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•• UbiquousUbiquous, , membranemembrane--boundbound
enzymeenzyme

•• Total ALPTotal ALP: : serumserum pool pool originatedoriginated
fromfrom bonebone, , liverliver, , intestineintestine, , spleenspleen, , 
kidneykidney andand placenta.placenta.

•• BoneBone ALPALP: : specificspecific productproduct ofof
osteoblastsosteoblasts

MarkersMarkers ofof bonebone formationformation
TypeType I I collagencollagen propeptidespropeptides
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•• IndicesIndices ofof typetype I I collagencollagen synthesissynthesis

•• PINP & PICP are PINP & PICP are productsproducts ofof thethe

extracellularextracellular processingprocessing ofof typetype I I 

procollagenprocollagen

PINPPINP PICPPICP

proteasesproteases
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OsteocalcinOsteocalcin
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•• 15 % 15 % ofof nonnon--collagenouscollagenous proteinprotein fractionfraction ofof
bonebone matrixmatrix

•• ContainsContains 3 3 residuesresidues ofof γγ--carboxycarboxy--glutamicglutamic
acidacid

•• CirculatingCirculating osteocalcinosteocalcin: : neosynthesizedneosynthesized by by 
OB OB andand releasedreleased fromfrom matrixmatrix by OCby OC

1,25 (OH)2 D

Pro-Osteocalcin
Glutamic acid γ-

carboxylation

Vitamin K

Osteocalcin

osteoblast

Gene transcription

OsteocalcinOsteocalcin
CirculatingCirculating immunoreactiveimmunoreactive formsforms
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•• OC OC isis presentpresent as as thethe intactintact
moleculemolecule andand as as fragmentsfragments..

•• TheThe assayassay thatthat measuresmeasures
bothboth thethe intactintact moleculemolecule andand
thethe NN--midmid--fragmentfragment isis thethe
mostmost robustrobust andand sensitivesensitive..
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EvaluationEvaluation ofof assaysassays ofof bonebone formationformation markersmarkers

BALP

OC

PINP

PICP

Under-OC

SpecificSpecific productproduct ofof osteoblastsosteoblasts..
SmallSmall circadiancircadian variabilityvariability

1010--20% cross20% cross--reactivityreactivity withwith liverliver
isoenzymeisoenzyme

BoneBone specificspecific proteinprotein
SomeSome may be may be derivedderived fromfrom resorptionresorption
DifferentDifferent immunoreactiveimmunoreactive formsforms
UnstableUnstable assayassay
LimitedLimited valuevalue in renal in renal failurefailure andand
Paget’sPaget’s

RobustRobust toto samplesample conditionsconditions
MeasuresMeasures monomericmonomeric andand trimerictrimeric
formsforms..

OtherOther tissuestissues synthesizesynthesize typetype I I 
collagencollagen

DisappointingDisappointing resultsresults in osteoporosisin osteoporosis

prospros conscons

BoneBone matrixmatrix propertiesproperties?? LittleLittle experienceexperience
ChangesChanges ofof unclearunclear significancesignificance

ClinicalClinical uses uses ofof bonebone formationformation markersmarkers

PredictionPrediction ofof response response 
toto therapytherapy
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RateRate ofof bonebone turnoverturnover

PredictionPrediction ofof
fracture fracture riskrisk



•• OnlyOnly aboutabout oneone--halfhalf ofof womenwomen withwith incidentincident fractures fractures havehave
BMD BMD belowbelow a Ta T--scorescore < < --2.52.5

•• NotNot allall womenwomen withwith osteoporosis (BMD osteoporosis (BMD criteriacriteria) ) willwill suffersuffer
fracturesfractures

•• ToTo identifyidentify womenwomen atat highhigh riskrisk ofof fracturefracture

WhyWhy measuremeasure??

GoalGoal
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BoneBone markersmarkers in in thethe identificationidentification ofof highhigh riskrisk ofof fracturefracture BoneBone markersmarkers andand highhigh riskrisk ofof fracturefracture

JohnellJohnell et al.  et al.  OsteoporosOsteoporos IntInt, 2002, 2002 CLÍNICCLÍNIC
BARCELONA

BoneBone resorptionresorption markersmarkers havehave
provedproved toto be more be more usefuluseful thanthan
formationformation markersmarkers in in thethe predictionprediction
ofof fracture fracture riskrisk

GarneroGarnero et al JBMR 1996et al JBMR 1996

ChapurlatChapurlat et al et al BoneBone 20002000

Van Van DaeleDaele et al et al OsteoporosOsteoporos IntInt 19961996

IncreasedIncreased valuesvalues ofof bonebone markersmarkers, , 
particularlyparticularly thosethose ofof bonebone resorptionresorption, , 
are are associatedassociated withwith increasedincreased
fracture fracture riskrisk, , independentlyindependently ofof BMDBMD

BoneBone formationformation markersmarkers andand riskrisk ofof fracture in fracture in 
osteopenicosteopenic womenwomen

OFELY OFELY studystudy

SornaySornay--RenduRendu, JBMR 2005, JBMR 2005
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1 1 oror more more 
factorsfactors

BoneBone markersmarkers andand FRAX FRAX modelmodel
World World HealthHealth OrganizationOrganization Fracture Fracture RiskRisk AssessmentAssessment ToolTool

BoneBone markersmarkers havehave notnot beenbeen includedincluded in in thethe FRAX FRAX algorithmalgorithm becausebecause::

No No agreementagreement onon a a referencereference analyteanalyte

InsufficientInsufficient worldworld--widewide experienceexperience toto know how know how theythey mightmight be be 
incorporatedincorporated

TheThe mannermanner in in whichwhich thethe resultsresults ofof suchsuch teststests are are interpretedinterpreted isis a a 
mattermatter ofof clinicalclinical judgementjudgement

CLÍNICCLÍNIC
BARCELONA

httphttp://://www.shef.ac.ukwww.shef.ac.uk/FRAX//FRAX/faq.htmfaq.htm



BoneBone markersmarkers in in monitoringmonitoring thethe effectivenesseffectiveness ofof
therapytherapy

•• LongLong--termterm treatmenttreatment..

•• PoorPoor compliancecompliance andand persistencepersistence..

•• OtherOther unidentifiedunidentified intercurrentintercurrent diseasesdiseases..

•• ProblemsProblems withwith otherother markersmarkers ofof treatmenttreatment efficacyefficacy::
•• ClinicalClinical endpointendpoint: : LowLow incidenceincidence ofof fractures (fractures (firstfirst yearyear/s)/s)

•• SurrogateSurrogate endpointendpoint: Long : Long intervalinterval usingusing BMD BMD andand a LSC > 3a LSC > 3--5%5%

•• ChangeChange in BMD in BMD duringduring therapytherapy poorlypoorly reflectsreflects changechange in fracture in fracture riskrisk

•• ToTo determine determine whenwhen antianti--cataboliccatabolic oror anabolicanabolic therapytherapy may be may be effectiveeffective

WhyWhy measuremeasure??

GoalGoal
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DrugsDrugs usedused toto treattreat osteoporosisosteoporosis
ClassificationClassification basedbased onon theirtheir actionaction onon bonebone remodellingremodelling

•• EstrogensEstrogens

•• SERM: SERM: raloxifeneraloxifene

•• BisphosphonatesBisphosphonates::
•• EtidronateEtidronate

•• AlendronateAlendronate

•• RisedronateRisedronate

•• IbandronateIbandronate

•• ZoledronicZoledronic acidacid

•• CalcitoninCalcitonin

AntiAnti--cataboliccatabolic drugsdrugs
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•• TeriparatideTeriparatide

•• PTH 1PTH 1--8484

AnabolicAnabolic drugsdrugs

StrontiumStrontium ranelateranelate
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AntiAnti--cataboliccatabolic drugdrug AnabolicAnabolic drugdrug

McClungMcClung, et al, , et al, ArchArch InternIntern MedMed 20052005
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RR RR ofof vertebral fracture vertebral fracture andand
osteocalcinosteocalcin changeschanges (6 (6 momo))

BjarnasonBjarnason NH, et al. NH, et al. OsteoporosOsteoporos Int. 2001Int. 2001

PredictionPrediction ofof therapeutictherapeutic efficacyefficacy by by formationformation markersmarkers
AntiAnti--cataboliccatabolic drugsdrugs

BauerBauer et al. J et al. J BoneBone MinerMiner Res 2004Res 2004
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PredictionPrediction ofof therapeutictherapeutic efficacyefficacy by by formationformation markersmarkers
AnabolicAnabolic drugsdrugs ((TeriparatideTeriparatide))
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r= 0.62
p <0.05

ChenChen et al. J et al. J BoneBone MinerMiner Res 2005Res 2005

RelationshipRelationship betweenbetween PINP PINP andand
BMD BMD changeschanges (18 (18 momo))

SignalSignal--toto--noisenoise ratio ratio ofof bonebone
formationformation markersmarkers

EastellEastell et al. et al. CurCur MedMed Res Res OpinOpin 20062006

MonitoringMonitoring individual individual patientspatients by by bonebone formationformation
markersmarkers

CLÍNICCLÍNIC
BARCELONA

• Adequate reference ranges (35 - 45 years)

• Timing of sample (fasting)

ControlControl of variability

•• AwarenessAwareness ofof selectedselected bonebone markermarker (OC, BALP, PINP)(OC, BALP, PINP)

•• AdequateAdequate intervalsintervals ofof measurementmeasurement
antianti--cataboliccatabolic drugsdrugs: oral 0: oral 0--6 6 momo; ; iviv 00--3 3 momo

anabolicanabolic drugsdrugs: 0: 0--3 3 momo

•• ConsideringConsidering LSC LSC forfor eacheach markermarker
PINP:20%PINP:20%-- 10 10 μμgg/l; OC: 21%; BALP: 26%/l; OC: 21%; BALP: 26%

•• AwarenessAwareness ofof recentrecent fracturesfractures

•• AwarenessAwareness ofof intercurrentintercurrent oror associatedassociated diseasesdiseases

InterpretingInterpreting resultsresults

GloverGlover, Bone2008; , Bone2008; GarneroGarnero, , ClinClin ChemChem 2008; 2008; AlvarezAlvarez, , BoneBone 2000; 2000; HannonHannon, JBMR 1998, JBMR 1998

AlgorithmAlgorithm forfor usingusing PINP PINP toto monitor monitor treatmenttreatment withwith
teriparatideteriparatide
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AddressAddress issuesissues as as 
appropiateappropiate andand
recheckrecheck PINP in 1PINP in 1--3 3 
monthsmonths

EastellEastell et al. et al. CurrCurr MedMed Res Res OpinOpin 20062006

ProvideProvide neutral neutral 
messagemessage

ProvideProvide positive positive 
messagemessage

ReviewReview injectioninjection
techniquetechnique, , storagestorage, , 
adherenceadherence, , andand
potentialpotential medical medical 
problemsproblems limitinglimiting
responseresponse

PINPPINPPINPPINP

Start therapy 1                    2                     3
months

PINP 
increase

> 10
 µg/L

< 10 µg/L

No issues

Issues

EffectEffect ofof fracture fracture onon bonebone formationformation markersmarkers

IvaskaIvaska et al. JBMR 2007et al. JBMR 2007
CLÍNICCLÍNIC
BARCELONA



-80

-60

-40

-20

0

20

Basal 6 12

months

UsingUsing bonebone formationformation markersmarkers in in monitoringmonitoring therapytherapy in in anan
individual individual patientpatient

AlendronateAlendronate

PINP % PINP % changechange

CLÍNICCLÍNIC
BARCELONA

-10

30

70

110

150

Basal 3 12

months

PINP % PINP % changechange

135135

1515

1515

6060 OKOK

No No adherenceadherence??
RecentRecent fracture?fracture?
OtherOther medical medical 
conditioncondition??

No No adherenceadherence??
StorageStorage??
OtherOther medical medical 
conditioncondition??

OKOK

A 64A 64--yearyear--oldold womanwoman withwith 2 prior 2 prior fragilityfragility fractures fractures andand lowlow BMD  BMD  whowho
startedstarted treatmenttreatment with…with…
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MarkersMarkers ofof bonebone formationformation in in assessingassessing thethe activityactivity ofof
Paget’sPaget’s diseasedisease
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ActivityActivity accordingaccording toto bonebone scintigraphicscintigraphic indexindex

KeyKey pointspoints

BoneBone formationformation markersmarkers, in , in combinationcombination withwith a a varietyvariety ofof majormajor
riskrisk factorsfactors, may , may contributecontribute toto identifyingidentifying womenwomen atat highhigh riskrisk ofof
fracture. fracture. HoweverHowever, , resorptionresorption markersmarkers appearappear toto be more be more adequateadequate..

BoneBone formationformation markersmarkers are are usefuluseful in in thethe predictionprediction ofof response response 
toto antianti--cataboliccatabolic drugsdrugs, , butbut especiallyespecially toto anabolicanabolic drugsdrugs..

EachEach bonebone formationformation markermarker mustmust be be usedused in in thethe appropriateappropriate
clinicalclinical settingsetting andand thethe clinicianclinician mustmust know know thethe mainmain sourcessources ofof
variabilityvariability..
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