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FELOLVASOLAP

Ajanlattevé neve: Frank Diagnosztika Kft.
Ajanlattevd székhelye: 1036 Budapest, Dereglye utca 2.

Kapcsolattarté személy:

Név: Dr. Csajka Marta

Beosztis: lgyvezetd igazgatod

Cim: 1036 Budapest, Dereglye u. 2.
Telefon: 061 250-1813

Fax: 06 1 368-5721

e-mail: frankdiagn@frank-diagn.hu

Reagens neve: OC-Sensor Diana Latex, Buffer, Standard, Control, Sampling bottle

A biralat soran értékelésre keriil6 adatok:

Biralati részszempont

Hralatt rest pon Megajanlott érték
Netto ajanlati ar Gsszesen 22.750.000 Ft
Kalibracids stabilitas idétartama 28 nap
Minta stabilitas id6tartama szobahdmérsékleten 29 nap
Reagens stabilitds nagysdga a felbontast kdvetden 29 nap
M¢rési tartomany nagysaga _ 50-1000 ng/ml
Nem-negativ (teszt-pozitiv) leletek aranya 55% -
Erzékenység ardnya 95 %
Fajlagossag aranya 97,8 %
Pozitiv j6slo érték aranya 77,9 %
Analizis sebesseg 280 db/drarkésziilék
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NYILATKOZAT AZ ELEKTRONIKUS FORMATUMU
AJANLATROL

Alulirott Dr. Csajka Marta, mint a Frank Diagnosztika Kft. 1036 Budapest, Dereglye u. 2.
ajanlattevd cégjegyzésre jogosull képviseldje az Orszagos Tisztifborvosi Hivatal ajanlatkérd
altal inditott, ,,Jmmunkémiai székletvér reagens és a szilréshez sziikséges egychb kiegészitok”
targyl kozbeszerzési eljards soran kijelentem, hogy a tarsasigunk altal elektronikus formaban

is benytijtott ajanlat (jelszd nélkiil olvashat6, de nem mddosithato file) példanya a papir alapt
eredeti példannyal megegyezik.

FRA Ng/ﬂ' ghosztika Kft.
Datum Budapest, 2013, augusztus 23. QXY O&

Dr, Csajka Marta
ligyvezetd igazgatd
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NYILATKOZAT A KBT. 40. §
VONATKOZASABAN

Alulirott Dr. Csajka Marta, mint a Frank Diagnosztika Kft. 1036 Budapest, Dereglye u. 2.
ajanlattevd cégjegyzésre jogosult képviseldje az Orszagos Tisztiféorvosi Hivatal ajanlatkérd
altal inditott, ,Immunkémiai székletvér reagens és a sziliréshez sziikséges egyéb kiegészitdk™
targyn kozbeszerzési eljaras soran nyilatkozom, hogy a kizbeszerzésnek az alabbi a része(i)
teljesitéséhez vesziink igénybe alvillalkozot:

nincs ilyen, nem kivinunk alvallalkozoét igénybe venni a teljesitéshez

A eléz6 pontban megjelolt rész(ek) tekintetében a kdzbeszerzés értékének 10 %o-at meghaladé
mértékben igénybe venni kivant alvallalkozo(k) adatai, valamint a kdzbeszerzésnek az a
szézalékos ardnya, amelynek teljesitésében a megjeldlt alvallalkozék kdzre fognak miikddni:
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Kozbeszerzésért felelds személy neve: ......ooovviiiiiiiiiini i
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Széazalékos arany, amelynek teljesitésében az alvallalkozd(k) kozre fog miksdni:.... %
A kézbeszerzés részei, ahol az ajanlattevd 10% feletti alvallalkozét vesz igénybe:
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Dr. Csajka Marta
igyvezetd igazgatod



NYILATKOZAT A KBT. 60. § (3) BEKEZDESE
VONATKOZASABAN

Dr. Csajka Marta, mint a Frank Diagnosztika Kft. 1036 Budapest, Dereglye u. 2. ajanlattevd
cégjegyzésre jogosult képviselbje nyilatkozom, hogy az Orszigos Tisztifoorvosi Hivatal altal
az ,Jmmunkémiai székletvér reagens és a sziiréshez szitkséges egyéb kiegésziték” tdrgyban
meghirdetett kbzbeszerzési eljarason tarsasagunk részt kivan venni.

Ajanlatunkat az eljarast megindité felhivas és dokumentaci6 szerint 4llitottuk Sssze, és az
azokban foglalt feltételeket elfogadjuk.

Ajanlatunk elfogaddsa esetén a szerzédéstervezetben foglaltakat teljes egészében elfogadjuk
és a feladatot a szerz6déstervezetben foglaltaknak megfelelé maédon teljesitjiik, a Kbt. 130. §-
ban illetve a Ptk.198. § (1) bekezdésben ¢és a szerz8dés teljesitésére vonatkozo
rendelkezéseiben foglaltak tudomasul vétele mellett.

Elfogadjuk ajanlatkérd dontését, miszerint az ,0sszességében legelénybsebb ajanlat”
értékelési szempont alapjan valasztja ki a nyertes ajanlattevdt. Kijelentjilk, hogy amennyiben
az ajanlatkéré az ajanlatunkat elfogadja, akkor az ajanlattételi felhivasban megjeldlt
idépontban a szerzédés alairasara készek vagyunk. Ajanlati drunkat a szerz0dés teljesitése

soran fenntartjuk.
FRANK Diagnosztika Kft.

Datum Budapest, 2013. augusztus 23. [\ /

Dr. Csajka Marta
ligyvezeto igazgalod
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NYILATKOZAT
KKV. VONATKOZASABAN

Alulirott Dr. Csajka Mérta, mint a Frank Diagnosziika Kit. 1036 Budapest, Dereglye u. 2.
ajanlattevd cégjegyzésre jogosult képviseléje az Orszagos Tisztifborvosi Hivatal ajanlatkeérd
alial inditott, , Immunkémiai székletvér reagens és a sziiréshez szitkséges egyéb kiegészitdk™
targyu kizbeszerzési eljaras soran kijelentem, hogy tarsasagunk

a.) a kis- és kozépvallatkozasokrdl, fejlédésiik timogatasardl sz6lé 2004. évi XXXIV. torvény
3. §-a szerint '

mikrovallalkozdsnak

kisvallalkozasnak

kézépvallalkozasnak mindsiil.

b.) nem tartozik a kis- és kozépvallalkozasokrol, fejlédésiik tép}ggﬁtéséﬁél sz6l6 2004, évi
XXXIV. térvény hatalya ala. 1lagnosztika Kft,

Datum Budapest, 2013. augusztus 23. <’7<k
/

Dr. Csajka Marta
ligyvezetd igazgato
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NYILATKOZAT
AZ IDEGEN NYELVU DOKUMENTUMOK FORDITASANAK
MEGFELELOSEGEROL

Alulirott Dr. Csajka Mdrta, mint a Frank Diagnosztika Kft. 1036 Budapest, Dereglye u. 2.
ajanlattevé cégjegyzésre jogosult képviseléje az Orszdgos Tisztiféorvosi Hivatal ajanlatkérd
4ltal inditott, , Immunkémiai székletvér reagens és a sziiréshez sziikséges egy¢b kiegészitok™
targyn kozbeszerzési eljaras sordn kijelentem, hogy az altalunk csatolt idegen nyelvil
dokumentumok magyar nyelvli forditdsa az idegen nyelvl dokumentumok tartalmaval
megegyezik, ezért feleldsséget vallalunk.

FRANK Diagnasztika ket

Datum Budapest, 2013. auguszius 23. Q @

Dr. Csajka Marta
iigyvezetd igazgatd



ALATRAST CIMPELDANY

Alulfrott DR, CSAJKA MARTA (sziiletett: Budapest, 1959. évi marcius hé 06. napjan, anyja
neve: Czaké Irén Mérta) 1037 Budapest, Remectehegyi 0t 109. szém alatti lakos, mint a
FRANK Diagnosztika Korlatolt Felelssségit Tarsasag (roviditett clnevezese: FRANK
Diagnosztika Kft, székhelye: 1036 Budapest, Dereglye utca 2.) vezetd tisziségviseldje, a
tarsasagot akként jegyzem, hogy a tdrsasag kézzel vagy géppel eldirt, elényomoft vagy
nyomtatott cégneve ald a nevemet dndlldan az alabbiak szerint from:

Dr. Csajka Marta

dr. Barbalics Miklés kizjegyz
1036 Budapest, Arpad fejedelem atja 53/A. L./5.
Tel./Fax; 06 (1) 368-8305 email: barbalics@mokk hu

Ugyszam: 11071/H/1625/2011.

Alulivott  kdzjegyzdirelyettes  tanisitom, hogy ezt a fenti aléirdsi cimpélda’nyt
DR. CSAJKA MARTA (sziletett: Budapest, 1959. évi marcius hé 06. napjdn, anyja neve:
Czaké Irén Mirta), 1037 Budapest, Remetehegyi ut 109. szdm alatti lakos, aki
személyazonossdgat a felmutatott 278865EA szdmi személyazonositd 1gazolvanyava1
lakcimét a 745587 HL szamu lakeimet igazol6 hatoségi igazolvany4val 1gazolta a mai napon
eldttem sajatkeziileg 11ta ald.~rmm e-rmommmermm s ook oo
Az Usyfél tudomdsul veite a kizjegyzbhelyettes tdjckoziatdsdt a kbzjegyzblkydl szold 1991, évi
XLI torvény 122. § (2)-(10) bekezdéseiben foglaltakrdl, vagyis a személyazonossdg on-line
ellendrzésére vonatkozd rendelkezésekyl,-m-mmmrmmmnmmmmwemmnmnmmmm oo oo o
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NYILATKOZAT
A SZAMLAT VEZETO PENZUGYI INTEZMENYEK
VONATKOZASABAN

Alulirott Dr. Csajka Marta, mint a Frank Diagnosztika Kft. 1036 Budapest, Dereglye u. 2.
ajanlattevd cégjegyzésre jogosult képviselSje az Orszagos Tisztiforvosi Hivatal ajdnlatkérd
altal inditott, , Jmmunkémiai székletvér reagens és a sziiréshez szitkséges egyéb kiegészitok”
targya kozbeszerzési eljaras sordn kijelentem, hogy tarsasdgunk pénzforgalmi szdmlait a
kovetkezé pénziigyi intézmények vezetik illetve, a megnevezetteken kiviill més pénziigyi
intézmény nem vezet részitkre pénzforgalmi szamlat:

1.
Pénzintézet neve: Budapest Bank Nyrt
Bankszamla szam: 10102103-05233504-00000000

2.
Pénzintézet neve: Budapest Bank Nyrt
Bankszédmla szam: 10102103-05233500-01002308

3.
Pénzintézet neve: Erste Bank Nyrt
Bankszamla szam: 11996231-06127024-10000001

FRARK /Biagnosztika Kft.
Déatum Budapest, 2013. augusztus 23. (}9) 7

Dr. Csajka Marta
iigyvezet6 igazgatd



BUDAPEST BANK

A GE Capital tagja

Frank Diagnosztika Kft.

Budapest

Dereglye u. 2.

1036
Cjkv. sz.: 0370/2013.
Ogyintézd: Fehér Zsuzsanna

Tdray: Bankinformdcié

Az informaciét adje: Budapest Bank Zrt.

Gazddlkodd szervezet neve: Frank Diagnosztika Kft.

SzGmlaszam: 10102103-05233500-01002308 EUR

10102103-05233504-00000000 HUF

A Frank Diagnosztika Kft. {1036 Budapest, Dereglye u. 2.) 10102103-05233500-01002308
szamu EUR szdmlgjét 2008. december 10-t8l és 10102103-05233504-00000000 szamu
elszdmoldsi szdmlGjét 1994. december 07-tél vezetjik a Budapest Bank Zrt. Obudai
Fidkjaban.

A Frank Diagnosztika Kft. szdmldin az qjanlati felhivas feladdsatél (2013.07.31)
visszaszamitott 2 évben nem fordult elé, hogy a pénzforgalmi szdmldi terhére benydjtott
azonndli beszedési megbizds* fedezet hidnya miatt nem volt teljesithetd.

A nyilotkozat a kiadds idépontjdban Bank dltal ismert dllapotot tikrézi és nem jelent
kételezettséget vagy felelésségvdllaldst a Budapest Bank Zrt. részérél.

Kelt: Budapest, 2013. év augusztus hd 07. napjdn

Tisztelettel. BUDAPEST BANK 2rt
‘f’e . "l}-[‘ —— - [} - -
Budapest/Bank 2Zrt.
Klemencsics Katinka _Ipacs Bernadett ‘
Kiemelt Ugyfélkapcsolati Menedzser Kiemelt Ugyfélkapcsolati Menedzser

*18/2009. {VIIL6.) MNB rendelet szerinti dtutoldsi végzés, hatdsagi dtutoldsi megbizas és felhotalmazo levélen alapuld
beszedési megbizds, Lo :




ﬁ' ERSTE BANK HUNGARY ZRT.
BANK

H-1138 Budapest, Népfiird5 u. 24-26.
Cégjegyzékszam: 01-10-041054
Telefon: 06-40-222-223

Tktaté sz4m:2436/2013

- FRANK-Di-ﬁgnos:ztika Kt _
- Dr Csajka Marta tigyvezets részére
1036 Budapest, Dereglye utca 2.

) . g Targy: Bankinformicié a FRANK Dlagnusztlka Kit, rol

“Alulirottak, az ERSTE BANK Hungary Zrt. (H-1138 Budapest, Népfiird w.- 24-26.; -
_cégjegyzekszam: 01-10-041054, KSH szam: 10197879-6419-114-01, adosz4m: 10197879-4-
44, csoportazonositd szam: 17781042-5-44, csoport kdzodsségi addszam: HU17781042)
* képviseletében igazoljuk, hogy Ugyfeliink, a FRANK Diagnosztika Kft. (székhely: 1036

o Budapest, Dereglye utca 2., cégjegyzékszam: 01-09-070792) az aldbbiakban részletezett

- pénzforgalmi bankszamlat vezetl Bankunkndl:

Bankszimla szdma Ean‘k szAmla SzAmlanyitds napja
- _ evizaneme
11996231-06127024-10000001 . - HUF 2000.06.15.

‘A FRANK Diﬁgnosztika Kft.-vel 2000.06.15 . hapja 6ta &llunk tizleti kapesolatban.
e Sziml4jan az ajanlati felhivas feladésatol (2013.07.31) visszaszémitott 2 .éx};b'eri :
azonnali beszedési megbizas fedezet hidnya miatti visszautasitas nem fordult eld és

Jelen igazolds kiaddsanak idépontjdban sem mutatkozik.

o ".Ielen bankinformaciét, minden kdte}ezettségvéllalas nelkul az ligyfél kérdsére 1,-azaz egy

 eredeti példanyban adtuk ki.

- - Tisztelettel,

' ‘.B”udapest, 2013, angusztus 06.

R ERSlEEANKHUNGARYii’; R TN
: o T 1128 Budapes’t, Nephirds u. 2 SRR U 44
e L@ﬁ\’\“\ AN € e ¢ TSN
. Gytrpgy Laszlé Kdrolyné : Rohonyné Kovacs Mémka Zsofia
YOTgY y _ y

Vezeté ligyfélmenedzser

ERSTE BANK HUNGARY ZRT.




Technikai specifikacio

OC Sensor Diana

Technikai adatok

Kapacitas; 280 minta/ora

Miikodési elve: latex agglutinaciés immun-turbidimetria
Mintatartd: 150 minta (10 mintatarté llvany x 135)
Reakei6 kiivetta: tobbszor hasznalhatd, eldobhaté akril kilvetta, tisztitsa automatikusan torténik
Mintavevd rendszer: automatikus

Reagens felszivés: automatikus

Homérséklet szabalyzo rendszer: blokk melegitd 37°C
Reagens tarold: blokk melegit6 25°C

Fényforras: LED 660 nm

Detektor: fotodioda

Adatbevitel: érintbképernyd, szines LCD

Adat kinyerés, tovabbitds: Hényomtaté, RS323C, USB
Interfész kapcsolat pl. LIMS rendszerhez

Memoria: 100.000 teszt eredmény tarolasara alkalmas
STAT funkcio

Méret: 630mm x 560 mm x 560 mm

Suly: 60 kg

Alkalmazas: CE, IVD
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Analitikai és egyéb teljesitmény mutatok

A folyamat teljesen automatizalt: A mintavevd tivegeket a késziillék automatikusan feldolgozza, a
nincs szilkség a minta barmiféle kezelésére, higitasara. A mintavevoket a készillék tartokeretébe
kell helyezni. A késziilék beszkenneli a vonalkodot €s elmenti a kvantitativ eredményt. (Lasd a
csatolt brosurat)

Mérési tartomény: Az OC Sensor Diana késziilék 50-1000 ng/ml tartomanyban képes kvantitativ
eredményt adni. (Lasd a csatolt gyartéi nyilatkozatot) Ha a human hemoglobin koncentracio kisebb,
mint 50 ng/ml a CV érték emelkedik. 1000 ng/ml koncentracid felett a késziilék a mintat
tovabbhigitja. (Lasd a csatolt gyart6i nyilatkozatot)

Analizis sebessége: 280 minta/éra (Lasd a csatolt brostrat)

A késziilékkel végzett mérések kvantitativ eredményt adnak: a vizsgalat eredményét a késziilék
ng/ml-ben mutatja, illetve a téves leolvasas elkeriilése érdekében (+), vagy (-) jelet tesz a kijelzett
érték mellé. (Iasd a csatolt brosurat)
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Cui-off: S0 ng/ml, vagy magasabb, egyszerre 3 killonbozo éxték beallitasira van lehetéség a minta
vizsgélata elbtt, vagy utan (Léasd a csatolt brosurat, illetve publikaciot)
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Prozon hatds: Ia a minta HbAQ koncentraciéja meghaladja az 1000 ng/ml-t, a késziilék jelzést kild
a felhasznald szdmara (,,overread or prozone effect”), majd a mintét tovabbhigitja és a tényleges
eredményt mutatja. A késziilék nagyon pontosan jelzi a prozon hatast, kettds ellendrzd rendszere
folyamatosan vizsgélja minden egyes minta mindségét. (L4sd a csatolt brostrat ¢s az alabbi abrat)
1. OR (Over Range) A késziilék ,,OR” jelzést ad, ha a minta abszorbancia értéke nagyobb, mint
a kalibratoré (6)
2. PRC: A késziilék ,,PRC” jelzést ad, ha a minta abszorbancia ériéke nagyobb, mint a
kalibratoré és a koncentracié kisebb, mint 1000 ng/ml

Excess antigen- Prozone
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K 6rhazi informatikai halozatba kothetd: Interfész kapesolat pl. LIMS rendszerhez

DIANA Connector

1
| Connecting cable -

DIANA

Biztositott a standard laboratériumi belsé és killsé mindségbiztositasi eljaras alkalmazhatosaga:

Az OC Sensor platform rugalmas rendszer, mely lehetové teszi a kiilsd mindségbiztositasi
eljarasokban vald részvételt. A gyarté maga is koordinal ilyen jellegli vizsgalatsorozatokat, mely
soran minden felhasznalé szaméra parhuzamosan vak mintdkat kiildenck, mellyel a készilék
pontossagat-pontatlansagéat ellenérzik. Az OC- Sensor felhasznéalok szamara az Eiken éltal
szervezett programban, jelenleg tobb, mint 800 labor vesz részt.

Garancia, karbantartis: A szerz8dés iddtartama alatt a készillékre teljes korii garanciat vallalunk
kivéve a késziilék és a reagensek nem megfeleld hasznélatabol adodé hibakat és az ebbSl adodd
javitashoz szilkséges alkatrészeket. ' ' :

A készillék nem igényel szerviz altal torténd rendszeres karbantartast.
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Diagnosztikai teljesitfiképeséég

A kovetkezd adatok Landomlzalt kontlollalt nepessegszulem v1zsga1atok eledmenyem alapulnak.
Hollandiaban 20.623 50 75 éves egyén sziirését végezték el 2006-2007-ben. Ket teszt
dsszehasonlitasara keriilt sor: gFOBT (Hemoccult-II) és iIFOBT (OC Sensor), a pozitiv FOBT-ket
kolonoszkdpidval erdsitettck meg.

A mérés 100 ng HB/ml cut-off ért¢kkel torteént.

Pozitiv joslo érték arduyaA (PPV) polip és rdk esetében: 77,9%
Nem-negativ (teszt-pozitiv) leletek aranya: 5,5%
Fajlagossdg ardnya rak és eldrehaladott adendma esetében: 97,8%
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Mintavevo:

Konnyen kezelheté mind a paciensek, mind a laboratériumi személyzet szdméra

Higiénikus, pontos mintavételt tesz lehetdvé, a laboratériumi személyzetnek nem kell €rintkeznie a
mintdval; a minta feldolgozasa automatikus

Rendelkezik magyar nyelvii hasznalati utmutatéval (Lasd a mellékelt haszndlati dtmutatdt)
Lehetévé teszi 2 minta/paciens gylijtését

Alkalmas postai tovabbitasra, alakja lapos, nagy stirliségli polipropilénbdl késziil, mely megfelel az
UN 3373 Diagnosztikai mintdk szallitdsara vonatkozd szabvanynak

A mintavevé szlirdrendszere megakadalyozza, hogy a késziilék a minta feldolgozdsa soran
eltémdod;jon.

A stabilizalé puffer lehetdvé teszi, hogy a minta szdllitdsa soran, szobahdmérsékleten 85%-os
hemoglobin stabilitas, illetve 2-10°C-on hiitében tarolva 97%-os hemoglobin stabilitds mellett 29
nap mulva is pontos mérési eredményt kapjunk.

Lejérati ideje: gyartastdl szamitott 18 honap
Statusz: CE, IVD (Lasd a csatolt Megfelel6ségi nyilatkozatot)

Reagensek:

Latex reagens: felbontas utan a késziilékben tarolva szobahdmérsékleten 29 napig stabil
Puffer: felbontds utan 2-10°C-on 8 hétig stabil

Kontrol: a késziilékben tarolva 28 napig stabil

A reagensek gyartastol szamitott lejarati ideje 12 honap.

Vonalkoddal ellatottak a kdnnyebb beazonosithatdsagert

A reagensek validaltak a késziilékre.

Statusz: CE, IVD (Lasd a csatolt Megfelelségi nyilatkozatot)
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Cumulative Fvaluation of a Quantitative
Immunochemical Fecal Occult Blood Test to
Determine Its Optimal Clinical Use

Paul Rozen, MB, BS*%: Doron-Comaneshter, MSc® Zohar Levi, MD'; Rachel Hazazi, MSc'; Alex Vilkin, MD'; Eran Maoz, MD*
Shlomo Birkenfeld, MD* and Yaron Niv, MD"?

We have completed a colonoscopy evaluation of an automated-developed quantified immunochemical fecal occult
blood test (IFOBT) specific for human hemoglobin (Hb). The aim was to learn its performance characteristics and suit-
ability to replace our standard guaiac screening test {guaiac FOBT).!

The primary aim of screening is detection of asymptomatic colorectal cancer (CRC).2 A secondary aim is identifica-
tion and removal of advanced adenomatous polyps (APs), namely those >1 ¢cm or with 20% villous component or any
high-grade dysplasia. >3

With increasing use of office-developed qualitative or quantified ITFOBTS, there is no uniformity in choosing the

4-15

fecal Hb threshold determmmg a positive test for CRC and/or advanced AP or the number of IFOBTS to prepare.
These will influence screenees’ compliance, quality of test performance, need for endoscopy, and costs.!

Because of dissatisfaction with guaiac FOBTS, there is demand for 1-stop colonoscopy screening that is both diag-
nostic and, if necessary, therapeutic by removing adenomas. Therefore, an optimal noninvasive screening test should be

Corresponding author: Paul Rozen, MB, BS, Sestopali Fund for Gastrointestinal Cancer Prevention, Department of Gastroenterology, Tel Aviv Medical Center, 6
Weizmann Street, Tel Avly, 64239, lsrael; Fax: (011) 972-3-6959 528; prozen@D12.net.ll

'Gastroenterology Department, Rabin Medical Center, Beilinson Hospital, Petach Tikva, tsrael; *Department of Internal Medlcine, Tel Aviv University Medical
Schoo!, Ramat Aviv, Israel; *Statistics Department, Tel Aviv Medical Center, Tel Avtv, Israel; ‘Gastroeaterology Unit, Clalit Health Services, Tel Aviv, Israel

We thank the medical and secretarial staff of the endoscopy unit and patients for cooperation; Ms. Ziona Samuel for helping entoll and instruct patients; br.
Ester Shabtai for additional statistical analyses; and Ms. Sally Zimmerman for secretarial asslstance.

DOE: 10.1002/cncr.25012, Recelved: June 11, 2009; Revised: August 24, 2009; Accepted: September 1, 2009, Published online in Wiley Inter-
Science [www.inlerscience.wiley.com)
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sensitive for CRC and for as many advanced ADs as possi-
ble, so as to maximize the yield from colonoscopy per-
formed for positive tests and minimize unnecessary, costly
examinations occasionally associated with morbidity.'¢

During our evaluation of the quanified IFOBT, we
published a report of our experience on its stability and
reproducibility under laboratory conditions, a clinical
comparison with guaiac FOBT, sensitivity and specificity
for adenomas, and an evaluation and description of
advantages of Hb quantification."'7** Study completion
allows for cumulative analyses of results, increasing the
study population size, and providing more detailed per-
formance details. Present aims were to: 1) confirm the sta-
bility of test samples in the clinical setting; 2) evaluate the
sensitivity and specificity for CRC or advanced AP over a
range of fecal Hb development thresholds to determine a
positive test and the number of IFOBTSs collected; 3)
examine the number of follow-up colonoscopies needed
for positive tests to identify CRC, CRC or advanced AP,
and advanced AP; and 4) provide information t our
screening program on thresholds to use and the number
of IFOBTs to prepare, so as to estimate consequent
demands for colonoscapy.

MATERIALS AND METHODS

A prospective, cross-sectional, double-blind study was
conducted on colonoscopy pacients from 3 endoscopy
centers. Details have been given in full elsewhere.™

Patients
Subjects included consecutive asymptomatic ambulatory
persons invited for elective screening or follow-up colono-
scopy, patients from our high-risk family clinic, or mildly
symptomatic patients who volunteered for the IFOBT
study. They included the initial 1000 patients analyzed
for technical evaluation of IFOBT methodology, sensitiv-
ity, and specificity for cancer and/or advanced APs.?
Exclusion criteria included hospitalization, visible
rectal bleeding, known CRC or advanced AP, known or
subsequent diagnosis of inflammatory bowel disease, he-
maturia, menstruation, lack of comprehension or coopera-
tion in preparing a fecal test, and incomplete colonoscopy
examination.

Endoscopy and Lesions

Colonoscopy was to the cecum or obstructing carcinoma
if present. Lesions were biopsied and/or removed; num-
bers of polyps and their sites were grouped as being in

proximal (cecum to and including splenic flexure) or dis-
tal large bowel. Polyp size was estimated with open biopsy
forceps of known width and described as pedunculated or
sessile. Adenomas were grouped by histology and dyspla-
sia; advanced APs <10 mm were re-examined by a single
gastrointestinal pathologist to confirm the diagnosis.

Fecal Sampling and FOBT Analysis

Participants received instructions on preparing 3 consecu-
tive JEOBTs the week before colonoscopy without diet or
medication limications other than stopping aspirin and
anticoagulants before endoscopy.?! Samples were stored
at 4°C and developed within 3 weeks.' '

The OC-MICRQ instrument (Eiken, Tokyo, Ja-
pan) was used to process and quantify the IFOBT. Each
result was automatically printed 2s nanograms Hb per
milliliter of buffer.'”'®?® Hb levels <50 ng/mL are
regarded as negative. Technical publications translated
from the Japanese are available.'”

The ethics commirtee of the Rabin Medical Center
approved the study in 2004.

Analyses and Statistical Methods

Patients were classified according to their most advanced
disease, CRC or only advanced AP. Analysis was per
patient; the highest amount of fecal Hb measured in
patients’ IFOBT's was related to their most advanced
neoplasm.lg’20

Fecal Hb level was analyzed as dichotomous param-
eters from 50 to 200 ng Hb/mL of buffer at 25-ng Hb/
mL increments. Receiver operator characteristic (ROC)
curves were drawn to best determine fecal Hb cutoff levels
that discriminated between diagnoses. Comparison of
areas under ROC curves (AUC) (fizse IFOBT, higher of
first 2 IFOBTS, and all 3 IFOBTs) were by Mann-Whit-
ney nonparametric test.

Diagnostic power of IFOBT measurements was
evaluated by sensitivity, specificity, positive and negarive
predictive values, and likelihood ratios, accompanied by
95% confidence intervals. Cochran nonparametric test
for repeated dichotomous variables was used to examine
overall differences between IFOBTs at each threshold.
Multiple comparisons of sensitivity and specificity at 25-
ng Hb/mL. increments between number of IFOBTs (first
vs higher of first 2 vs all 3} were by the McNemar test, and
the significance level was corrected for multiple testing by
Sidak’s method. Positive predictive values were used to
determine the number of colonoscopy examinations

Cancer  Month 00, 2010
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resulting from a positive test to identify a CRC, or CRC
or advanced AP.

Statistical Package for Social Sciences (SPSS Inc.,
Chicago, IIl) for Windows, version 14.0, and StAR soft-
ware {htp:/fprotein.bio.puc.clistar.html) were used to
compare between ROC AUCs.

RESULTS

Patients

After exclusions, 6.3% of patients scheduled for colono-
scopy and fulfilling study criceria refused to participate in
the IFOBT study, and a further 22.2% did not return or
correctly prepare the tests; data from 1682 ambulatory
examinees was analyzed. They were either asymptomatic
but at increased risk for colorectal neoplasms (77%), or
having symptoms investigated but without rectal bleed-
ing. Their mean age was 63.7 £ 11.88 years, and 50.4%

Wwere men.

Colonoscopy Results

Colonoscopy identified cancer in 20 examinees; 12 (60%)
were sited in the proximal colon, 10 were stage 1, 6 were
stage 2, 1 was stage 4, and 3 were unknown, Adenomas
occurred in 329 patients without CRC, 129 baving
advanced AP. Together, 149 had CRC or advanced AP.

Fecal Hb Measurements in Patients With or
Without CRC or Advanced AP
ROC analyses

ROC analyses were generated for CRC, CRC or
advanced AP, or only advanced AP, using results of the
first IFOBT collected, the highest of the fitst 2, or all 3
IFOQBTS, and their AUCs were compared (Table 1). The
highest AUC was for CRC and the higher of 2 IFOBTs as
compared with 1 test (P = .067); the AUC for CRC or
advanced AP or only advanced AP was insignificantly
higher with the highest of 3 tests.

By using ROC analysis, we determined the fecal Hb
measurement of the first, first 2, or all 3 IFOBTs collected
that gave the highest sensitivity and its associated specific-
ity and likelihood ratios for CRC, CRC or advanced AP,
and advanced AP (Table 2). The highest sensitivities were
obtained at the lowest threshold analyzed (=50 ng Hb/
mL) and by using the highest result in any of 3 tests; how-
ever, this was associated with the lowest specificity and
likelihood-positive ratios.

We also derermined the fecal Hb values that pro-
vided 95% specificity and the associated sensicivity and
likelihood ratios for CRC, CRC or advanced AP, and
advanced AP, The fecal Hb needed was least with the first
[FOBT, but was associated with the lowest sensitivity and
likelihood-positive ratio. The highest sensirivity was
obtained by using fecal levels of >185 (for advanced AP
and CRC or advanced AP} and 350 (for CRC) ng Hb/mL
buffer (Table 2).

Positivity results

At each development threshold, positivity rates of
first, second, and third IFOBTS were not significantly dif-
ferent (Cochran test) (Table 3). At each threshold, cumu-
lative positivity, which would lead to colonoscopy,
increased as more tests were examined and decreased as
the analytic thresholds for fecal Hb were raised.

Sensitivity, specificity, and likelihood ratios for
CRC, CRC or advanced AP, or advanced AP

Analyses at each fecal Hb threshold and for each
patient’s highest IFOBT measurement are given in Table 4.
Overall, sensitivity for CRC, CRC or advanced AP, or
advanced AP increased significantly at each threshold as
more tests were analyzed (Cochran test, P<.001); for
CRC the increase ranged from P<.001 at the highest
threshold to P = .015 at the lowest. Sensitivity of the first
TFOBT was less than that of the highest of the first 2 or all
3 tests at that threshold, and at higher thresholds. Con-
versely, specificity was higher with the least number of

Table 1. AUCs Derived From ROC Curves for Patients Having Cancer, Cancer or Advanced Adenoma, or Only Advanced

Adencma, Using the First or the Highest of 2 or 3 IFOBTs Measured

Diagnosis No. of AUG, First AUC, Higher of Pfor1vs ALC, Highest P for 2 vs
Patients IFOBT First 2 IFOBTs 2 Tests of 3 IFOBTs 3 Tests
(95% Cl}) {95% ClI) (95% CI)
Cancer 20 0.892 {0.809-0,974) 0.957 (0.935-0.978) 067 0.959 (0.941-0.977) 444
Cancer or advanced 149 0.758 {0.711-0.805)  0.781 (0.736-0.825) 245 0.793 (0.750-0.836) 353
adenoma .
Advancad adenoma 129 0.735 (0.684-0.787y  0.751 (0.702-0.800) 329 0.765 (0.717-0.813) 343

AUG indicates area under the curve; ROC, recaivar operator characteristic; IFOBT, immunochemical fecal occult bleed test; Cl, conlidence interval.

Cancer  Month 00, 2010
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Table 3. IFOBT Positivity for Each Test Prepared Over a Range of Thresholds, Analyzed Within 3 Weeks

Threshold, ng Hb/mL Buffer First IFOBT, %

50 ng Hb/mL 9.74
Cumulative positivity

75 ng Hh/mL 7.59
Cumulalive positivity

100 ng Hb/mL 6.12
Cumulative positivity

125 ng Hh/mL 5.45
Cumulative positivity

150 ng Hb/mL 4,84
Cumulative positivity

200 ng Hb/mL 4.4

Cumulative positivity

Second IFOBT, % Third IFOBT, % P
.49 8.76 368
13.79 16.53

7.63 753 994
10.58 13.08

6.12 6.43 £33
8.74 10.88

5.08 5.51 701
7.67 9.61

4,85 521 507
7.13 8.98

4.04 435 754
6.42 8.03

Hb Indicates hemoglobin; IFCBT, immunochemical fecal occult blood lest.

Cochran 1es! for significance betwesan tests, and cumulative posilivity for first 2 and all 3 tests at each threshold are shown.

tests performed at each threshold and at higher thresholds
(P<.001).

Cancer

Sensitivity for CRC was 100% when using the high-
est measurement of 3 IFOBTs examined at the [owest
threshold of >50 ng Hb/mL of buffer (Table 5). The
95% sensitivity with 2 tests was not significantly different
from 75% sensitivity with 1 test (McNemar paired test).
Sensitivity for CRC progressively decreased with increas-
ing thresholds, but at each threshold it was highest with 3
tests. However, this difference only became significant at
150 ng Hb/mL of buffer, 55% for 1 test v. 85% for the
highest of 3 tests, P=.031.

The sensitivity of 2 tests at 50 ng Hb/mL of buffer
was significantly higher than that of the commonly used
single test at 100 ng Hb/mL (P == .031), but significandy
less specific (P<.001) (Table 4).

Cancer or advanced adenomas, or only
advanced AP

At the lowest threshold of =50 ng Hb/mL of buffer
and using the highest measurement of 3 IFOBTS, sensitiv-
ity for CRC or advanced AP was 61.1%, which was signif-
icantly different from the 55.0% sensitivity with 2 tests
(P = .004); for advanced AP sensitivities were, respec-
tively 55% and 48.8% (P = .008) (Tables 4 and 5). Sensi-
tivity of the higher of 2 IFOBTSs for CRC or advanced AP
was significancly greater than that of 1 test at 41.6%
(P<.001); for advanced AP it was 36.4% (P<.001). This
differentiation rematned consistent at all thresholds and is
mainly actributable to differences in sensitivity and speci-

Cancer  Month 00, 2010

ficity for advanced AP when increasing the number of
IFOBTs.

Sensitivity of any test at 50 ng Hb/mL of buffer for
CRC or advanced AP was significantly higher than the
commenly used single test ac 100 ng Hb/mL (P<2.001),
butsignificantly less specific (P<.001) (Table 4).

Predictive values for significant neoplasms and
need for colonascopy follow-up

Positive predictive values for CRC and CRC or
advanced AP were highest with the first IFOBT, decreased
with increasing number of tests performed ac each thresh-
old, and increased with rising fecal Hb cutoff levels
(Table 6). Conversely, nepative predictive values rose
with increasing number of IFOBTS tested at each thresh-
old and deceased when including both CRC or advanced
AP and with rising cutoff values for fecal Hb.

By using positive predictive data for each threshold
and number of IEOBTS prepared, the number of persons
needing colonoscopy for positive tests to detect CRC and
CRC or advanced AP was calculated (Table 5). The num-
ber depended on whether the endpoint was CRC specifi-
cally or CRC or advanced AP, threshold chosen, number
of tests prepared, and sensitivity required. For example,
the number of colonoscopies needed ranged from 13.9 for
detecting CRC (when any of 3 IFOBT's had >50 ng Hb/
mL of buffer) to 1.9 for CRC or advanced AP (using the
first IFOBTs examined at 200 ng Hb/mL).

At the lowest threshold of 50 ng Hb/mL, to identify
a CRC or advanced AP, performing either 1 or 2 IFOBTSs
required colonoscopy for positive tests on 2.7 to 2.8 per-
sons (o detect a neoplasin. Performing 2 tests required
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Table 5. IFOBT Sensitivity and 95% Cls (%) for Cancer, Cancer or Advanced Adenoma, or Only Advanced Adenoma in 1682
Persons Having Both Colonoscopy and IFOBTs, Using the First or Highest of 2 or 3 Fecal Hemoglobin Measurements at Differing
Thresholds {ng Hh/mL of Buffer), and Significant Differences in Sensitivity by Number of Tests Performed

Diagnosis/[FOBT No. of First IFOBT Higher of Highest of
Threshold Patients 2 IFOBTs 3 IFOBTs
Sensitivity, Sensitivity, P, Sensitivity Sensitivity, P, Sensitivity P, Sensitivity
% (95% Cl) % {95% Cl) 1vs2Tests % (95% Cl} 1vs3Tests 2vs3 Tests
>50 ng Hb/mL
Cancer 20 75.0(56.0-94.0)  95.0 (85.4-105) 125 100 (100-100}  NC NG
CRC or AAP 149 41.6(33.7-49.5)  55.0 (47.0-63.0) <.00d 61.1{63.2-68.9) <.001 <.004
AAP 129 36.4 (2B.1-44.7)  48.8 (40.2-57.5) <.001 55.0 (46.5-63.8) <.001 008
>75 ng Hbh/mL
Cancer 20 70.0 (49.9-90.1)  90.0{76.8-103) 125 950 (85.4-105)  .063 1.0
CRC or AAP 149 36.2 (28.5-44.0)  47.7 (39.6-55.7)  <.001 55.7 (47.7-63.7)  <.001 <.001
AAP 129 31.0(23.0-39.0)  41.1 (32.6-49.6) <.001 49,6 (41.0-58.2)  <.001 <.001
>100 ng Hb/mL
Cancer 20 65.0 (44.1-85.0)  80.0 (62.5-97.5) .250 90.0 (76.9-103)  .063 500
CRC or AAP 149 31,56 (24.1-30.0)  43.0 (35.0-50.9) <.004 51.0 (43.0-59.0) <.001 <001
AAP 120 26.4 (18.8-34,0) 37.2(28.9-456) <.001 45.0 (36.4-53.5)  <.001 002
>125 ng Hb/mL
Cancer 20 60.0 (385-81.5) 75.0(56.0-84.0) .250 85.0 (59.4-101) 083 .500
CRC or AAP 149 27.5(20.3-347)  37.6 (29.8-45.4) <.001 456 (37.6-536) <.001 <.001
AAP 129 22.5(15.3-20.7)  31.8 (23.7-39.8)  <.001 30.5(31.1-48.0} <.001 .002
>150 ng Hb/mL
Cancer 20 550 (33.2-76.8)  75.0 (56.0-94.0) .125 85.0 (69.4-101)  .031 500
CRC or AAP 149 26.8 (19.7-34.0)  36.9 (20.2-447) <.001 456 (37.6-53.8) <.0M <001
AAP 129 22,5 (15.3-20.7)  31.0(23.0-39.0} <001 39.5 (31.1-48.0)  <.001 <001
>20Q0 ng Hbh/mL
Cancer 20 55,0 (33.2-76.8)  70.0 (49.9-90.1) .250 80.0 (62.5-97.5) .063 500
CRC or AAP 149 25.2(19.1-33.2)  34.9 (27.2-42.6) <.001 43.0 (35.0-50.9) <.001 <.001
AAP 129 21.7 (14.6-28.8)  20.5(21.6-37.3) .002 37.2 (28.9-45.8) <.001 002

IFOBT indicates immunochemical fecal eccult blood test; Cl, confidence Interval; Hb, hemoglobin; NC, cannot be computed; CRC, coloreclal cancer; AAF,
advanced adenomatous polyp.

colonoscopy on 13.8% of the population (Table 3), in
contrast to 9.7% with 1 test, but with a 32.3% increased
detection of CRC or advanced AP (P<<,001). Performing
3 IFOBTs required colonoscopy on 16.5% or 3.1 persons
per case of CRC or advanced AP, detecting a further 11%
of neoplasms (7= .004).

Examining 1 rest at thresholds > 50 ng Hb/mL grad-
ually decreased the number of colonoscopies needed from
2.4 w0 1.9 to detect a neoplasm, but also the number of
CRC cases or advanced ADs identifted. Examining 2 or 3
IFOBT: at thresholds >50 ng Hb/mL increased the num-
ber of neoplasms detected, but still required 2.1 to 2.7
colonoscopies per neoplasm depending on threshold
used.

Neoplasms not detected

At the lowest development threshold (50 ng Hb/mL
buffer) and using all 3 IFOBTS, all CRC were detected,
but 58 (45%) advanced APs were not; 52% were sited in

Cancer  Month 00, 2010

the proximal colon, 71% were >10 mm, 76% were ses-

sile, and 19% had high-grade dysplasia.

DISCUSSION
‘This colonoscopy-controlled study allowed for detailed
evaluation of quantitative immunochemical determina-
tion of fecal occult blood in a large number of persons,
some bearing CRC and/or advanced AP, IFOBT sensi-
tivity and specificity for these neoplasms over a range of
fecal Hb thresholds, and the number of IFOBTs col-
lected per patient. As anticipated, fecal Hb loss was sig-
nificantly associated with CRC and less so with
advanced AP. As shown by ROC analysis, IFOBT sensi-
tivity was highest at low thresholds and as more IFOBTS
were analyzed at that cutoff, Conversely, specificity was
highest at high thresholds and with the fewest IFOBTS
analyzed at that cutoff.

Successful immunochemical identification of neo-
plasms depends on identifying intact globin. Our results
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indicate that fecal Hb stability in the colon and the collec-
tion and storage methods used were adequate to identify
all cancers and over half the advanced APs with 2 or 3 tests
at the lowest cutoff, although FOBT identification of
advanced APs has not been the aim of screening
guidelines.”

Size and number of adenomas also determine the
amount of detectable fecal Hb, and 55% of advanced APs
were detected.'® However, as this was a high-risk popula-
tion, they might have had larger and more advanced ADs
than an average-risk population. Hb loss from most non-
advanced APs was not significantly increased; this is an
advantage, as colonoscopy screening identifies numerous
nonadvanced AP-bearing persons who enter into a labor-
intensive and expensive adenoma follow-up protocol with
associated morbidity.'®

Specificity for CRC or advanced AP depends on the
threshold chosen to determine sensitivity.>* This depends
on screening policy, that is, whether to identify only CRC
or also as many advanced APs as possible at that screening
round, and whether to chose a level of specificicy that
reduces the number of colonoscopies needed at that time
in anticipation of detecting significant lesions by future
rescreening,

Average-risk screening usually aims ac >95% speci-
ficity for CRC; this was obtained with 1 IFOBT analyzed
at 100 ng Hb/mL of buffer threshold. Every second colo-
noscopy for positive IFOBTs identified 65% of CRCs
(significantly less than 2 tests at 50 ng Hb/mL of bufter)
and/or 26.4% of advanced APs. Conversely, where screen-
ing colonoscopy is considered, sensitivity for CRC and
also advanced AP is paramount, so with 2 or 3 tests at the
50 ng Hb/mL threshold, every third colonoscopy identi-
fied 95% to 100% of CRCs and 48.8% to 55% of
advanced APs (P<.001), but with specificity of 90.2% to
87.8% (P<.001), requiring mare colonoscopies for posi-

tive tests. In our above average-risk population, higher .

sensitivity identified most significant neoplasims and
potentially avoided performing 83.5% to 86.2% unneces-
sary colonoscopies at that time, thus allowing colonoscopy
to be less a screening than a diagnostic and therapeutic
procedure. These decisions can be addressed by providing
the quanticative IFOBT resule and using clinical judg-
ment on the need for follow-up tests.”®

Our study population is not comparable to the av-
erage-risk populations of studies using TFOBTs with
fixed sensitivity for Fb (determined by manufacturers),
or are quantitative but do not include colonoscopy. Pub-
lished experience on the number of IFOBTs to collect

Cancer  Month 00, 2010

and the curoff to use for optimal sensitivity and specific-
ity has been oriented toward identifying CRC in aver-
age-risk populations. Bleeding from colonic neoplasms
is often intermittent, so based on experience with guaiac
FOBTs, we collected 3 fecal tests and did find a signifi-
cant advantage in identifying neoplasms, especially
advanced APs, with 2 or 3 IFOBTs."*® Annual 2-day
IFOBT collections in the average-risk population is used
in Japan and Australia, 1- or 2-day annual testing in
some European countries, Uruguay, and Taiwan, and 1-
day biennial testing in Ttaly #6-10.12-14.22

In Japanese reports with OC-MICRO, the thresh-
old chosen was 150 ng fecal Hb/mL buffer versus the 100-
ng Hb/mL cutoff used in Europe.>»1* According to the
OC-MICRO manufacturer, for average-risk screening in
Japan, 2 tests are suggested and should be analyzed ar 100
ng Hb/mL of buffer.’” A cost-effective analysis from Tai-
wan, based on 1 IFOBT with 66% follow-up colonoscopy
on tests having >30 ng Hb/mL of buffer and estimating
interval CRCs from a cancer registry, concluded that opti-
mal cutoffwas 100 ng Hb/mL buffer.'" A screening study
performed in northern Italy collected 2 IFOBTs and used
a >80-ng Hb/mL buffer threshold for performing colo-
noscopy with 89% compliance but no estimate of false-
negative rates. The authors concluded that 2 versus 1
IFOBT examined at the 100-ng Hb/mL threshold
increased identification of CRCs by 21%; using 2 >80-ng
Hb/mL threshold mainly increased numbers of advanced
APs detected, a finding similar to ours."*'? Hol et al, in
Holland, offered colonoscopy to screenees having 50 ng
Hb/mL buffer in a single IFOBT, and concluded that a
75-ng Hb cutoff provided better utilization of colono-
SCOPY rESOLICES.

Qur study consisted of a single round of testing, and
we expect that systematic rescreening would detect adeno-
mas progressing in size, or fast-growing interval cancers
because of genetic drive.?*2% Also, there are patients with
adenomas, including some with advanced features, or
even cancers missed at colonoscopy, reinforcing the clini-
cal utility of systematic FOBT rescreening. 242

Choosing a screening test should take into consider-
ation test characteristics, demands on screenees, and com-
pliance for performance. Fluid fecal samples are
temperature sensitive, and Hb degradation occurs if sam-
ples are not stored ac 4°C."7'® Requesting only 1 test gives
low sensitiviry, but high specificity that reduces the num-
ber of colonoscopy examinations. Requesting 2 or 3
IFOBT; increase costs, possibly reduces compliance, but
improves sensitivity without markedly increasing the
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number of colonoscopies needed for positive tests to
detect a neoplasm. In our experience, patients used to
undergoing 3 guaiac FOBTs had no problem under-
going 3 IFOBTSs. Availability of a highly sensitive and
specific noninvasive test might also improve screening
compliance, There is no advantage in quantification if
tests are analyzed at a fixed threshold. The latter can be
provided by dry IFOBT cards that are more temperature
stable. 10

In addition to the above issues, the clinical utility of
a screening test can be evaluated by the sensitivity for sig-
nificant neoplasms and the number of colonoscopies
needed to detect them. In our above average-risk popula-
tion, a CRC or advanced AP was found at every third
colonoscopy for positive [FOBT. Lieberman et al esti-
mated the number of colonoscopies needed to identify an
adenoma >10 mm to range from 10 to 28 depending on
sex and age.”® In a colonoscopy screening study of asymp-
tomatic volunteers, Imperiale et al found CRC or
advanced AP in every 18 colonoscopies performed.”
Truly comparative information awaits results of our aver-
age-risk study. In addition, a cost-benefit analysis, based
on available information, is now needed.

This study’s strengths are its large size and that all
patients had colonoscopy and systematic evaluation of 3
IFOBTS over a range of fecal Hb thresholds. This pro-
vides information that the screener can use to draft policy
relevant to identification of CRC and advanced AP and
colonoscopic treatment of advanced APs. Clinical limira-
tions of this study are that the volunteer population was a
heterogencous mixcure of average- and above average-risk
patients, and some were mildly sympromatic. Technical
limitations are discussed elsewhere.”®

In conclusion, in our above average-tisk population,
we found that by deciding on the number of IFOBTS to
prepare and the test threshold to use, this quantified
IFOBT can detect most CRCs and advanced APs. The
screening policy chosen will determine test sensitivity and
specificity and the number of colonoscopies needed for
positive tests.
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Random Comparison of Guaiac and Immunochemical Fecal Occult Blood
Tests for Colorectal Cancer in a Screening Population
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HAN H. VAN KRIEKEN,® ANDRE L. VERBEEK,! JAN B. JANSEN,* and EVELIEN DEKKER*

“Dapartment of Gastroenterology and Hepatology, Racboud Universily Njmegen Medical Center, Njmegen, The Nelherlands; ’Depar[ment of Gastroenlarclogy &
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Background & Aims: Despite poor performance, gua-
iac-based fecal occult blood tests (G-FOBT) are most
frequently implemented for colorectal cancer screening.
Immunochemical fecal occult blood tests (I-FOBT) are
claimed to perform better, without randomized com-
patison in screening populations. Our aim was to ran-
domly compare G-FOBT with I-FOBT in a screening
population. Methods: We conducted a population-
based study on a random sample of 20,623 individuals
50-75 years of age, randomized to either G-FOBT
{(Hemoccult-IT) or I-FOBT (OG-Sensor). Tests and in-

vitations were sent together, For I-FOBT, the stan-_:{:"
dard cutoff of 100 ng/ml was used. Positive FOBTs -

were verified with colonoscopy. Advanced adenomas

were defined as 210 mm, high-grade dysplasia, or 220% e
villous component. Besuits: There were 10,993 tests.::
returned: 4836 (46.9%) G-FOBTs and 6157 (59.6%) I-

FOBTs. The participation rate difference was 12.7%
(P < .01). Of G-FOBTS, 117 (2.4%) were posmve versus
339 (5.5%) of I-FOBTs. The positivity rate difference was
3.1% (P < .01). Cancer and advanced adenomas were
found, respectively, in 11 and 48 of G-FOBTS and in 24
and 121 of I-FOBTs. Differences in positive predictive
value for cancer and advanced adenomas and cancer
were, respectively, 2.1% (P =, 4).and ' —3.6% (P = .5).
Differences in specificiti¢s favor G-FOBT and were,
respectively, 2.3% (P < .01) and —13% (P < .01).
Differences in intention:to-screen detection rates fa-
vor I-POBT and were, respectively, 0.1% (P < .05) and
0.9% (P < .01). Conclusions: The number-to-scope to
find 1 cancer wag comparable between the tests. How-
ever, participation:and detection rates for advanced
adenomas and cancer were significantly higher for I-
FOBT. G-FOBT significantly underestimates the preva-
lence of advanced adenomas and cancer in the screening
population compared with I-FOBT.

ore than 30 years ago, guaiac-based fecal occult
blood tests (G-IFOBT) to screen for colorectal can-
cer (CRC) were introduced.’® A G-FOBT is a relatively
inexpensive test, easy to use that can be carried out at
home. However, G-FOBTs are not specific for human

blood and quality control on the evaluation of the tests
is hardly possible.> Despite these disadvantages, the G-
FORBT is still the’ most 1mplemented test for CRC screen-
ing.4® B

A pr0m151ng altematwe is the immunochemical fecal
occult blood test (I-FOBT). I-FOBTSs are also inexpensive
and noninvasive; in addition, these tests are often easier
to carry out than G-FOBTs. Another advantage of I-
FOBTs is that they are specific for human blood. The

riiost prominent advantage is that many I-FOBTs make
“quality- control possible. At least in theory, they also

promise better diagnostic performance than G-FOBTs. In

“igeveral studies I-FOBTSs, seem to have higher specificicy

compared with G-FOBTs,19-14

To demonstrate that I.FOBTs have improved diagnos-
tic performance, the tests should be compared with G-
ROBTs in a randomized design in a general screening
population. Up to now, direct comparison has only been
performed in subjects at higher risk for CRC, like sub-
jects with a positive G-FOBT, symptomatic patients, or
patients already diagnosed with CRC.15-1? Also, some
studies focused on test performance parameters of both
G-FOBT and I-FOBT by asking people to perform both
tests at rhe same time, but such an approach may have
negative impact on participation rates.2*-2* Another study
comparing G-FOBT with I-FOBT was performed in a non-
randomized design and the specific FFOBT used (Inform)
was not semiquantitative, did not allow quality control, and
had to be performed on 2 days with separate bowel move-
ments.}® In the present study, we aimed to randomly
compare the test performance parameters of the Hemoc-
cult II G-FOBT (Beckman Coultet, Fullerton, CA) with
the OC-sensor I-FOBT (Eiken Chemical Co., Tokyo, Ja-
pan) in a screening population.

Abbreviations used In this paper: 95% Cl, 95% confidence Interval;
CRC, colorectal cancer; FOBT, fecal occult blood test; G-FOBT, gualac-
based fecal occult blood test; I-FOBT, Immunochemical fecal occult
blood test; Negatives, FOBT-negative patlents; Positlves, FOBT-positive
patlents; PPV, posltive predictive value.
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Methods

Population

The population in this prospective study was a
random selection of the general Dutch population be-
tween 50 and 75 years of age in Nijmegen, Amsterdam,
and surrounding areas. Population data with respect to
date of birth, gender, and postal area were provided by
the civil service of the municipalities and updated every 8
weeks to keep the database up to date with respect to
moving, age, and death. Institutionalized and symptom-
atic people were excluded. Symptomatic people were ad-
vised to contact their physician.

Randomization, Invitation, and Participation

From the municipal databases, random samples
were taken according to postal address and randomized
to receive a G-FOBT or an I-FOBT. If 1 individual was
listed at the same address they received the same test to
ensure relative blinding to the alternative test. Deviation
from an equal distribution of the test allocation was
prevented by an especially designed randomization pro-
gram, From June 2006 to February 2007, randomized
individuals received the allocated test, immediately with

the invitation, an information brochure, a consent form, .
and a freepost envelope. The information brochure was:

designed in accordance with brochures used in otler

countries and provided concise background information
for CRC screening and follow-up examinarion in cage of
a positive FOBT. Phone numbers to help desks.in the 2.

screening areas were given as well as links to mfo rmatiye
websites, The only intervention to raise parucnpauon was
a single written reminder 2 weeks after the iniial invita-
uon The time for adherence—the time between invita-
adherence was only restricted by closmg of the study at
May 1, 2007, after which time only follow-up was com-
pleted.

FOBTs

In this study 2 FOBTs were compared The most
commonly implemented G-FOBT, Hemoccule IT (Beck-
man Coultet) was used. For the I-FOBT an automated
semiquantitative I-FOBT:. OC-sensor (Biken Chemical
Co.) was chosen to allow.quality control. No diet instruc-
tions were given and people were instructed to prevent
contact of feces with toilet bow! water and urine and not
to perform the test if visible blood was present. Illustra-
tions as well as written instructions and examples aided
in fecal sampling. To ensure consistent testing quality, 2
specially trained laboratory workers analyzed all FOBTs
in 1 gastroenterology research laboratory in Nijmegen.

A complete Hemoccule II test consists of 3 separate
cards. With that 6 applicator sticks, a collecting envelope,
and written instructions were sent, Each card should be
used on a consecutive day with defecation and on each
card 2 samples of different parts of the defecation should

" GASTROENTEROLOGY Val. xx, No.

be applied with a separate applicator stick. People were
instructed to put all 3 rest cards in a supplied collecting
envelope and to return it as freepost. The cards were not
rehydrated.?* If the test was performed incorrectly or <3
cards were returned, new test cards were sent with an
letter explaining how to perform the test correctly. In-
complete tests were rare and almost always due o apply-
ing the stool on the wrong side of the card. Positivity was
defined as blue discoloration of any of the 6 stool sam-
ples within 30-60 seconds after applying the developing
solution. Ninety-nine percent of the tests were developed
within 6 days. Tests were: stored according to manufac-
turer instructions. o

The OC-Sensor test consisted ofa smgle sampling cube
and written instructions. The sampling tube, filled wich
stabilizing buffet, Had an integrated fecal probe. Partici-
pants were instructed to scrape differenc pares of the
sutface of théir defecation with the probe. The amount of
feces that'can be inserted into the sample boctle is regu-
lated to appioximately 10 mg.!4 Participants were in-
structed to return the test as soon as possible because
lasting exposition to room temperature might result in
deégradation of hemoglobin in the sampling solution.* If

Zthe test.could not be returned immediartely, storage in a

refrigerator was advised. In the laboratory, tests were

. immediately developed or stored at 4°C. Of the tests, 75%

were developed within 2 days and 99.6% within 6 days.
. Samples were processed by the OC-Micro instrument
* (Biken Chemical Co.).1% All patients with an I.FOBT =50

ng hemoglobin per milliliter sample solution {ng/ml)
were invited for colonoscopy. Because the manufacturer
recommends a cutoff of 100 ng/ml (corresponding to
+20 pg hemoglobin per gram of feces'?) and because this
cutoff value has been applied in several studies,>s-3° we
decided beforehand to use the 100 ng/ml cutoff level in
the analysis of this study.

Colonoscopy and Lesions

Colonoscopy was offered to all FOBT-positive pa-
tients (Positives). All colonoscopies were performed by
experienced gastroenterologists using conscious sedation
with midazolam. If the cecum could not be reached at the
inirial colonoscopy, the procedure was repeated using
propofol anesthesia, and occasionally a computed tomo-
graphic colonoscopy was petrformed followed by a second
colonoscopy if necessary. If possible, all observed neopla-
sias were removed, and other lesions were biopsied if
necessaty. Lesions were classified as pedunculated or
sessile polyps, carcinoma, or other and recorded in num-
ber, size (=5, 6-9, or =10 mm) and location (proximal
[cecum to splenic flexure] or distal [descending colon to
rectum]). Histology was evaluated by an experienced pa-
thologist and graded as carcinoma, tubular adenoma,
tubulovillous adenoma, villous adenoma, serrated ade-
noma, hyperplastic polyp, or miscellaneous. Polyp size
was measured by the endoscopist. Advanced adenomas
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were defined as adenomas =10 mm, with high-grade
dysplasia or with a villous component =20%.3! All early
and late complications of colonoscopy were recorded. All
colonoscopies were completed in May 2007.

Data Analysis

The participation rate was calculated as the num-
ber of persons returning a FOBT relative to the number
of invitations sent. The positivity rate was calculated as
the number of persons with a positive FOBT (Positives)
relative to the number of persons returning a FOBT. In
screening studies usually only the detection rate of true
positives relative to the number of persons aceually par-
ticipating by returning a FOBT are presented, that is, the
derection rate according to per-protocol analysis. We also
present the detection rate according to the intent-to-
screen analysis, or the number of true positives relative to
the number of invited persons. By determining the in-
tent-to-screen detecrion rate, the difference in participa-
tion and performance are combined in I overall rate. The
number needed to screen to find 1 true positive was
calculated as the number of invited persons relative to
the number of true positives. The positive predictive
value (PPV) was calculated as the number of true posi-

tives relative to the total number of positives followed up.#

with colonoscopy. The number needed to scope to find‘1

pies relative to the number of true positives.

The specificity was calculated under the rare’ disease -

assumption, as 1 minus the number of fals¢ positives
relative to the total number of participants rediiced by
the number of true positives, disregarding the number of
false FOBT-negative patients (Negatives).?? In relanvely
rare diseases, the overestimation of the specnﬁcnty owing
to disregarding the number of false negarives, is limited
to the confidence inteeval of the true specificity. A small
decrease in specificity in mass screening can be clinically
relevant because this would resule in many more colonos-
copies. Therefore, we only present the specificity for ad-
vanced adenomas and cancer; we discuss the precision of
the estimation in the Discussioti.

Rates and rate differences of participation, positivity,
detection, PPV, and. specificity were calculated and all
percentages were reported with 95% confidence intervals
(95% CI). Rate differences are statistically significant if
the confidence interval does not include zero. Statistically
significant differences are supplemented with P-values, In
the tables, statistically significant differences are bolded.
If >>1 lesion was present, a patient was classified by the
most advanced lesion. As such, were classified from more
to less severe: from carcinoma, to =1 adenoma =10 mm,
to =23 small adenomas. With adjusted logistic regression
analysis, the influence of gender and age on the perfor-
mance of the tests was evaluated. Statistical analysjs and
randomization were performed with SAS system fot win-
dows, software version 8.02 (SAS Institute Inc., Cary, NC).

RANDOM FOBT IN A SCREENING POPULATION 3

Power was based on the lowest expected difference of
all subgroups, namely, the difference in detection rate,
for CRC between FOBTSs, Based on literature data, a
minimal difference of 0.3% in CRC detection was ex-
pected. With a sample size of 6083 in each group, a
2-group x* test with a .05 2-sided significance level would
have 80% power to detect a 0.3% difference between
FOBTs, assuming detection rates of 0.2% for G-FOBT
and 0.5% for I-FOBT. A sample size of 10,000 in each
group was considered to be sufficient.

Ethical Approval '&nd Cé'nscnt
The study was reviewed and approved by the
Dutch Health Council (2005/03WBO The Hague, The

Netherlands). All participants gave written informed con-
sent for the FOBT and 1f positive, for colonoscopy.

Results
Popﬁldﬁan
~Overall 20,623 individuals were invited; 10,301

recelved 2 G-FOBT and 10,322 an I-FOBT (Figure 1). The m

mean age:of the invited individuals was 60.7 * 7.1 years

::ff(mean %+ SD) and was not different between the FOBT
* groups. More women than men were randomly selected
oz, with'a difference of 3.4% (95% CI, 2.5-4.4; P < .01). After

true positive was calculated as the number of endosco-

Ganeral population

Age 50-75 yaars
Enciusion:
instilutronalized people
Random sampla
20,623
randemization
|ovitation G-FOBT I-FOBT
10,301 10,322
Participation 4, éss 6,157
A6.:4% (45 0-47.9) 69.6% (59.7-60.6)
T
Posilive lest 117 335
24% (2.0-29) 5.6% {4.9-6.1)
T I
No foliow-up I— »—1i i
|_1z0% @.1179) | tr2% 31212,
103 280
Follow-up examination )
88.0% (82.2-93.9) 82.8% (78.9-86.9)
Intention-to-screen I
detection of:
All poty 4 80 218
s and cancer
il 0.8% (0.6-0.9) 2.1% {1.8.2.4)
1 |
57 145
Advanced adenomas and :
cancer 0.6% {0.4-0.7) 1.4% (:.2-1.6)
|
1" 24
Colorectal cancer :
0.1% (0.0-02) 0.2%(0.1-0.3}

Flgure 1. Flow chart from invitation to detection with numbers, par-
centages and 95% confidence inlervals between brackets.

=

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169




170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

Tl

T3

AQ:2

GASTROENTERQLOGY Vol. xx, No. x

Table 1. Characteristics of Invited Persons and Participants According to Test With 95% Confidence Intervals

Invited {n = 20,623}

Participants (n = 10,993)

G-FOBT {n = 10,301)

I-FOBT (0 = 10,322)

G-FOBT {n = 4836) I-FOBT {n = 6157)

Characteristics % 95% Cl % a5% Cl % 95% Cl % 95% Cl
Gender
Male 47.8 {46.6-48.8) 18.8 (47.8-49.7) 43,2 (41.8-448) 458 {44.6-47.0)
Female 52.2 (51.2-53.2) 5i.2 {60.3-52.2) 56.8 (565.4-58.2) =~ 54.2 (53.0-55.4)
Age (y) e
<60 50.4 (49.4-51.4) 51.7 {50.7-52.7) 47.5 (46-48.9). . - (49.7-52.2)
=60 49.6 (48.6-50.6) 48.3 (47.3-49.3) 52.5 49.0 {47.8-50.3)

(51.1-54.0)

test allocation, gender differences were equal for both
tests (Table 1).

Tests were returned by 10,993 individuals, 4836 (46.9%)
in the G-FOBT group and 6157 (59.6%) in the I-FOBT
group. The difference of 12.7% (95% CI, 11.3-14.1; P <
.01) was statistically significant, Time for adherence, after
correction for 3-day testing for G-FOBT and 1-day test-
ing for I-FOBT, was on average longer for G-FOBT (21
days) than for I'-FOBT(19 days; P < .01). For 75% of the
participants, time for adherence was within 28 and 23

>100 days (P = .2).

'Of the G-FOBT participants 117 (2.4%) tested posmvem .:

and 339 (5.5%) of the I-POBT participants, with a differerice

of 3.1% (95% CI, 2.3-3.8; P < .01; Figure 1 and Table 3), Of "
female participants, 189 (3.1%), and of male par_tlcnpants,

266 (5.4%), were positive, with a difference of.2.3% (95%
CI, 1.6-3.1; P < .01). Of participants <60. years, .172
{3.2%), and of participants =60 years 282 (5:1%), were
positive, with a difference of 1.9% (95% ¢ CI 1.2-2.7, P <
.01). The age of 1 woman I-FOBT participant was un-
known. Age and gender were equally dlSt[‘lbutEd over
both FOBTS.

Colonoscopy Results .

To evaluate the outcome in the 456 FOBT Posi-
tives, a colonoscopy was performed in 383 (84%). The
cecum was reached in 358:patirits (94%). In patients in
whom the cecum wag ot Feached during the initial
colonoscopy, a successful second colonoscopy was per-
formed under propofolol anesthesia. In the 383 patients
endoscoped, a total 0f35 cancers and 899 polyps were
found (Table 2).

Cancer was found in 11 of the G-FOBTSs and in 24 of
the I-FOBTs. Advanced adenomas were found in 46 of
the G-FOBTSs and in 121 of the I-FOBTs. The intention-
to-screen detection rates of the I-FOBT were significantly
higher than the intention-to-screen detection rates of the
G-FOBRT (Table 3). The difference in intention-to-screen
detection rates for patients with all polyps and cancer
was 1.3% (95% CI, 1.0-1.7; P < .01). The difference in
inrention-to-screen detection rates for all patients with
advanced adenomas and cancer was 0.9% (95% CI, 0.6-

1.1; P < .01) and for all patients with cancer 0.1% (95%
Cl, 0.0-02; P <=.05).: The number needed to screen
according to intention .to screen to find an advanced
adenoma or cartinoma was 181 for G-FOBT and 71 for
1-FOBT, and to find' 1 cancer was 936 for G-FOBT and
430 for I-FOBT.

None of the:differences in PPVs {Table 3) between
G-FOBT ‘and I-FOBT were statistically significant; the
différence in PPV for advanced adenomas and cancer was

_:,est;mated-to be —3.6% (95% CI, —14.8 t0 7.7; P = .5) and
days, respectively (P < .01) and for <1% of both FOBTs ™

for' cancer was estimated to be —2.1% (95% Cli, —8.6 to
44;-P = 4) lower for I-FOBT. The number needed to

“scope to find 1 person with an advanced adenoma or

cancer was <2 for both FOBTSs. The estimated specificity
of the I-FOBT was statistically significantly lower, but

Table 2. Number of Colonoscoples and Number of Polyps
and Cancer per Test, With Subdivisions for Kind of
Polyp, Kind of Adenoma, and Size of Polyps

G-FOBT I-FOBT

Number of colonoscopies 103 280
Number of polyps and cancer? 231 703
Cancer 11 24
Polyps 220 679
Subdivislon of polyps® 220 679
Adenomas 154 470
Hyperplastic polyps 62 163
Serrated polyps 2 31
Other polyps 2 15
Subdivislon of all adenomas® ib4 470
Tubular 93 295
Tubulovillous 42 i38
Villous 12 15
Unclassified 7 22
Size of all polyps {mmj? 220 679
=10 60 155
6-9 43 125
=5 117 399

aThe number of lesions was higher than the number of colonoscopies
because =1 lesion per colonoscopy Is possible.

epolyps were subdivided in adenomatous, hyperplastic, serrated, or
other polyps.

tadenomas were subdivided in wbular, villous, tubulovillous, or un-
classified adenomas.

dall polyps were subdivided by size In =10, 6-9, and =5 mm.
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226 Tahle 3. Test Performance of G-FOBT Versus -FOBT(=100 ng/ml) 226
227 GFOBT FOBT Difference? 227
228 228
229 Test performance n % a5% Cl n % 85% Cl % 95% Cl 229
230 Parlicipation rate® 4.836 46.0 (46.0-47.9) 6.157 59.6 (587-60.6) 12.7 (11.3-14.1) 230
231 FOBT-positive patients 117 2.4 (2.0-2.9) 339 5.5 (4.9-6.1) 31 (2.3-3.8) 231
232 Complete follow-up of FOBT-positive patients® 103 88.0 (82.2-93.9) 280 82.6 (78.6-86.8) —-54 (—-13.1t02.3) 232
233 Detectlon rate intention to screen? _ 233
234 All polyps and cancer 80 0.8 (0.6-0.9) 218 21 (1.8-24) 13 {1.0-1.7) 234
All adenomas and cancer 72 0.7 (0.5-0.9) 201 1.9 (1.7-22) . 1.2 {092-1.8)
235 All advanced adenomas and cancere 57 0.6 {(0.4-0.7) 1445 1.4 (1.2-16)" . 0.9 (0.6-1.1) 235
236 Cancer 11 0.1 {0.0-0.2) 24 0.2 (0,1-0.3):. 01 (0.0-0.2) 236
237 =1 adenoma =10 mm 41 0.4 {0.3-0.5) 106 10 (0.8-1.2) © 0.6 (0.4-0.9) 237
238 =1 adenoma with high-grade dysplasia 3 0.0 (0.0-0.1) 4 0.0.. (00—01) 0.0 {0.0-0.1) 238
=1 adenoma with a villous component =20% 2 0.0 (0.0-0.0) 11 0.4 (0.0-0.2) 041 {0.0-0.2)
239 Detection rate per protocol’ = 239
240 All polyps and cancer 80 17 (1.3-2.0) 218 ...3.57(3.1°4.0) 1.9  (1.3-2.5) 240
241 All adenomas and cancer 72 1.5 {1.1-1.8) 201 2 33 (2.8-3.7) 1.8 (1.2-2.4) 241
242 Ali advanced adenomas and cancer® 57 1.2 (0.9-1.5) 145 o 2.47(2.0-27) 1.2 (0.7-1.7) 249
243 Cancer 11 0.2 (0.1-0.4) 245 %04 (0.2-0.5) 0.2 (0.0-04) 243
44 =1 adenoma =10 mm 41 0.8 (0.6-1.1) 106 1.7 (1.4-2) 0.9 (0.4-1.3) 244
2 =1 adenoma with high-grade dysplasia 3 01 (0.0-0.1) 4z 0.1 {0.0-0.4) 0.0 ({—0.1t00.1}
245 =1 adenoma with a villous component =20% 2 0.0 (0.0-0.1) 11, % 0.2 (0.1-0.3) 0.1% (0.0-0.3) 245
246 Positive predictive value® T 246
247 All polyps and cancer 80 77.7- (69.6-85.7) 2i8 77.9 (73.0-82.7) 0.2 {-9.2t09.6) 247
248 All adenomas and cancer 72 69.9 (61.0{!8:8} : 201 71.8 (66.5-77.1) 1.9 (—8.3to 12.1) 248
4 All advanced adenomas and cancer® 57 55.3 (45.7-64.9) 145 51.8 {45.9-57.8) —-3.6 (—148107.7) 4
249 Cancer 11 107 (47-1656) . 24 86 (53-11.9) -21 (-8.6t04.4) 249
250 =1 adenoma =10 mm 41 30.8 .(20.4-49.3} 108 37.9 (32.2-435%) -1.9 (-12.9109.0) 250
251 =1. adenoma with high-grade dysplasia 3 2.9:7(0,0-6. 2) a 1.4 (0.0-2.8) -1.5 ({—4.5ft01.5) 251
252 =1 adenoma with a vlllous component =20% 2 1.9. (0. 0=4.6) 11 3.9 (1.7-6.2) 20 (—21t06.1) 252
253 Spacificity? : . 253
4 All advanced adenomas and cancer® 46 ] QQ_.O (98.8-99.3) 135 97.8 (97.4-98.1} —-1.3 (—1.810—0.8) 254
23 Cancer 92 .* 084..(97.7-98.5) 256 958 (95.3-96.3) —2.3 (—2.9to—1.6) 3
255 >1 adenoma =10 mm 62 & 087 (98.4-89.0) 174 '97.1 (96.7-97.5) —-1.6 (—~2.110-1.0) 255
256 =1 adenoma with high-grade dysplasia 100 o 9_‘(.’9 (97.5-98.3) 276 955 (95.0-96.0) —2.4 (—3.1to-1.7) 256
257 =1 adenoma with a villous component =20% 101- L 919 (97.5-98.3) 269 956 (95.1-96.1) —-2.3 (=3.0t0 —1.6) 257
;zg “Differences with a 95% Cl completely lower or hlgher than 0 are statistically slgnificant (bold), which means that the Pvalue does not excead 253
.05. 25
260 SParticipation rate is the number of persons: retumlng a FOBT relative to the number of invitations sent. 260
261 Complete follow-up with colonoscapy of FOBT posmve palients (Positives). Rates are the number of calonescoped patients relative to the 261
262 number of Posilives. 262
“Detection rate Intention to screen Is the percentage of persons with lesions relative to the number of persons invited to be screened.
263 “The subgroups of advanced adenomas and cancer are ordered relatlve to the most advanced lesion per patient inte cancer; =1 adenoma =10 263
264 mm {and no cancer} or hlghgrade dysplasta ‘tand no cancer or any adenomas =10 mm) or =20% villous component (and no cancer or any 264
265 adenomas =10 mm or high-grade dysplasia). 265
266 Detection rate per protocol Is, thé"’percehtage of persons with leslons relative to the number of participants. 266
267 #Positive predictive value is the percentage of persons with lesions relative to the number of positives with follow-up with a colonoscopy. 267
hspecificity is the number.of true negatives relative to the number of persons without lesions under the rare disease assumption. Numbers
268 presented are the number. of false-positives per group. Specificity is only prasented for the subgroup “advanced adenoma and cancer” because 268
269 the estimation might not be robust enough for the other subgroups. 269
270 EE. 270
271 e 271
272 only —1.3% (95% CI, —1.8 to —0.8; P < .01) for advanced  the intention-to-screen detection rates of advanced ade- 272
273 adenomas and cancer and —2.3% (95% CI, —2.9 to —1.6; nomas and cancer for FOBTs were both 0.4 (95% CI, 273
274 P < 01) for cancer. 0.3-0.5; P < .01). 274
275 Age and gender were randomized equally over the 275
276 FOBRTs, but as known risk factors for advanced adeno- . . 276
271 mas and cancer we studied the differences between Discusslon 277
278 ;4 FOBTs for age and gender (Table 4). The detection rates In this population study, we randomly compared 278
279 for women and younger participants were lower, but the  the performance of a G-FOBT with an I-FOBT in a 219
280 differences between FOBTs were consistent. The unad-  previously screening naive population.3® Another study 280
281 justed, and for gender- and age-adjusted odds ratios for ~ compating G-FOBT (Hemoccule-IT) with I-FOBT was not 281
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Table 4. Positive Tests and Detection Rates According to Intention to Screen of G-FOBT and I-FOBT by Gender and Age

Men Women Age <60 Age =60
n % 95% Cl n % 95% Cl n® % 95% Cl n % 95% Cl
FOBT-positive patients®
G-FOBT 69 3.3 (25-41) 48 1.7 (1.3-2.2) 48 21 (L.5-27) 69 2.7 {2.1-3.4)
IF0BT 197 7.0 (8.0-7.9) 142 43 (3.6-4.9) 124 40 (3.346 214 71  (6.2-8.0)
Complete follow-up®
G-FOBT 60 87.0 (79-95) 43 896 (81-98) 4i 854 (75-98) o 62 80.9 {83-97)
I-FOBT 163 827 (78-88) 117 824 (76-89) 107 86.3 (80-92) <. 172 80.4 (75-86)
Detection rate Intention-to-screen?
All polyps and
cancer & 2
G-FOBT 52 41 (0.813) 28 05 (0.3-0.7) 29 06 (0408 .:°51 10 (0.7-13)
I-FOBT 131 26 (2.2-3.0) 87 46 (1.320) 80 15 {1218 188 2.8 (2.3-3.2)
All adenomas and 4 5
cancer T :
GFOBT 46 09 (0.7-1.2) 26 05 (0.3-07) 24 05 = _(o 3.0 7) 48 0.2  (0.7-1.2)
IFFOBT 123 2.4 (2029 78 15 (1248 72 L4 o@oAn 120 26 (2.2-3.0)
All advanced adenomas and cahcer® S TR
G-FOBT 39 0.8 (05-1.0) 18 0.3 (0.2-0.5) 23 04 "(0.3-0.6) 34 0.7 {0.4-0.9)
IFOBT 03 18 (L5-22) 52 10 (0.7-1.2) G110 (0.7-1.2) 94 1.9 (1.5-2.3)
Cancer i
G-FOBT 5 041 (0.0-0.2) 6 01 (0.0-0.20.%3 01 (0.0-0.0) 8 02 (0.0-0.3)
I-FOBT 16 03 (0.2-0.5) 8 02 (0.0-03) 67, 041  (0.0-0.2) 118 04  (0.2-0.5)
=1 adenoma =4i0 mm e Tm, A
G-FOBT 30 06 0.4-08 11 0.2 M9 0.4 (0.2-0.5) 22 04  (0.3-0.8)
I-FOBT 71 14 {(1.1-47) 35 07 42 0B (0.6-1.0) 64 1.3  (1.0-1.6)
=1 adenoma with high-grade dysplasia ' i
G-FOBT 2 00 (0.0-0.1) 1 0070001 0 00  (0.0-0.0) 3 01 {(-0.0t001)
I-FOBT 2 0.0 (0.0-0.1) 2 00 (0.0-0.1) o 0.0  (0.0-0.0) 4 01 {0.0-0.2)
=1 adenoma =20% villous component .
G-FOBT 2 04 (0.0-0.2) 0 0.0 (0.0-0.0) 1 00  (0.0-0.4) 1 00 ({-0.0t00.1)
FOBT 4 01 (0.0-0.3) 77 0.2 .(0.1-0.4) 3 01 (-0.010.2) 8 03 (0104

#The age of 1 female IHFOBT participant was unknown.

bPgsitivity rates are the number of positives relative-to the number of participants.
‘Complete follow-up with colenoscopy of FOBT- posntwe patlents (Positives). Rates are the number of colonoscoped patlents relative to the

number of positives.

“Detectlon rate intent to sereen is the percentage of persons with leslons relative to the number of persons Invited to be screened.
The subgroups of advanced adenomas and.cancef-are ordered relative to the maost advanced leslon per patient into cancer, =1 adenoma =10
mm (and no cancer) or high-grade dysplasia (an_d no cancer or any adenomas =10 mm) or =20% villous component {and no cancer or any

adenomas =10 mm or high-grade dysplasla)..., ™

randomized, induded far fewer pe_rsdns, and used a dif-
ferent I-FOBT. This I-FOBT(Inform) was not quantita-
tive, making quality control less ddequate.l® Despite these
drawbacks, the results of:this study were in line with
ours. Other studies evaluating I-FOBTs included far less
subjects and did not focus on a screening population, but
investigated high-risk_groups, like symptomatic patients,
patients with a positi\}e G-FOBT, or even patients with
CRC.15-12 Other studies were indeed designed for a screen-
ing population, but less subjects were included and asked
to perform both the G-FOBT and the I-FOBT at the same
time, which might induce selection bias in favor of highly
motivated participants,20-23

Qur study revealed several interesting results. Firs,
direct comparison of the tests demonstrated a signifi-
cantly higher participation rate for the I-FOBT. The rea-
sons for this difference are not apparent and presently
under investigation. Second, the specificity of the I.FOBT

for advanced adenomas and cancer was significantly
lower compared with the G-FOBT, but the detection rate
for advanced adenomas and cancer of the I-FOBT was
significantly higher. Consequently, 3 times as many sub-
jects tested with the I-FOBT are referred for a negative
colonoscopy. On the other hand, 3 times as many pa-
tients with advanced adenomas and >2 rimes more pa-
tients with cancer are left undetected in the G-FOBT
group compared with the -FOBT group, ultimately re-
sulting in comparable PPVs for both tests.

There is ongoing debate on how to screen the popula-
tion for relevant colorectal lesions. The available FOBTs
have suboptimal specificity and sensitivity. The generally
accepted gold standard, colonoscopy, is cumbersome,
expensive, has capacity problems, and complications. In
addition, sigmoidoscopy misses advanced adenomas and
cancer in the right side of the colon. In previcus colonos-
copy-based screening studies, detection rates for ad-
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vanced adenomas are between 1.8% and 10.6%, and for
cancer between 0.3% and 1.0%.2624-37 In our study, in-
cluding all participants, the detection rate of advanced
adenomas and cancet was on average 1.9%, and for cancer
0.3%. However, in 56% of the participants with a positive
FOBT, advanced adenomas and cancer were found and
cancer alone in 8.6%.

What is the meaning of our findings for a general
screening population? In 2004 a total of 410,000 endos-
copies including gastroduodenoscopies, endoscopic ret-
rograde cholangiopancreatographies, and colonoscopies
were performed in Dutch endoscopy centers.®® In our
country, 4.5 million people between 50 and 75 years are
potential candidates for screening. This implies that, in a
G-FOBT based screening program, 42,500 additional
colonoscopies have to be performed to detect almost
4,500 cancers and 20,000 advanced adenomas., In an
I-FOBT-based screening program, almost 125,000 addi-
tional colonoscopies have to be performed to detect
about 11,000 cancers and 55,000 advanced adenomas. If
the population at risk will primarily be screened by
colonoscopy, about 1.2 million colenoscopies have to be
petformed to detect about 9,700 cancers and 75,000

advanced adenomas presuming that, according to Seg-
nan et al3s 26.5% of the population will participate in:.

such a screening program, that 0.8% of these subjects wﬂl

have cancer, and 6.3% advanced adenomas. Thus;” ‘the .
number to scope to find 1 cancer or 1 advanced adenoma
are comparable between G-FOBT- and I- FOPBT- based"”

screening programs. Compared with FOBT- based screeh-
ing programs, the number to scope to find:1-cancer’in a
colonoscopy based screening program is 13 times higher
and the number to find 1 advanced adenoma is 7 times
higher. ‘ :

Another major advantage of the I FOB'I' we used is
that the test is semiquantitative; “This allows shifting the
cutoff value of the test. When résources are limited and
the prevalence of CRC in the populatmn is expected to be
low, one could consider i mcteasmg the cutoff value of the
test and vice versa. In addmon the I- FOBT does not have
blood. In contrast, _e)_gl:ens;ve dletary restrictions are ad-
vised for the G-FOBT to avoid false-positive test results,
although others question this.?%#® In our study, we did
not advise dietary measures for subjects receiving the
G-FOBT, because this would make comparison unfairly
biased in favor of the I-FOBT.

Despite written and verbal information about colonos-
copy before and after performing a FOBT, 16% of subjects
with a positive test refused this follow-up examination. This
was comparable to other FOBT-based screening stud-
ies,1920.2730 The majority of the subjects ultimately refused
colonoscopy because of anxiety. Increased adherence pos-
itively influences detection rates and the precision of the
confidence intervals for both tests, but the conclusions of
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our study will not change, becanse adherence was not
dependent on the kind of FOBT.

Advanced adenomas and cancer were found more of-
ten in men than in women, despite the fact that more
women than men participated in the study. In addition,
advanced adenomas and cancer were also more often
detected in older persons. This is in line with other
studies.364142 Thus, the diagnostic yield increases with
age. This ﬁnding may help to.narrow the age range for
screening in different populations, depending on re-
sources and prevalence of’ advanced adenomas and can-
cer. Male preponderance: for advanced adenomas and
cancer may be attributed. to sex hormones; it has been
hypothesized that estrogens may have protective effects
on the development of CRC, or to gender differences in
exposure to emuronmental factors, like smoking, dietary
fiber, or exercise, # There was no difference between
FOBTs concérning the preponderance of males and older
individuals having advanced adenomas or cancer.

Several previgus studies dealt with the diagnostic per-
formance of FOBTs, Most of these studies reported com-
parable results to our data#51025-2844 Although some
studies: teported lower diagnostic performance for G-

';EQETS__ others showed somewhat better resules for I-

FOBTs.452526 Up to now, a randomized comparison be-

. tween G-FOBT and I-FOBT in a screening population
was lacking. Theve can be several reasons for the observed
. differences between these studies. One of the mosc im-

portant variables is the definition of advanced adenomas,
which varies between studies. It remains unclear which
lesions ultimately will develop into cancer and in what
timeframe.#3:46 Therefore, we were conservative in defining
advanced adenomas. We also provided subgroup analyses to
make comparison becween studies more feasible.

There is a small difference in specificity between G-
FOBT and I-FOBT. However, even small differences in
specificity result in high absolute numbers of false posi-
tives, increasing costs and work load for endoscopy units.
The method we used for estimating specificity slightly
overestimates the true specificity especially for more prev-
alent lesions and more sensitive tests.?* In turn, the
difference in specificity is slightly underestimated up to
ar most 0.2% for advanced adenomas and cancer, increas-
ing the difference in favor of the G-FOBT. Overall, the
conclusions about statistical significance and clinical rel-
evance therefore do not change by the systematic error of
the specificity estimation.

In conclusion, direct comparison berween a G-FOBT
and an I-FOBT revealed that the number to scope to find
1 CRC is not different between G-FOBT and I-FOBT.
However, participation and detection rates for advanced
adenomas and cancer were significantly higher in the
group tested with I-FOBT. By result, 2.5 times more
advanced adenomas and cancer and 2.2 times more can-
cers were detected with I-FOBT compared with G-FOBT.
Therefore, G-FOBT significantly underestimates the preva-
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lence of advanced adenomas and cancer compared with
I-FOBT in a screening population.
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A Quantitative Immunochemical Fecal Occult Blood Test for

Colorectal Neoplasia

Zohar Levi, MD; Paul Rozen, MBBS; Rachel Hazazi, BSc; Alex Vilkin, MD; Amal Waked, BSc; Eran Maoz, MD; Shlomo Birkenfeld, MD;

Moshe Leshno, MD, PhD; and Yaron Niv, MD

Background: Guaiac-based fecal occult blood tests (FOBTs) for
colorectal cancer screening are not specific for human hemoglobin
and have low sensitivity. Automated-development, immunochemi-
cal FOBT is quality-controlled, is specific for human hemoglobin,
and does not require diet restriction.

Objectives: To measure the sensitivity and specificily of quantita-
tive immunochemical fecal hemoglobin measurements for detection
of cancer and advanced adenoma in patients undergeing colonos-
copy, to determine fecal hemogtobin thresholds that give the high-
est posttest probability for neoplasia, and to determine the number
of immunochemical FOBTs needed.

Design: Prospective, cross-sectional study.

Setting: Ambulatory endoscopy services of the main health medical
organization in Tel Aviv, lsrael.

Participants: 1000 consecutive ambulatory patients—some asymp-
fomatic but at increased risk for colorectal neoplasia and some
symptomatic-—who were undergoing elective colonoscopy and vol-
unteered to prepare immunochemical FOBTs.

Intervention: The hemoglobin content of 3 bowel movements was
measured, and the highest value was compared with colonoscopy
findings.

Measurements: Sensitivity, specificty, predictive values, likelihood
ratios, and 95% Cls of fecal hemoglobin measurements for clini-

cally significant neoplasia, their relationship to the amount of fecal
hemoglobin measured, and the number of immunochemical FOBTs
performed.

Results: Colonoscopy identified clinically significant neoplasia in 91
patients (cancer in 17 patients and advanced adenomas in 74
patients). Using 3 immunochemical FOBTs and a hemoglobin
threshold of 75 ng/mL of buffer, sensitivity and specificity were
94.1% (95% Cl, 82.9% to 100.0%) and 87.5% (CI, 85.4% fo
89.6%), respectively, for cancer and 67% (Cl, 57.4% to 76.7%)
and 91.4% {(Cl, 89.6% to 93.2%), respectively, for any clinically
significant neoplasia.

Limitations: The fecal sampling method is standardized, but the
sample size depends on fecal consistency. Sorme patients were
tested while discontinuing aspirin and anticoagulant therapies.
Study patlents were at increased risk, and results might not apply to
average-risk popufations.

Conclusions: Quantitative immunochemical FOBT has good sensi-
tivity and specificity for detection of clinically significant neoplasia.
Test performance In screening average-risk populations is not
known.

Annt infern Med. 2007,146:244-255,
For author affiliations, see end of text.

wenw.annals.org

A colorectal cancer screening test should identify per-
sons with early-stage cancer that is an immediate med-
ical threat and persons with advanced adenomas that could
be a future threat. As well as having high sensitivity, the
screening test should have high specificity for detecting
clinically significant neoplasia, cancer, and advanced ade-
nomas to minimize follow-up colonoscopy examinations (1).

The commonly used guaiac-based fecal occult blood
tests (FOBTSs) have low specificicy for detecting human
hemoglobin and relatively low sensitivity for identifying
clinically significant colorectal neoplasia (1—8). Office-de-
veloped qualitative immunochemical FOBTSs are specific
for detection of human hemoglobin and have improved
test specificity (1, 4-6, 9-13). However, the manufactur-
ers designed the test to have sensitivity for measuring he-
moglobin similar to that of a sensitive guaiac-based FOBT,
which is a limitation. Moreover, we found that doing the
actual measuring in the office was not conducive to large-
scale screening while mainuaining quality control (1, 2, 6).
We investigated a clinical laboratory—based immuno-
chemical test that measures the hemoglobin content of a
stool sample.

Laboratory-based, automated, immunochemical mea-
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surement of fecal human hemoglobin eliminates the need
for diet restrictions, is specific for human hemoglobin, and
allows for quality control. In addition, clinicians can
choose a fecal hemoglobin threshold level to perform
colonoscopy and can adjust this threshold to take account
of the patient’s risk for advanced neoplasia and the avail-
ability of quality colonoscopy (1, 14-20).

The quantitative immunochemical FOBT has been
evaluated in Japan and elsewhere (14-22). However, to
our knowledge, no English-language publication systemat-
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ically compares fecal immunochemical hemoglobin con-
tent with total colonoscopy findings. We aimed to measure
the sensitivity and specificity of different levels of fecal
hemoglobin for detecting clinically significant colorectal
neoplasia versus colonoscopy, to determine the posttest
probability of advanced neoplasia at different fecal hemo-
globin threshold values, and to determine the optimal
number of fecal samples.

MeTHODS
Patients

We asked consecutive ambulatory persons who were
referred for colonoscopy to volunteer to prepare immuno-
chemical FOBTS for research purposes. Some patients were
asymptomatic and were invited for elective colonoscopy,
some patients were at high risk for colorectal cancer (these
patients were from our clinic), and some patients were
symptomatic and were referred by their treating physician
(Table 1 and Figure 1). We have reported partial findings
on the initial 500 patients (20).

Exclusions were concurrent hospitalization, visible rec-
tal bleeding, known diagnosis of inflammarory bowel dis-
ease, hematuria, menstruation at the time of obrtaining a
stool specimen, and inability to prepare the immuno-
chemical FOBT (Figure 1). We did not exclude patients
with long-term use of nonsteroidal anti-inflammatory
drugs or anticoagulant therapy that was stopped for
colonoscopy.

www.annals.org
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Endoscopy and Lesions

We inserted the colonoscope to the cecum or an ob-
structing carcinoma. We excluded 49 patients with an in-
complete colonoscopy. Biopsy was done on lesions or they
were removed, and their sites were noted. We classified
abnormal findings by number of polyps, polyp sizes, and
sites grouped by location (proximal [colon cecum to and
including splenic flexure] or distal colon) and by histologic
characteristics. The endoscopist estimated polyp size with a
calibrated open biopsy forceps. We grouped adenomas and
mass lesions by diameter or size (=5 mm, 6 0 9 mm, or
=10 mm) and by histologic characteristics (tubular, ser-
rated, tubulovillous, or villous). We classified dysplasia as
low grade or high grade. Pathologists were blinded to the
immunochemical FOBT results. Clinically significant neo-
plasia includes colorectal cancer or advanced polyps (ade-
nomas =10 mm in diameter, adenomas with =20% vil-
lous histologic characteristics, or any high-grade dysplasia
regardless of size) (23). We classified patients with more
than 1 lesion according to the most advanced lesion. We
reexamined all advanced adenomas smaller than 10 mm o
confirm their histologic diagnosis (24).

Fecal Sampling

Participants received an explanation of the test and
written instructions on how to prepare the fecal samples.
After voiding urine and Aushing the tilet before having a
bowel movement, participants placed a disposable paper
“float” in the twilet bowl to immobilize the stool for easy
sampling (Appendix Figure 1, available at www.annals
.org). Each fecal sample tube has a unique bar code. Before
preparing the sample, the patient wrote his or her name
and the date on the tube. The immunochemical FOBT
sampling probe is inserted into an 8-cm X 2-cm test tube—
shaped container. The patient inserts the probe into several
different areas of the stool and then reinserts it firmly into
the tube to seal it (Appendix Figure 2, available ac www
.annals.org). The probe tip with the fecal sample is sus-
pended in a standard volume of hemoglobin-stabilizing

Characteristic

$o Positive guaiac-Based FOBT
Asymptomatic high-risk
-Past Colorectal neoplas

Fr34B 38T

Family history of colorectal neoplasia 80 (8) )
7 Symptomatic. CATIETAY
Chal 150{15)
Anei 99 {9.9)«
Abdominal pain, weight loss 120 (12)

-Anal symptoms ¢ e 5.5
Other 48 (4.8)

* FOBT = fecal occult blood test.

20 February 2007 | Annals of Tnternal Medicine| Volume [46 « Number 4 (245
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I-FOBT = immunochemical fecal oceult blood tes; IBD = inflammatory bowel disease.

buffer. According to the manufacturer’s manual, the
amount of stool obtained by this process is semistandard-
ized (but does depend on fecal consistency) at 10 mg (SD,
0.5). According to the manufacturet’s data, the mean spec-
imen size ranges from 9.03 mg (SD, 0.29) for diarrhea to
11.89 mg (SD, 0.76) for hard stools. Examinees prepared 3
daily or consecutive samples during the week before
colonoscopy examination. They observed no dietary or
medication restrictions other than stopping aspirin and an-
ticoagulant therapy before endoscopy. Samples were stored
in double ziplock bags at 4 °C until development within 2
weeks (20, 25). We processed the samples by using the
OC-MICRQO instrument (Eiken Chemical Co., Tokyo, Ja-
pan) as described in the Appendix (available at www.annals
org).

For pricing the immunochemical FOBT at $20, we
used the local agent’s price for 3 tests and added adminis-
trative costs. In comparison, the authorized pricing {from
Isracl’s Ministry of Health) is $13 for screening with 3
guaiac-based FOBTS.

The ethics committee of the Rabin Medical Cencer,
Tel Aviv, Israel, approved the study in 2004. All partici-
pants gave written informed consent for the immuno-
chemical FOBT and colonoscopy examination.

Statistical Analysis

We recorded each patient’s most severe pathologic
finding (histologic characteristics, polyp size, and number
of polyps) and the highest amount of fecal hemoglobin

246| 20 February 2007 | Annals of Internal Medicine | Yolume 146 * Number 4

measured in that patient’s 3 immunochemical FOBT sam-
ples. We classified persons with only small rectal hyperplas-
tic polyps as not having neoplasia. We analyzed fecal he-
moglobin measurements according to the number of
adenomas (<3 adenomas or =3 adenomas), lesion size,
site in the colon (proximal or distal), and histology. We
analyzed colorectal cancer and advanced adenoma sepa-
rately and together as clinically significant colorectal neo-
plasia.

Since the siudy sample was heterogeneous, we com-
pared the sensitivity and specificity of the immunochemi-
cal FOBT in the 3 main categories of reason for referral
(Appendix Table 1, available at www.annals.org) by using
the chi-square test and Fisher exact test.

To classify a patient’s fecal hemoglobin level as normal
or abnormal, we used 2 thresholds: the published and
manufacturer-suggested threshold of 100 ng/ml of buffer
and a threshold of 75 ng/mL, which we thought would
give a higher sensitivity for detecting clinically significant
neoplasia (14, 15, 20). We also repeated these analyses at
different thresholds in increments of 25 ngfmL, ranging
from 50 ng/mL to 200 ngfmL.

We measured the diagnostic value of the immuno-
chemical FOBT for detecting clinically significant neopla-
sia by using 5 criteria: sensitivity, specificity, likelihood
ratios, and posttest probability after a negative and positive
result. ‘We compared sensitivity and specificity by using
threshold values of 75 ng/mL or greater and 100 ng/mL or

www.annals.org
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greater for abnornal findings and the McNemar test for
symmetry. We reported polyp sizes and fecal hemoglobin
measurements as means (SDs) and by quartiles. We also
reported 95% Cls for means and likelihood ratios (26).

Since the distribution of fecal hemoglobin measure-
ments was not normally distributed, we used 1) a paramet-
ric test for log,-transformed data (since log of 0 is not
defined, we coded original measurements of 0 as —5) and
2) nonparametric tests for nontransformed data. We mea-
sured the degree of association among pathology findings,
number and size of polyps, histology, and the immuno-
chemical fecal hemoglobin measurement by the Mann—
Whitney test for the 2 independent groups.

We compared [ecal hemoglobin measurements in in-
dependent diagnosis categories by the Kruskal-Wallis non-
parametric analysis of vartance (ANOVA). We made mul-
tiple comparisons between each pair of diagnosis categories
by using Gabriel, Dunnet, and Games—Howell tests, In
addition, we compared combinations of categories—all ad-
enomas versus normal colonoscopies and clinically signifi-
cant neoplasia versus other adenomas.

We drew receiver-operating characteristic (ROC)
curves for each immunochemical FOBT prepared as aids
to determine immunochemical fecal hemoglobin cutoff
values and the number of tests that best discriminates be-
tween clinically significant neoplasia and other findings.
We compared fecal hemoglobin measurements in 3 sam-
ples by using ANOVA with repeated measures, and we
calculated interclass correlation coefficient for all 3 mea-
sures and Pearson correlation coefficients between each
pair of measures.

We calculated the positive and negative likelihood ra-
tios for clinically significant neoplasia and constructed a
nomogram to relate pretest probability to posttest proba-
bility (26). The nomogram uses the likelihood form of the
Bayes' theorem to estimate the effect of a diagnostic rest
result on the probability that a patient has the disease.

We used SPSS for Windows software, version 13.0
(SPSS Inc., Chicago, Illinois), for the analysis.

Role of the Funding Sources

Instrument and reagents were provided by the Eiken
Chemical Company, Tokyo, Japan; Alfa Wasserman, Mi-
lan, Italy; and Pharmatrade, Kfar Saba, Isracl. Research
grants from the Eiken Chemical Company and the Katz-
man Family Foundation supported other costs. The fund-
ing sources had no role in the design, analysis, or interpre-
tation of the study or in the decision to submit the
manuscript for publication.

ResuLts
Patients

Of 2188 patients who were scheduled for colonos-
copy, 1859 met the study criteria and were invited to par-
ticipate. OF these patients, 1116 agreed to participate. We
subsequently excluded 116 patients, and 1000 patients

www.annals.org
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completed the study (Figure 1). Table 1 shows their char-
acteristics. Patients with an elevated fecal hemoglobin level
but normal colonoscopy examination were followed clini-
cally.

Colonoscopy Results

Seventy patients had incomplete colonoscopy exami-
nations because of inadequate bowel preparation, technical
problems, or patient discomfort. We repeated colonoscopy
in 14 patients and included these patients in the study
sample. None of the 56 remaining patients had repeated
colonoscopy, and they were excluded from the study (3
patients had a normal double-contrast barium enema, 4
patients had normal computed tomography colonography,
and 49 patients had no further large-bowel investigations).
Appendix Table 1 (available at www.annals.org) shows im-
munochemical FOBT results and clinically significant neo-
plasia according to the reason for colonoscopy referral. Tm-
munochemical FOBT sensitivity and specificity for
neoplasia were similar in the 3 major diagnostic categories.

We found polyps in 356 patients. One hundred twelve
patients had a hyperplastic polyp smaller than 10 mm,
13.1% of patients had single adenomas, and 11.3% of
patients had several adenomas. Thirteen adenomas had
high-grade dysplasia, and 2 adenomas were smaller than 10
mm (Table 2).

We defined clinically significant neoplasia (found in
91 patients) as cancer (» = 17) or at least 1 advanced

adenoma (r = 74) (Table 2).

Fecal Hemoglobin Measurements

We measured the hemoglobin content of each of 3
consecutive fecal samples but considered them to represent
1 test, to which we assigned the highest of the 3 immuno-

chemical FOBT results.

Hyperplastic Polyps

Fecal hemoglobin measurements in 739 patients with
only hyperplastic polyps smaller than 10 mm did not difter
from those of patients with normal colonoscopy (fecal he-
moglobin level, 35 ng/mL [SD, 150] {95% ClI, 23 to 47
ng/mlL] vs. 35 ng/mL [SD, 143] [CIL, 25 o 45 ngfmL]).

Adenomas or Advanced Adenomas

Table 2 displays the characteristics of the adenoma-
tous polyps and the patients’ fecal hemoglobin measure-
ments. Patients with adenomas of 6 to 9 mm or 10 mm or -
greater in diameter, as well as patients with 3 or more
adenomas, had significantly elevated but differing fecal he-
moglobin levels compared with patients with normal ex-
aminations (P < 0.001). Patients with villous or serrated
adenomas or high-grade dysplasia had higher fecal hemo-
globin levels than those with tubular adenomas and low-
grade dysplasia or no neoplasia (7 < 0.001). In patients
with an advanced adenoma, fecal hemoglobin measure-

20 February 2007 FAnnals of Inrernal Medicine
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Characteristle

Patlents, n  Mean Lesion Size (5D}
(%) [95% CIT, mm

Mean I-FOBT Result (SD)
[95% <], ng/mL

Fecal Hemoglobln Level, ng/mL

Median 75th
Percentlle

Minimum Maximum 25th
Percentile

Adenomas
Hlsto!ogy

244 (24.4}  6.9(5.4) [6.2-7.6]

HGD (any"é-denoma)
Sizgwi‘rrlrdiamel‘.er

<3 adenomas |
=3 adenomas

85 (34.8)

Advanced adenomast
Colon site

74 (7.4}

' :(1‘:2.}.7)5;;
42 {17.2)

307 (837260
50.0 (7.10) [40.2-59.6)

3} (58.8)
7{1.2)

35 (143)

31 (208) (84177 2069 b
336 (707) [185-486) 0 3050 5 7 172

99 774y 2275772) e T 1 :
A01 (737) [279-724) 0 3050 2% 132 628

202 (490) {140-263] 0 3050 2 17 107

485 (744} {315-654] 0 3050 19 113 570

372 2425 - - -

737 5425 1047

* HGD = high-grade dysplasia; [-FOBT = immunochemical fecal occule blood test; LGD = low-grade dysplasia,
* Includes single adenamas =10 mm in size or =206 villous in histology or any HGD.
# Proximal: Colon from cecum to and including splenic Aexure.

ments were similar whether the location was the proximal

or distal colon (P = 0.510).

Cancer

The fecal hemoglobin measurements of patients with
cancer were significantly elevated compared with those of
patients with no neoplasia (P < 0.001}, regardless of can-
cer stage or site (Table 2). Fecal hemoglobin level was
significantly higher with distal colorectal cancer than with
proximal colorectal cancer (P = 0.025).

All Clinically Significant Neoplasia

The 91 patients with clinically significanc neoplasia
include 17 patients with cancer and 74 patients with at
least 1 advanced adenoma. Their mean fecal hemoglobin
measurements were significantly elevated compared with
those of patients with non—clinically significant neoplasia
or normal colonoscopy (P << 0.001) (Table 2}.

248|20 February 2{}07lr\nnals of Intecnal Medicine | Volume 146 » Number 4

Range of Fecal Hemoglobin Measurements

Figure 2 shows the distribution of fecal hemoglobin
levels in patients whose most clinically significant lesion
was a nonadvanced adenoma, an advanced adenoma, can-
cer, or any clinically significant neoplasia. No fecal hemo-
globin level perfectly distinguishes patients with advanced
neoplasia from other patients.

Sensitivity, Specificity, and Likefihood Ratio for Clinically
Significant Neoplasia

We measured the sensitivity and specificity of the im-
munochemical FOBT result (by using the highest level in
3 samples) at various hemoglobin thresholds (T'able 3). At
the 75-ng/mL fecal hemoglobin threshold, the sensitivity
and specificity for detecting all clinically significant neopla-
sia were G7.0% (CI, 57.4% to 76.7%) and 91.4% (CI,
89.6% to 93.2%), respectively. The corresponding positive
and negative likelihood ratios were 7.81 and 0.36, respec-
tively. At the 100-ng/mL fecal hemoglobin threshold, sen-
sitivity and specificity were 61.5% (CI, 51.5% to 71.5%)
and 93.4% (CI, 91.8% to 95.0%), respectively, and posi-

www.annals.org
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1.0+

Normal and hyperplastic polyps
{n=739)

Mean level, 35 ng/mL (SD, 143)
{95% €I, 25-45)

0 H H ¥

T
0 1 3275 1024

0.54

1.0+ ‘
Nonadvanced polyps (7 = 170) |
Mean level, 79 ng/mL (SD, 236)

054 {95% Cl, 44-115)

T
] 1 3275 1024

1.0
Advanced polyps (n =74}

Mean level, 485 ng/mL (5D, 744)
{95% €I, 3115-654)

0.5
a 1 =N
T T 1
o 1
1.0

Tecanceren = 17y
Mean level, 1087 ng/m. (5D, 821)

ox] (95%Cl 697-1477)

Proportion of Patients at Each Fecal Hemoglobin Level

0 1 1275 1024
1.0+
Advanced polyps and cancer (n = 91)
Mean level, 597 ng/mL (5D, 790)

054 {95% Cl, 435-759)

a [ | —

0 1

=} : =z
3275 1024
Fecal Hemoglobln Result, ng/mL

Using a log, scale, the analysis demonstrates statistically significantly
different values for advanced polyps, cancer, or clinically signiEca.nt neo-
plasia compared with normal and hyperplastic polyps or nonadvanced
polyps, with little overlap of the latter 2 conditions. The mean fecal
hemoglobin value (SD) and 95% CI are indicated for each category. The
75-ng/mL hemoglobin threshold for calling a test result positive or neg-
ative js indicated in each category (dashed fines). The vertical bars repre-
sent the proportion that has the specified immunochemical fecal hemo-
globin level.

tive and negative likelihood ratios were 9.32 and 0.41,
respectively. The 75-ng/mL fecal hemoglobin threshold in-
creased sensitivity but reduced specificity. The sensitivity
for detecting cancer was considerably higher than that for
detecting all clinically significant neoplasia, but specificity
was lower (T'able 3).

Within-Patient Variation in Immunochemical
FOBT Results

Figure 3 demonstrates the within-patient variation of
the first 2 immunochemical FOBT measurements from
each patient. It also shows the relative proportions of pa-
tients with clinically significant neeplasia (cancer or ad-
-vanced adenomas) versus other results for each of the 4

wrw,annzals.org
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possible combinations of first and second immunochemical
FOBT results (above or below the 75-ng/mL fecal hemo-
globin threshold).

The interclass correlacion coefhicient between the log,
uansformarions of all 3 immunochemical FOBT samples
was 0.583 (data not shown). The correlation coefficients of
the first and second immunochemical FOBT samples, first
and third, and second and third were 0.597, 0.553, and
0.599, respectively. Thesc moderate correlations presum-
ably reflect daily variations in blood loss. Appendix Table
2 (available at www.annals.org) shows that using the high-
est of all 3 tests gave the highest sensitivity but gave some-
what lower specificity.

The Number of Immunochemical FOBTs Needed to
Identify Clinically Significant Neoplasia

Figure 4 displays ROC curves obrained with the first,
the initial 2, and all 3 immunochemical FOBT measure-
ments for each participant. The arca under the curve (an
overall measure of test discrimination} for cancer or all
clinically significant neoplasia was the same when using the
highest measurement of all 3 tests or just of the first 2 tests,
indicating that using either 2 or 3 tests provided the best
discrimination for cancer. Appendix Table 2 (available at
www.annals.org) shows that sensitivity increases and spec-
ificity decreases as the number of samples increases at both

the 75-ng/mL and 100-ng/mL thresholds.

Posttest Probability Corresponding to Immunochemical
FOBT Results

Figure 5 illustrates the posttest probability of ad-
vanced neoplasia for selected pretest probabilities of disease
across increasing fecal hemoglobin thresholds. The posttest
probability after a positive test result {(equal to positive
predictive value) varies little as the Immunochemical
FOBT threshold increases. Figure 6 is a nomogram for
estimating the posttest probability at different fecal hemo-
globin levels. Appendix Table 3 (available at www.annals
.org) contains the likelihood ratios for specific fecal hemo-
globin levels.

False-Negative Immunochemical FOBT Results

Two cases of cancer were not identified at the 100-
ng/mL hemoglobin threshold: a proximal, 1.5-cm, Dukes
stage A malignant lesion (fecal hemoglobin level, 57 ng/
mL) and a proximal, 3-cm, Dukes stage C malignant lesion
(fecal hemoglobin level, 85 ng/mL). Ac the 75-ng/mL
threshold, anly the former was not detected. The remain-
ing cases not identified were advanced adenomas, that were
45% of which were smaller than 10 mm in diameter.

False-Positive Immunochemical FOBT Results

Sixty screened patients without clinically significant
colorectal neoplasia had a fecal hemoglobin ineasurement
greater than 100 ng/mL, and 78 screened patients with a
measurement greater than 75 ng/imL were followed clini-
cally for a mean of 16.4 months (SIJ, 4.2). One patient,
who had both a family history of colorectal cancer and a

20 February 2007 | Annals of Inrernal Medicine | Volume 146 # Number 4
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Variable Patlenfs  Patients Patients Patients
with with with with
True- False- True- False-
Positive  Negalive Negative Positive
Test Test Test Test
Result, Result, Result, Result,
n n n it

Cancer

Fecal hemoglobin

threshald

All clinically significant
neoplasia (cancer
and advanced polyps)
Fecal hemoglobin

shold

thre

Sensitivity
(95% CI), %

Positive LR
(95% CI)

Specificity
(95% CI), %

Negative LR
(95% CI)

):19.00,16-0.73).

* LR = likelihood ratic; NA = not applicable.

personal history of adenomas, was found to have a 1-em
colorectal adenoma with low-grade dysplasia at the hepatic
flexure after 2 years.

Discussion

We performed a detailed evaluation of an immuno-
chemical method to measure the amount of occult blood
in fecal samples. When using the hemoglobin threshold of
75 ngf/iL or greater to define an abnormal result, the test’s
sensitivity was 94.1% for detecting colorectal cancer and
67.0% for detecting all clinically significant neoplasia with
corresponding specificities of 87.5% and 91.4%, respec-
tively. The amount of fecal hemoglobin in most non-
advanced adenomas was less than 75 ng/mL. This is an
advantage, because colonoscopy screening has been criri-
cized for identifying many persons with adenoma who are
then entered into a labor-intensive and expensive adenoma
follow-up protocol (27). In our heterogeneous study sam-
ple, the positive predictive value of 43.9% meant that al-
most every second colonoscopy performed for a positive
immunochemical FOBT result diagnosed a clinically sip-
nificant neoplasm.

In previous publications {20, 25), we examined the
reproducibility of hemoglobin quantification, the stability
of the immunochemical FOBT in clinical practice, incra-
patient daily variation in fecal hemoglobin loss, and a pre-
liminary comparison of fecal hemoglobin levels with
colonoscopy results in 500 patients. Our present analysis
adds an additional 500 examinees and many additional
analyses that will help physicians to choose the optimal
fecal hemoglobin threshold level that triggers a follow-up
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colonoscopy. To validate this premise, and in contrast to
most other retrospective evaluations, we performed a pro-
spective study of patients undergoing colonoscopy (18, 22,
28). We confirmed that the immunochemical FOBT he-
moglobin threshold of 100 ng/mL provided acceptable
specificity but found, in our larger study sample, a lower
sensitivity than with a 75-ng/mL hemoglobin threshold
(20). In fact, the quantification of fecal hemoglobin levels
allows the clinician to choose the immunochemical FOBT
threshold that best suits the clinical situation, For example,
the threshold for screening an average-risk population
might differ from that for a higher-risk population.
Deciding whether our findings apply to an average-
risk screening population is difficult. One issue is whether
immunochemical FOBT is more sensitive and specific in a
relatively high-risk population, such as that of our study
sample, than in lower-risk populations. Bampton and col-
leagues (19) studied high-risk patients undergoing colonos-
copy surveillance. They used the Inform (Insure, Enterix,
North Ryde, New South Wales, Australia) immunochemi-
cal FOBT between periodic colonoscopy examinations. A
positive test result identified all cases of interval cancer and
some advanced adenomas (19). We had similar findings
(29). In contrast, in a large colonoscopy study of asymp-
tomatic, average-risk screened patients (30), testing a single
stool sample with the MagStream (Fujirebio Inc., Tokyo,
Japan) automated immunochemical FOBT detected
65.8% of cases of cancer but only 27.1% of all cases of
advanced neoplasia. The sensitivity for derecting cancer
was similar to the 64.7% sensitivity that we obtained by
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The internal lines are at a 75-ng/mL hemoglobin threshold for calling a test resule positive or negative, and numbers in each section show classifications
of patients based on this cutoff. Each symbol represents a pair of first and second fecal hemaglobin measurements for one patient. A total of 847 patients
without colorectal cancer {CRC) or advanced adenomatous polyps (4Ps) (apen circles) were classified below the 75-ng/mL value as having negative test
results for both measurements, while 37 patients with CRC or AP (gpen triangles) also had negative test results. Twenty-one patients wichout CRC or AP
were classified above the threshold as having positive test resuls both times, as were 32 patients with CRC or AP. Sevenreen and 20 padients without
CRC ot AP were below the cutoff value for 1 measurement but were above the cutoff value for the other measurement. This also occuired for 11 patients
with CRC or AP. The correlation coefficient for the first and second I-FOBT (I-FOBT 1 and I-FOBT 2, respectively) samples was 0.597.

using only the first fecal sample and a 75-ng/mL hemoglo-
bin threshold. That study’s sensitivicy for detecting ad-
vanced adenomas was lower than ours, but the study did
not specify the immunochemical FOBT threshold used.
We also had compared our results by using a 100-ng/mL
hemoglobin threshold with those obtained in the same av-
erage-risk screening population with a sensitive pguaiac-
based FOBT (Hemoccult SENSA, Beckman Coulter, Ful-
lerton, California) who were undergoing colonoscapy. The
sensitivity of the 2 FOBTs for detecting clinically signifi-
cant neaplasia was equal, but the specificity of the immu-
nochemical FOBT est was much higher, which would
reduce the number of follow-up colonoscopy examinations
needed to identify a patient with a dlinically significant neo-
plasm (21).

We cannot specily the fecal hemoglobin threshold that
is most suitable for the average-risk screening population.
The objective of the threshold for an average-risk popula-
tion should be ro increase specificity and reduce the pro-

WWw.annals,org

portion of false-positive results. To set the cutoff value for
the immunochemical FOBT, we should use the chreshold
approach to clinical decision making, which involves the
pretest probabilicy and the benefits and harms of detection
and is a task beyond the scope of our article (31, 32). This
approach is illustrated by our nomogram evaluation (Fig-
ure 6). '

Deciding how many fecal samples and choosing the
optimal fecal hemoglobin threshold for screening an aver-
age-tisk population will also involve evaluating costs and
access to colonoscopy (1, 33, 34) {(Appendix, available at
www.annals.org).

Qur study has several limirations. Firse, the study sam-
ple was a heterogeneous mixture of patients who were
referred for colonoscopy for clinical indications. Some
patients were symptomatic or wete taking nonsteroidal an-
ti-inflanmatory drugs or anticoagulants, and we are evalu-
ating how these factors affect immunochemical FOBT lev-
els (35). Relative to an asymptomatic screening population,
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Each line represents the highest fecal immunochemical hemoglobin mea-
surement from the specified sequence of fecal samples collected and their
added value to provide maximum sensitivity and specificity. I'/FOBT 1
= first immunochemical fecal occule blood test collected; I-FOBT 2 =
first 2 1-EOBTs collected; I-FOBT 3 = all 3 I-FOBTs collected. Overall,
there was no difference between collecting 2 or 3 I-FOBTs. However,
the highest sensicivity was obtained when the fecal hemoglobin measure-
ments of all 3 I-FOBTSs were used at a 75-ng/mL threshold for calling a
test result positive or negative {Appendix Table 2, available at www
.annals.org). AUC = area under the curve.

symptomatic patients were more likely to have several large
neoplasms thar were prone to bleed and were detectable by
immunochemical FOBT. Despite this heterogeneity, im-
muncchemical FOBT sensitivity or specificity did not sig-
nificantly differ among major categorics of reasons for re-
ferral. We have no direct evidence to extrapolate our
findings to the performance of immunochemical FOBT in
the target population for screening: average-risk patients 50
years of age or older.

Second, the amount of feces sampled depends on fecal
consistency, and therefore, the concentration of hemoglo-
bin in a standard amount of buffer may vary independently
of the amount of fecal blood. Also, the amount of bleeding
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The values are presented as a function of the immunochemical fecal
occule blood test (~-FOBT) tlreshold for calling a test resulr positive or
negative, with alternate pretest probabilities of coloreceal cancer or advanced
adenomatous polyps of 0.05, 0.10, 0.25, 0.50, and 0.75. For every -FOBT
threshold value, the sensitivity and specificity (also presented on the receiver-
operating characteristic curve) were calculated, as well as positive and nega-
tive likelihood ratios. Posteest probabilities for a positive IFFOBT sesule (fop}
and for a negative -FOBT result {(fosrom) were calculated.

from neoplasia is not consistent or uniform, as shown by
the moderate cotrelations among the 3 immunochemical
FOBTs collected. This source of measurement error is
common to al! methods for detecting fecal blood and is a
further reason for using several fecal samples.

Third, the small proximal malignant lesions and small
advanced adenomas had low levels of fecal hemoglobin
(24, 36).

Fourth, we used colonoscopy as our gold standard. We
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The nomogram provides a graphical tool for estimating how much the result of a test changes the probability that a patient has the disease. To use the
nomogram, one should first estimate the probability of the disease before testing, which is often the disease prevalence, although it may be increased or
decreased on the basis of clinical findings in the patient population or in a particular patient. The next step is to determine the likelihood ratio
corresponding to the diagnostic test result. A line is drawn connecting the pretest probability and che point on the middte vertical line corresponding o
the likelihood ratio for the test resuls (represented by a range of test results [oxes]), This line is extended to intersect with the right-hand vertical line,
which gives the postrest probability, This poinc is the new estimate of probability that the parient has the discase. For example, in this heterogeneous-risk,
symptomaric study sample, clinically significant neoplasia was found in 91 of 1000 patients (prior probability, 0.091). For a paticnt with an immuno-
chemical fecal occult blood test (FFOBT) result greater than 150 ng/mL, the sensitivity and specificity of the test were 54% and 95%, respectively,
providing a likelihood ratio of 10.881 (0.54/[1 — 0.95]), and posteest probability was 52% (dashed fine). Flowever, a patient with a pretest probabiliey
of 0.002, which is similar to that in a low-risk screening population, and an I-FORBT result between 51 and 75 ng/mL, for which the likelihood rario is
1.92, would have a postiest probability of advanced neoplasia of 0.38% (derted fine). These demonstrate and emphasize how the level of I-FOBT
influences the posttest probability of clinically significant neoplasia. The clinical observations behind the likelihood ratios in the nomogram are available
in Appendix Table 3, available at www.annals.org.

did not supplement colonoscopy by routine computed to- initial colonoscopy. This reinforces the value of periodi-
mography colonography, which could have identified more cally repeating immunochemical FOBT screening (19, 38).
adenomas (37). Other authors have found patients with Despite concern about varying fecal consistency and
clinically significant neoplasia who had negative results on its effect on sampling, fecal hemoglobin content varied sys-
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-

ARTICLE Quantitative Inmunochemical Fecal Occult Blood Test

tematically by site, pathology, and lesion size. Since the
immunochemical test for blood requires antigenically in-
tact globin, we expected the lower level of immunochemi-
cal fecal hemoglobin associated with cancer in the proximal
colon and expected the same with advanced adenomas
(30). We were surprised to find that fecal hemoglobin mea-
surements from advanced adenomas did not vary by site.
Nonadvanced adenomas that increased in size and number
were associated with more detectable fecal occulr blood.

In conclusion, we found that the automated process
immunochemical FOBT' provided a quantified hemoglo-
bin resule similar to other laboratory tests. In contrast to
the office-developed guaiac-based and immunochemical
FOBTS, which have a threshold for positivity determined
by the manufacturer, our test allows the physician to chose
the leve! of fecal hemoglobin at which colonescopy should
be recommended. From our experience, the 75-ng/mL he-
moglobin threshold provides a sensitive test for detecting
clinically significant colorectal neoplasia with an acceptable
specificity. By obtaining 3 immunochemical FOBT sam-
ples, we improved the sensitivity for detecting cancer and
advanced adenomas. The recommendations on the num-
ber of immunochemical FOBT samples needed and the
hemoglobin threshold to be used will be clearer after com-
pleting prospective studies in the average-risk and high-risk
follow-up patient populations.
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Scraper

Serrated Tip
Filtter

Buffer
% Sample Storage

The parient removes the fecal probe that has 4 serrared tip that accumu-
lates the fecal sample. The probe is then reinseried deeper into the tube
past a scraper and through a membrane that removes excess feces. The
bottom compartment of the tube contains 2 2-mL buffer solution for
stabilizing the fecal specimen in the tip serrations.

After defecation and fecal sampling, the participant Aushes the float into the roiler.
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APPENDIX
Instrument for Immunochemical FOBT Analysis

The desktop inscrument is self-conrained and requires stan-
dard power supply (Appendix Figure 3). Ten patienc-prepared
fecal sample tubes are loaded into the sample rack and, in paral-
lel, another rack has disposable reaction cells. The instrument
automatically samples and mixes 25 pL from the 2-ml. fecal
buffer soludion in each sample tube with the latex antihuman
hemoglobin antibody reagent. The turbidicy is read as an optical
change and is compared with a standard calibration curve. Cali-
bration is prepared for each day’s analysis by using the provided
known high and low value control test fluids (range of hemoglo-
bin measurements, 20 to 2000 ng/mL). Results for each tube are
automatically printed. Further technical details, in Japanese-lan-
guage publications translated into English, are available (25).

Considerations in Establishing a Threshold Level of Fecal
Hemoglobin

In considering the clinical importance of high sensitivity for
detecting clinically significant neoplasia in our colonoscopy-ori-
ented screening pracrice, we decided to accept a slightly lower
specificity and to use the 75-ng/mL hemoglobin threshold for
advising colonoscopy in our pilot, average-risk population screen-
ing study. Because of intrapatienc variation of daily fecal hemo-
globin loss, we will continue collecting 3 consecutive fecal tests
annually because we obtained a statistically significantly higher
sensitivity than that found wich fewer samples. This is in contrast
to the annual 2-day immunochemical FOBT collection thar is
routinely used for the average-risk populations with a 150-ng/mL
fecal hemoglobin threshold in Japan, the United States, and Aus-
tralia; 1-day testing with a 100-ng/mL threshold in Uruguay; and
1-day biennial testing with a 100-ng/mL threshold in Italy (i5,
17-19, 22, 28, 33). These issues might also explain the reported
low performance of an imimunochemical FOBT compared with
colonoscopy screening (30).
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The instrument is 32 cm wide, 53 em deep, and 42 cm high. The top left
bottle conuains diluting solution, the center bottle contains cleaning
Buid, and the right bottle contains distilled water. Two trays are loaded
into the instrument. One tray holds 10 patient-prepared immunochemi-
cal fecal occult blood test tubes, and the other cray is for tubes where the
immunochemical fecal occult blood test-antibody reacrion occurs. The
hemoglabin value is automatically calculated from the resulting turbid-
ity. (The OC-MICRO is manufacrured by Eiken Chemical Co., Tokya,
Japan.)
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Reason for Patients, Patients Patlents Patlenls Palients Sensitivity Specificity Positive LR Negative LR
Celonoscopy n with with with with {95% ClI), % 95% CI}, % (95% CI} (95% Cl)
True- False- True- False-
Posltive Negative Negalive Posllive
Test Test Test Test
Resulls, Resulls, Results, Results,
n n n n

Finding: Colorectal
cancer
Asymptomatict

Asymptamatic
high-riskt

plas
Family history of 80
colorectal

neoplasia

66.7 {13.3 to 120}

Finding: Clinlcally .
signlficant
neoplasla; cancer
and advanced

poiyps
A

colorectal
neoplasia

Other symptoms 102 8 g 76

* FOBT = fecal occulr blood test; LR = likelihood ratio; NA = not applicable.
+ Fecal occult blood test sensitivity and specificity did nat significandly dilfer among these groups.
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Variable Sensltivity (95% CI), % Specificity (95% Cl), %
=75-ng/mi Fecal =100-ng/mL Fecal =75-ng/mL Fecal =100-ng/mL Fecal
Hemoglobin Hemoglobln Threshold Hemoglobin Hemoglobin
Threshold Threshold Threshold

Coforectal cancer

L FOR 647.42:87.4 4745874y
I-FOBT 1 or 2 _ 88.2 (72.9-100) B2.4 (64.2-100)
CUUIFOBT A, Zord 94,7.(62.94100)

Clinlcally significant
neoplasia: cancer and
advanced polyps
STTLFOBT
I-FOBT 1 or 2

* ]-FOBT = immunochemical fecal accult blood test.
+59.3 <67.0 (P <0.001).

$93.5 >91.4 (P <0.001).

§ 67.0 >61.5 (P = 0.063).

[[91.4 <93.4 (P <0.001).

Range of Fecal Patients with Sensitivity Patients without Speciiictty Likellhood
Hemoglobin Clinlcally Stgnificant Clinlcally Signlficant Ratio
Values Neoplasla, n Neoplasla, n

51~75 ng/m
764100 ng/ml:

101-150 ng/mL
Z=150mg/m
All values

* Values in the table are the basis for the likelihood ratios for Figure 6. Clinically significant neoplasia includes cancer and advanced polyps.
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Egy beteg vizsgalatara lebontott koltségek bemutatasa

Alulirott Dr. Csajka Marta, mint a Frank Diagnosztika Kft,, 1036 Budapest Dereglye utca 2.
ajanlattevd cégjegyzésre jogosult képviseldje az Orszdgos Tisztiforvosi Hivatal ajanlatkérd Altal
inditott, ,Jmmunkémiai székletvér reagens ¢s a szliréshez sziiksépes egyéb kicgésziték” targya
kdzbeszerzési eljaras soran kijelentem, hogy a szerz6dés idétartama alatt az alabbiakban részlezetett
reagensek, kalibratorok ¢s kontrollok a mérések gyakorisagatol (heti, vagy napi mérések), valamint a
beérkezé mintdk esetleges egyenetlen eloszldsa esetén is elegenddek 13 000 személy szlirését
biztositd 26 000 vizsgalat elvégzésere.

1. Onkdltségi ar betegenként / vizsgalatonként:

nett6 egységér: 8§75 HUF,
AFA (5 %): 43,75 HUF,
brutté egységar: 918,75 HUF.

2. Ar 26.000 darabra:

Teljes netto ar: 22.750.000 HUE,
AFA (5%): 1.137.500 HUF,
teljes brutto ar: 23.887.500 HUF,

3. Koltségek részletesen:

Megnevezés Mennyiség Nettd egységar Nettd dsszar
OC-Sensor Diana-Latex (5 x 15 mL) 23 doboz 322.000 7.406.000
OC-Sensor Diana-Buffer (500 mL) 33 doboz 38.000 1.254.000
OC-AUTO SAMPLING BOTTLE (100db) 260 doboz 50.400 ‘ 13.104.000
OC-Liquid Standard (1 x 3 mL) 3 doboz 38.000 114.000
OC-Control L.V1 liquid (2 x 5 mL) 5 doboz 83.200 416.000
QC-Control LV2 liquid (2 x 5 mL) 5 doboz 83.200 416.000
OC-Sensor sample cup (1000/box) 1 doboz 40.000 40.000
FRA Diagnosztika Kkrt,
Budapest, 2013. év augusztus hé 23. nap '

Dr. Csajka Marta
gyogyszerész, ligyvezetd



