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Common Common GuaiacGuaiac versus versus 
Immunochemical TestImmunochemical Test

⎦ ⎣

LIMBACH-LABORATORY

H E I D E L B E R G
H J Roth

H Schmidt-Gayk
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Ferlay, J et al. Ann Oncol 2007: 18; 581-92

Estimated incidence of cancer in Europe and European Union, 
2006
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Ferlay, J et al. Ann Oncol 2007: 18; 581 - 92

Estimated mortality from cancer in Europe and European Union, 
2006
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The colorectal adenoma – carcinoma sequence 

Davies, RJ et al. Nature Reviews 2005: 5; 199 - 209

5 – 10 years
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The colorectal adenoma – carcinoma sequence 
related to occult bleeding

Davies, RJ et al. Nature Reviews 2005: 5; 199 - 209

Amount of blood loss
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Levi Z et al. 
Ann Intern Med 2007; 146: 
244 - 55
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GuaiacGuaiac--basedbased versusversus immunochemicalimmunochemical FOBTFOBT
•• GuaiacGuaiac turnsturns blueblue afterafter oxidationoxidation byby oxidantsoxidants oror

peroxidasesperoxidases in in thethe presencepresence of an of an oxygenoxygen donordonor such as such as 
hydrogenhydrogen peroxidaseperoxidase. . PeroxidasePeroxidase –– likelike oror
pseudoperoxidasepseudoperoxidase activityactivity of of hemeheme in in hemoglobinhemoglobin
Qualitative Qualitative resultresult..

•• ImmunochemicalImmunochemical teststests employemploy polypoly-- oror monoclonalmonoclonal
antibodiesantibodies alonealone oror in in combinationcombination thatthat detectdetect antigenicantigenic
sitessites on on thethe intactintact globinglobin portionportion of of hemoglobinhemoglobin. . HighlyHighly
specificspecific forfor human (human (hemo)globinhemo)globin
Quantitative Quantitative resultresult
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Bischoff HG, et al.; Ärztl.Lab. 1990; 36: 101-112

„„in vivoin vivo„„ detectiondetection limits of limits of bloodblood
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Sites of Sites of GastrointestinalGastrointestinal BleedingBleeding, , IntraluminalIntraluminal MetabolismMetabolism of of 
HemoglobinHemoglobin, and , and AccuracyAccuracy of of FecalFecal OccultOccult--BloodBlood TestsTests

Rockey DC; NEJM 1999; 341: 38-46
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Variables Variables influencinginfluencing FOBTsFOBTs
FalseFalse positivepositive GuaiacGuaiac basedbased ImmunochemicalImmunochemical

NonhumanNonhuman hemoglobinhemoglobin
((myoglobinmyoglobin and and hemoglobinhemoglobin fromfrom beefbeef, , 

horsehorse, , pigpig…)…)
++++++++ --

DietaryDietary peroxidaseperoxidase
((horseradishhorseradish, , radishradish, , cauliflowercauliflower..)..) ++++++ --

RehydrationRehydration ++++ --

IronIron (+)(+) --

FalseFalse negativenegative
HemoglobinHemoglobin degradationdegradation ++++ ++++++

StorageStorage ((neatneat stoolstool -- roomroom temperaturetemperature)) ++++ ++++++++

Vitamin CVitamin C ++++ --

OthersOthers

AnticoagulantsAnticoagulants oror aspirinaspirin -- --
DeodorizersDeodorizers / / freshenersfresheners / / 

cleanerscleaners / / sanitizerssanitizers -- -- ++
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Performance Performance characteristicscharacteristics of of guaiacguaiac basedbased versusversus immunochemicalimmunochemical
FOBTsFOBTs..

SpecificitySpecificity

gFOBT = guaiac based iFOBT = immunochemical



Li
m

ba
ch

 L
ab

or
at

or
y 

   
 H

ei
de

lb
er

g 
G

er
m

an
y 

   
   

   
   

  
Li

m
ba

ch
 L

ab
or

at
or

y 
   

 H
ei

de
lb

er
g 

G
er

m
an

y 
   

   
   

   
  P

ab
lo

Li
m

@
Ao

l.c
om

Pa
bl

oL
im

@
Ao

l.c
om

Performance Performance characteristicscharacteristics of of guaiacguaiac basedbased versusversus immunochemicalimmunochemical
FOBTsFOBTs..

SensitivitySensitivity

gFOBT = guaiac based iFOBT = immunochemical
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Performance Performance characteristicscharacteristics of of guaiacguaiac basedbased versusversus immunochemicalimmunochemical
FOBTsFOBTs..

Positive Positive predictivepredictive valuevalue

gFOBT = guaiac based iFOBT = immunochemical
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GuaiacGuaiac basedbased versusversus immunochemicalimmunochemical FOBTFOBT

•• High High variabilityvariability in in sensitivitysensitivity and and specificityspecificity datadata
–– relatedrelated to:to:

•• studystudy designdesign
•• evaluatedevaluated studystudy populationpopulation
•• employedemployed FOBTsFOBTs
•• ……

•• ImmunochemicalImmunochemical FOBT FOBT isis
–– isis equivalentequivalent oror betterbetter thanthan guaiacguaiac basedbased FOBT in FOBT in 

respectrespect to to specifityspecifity
–– moremore sensitive in sensitive in detectingdetecting CRC CRC oror advancedadvanced

neoplasianeoplasia
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•• Smith A et al. Smith A et al. CancerCancer 20062006
„„....iFOBTiFOBT isis moremore sensitive sensitive forfor cancerscancers and and 
significantsignificant adenomasadenomas thanthan a sensitive a sensitive gFOBTgFOBT.“.“

•• GuittetGuittet L et al. Gut 2007L et al. Gut 2007
„„With a threshold of 50 ng/ml, I-FOBT detected
more than twice as many advanced neoplasias
as the G-FOBT (ratio of sensitivity = 2.33) 
without any loss in specificity (ratio of false
positive rate = 0.99). With a threshold of 75 ng/ 
ml, associated with a similar positivity rate to G-
FOBT (2.4%), the use of I-FOBT allowed a gain
in sensitivity of 90% and a decrease in the false
positive rate of 33% for advanced neoplasia.“
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om StoolStool samplingsampling devicesdevices –– neatneat stoolstool

Neat stool – freeze immediately and keep frozen
until being processed!

Significant initial loss (highly variable, up to 70% within
24h) of hemoglobin when keeping sample at room

temperature.

Initial value:

602 ng hemoglobin
per ml stool

LimbachLaboratories 2007, internal data
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StoolStool samplingsampling devicesdevices –– withwith storagestorage / / extractionextraction bufferbuffer
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StoolStool samplingsampling devicedevice –– serratedserrated samplingsampling tiptip

Reproducible and quantitative transfer of stool into the final sampling
tube. 

22 replicates; 11 different positions from homogenized stool:

Mean: 198 ng/mL CV : 6.15 %

Mean: 602 ng/mL CV : 5.16 %
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om StabilityStability of of samplesample in in fecalfecal test test samplingsampling devicedevice

Vilkin, A et al. Am J Gastroenterol 2005: 100; 2519-25
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om StabilityStability of of samplesample in in fecalfecal test test samplingsampling devicedevice

Initial mean value: 198 ng/mL

LimbachLaboratories 2007, internal data



Li
m

ba
ch

 L
ab

or
at

or
y 

   
 H

ei
de

lb
er

g 
G

er
m

an
y 

   
   

   
   

  
Li

m
ba

ch
 L

ab
or

at
or

y 
   

 H
ei

de
lb

er
g 

G
er

m
an

y 
   

   
   

   
  P

ab
lo

Li
m

@
Ao

l.c
om

Pa
bl

oL
im

@
Ao

l.c
om

Impact of Impact of bufferbuffer compositioncomposition on on efficiencyefficiency of of hemoglobinhemoglobin extractionextraction

1000

100

10

Extraction buffer

he
m

og
lo

bi
n 

[n
g/

m
L]

P 1 P 2 P 3

n=100; marginal, but significant differences of measured hemoglobin concentrations
(iFOBT: Sentinel Italy) related to extraction buffer composition. Buffer composition
modified in respect to employed stabilizers and detergents.

LimbachLaboratories 2007, internal data
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ConclusionConclusion
•• HigherHigher sensitivitysensitivity and and specificityspecificity forfor iFOBTiFOBT especiallyespecially

withwith moremore recentlyrecently developeddeveloped iFOBTsiFOBTs
•• BurdensomeBurdensome dietarydietary restrictionsrestrictions forfor guaiacguaiac basedbased test test 

andand
•• SimplificationSimplification of of samplingsampling techniquestechniques byby meansmeans of of stoolstool

samplingsampling devicesdevices ((iFOBTiFOBT))

–– will will improveimprove compliancecompliance in in participationparticipation in in 
CRC CRC screeningscreening programsprograms

•• Quantitative Quantitative iFOBTiFOBT resultresult will will enableenable adjustmentadjustment of of 
specificspecific thresholdsthresholds withwith an ideal an ideal balancebalance betweenbetween
sensitivitysensitivity and and specificityspecificity relatedrelated to to thethe evaluatedevaluated
populationpopulation

•• AutomatedAutomated processingprocessing of of iFOBTiFOBT will will reducereduce variabilityvariability of of 
test test resultsresults
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ConclusionConclusion

•• TheThe impactimpact of of samplingsampling devicedevice, , extractionextraction oror
stabilizingstabilizing bufferbuffer on test on test performanceperformance shouldshould
notnot bebe neglectedneglected

•• High High numbernumber (>15) of (>15) of commerciallycommercially availableavailable
iFOBTsiFOBTs maymay havehave a a significantsignificant (negative ?) (negative ?) 
impactimpact on CRC on CRC screeningscreening

•• RandomizedRandomized controlledcontrolled studiesstudies will will bebe neededneeded
confirmingconfirming obtainedobtained datadata especiallyespecially withwith
recentlyrecently developeddeveloped iFOBTsiFOBTs and to and to proveprove thethe
superiorsuperior behaviorbehavior of of immunochemicalimmunochemical FOBT FOBT 
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Final Final studystudy populationpopulation

StudyStudy populationpopulation n= n= 

totaltotal 725725

ColorectalColorectal CancerCancer CRCCRC

TotalTotal 186186 107 107 coloncolon cancercancer, 79 rectum , 79 rectum cancercancer

SubpopulationSubpopulation 100100 75 75 coloncolon cancercancer, 25 rectum , 25 rectum cancercancer

AdenomaAdenoma 171171

advancedadvanced neoplasianeoplasia 113113

NonNon--advancedadvanced neoplasianeoplasia 5858

ControlControl populationpopulation 257257 135 135 GIGI--healthyhealthy, 29 , 29 hemorroidshemorroids, 74 , 74 diverticulosisdiverticulosis,    ,    
14 14 polypspolyps hyperplastichyperplastic, 5 , 5 nonnon--inflammatotyinflammatoty bowelbowel
diseasedisease

DiseaseDisease controlscontrols 7474 17 17 diverticulitisdiverticulitis, 18 , 18 colitiscolitis, 24 , 24 inflammatoryinflammatory bowelbowel
diseasedisease, 6 , 6 ulcerulcer, 3 , 3 lipomalipoma, 6 , 6 inflammatoryinflammatory GI GI 
diseasedisease

GastrointestinalGastrointestinal cancercancer 3737 5 5 esophagusesophagus, 9 , 9 liverliver//bilebile ductduct, 7 , 7 pancreaspancreas, 12 , 12 
stomachstomach, 2 , 2 smallsmall intestineintestine, 2 , 2 gallbladdergallbladder
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