = oy 9 € I o bo ions a roun age tren
* @ w S £ ¢ - - g ided lesion reening ie. early-st ownward -
S 2 02 s ) g £ < 5 o si ent sc ding (i.e. ledad ars fro
a o 8 2 gz g8 = £ 9 % subsequ of blee data revea han 69 ye hough
i Ha®] = o .o = S a t
o a5 2 ° £ S EEE & er rate hat our s older age. Alt r
2 S5 2ES o8 = low orthy t f female he same les olde
- g v %g 3 g E g w a CRC. aISOnOteWhe group o males of t stian, fema d CRC
= s = = = L 5 O as rt for Seba side
8% 3% 29% % ¢ 9 1t was al ity fo data San ight- ge
(S v 2y 9] 'cs_-_; sitiv d to of ar me a
5 a a e 23 2% sen are rea nt sa
— o,ﬁ“ww c 2 in FIT mp. ea ese in the ing.
o B 83 c3 g2 = s g n F bastian co lable for th wn to pr males in t his finding
O K] : A g = © ila ho n t
o o) a 2 e S S o o 7 n Se vai s tha r RC
e £ G O s . S © 3 90 5 Sa nly a een icher ion fo ided C
% *g S 8 6 B g O\L: é g 8 = data are o rs have b -ﬁcantly h|g explanatlo fright_slde thesi
2 ea igni ible o 0
= — S o o £ c g S - £ oo 69 Y is SIg ssib tage hyp
Y O ° = < L 5 2 B 29 han hich a po ercen ther een
§ < 2 €22 ¢ 2 % g s t e w iding he p Ano ing betw
& > § g g é 9 50:: 2 g é g prevalenc hus provid d to know t| mption. reening b transit
2 . 7t e su sc ;
s O 25 c a 3 S8 2 ne is as . IT nic
2§ 2 - £ S < < group, we would firm  this ces in F bin or colo sinFIT
> g = = . n e
2 & S v T 05 n 2 2 ever, con ffere f glo ifferenc h
a3 RO S} o Al - How: to r di nt o diffe bot|
c O © 5 8 ob - [ se fo ou he m
LT T £ E% g ¢ inOuren to account ifferent am ount for t roup fro
s 8= S E o > N sted s (i.e. d not acc age g
g3 8 Eo b £ 538 sugge nd male s) could the same
L5 g o o TR .. a Xe
"’g .% 4‘939 :_‘ 2 2 -,8“ 8 o q - g females een the se males of
R 5 52153'5»—'029'8‘33 ime betw een fe
K] o e B Q 2 oy = tim betw
2 5 3 o v w g i} " IS ivit
© LE L g < % c 3 2 % e > ensitivity
T £ - 22 s ® 6 3 S 28
E z‘c
2 X3g 8 g = v 5 % o S are
£ 5 S Qo T o o
= n S @) R < © -5 = 5 Q
c (9] @ — - ] )
S s g 33y 8 5 B S S
L 8o 2 2 = s 5 & P 3
328 IR & &S
N 558 87 ¢
2 o [T E=
Ll ﬁ e g':J ©
- (] <
S
@ =
< [l
[



264 |

UNITED EUROPEAN GASTROENTEROLOGY JOURNAL

TABLE 5 Performance of FIT when threshold is increased from 10 pug Hb/g faeces to 20 pug Hb/g faeces by sex and age

Threshold 10 pug Hb/g faeces

Threshold 20 ug Hb/g faeces

Patient P FP (%) Missed CRC? (95% CI) NNS (95% Cl) FP (%) Missed CRC? (95% ClI) NNS (95% CI)
<50 years
Male 0.4 12.5 0.3 (0.0-1.7) 31.8 (19.8-51.3) 9.2 0.6 (0.2-2.0) 25.1 (15.5-41.2)
Female 0.2 10.5 0.2 (0.0-1.3) 48.4 (27.3-86.4) 7.4 0.2 (0.0-1.2) 34.4 (19.5-61.2)
All 0.3 11.4 0.3 (0.1-0.9) 38.5 (26.7-55.9) 8.2 0.4 (0.1-1.1) 29.0 (20.0-42.4)
50-69 years
Male 2.0 18.1 1.9 (1.1-34) 11.0 (9.3-13.0) 13.2 2.1 (1.3-3.7) 8.4 (7.2-9.9)
Female 0.8 14.3 1.0 (0.4-2.1) 20.5 (15.8-26.6) 9.2 1.5 (0.8-2.8) 14.6 (11.2-19.1)
All 1.4 16.1 1.4 (0.9-2.3) 13.8 (12.0-15.9) 11.2 1.8 (1.2-2.7) 10.2 (8.8-11.7)
>69 years
Male 3.9 254 4.8 (3.2-7.2) 8.2 (7.3-9.3) 19.0 5.6 (3.9-8.0) 6.5 (5.8-7.4)
Female 19 235 3.1 (2.0-4.8) 15.3 (13.0-17.9) 16.8 3.6 (2.4-5.3) 11.6 (9.9-13.6)
All 2.8 243 3.8 (2.8-5.2) 10.8 (9.9-11.9) 17.8 4.4 (3.4-5.8) 8.4 (7.7-9.3)
Total
Male 23 19.6 2.5 (1.8-3.5) 10.1 (9.2-11.2) 14.5 3.0 (2.2-4.0) 7.9 (7.2-8.7)
Female 1.1 17.2 1.6 (1.1-2.3) 18.4 (16.1-21.0) 11.9 2.0 (1.4-2.7) 13.6 (11.9-15.6)
All 1.7 18.3 2.0 (1.6-2.6) 13.0 (12.1-14.1) 131 2.4 (1.9-3.0) 9.9 (9.2-10.7)

Abbreviations: Cl, confidence interval; CRC, colorectal cancer; FIT, faecal immunochemical test; FP, percentage of patients without CRC and a FIT value

above the threshold; NNS, number necessary to scope; P, colorectal cancer prevalence.

®Missed CRC per 1000 patients evaluated with FIT.

Implications for clinical practice and research

Our data confirm that FIT can be used as an aid to daily clinical
practice in primary health care, as reported in recent studies,” 2 but
also suggest that an increase in the NICE recommended threshold
does not lead to a rise in the number of missed CRC in any
demographic subgroup and avoids unnecessary colonoscopy exami-
nations. This may be of particular relevance to special situations such
as the current coronavirus disease 2019 pandemic in which
colonoscopy availability is severely curtailed, and also in the many
European countries that have limited colonoscopy capacity.

Despite this, it can be argued that some of these examinations
could lead to an advanced adenoma diagnosis, thus contributing to
CRC prevention. However, CRC develops from a premalignant lesion
(adenomatous polyp) in >70% of cases throughout a process that
can last approximately 10 years.?? Therefore, it is likely that this
kind of lesion could be subsequently diagnosed when it is still in an
endoscopically fully resectable stage. A recent study in a screening
setting used three categories of FIT below 20 ug Hb/g faeces—0 to
3.8 ug Hb/g faeces, 3.9-9.9 pug Hb/g faeces and 10.0-19.9 ug Hb/g
faeces—and demonstrated that the probability of testing positive
and being diagnosed in subsequent screening rounds of advanced
neoplasia or CRC interval rose with increasing values of FIT.2° Thus,
repeating FIT determination in a scheduled interval could also be an

alternative strategy in the assessment of patients in primary health

care to ‘rescue’ those early-stage lesions without increasing
colonoscopy resource demand. Another recent proposal is to refer
for colonoscopy those patients with cumulative f-Hb concentration
>20 ug Hb/g faeces over two ‘negative’ tests.>! We believe that
these data provide the basis to justify a clinical trial in which the
risks and benefits of both thresholds could be prospectively
compared.

Meanwhile, prioritizing individuals for colonoscopy examinations
by f-Hb concentration could diminish latency time to diagnosis.’
Ideally, this should be in a dynamic waitlist manner. The Model for
End-Stage Liver Disease is also used to prioritize a liver transplant
waitlist. Furthermore, close monitoring of FIT characteristics locally
could enable rapid adjustment of FIT thresholds to optimize each
area's resources.*?

Moreover, managing colonoscopy resources efficiently goes
beyond the costs.® A recent study reported that latency higher than
12 months after the initial positive FIT was associated with more
advanced disease and higher mortality due to CRC.3* In our study,
the mean time from FIT determination to initial hospital discharge
with a CRC diagnosis exceeded 10 months for FIT negative patients,
and was almost twice with respect to patients with a positive FIT
result. Another study revealed that a direct referral to colonoscopy
from primary health care reduces the risk of mortality.*®> It is
therefore important that FIT can be introduced into daily clinical

practice at this care level at an optimal threshold.
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TABLE 6 Performance of FIT when threshold is increased from 10 pg Hb/g faeces to 20 ug Hb/g faeces by indication and location (San

Sebastian)
Threshold 10 ug Hb/g faeces Threshold 20 pg Hb/g faeces
Missed CRC? Missed CRC?

Variable P FP (%) (95% ClI) NNS (95% CI) FP (%) (95% ClI) NNS (95% CI)

Opportunistic screening  Scheduled analysis 0.7 118 1.5 (0.5-4.3) 20.6 (12.6-34.4) 8.4 2.3 (1.0-5.5) 17.3 (10.1-29.9)
Non-digestive issue 10 144 1.1 (0.3-4.2) 16.5 (10.8-25.6) 104 1.7 (0.6-4.8) 12.8 (8.3-20.0)
Personal background 1.0 141 0.0 (0.0-15.4) 14.7 (5.5-42.6) 10.3 0.0 (0.0-14.7) 11.0 (4.2-31.8)
Other® 1.0 201 3.2 (1.1-9.4) 274 (14.8-51.8) 16.2 3.1 (1.0-8.9) 22.3 (12.1-42.1)

Symptom study L-GI symptom 16 163 3.7 (2.2-6.3) 13.8 (10.8-17.7) 122 4.1 (2.5-6.6) 10.9 (8.5-14.0)
e Abdominal pain 09 127 1.1 (0.2-6.5) 17.0 (8.9-33.2) 9.0 1.1 (0.2-6.2) 12.4 (6.6-24.1)
e Diarrhoea 13 170 1.5 (0.3-8.3) 15.0 (8.4-27.3) 13.1 2.8 (0.8-10.2) 13.0 (7.2-24.4)
e Constipation 1.3 191 0.0 (0.0-14.9) 16.2 (6.8-41.3) 14.7 0.0 (0.0-14.1) 12.8 (5.4-32.3)
e High-risk patient® 27 222 8.1 (4.5-144) 11.5(8.8-15.7) 17.1 8.9 (5.2-15.2) 9.5 (7.0-13.0)
e Other? 05 102 1.0 (0.2-5.6) 24.0 (10.7-55.8) 7.6 1.0 (0.2-5.4) 18.2 (8.2-42.2)
U-GI symptom 1.0 106 2.2 (04-12.1) 15.0 (6.3-38.1) 8.0 2.1(04-11.7) 115 (4.9-29.1)
Non-specific symptom® 0.5  15.2 0.0 (0.0-8.2) 29.0 (10.4-84.7) 10.8 0.0 (0.0-7.8) 21.0 (7.6-61.2)

Follow up Benign anorectal 04 158 0.0 (0.0-17.4) 420 (8.1-237.0) 124 0.0 (0.0-16.7)  33.0 (6.5-186.2)
U-Gl 08 124 0.0 (0.0-55.3)  16.0 (3.5-89.9) 6.6 0.0 (0.0-33.2) 9.0 (2.3-50.3)

Location Left sided 0.6 149 0.7 (0.3-1.4) 27.5 (21.9-34.6) 111 0.9 (0.5-1.7) 21.5 (17.1-27.2)
Right sided 04 149 1.4 (0.8-2.3) 56.3 (40.5-78.6) 11.1 1.5 (0.9-2.4) 44.6 (31.8-62.8)

Abbreviations: Cl, confidence interval; CRC, colorectal cancer; FIT, faecal immunochemical test; FP, percentage of patients without CRC and a FIT value
above the threshold; L-Gl, lower gastrointestinal symptom; NNS, number necessary to scope; P, colorectal cancer prevalence; U-GI, upper

gastrointestinal symptom.
®Missed CRC per 1000 patients evaluated with FIT.

bOther situations where a primary care physician decided to perform a FIT in an asymptomatic patient outside the scope of the regional colorectal

screening programme.

“High-risk patients: patients aged >50 years with unexplained rectal bleeding (n = 143) and patients aged >60 years with anaemia (n = 1208) or

diarrhoea (n = 445) and patients with abdominal mass (n = 4).

dOther: patients aged <50 years with unexplained rectal bleeding (n = 93) and patients aged <60 years with anaemia (n = 656) or diarrhoea (n = 380).

*Unspecific symptoms: dizziness, syncope, weight or appetite loss, fatigue, general malaise or asthenia.

CONCLUSIONS

Our study confirms that FIT is highly sensitive for CRC detection in
daily primary health care using a threshold of either 10 or 20 ug Hb/g
faeces. The use of a threshold higher than that recommended by
NICE (20 pg Hb/g instead of 10 ug Hb/g faeces) could reduce the
number of colonoscopy examinations and therefore the latency time
of FIT positive patients to be evaluated without missing more than
one CRC per 1000 patients evaluated belonging to the low-risk group
defined by the NICE recommendation. Right-sided CRC are more
likely to be missed by FIT and may justify a relevant percentage of
false-negative results in elderly, particularly female, patients. Any
strategy using FIT to aid clinical assessment of this particular de-

mographic subgroup must be especially monitored.
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Additional supporting information may be found online in the Sup-
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