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PredictionofaNon-virologicalResponse
toPegylatedInterferonandRibavirinCombination
TherapyforGenotype1ChronicHepatitisCBased
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andtheEarlyHCVRNAReductionRate

HiroakiHashimoto＊

MolecularGastroenterologyandHepatology,

KyotoPrefecturalUniversityofMedicine,GradualSchoolofMedicalScience

Summary:BackgroundandAim:Iherepresentedaneasymethodtopredictanon-
virologicalresponse（NVR）topegylatedinterferon（PEG-IFN）andribavirin（RBV）
combinationtherapyinchronichepatitisCpatientsonthebasisofaminoacid（aa）
substitutionsinthehepatitisCvirus（HCV）coreregionandserumHCVRNAreduction
rateinearlyperiodoftherapy.
Method:Ienrolled444patientswithgenotype1chronichepatitisCandhighviral

loadswhoreceivedPEG-IFN/RBVcombinationtherapy.Aftertheinitiationoftherapy,aa
substitutionsintheHCVcoreregionandserumHCVRNAlevelswereseriallyquantified.
Results:Analysesusingreceiveroperatingcharacteristiccurvesdemonstrateda

strongcorrelationbetweentheHCVRNAreductionrateandvirologicalresponseat2and
4weeksoftherapy.InpatientswithanHCVRNAreductionrate＜0.85logat2weeks
and＜1.36logat4weeks,theNVRratewas77.3％and75％,respectively,incaseswith
amutant-typeHCVcoreaa70.
Conclusions:NVRtoPEG-IFN/RBVcombinationtherapycanbepredictedata

probabilityofabove75％whenHCVcoreaa70ismutatedandtheHCVRNAreduction
rateis＜0.85logat2weeksand＜1.36logat4weeks.
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Introduction

InfectionwithhepatitisCvirus（HCV）istheleadingcauseoflivercirrhosisandhepatocellular
carcinomaworldwide１）.Now,acombinationofpegylatedinterferon（PEG-IFN）andribavirin（RBV）is
recognizedasthestandardtherapyforchronichepatitisC２）.Currently,morethan40％ofgenotype1
chronichepatitisCpatientssuccessfullymaintainundetectableHCVRNAaftercompletionofthe48-
weekcourseofPEG-IFN/RBVcombinationtherapy;thisisdefinedasasustainedvirologicalresponse

（SVR）;however,genotype1chronichepatitisCpatientswithhighviralload（serumHCVRNA＞100
KIU/ml）showapoorresponsetoIFN-basedtherapy３）４）.
PEG-IFN/RBVcombinationtherapycanachieveahigherSVRratethanIFNmonotherapy,butthe

rateremainsatapproximately40％.BecausebothPEG-IFNandRBVhavemanyadverseeffects,such
ascytopenia,skinrash,gastrointestinalsymptoms,depression,feverandfatigue,manypatientshave
todiscontinuethistherapyirrespectiveofthevariousvirologicalresponses.
Substitutionsofaminoacid（aa）70and/or91intheHCVcoreregionhavebeenreportedtobe

significantpredictorsofnon-SVRinJapan５）.Monitoringofviralkineticsisalsousefulforanearly
predictionoftheresponsetoPEG-IFN/RBVcombinationtherapy.AstheaverageageofhepatitisC
patientsinJapanaregettingolderandtheyarelikelytosufferfromvariousadverseeffects,the
identificationofthosewhoareunlikelytorespondtoantiviraltherapyinitsearlystagesisimportant
toavoidvariousadverseeffectsandreducethehightherapycost.Inaddition,theearlyidentification
ofrespondersmotivatespatientstoadheretotherapy.Inthepresentstudy,iexaminedwhether
combinedexaminationofaasubstitutionsintheHCVcoreregionandHCVdynamicsintheearlystages
oftherapycanbeusedasatoolfortheearly,rapid,andsimplepredictionofanon-virologicalresponse

（NVR）ornot.

Patientsandmethods

Patients
Ienrolled444patientswithgenotype1chronichepatitisCandhighviralloadswhoreceivedPEG-

IFN/RBVcombinationtherapy.Allpatientswereadmittedtoandfollowedupattheoutpatientclinic
oftheUniversityHospitalofKyotoPrefecturalUniversityofMedicineor20associatedhospitals
betweenDecember2004andAugust2008.Thepatientsincluded236menand208women,withthe
agesrangingfrom19to76years.
AllpatientswerepositiveforserumHCVRNAandhadelevatedserumalanineaminotransferase

（ALT）levelsforatleast6months.TheywerenegativeforhepatitisBvirussurfaceantigenandhuman
immunodeficiencyvirus.Patientswithcoexistingliverdiseases,suchasautoimmunehepatitis,primary
biliarycirrhosis,orevidenceofalcoholabuse,wereexcludedfromthisstudy.Patientswithdiabetes
mellitusrequiringinsulintherapyorpsychiatricdiseaseswerealsoexcluded.Liverneedlebiopsywas
performedpriortotherapy,andhistologicaldiagnosesweremadeaccordingtotheclassificationof
Desmetetal.６）.Informedconsentwasobtainedfromallparticipants,andthestudyprotocolwas
approvedbytheethicalcommitteeoftheuniversity.
Studyprotocol
PEG-IFNα-2b（PegIntron;Schering-PloughCorp.,Kenilworth,NJ,USA）wasadministeredonce

aweekaccordingtobodyweight（1.5μg/kg/week）.RBV（Rebetol;Schering-PloughCorp）wasorally
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administeredatadosageof1000mg（bodyweight, 80kg）,800mg（bodyweight, 60kg）,or600mg
（bodyweight,＜60kg）.ThedosageofPEG-IFNwasdecreasedwhenbloodexaminationshowed
neutrophilsof＜750/mm3and/orplateletcountsof＜80000/mm3.ThedosageofRBVwasdecreased
by200mg/daywhenthehemoglobinlevelsdecreasedby＞2g/dlduringthefirst2weeksoftherapy
and/orwhenbloodexaminationshowedhemoglobinlevelsof＜10g/dl.Thetherapydurationwas
initiallydefinedas48weeks,butextensionwaspermittedtoupto72weeksdependingonpatient's
request.Therapywasdiscontinuedwhensevereadverseeffectsappearedorbloodexaminationshowed
hemoglobinlevelsof＜8.5g/dl,plateletcountsof＜50000/mm3,and/orneutrophilsof＜500/mm3.
NegativityofserumHCVRNAduringtherapywasdefinedasvirologicalresponders（VR）andwhen
itwasnotasNVR.
Measurements
ThepresenceorabsenceofserumHCVRNAwasassessedusingaqualitativeHCVRNAassay

kit（AmplicorHCVv2.0;RocheDiagnosticSystems,Tokyo,Japan）withalowerdetectionlimitof50
IU/ml.Bloodsampleswereobtainedatbaseline,24h,2,4,12,and24weeksaftertheinitiationof
combinationtherapyand24weeksaftertheendoftherapy.HCVgenotypesweredeterminedina
serologicalgenotypingassay.Genotypes1and2inthisassaycorrespondtogenotypes1（1a,1b）and
2（2a,2b）,respectively,asproposedbySimmondsetal.７）.LiverspecimenswerestainedwithPerls'
Prussianbluetostudyironloadingandwerescoredfrom0to4+onthebasisofthescoringsystem
ofMacSweenetal.８）.Steatosiswasdefinedasthepresenceoffatdropletsin＞10％ofhepatocytesinan
adequatenumberofliverlobulesandwasscoredasabsent（0）,slight（＞0-10％,1）,mild（11-33％,2）,
moderate（34-66％,3）,andsevere（ 67％,4）９）.
Serumleptinlevelsweredeterminedusingacommerciallyavailableimmunoassaykit（Linco

Research,StCharles,MO,USA）,andadiponectinlevelsweredeterminedusinganELISAkit
（AdiponectinELISAKit;OtsukaPharamaceuticalCo.,Tokyo,Japan）.Seruminsulinlevelswere
determinedusingaRIAkit（InsulinRiabeadⅡKit;Abbot,Tokyo,Japan）.Theinsulinresistanceindex
wascalculatedasfollows:HOMA-IR＝IRI×FGP/405.BMIwascalculatedasweight（inkg）dividedby
thesquareofheight（inm）.Substitutionsofaa70or91intheHCVcoreregioningenotype1bwas
determinedusingtheprocedurereportedbyAkutaetal.１０）.
Statisticalanalysis
StatisticalanalyseswereperformedusingtheStatisticalPackageofServiceSolutions（SPSSInc.,

Chicago,Ⅱ,USA）software,version15.0.Datawereexpressedasmedianswithinterquartileranges.
GroupswerecomparedusingtheMann-WhitneyU-test,unlessotherwisespecifiedinthetext.The
Kruskal-Wallistestwasusedforcomparisonofmultiplegroups.Frequencyanalysiswasperformed
usingχ２andFisher'sexacttests.Alltestsweretwo-sided,andPvaluesof＜0.05wereconsidered
significant.Receiveroperatingcharacteristic（ROC）curveswereusedtodeterminetherelationship
betweenvirologicalresponses（VR）andreductionsinHCVRNA.

Results

Clinicalbackgroundsofthepatients
Theclinicalbackgroundsofthe444chronichepatitisCpatientsarepresentedinTables1-Aand

1-B.Ofthe444patients,335（75.4％）patientsshowedVRand109（24.6％）NVR.PatientswithNVR
showedsignificantlyadvancedhepaticfibrosis（P＝0.036）,ahigherHCVRNAload（P＝0.025）,anda

＞― ＞―

＞―
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lowerplateletcount（P＝0.043）atbaselinecomparedwithpatientswithVR.TheSVRratetotherapy
was68.4％（229/335）and0％（0/109）inVRandNVRpatients,respectively.
Assessmentofaasubstitutionsandvirologicalresponse
Fig.2showstheNVRrateinpatientsclassifiedaccordingtoaasubstitutionsintheHCVcore

region.TheNVRproportioninpatientswithmutant-typeHCVcoreaa70wassignificantly（P＝0.001）
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Table1（AandB）.Clinicalbackgroundsofthepatients
Theclinicalbackgroundsofgenotype1chronichepatitisCpatientstreatedwithPEG-
IFN/RBVcombinationtherapyarecomparedbetweenvirologicalresponders（VR）andnon-
virologicalresponders（NVR）.
Hb:hemoglobin;Plt:platelet;BMI:bodymassindex

A

B



higherthanthatinthosewithwild-typeHCVcoreaa70.However,theNVRproportioninpatientswith
mutant-typeHCVcoreaa91wasnotsignificantlydifferentfromthatinthosewithwild-typeHCVcore
aa91（P＝1.000）.
Assessmentofviralkineticsaccordingtoaasubstitutions
HCVRNAwasquantifiedat24h,2,4,and12weeksaftertheinitiationofcombinationtherapy.The

decreaseinHCVRNAinlog10ateachpointwascalculated,andviralkineticswascomparedonthe
basisofaasubstitutions.Fig.3-AshowstheHCVkineticsofpatientswithwild-typeandmutant-type
aa70intheHCVcoreregionduringcombinationtherapy.TheserumHCVRNAreductionratein
patientswithwild-typeversus（vs）mutant-typeHCVcoreaa70at24h,2,4,and12weekswere1.2
vs1.1（P＝0.069）,1.5vs0.7（P＜0.001）,2.0vs1.6（P＜0.001）,and2.4vs1.6（P＜0.001）,respectively.
TheHCVRNAreductionrateinpatientswithwild-typeHCVcoreaa70wassignificantlyhigherthan
thatinthosewithmutant-typeHCVcoreaa70after2,4,and12weeksofcombinationtherapy.
Fig.3-BshowstheHCVkineticsofpatientswithwild-typeandmutant-typeHCVcoreaa91during

combinationtherapy.TheserumHCVRNAreductionrateinpatientswithwild-typevsmutant-
typeHCVcoreaaat24h,2,4,and12weekswere1.2vs0.8（P＝0.049）,1.3vs1.1（P＝0.066）,1.7vs1.7

（P＝0.256）,and2.0vs2.1（P＝0.270）,respectively.TheseresultsshowthattheHCVRNAreduction
rateinpatientswithwild-typeHCVcoreaa91wassignificantlyhigherat24hthanthatinpatientswith
mutant-typeHCVcoreaa91,butwasnotsignificantdifferencesinthelaterperiodoftherapy.
Thesensitivityandspecificityofviralreductionrateat24h,2,4,and12weeksforpredictingNVR

wasanalyzedbyplottingROCcurves（Fig.4andTable2）.Theareaunderthecurveafter2and4weeks
oftherapywaslargerthanthatafter24hand12weeks（0.858and0.874vs0.799and0.800,
respectively）.Wethereforeusedtheviraldecreaseat2and4weeksoftherapytopredictNVR.At2
weeksoftherapy,thethresholdforpredictingNVRwas0.85log;atthisthreshold,sensitivitywas
85.0％andspecificitywas78.3％.At4weeksoftherapy,thethresholdforpredictingNVRwas1.36log;
atthisthreshold,sensitivitywas89.0％andspecificitywas80.0％.Thus,thedecreaseinHCVRNA
after2and4weeksoftherapycorrelatedwellwithNVR.
AssessmentofaasubstitutionsandviralkineticsaspredictorsofNVR
Finally,iexaminedtheassociationbetweenviralkineticsandHCVcoreaa70mutation.TheNVR
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Fig.1.Therelationshipbetweennon-virologicalresponders（NVR）andmutationsinHCVcore
aminoacid（aa）70and/or91
TheNVRratewasexaminedaccordingtothepresence/absenceofmutatnt-typeHCVcore
aa70and/or91.TheNVRratewashighest（42.6％）inpatientswithmutant-typeHCVcoreaa.



ratewas77.3％inpatientswithmutant-typeHCVcoreaa70andanHCVRNAreductionrateof＜0.85
logat2weeks,and75％inthosewithmutant-typeHCVcoreaa70andanHCVRNAreductionrate
of＜1.36logat4weeks（Fig.4）.
Inpatientswithgenotype1chronichepatitisCandhighviralloads,HCVcoreaa70ismutatedand

theHCVRNAreductionrateis＜0.85logat2weeksand＜1.36logat4weekscanpredictedNVRto
PEG-IFN/RIVcombinationtherapyatprobabilityabove75％.
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Fig.2.（AandB）.ThereductionrateinserumHCVRNAduringtheearlyperiodoftherapy
ThereductionrateinserumHCVRNAwasexaminedandexpressedasHCVRNAlog24h/log
0h,HCVRNAlog2weeks/log0h,HCVRNAlog4weeks/log0h,andHCVRNAlog12
weeks/log0h.

B

A
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Fig.3.Receiveroperatingcharacteristic（ROC）curveanalysis
ROCcurveanalysiswasperformedtoclarifytherelationshipbetweennon-virological
responders（NVR）andthedecreaseinserumHCVRNAateachtimepoint.

Fig.4.Therateofnon-virologicalresponders（NVR）inthecriteria
TheNVRratewasexaminedinpatientswithdecreasesinserumHCVRNAlog
2weeks/log0handlog4weeks/log0h.



Discussion

Currently,varioushostfactors,suchasadipokines,insulinresistance,bodymassindex（BMI）,
alcoholabuse,andhepatocytesteatosis,havebeenreportedtobethepredictorsofSVRafterPEG-
IFN/RBVcombinationtherapy１１‐１５）.Inthisstudy,IaimedtodeterminethefactorsthatcanpredictNVR
intheearlystageofPEG-IFN/RBVcombinationtherapy.AsshowninTables1-Aand1-B,NVRshowed
amoreadvancedstageoffibrosis,ahigherHCVRNAload,andahigherplateletcountatbaseline.
Moreover,thesepatientspresentedahigherfrequencyofmutant-typeHCVcoreaa70.Thus,reduction
rateofHCV-RNAon2and4weeksafterthestartofPEG-IFN/RBVcombinationtherapycorrelated
wellwithNVR.
Ithencombinedtheresultsofmutant-typeHCVcoreaa70andtheHCVRNAreductionrateat

2and4weeksoftherapy.TheNVRrateinpatientswithmutanttypeHCVcoreaa70andHCVRNA
reductionrateof＞0.85logat2weekwere77.3％andwithmutant-typeHCVcoreaa70andHCVRNA
reductionrateof＞1.36logat4weekwere75％.
Thus,mycriteriamaybeusedeasilybygeneralpractitionerstoestimatetheprobabilityofNVR

toPEG-IFN/RBVcombinationtherapywithin1monthofinitiationoftherapyforgenotype1chronic
hepatitisCpatientswhoreceivedPEG-IFN/RBVcombinationtherapy.Althoughtheexaminationofaa
substitutionsintheHCVgenomeisnotcoveredbypublichealthinsuranceinJapan,thesesubstitutions
canbemeasuredeasilybyPCR１６）.
InPEG-IFN/RBVcombinationtherapyofchronichepatitisC,theintervalbetweenthestartof

therapyanddisappearanceofserumHCVRNAisconsideredtobeareliablemarkerfortheprediction
ofoutcome１７）,andresponse-guidedtherapyisrecommended.However,inclinicalpractice,most
patientsprefertoknowtheprobabilityofNVRbeforeorimmediatelyaftertheinitiationoftherapy.In
thisregard,mycriteriawithanHCVRNAreductionrateof＜0.85logat2weeksand＜1.36logat4
weeksandmutant-typeHCVcoreaa70canstronglypredictNVRwithaprobabilityofabove75％
within2weeksoramonthaftertheinitiationoftherapy.Weadvocatethatourcriteriaisusefulfora
widerangeofphysiciansassimpleandeasypredictor.
Recently,astrongassociationwasreportedbetweeninterleukin28B（IL28B）genepolymorphism
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Table2.Areaunderthecurve（AUC）valuesinreceiveroperatingcharacteristic（ROC）
curveanalysis
TheAUCvaluesinROCcurveanalysis（Fig.4）arepresentedforeachtimepoint.



andtheresponsetoPEG-IFN/RBVcombinationtherapyingenotype1chronichepatitisCpatients１８‐２０）,
butitisdifficulttoadvocateacriterioncomprisingthesefactorsforusebyawiderangeofJapanese
generalpractitionersbecauseitrequireshostgenomeanalysis.
EvaluationofhepaticfibrosisbyliverbiopsycontributestothepredictionofNVR（Table1-A）.

However,becauseliverbiopsyisnotrequiredbytheJapanesepublichealthinsuranceforthe
prescriptionofPEG-IFN/RBVcombinationtherapy,manypatientsrefusetoundergoliverbiopsybutare
willingtobetreatedwiththecombinationtherapy. Inthisregard,mycriteriaprovidesuseful
informationregardingefficacyofthecombinationtherapywithoutliverbiopsyinitsearlystages.
Areductionrateof＜0.85logat2weeksand/or＜1.36logat4weekswithmutant-typeHCVcore

aa70werethecriteriaused.ThiscriteriaisusefultopredictNVRinPEG-IFN/RBVcombination
therapyforgenotype1chronichepatitisCpatients.Recently,studiesonresponse-guidedtherapy
recommendedprolongedtherapyforupto72weeksforpatientswithlatevirologicalresponse２１‐２４）.
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〈和文抄録〉

Core70，ISDRのアミノ酸変異と治療早期ウイルス減少率からみた
1型C型肝炎患者に対するPEG-IFN/RBV療法のNVR予測の検討

橋 本 宏 明

京都府立医科大学大学院医学研究科消化器内科学

C型慢性肝炎に対するペグインターフェロン・リバビリン（PEG-IFN/RBV）併用療法は最も強力
な治療法であるが，費用が高くつく．従って，効果が望めない症例の治療早期の効果予測は臨床上有
用と考えられる．本研究では，C型慢性肝炎でPEG-IFN/RBV併用療法を受けた444例を対象に治療
中にHCVRNAが消失した症例をvirologicalresponder（VR），HCVRNAが消失しなかった症例を
nonvirologicalresponder（NVR）として治療早期のHCVRNA減少率と治療効果に関係するとされる
HCVcoreの70番目のアミノ酸変異の有無を組み合わせて治療早期のNVR規定因子を検討した．
HCVcoreの70番目のアミノ酸が変異型の場合，2週間後のHCVRNAの減少率が0.85log未満であ
ればNVR率は77.3％，4週間後のHCVRNAの減少率が1.36log未満であればNVR率は75.0％であ
り，臨床応用に有用と考えられた．

キーワード：C型慢性肝炎，1型，ペグインターフェロン・リバビリン併用療法，NVR．
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