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Abstract. The elaborationof a treatmentin cancerologydependson decision
protocols.Theseprotocolsareoftenadaptedratherthanusedstraightforwardly.
This paperdealswith the acquisitionof the knowledgeexploited during proto-
col adaptations.It shows that this knowledgeacquisitionprocesscanbe based
on similarity paths,that areusedfor representingthe matchingsbetweendeci-
sion problems(e.g.,sourceand target problemswithin a case-basedreasoning
process).

1 Intr oduction

Case-basedreasoning(CBR) consistsin reusingthesolutionsof alreadysolvedprob-
lemsin orderto solve a new problem[15]. Sucha reasoningrelieson a retrieval phase
(selectionof a memorisedsolved problemwith its solution)andan adaptationof the
solutionof theretrievedproblem,in orderto solvethenew problem.In many CBR sys-
tems,theadaptationis basedoncomplex anddomain-dependentadaptationknowledge
which hasto beacquiredandmodelled.

This paperpresentstheacquisitionandmodellingof adaptationknowledgefor the
systemKASIMIR/CBR whoseapplicationdomainis breastcancertreatment.Beyond
this application,our ambitionis to presentsomeelementsof anadaptationknowledge
acquisitionmethodology.

Section2 describeshow breastcancertreatmentis managedin the Alexis Vautrin
hospital(cancertherapy centre).TheKasimirproject,context of thisstudy, is presented
in section3. Theprincipleof theadaptationprocessis presentedin section4. Section5
playsa centralrole in this paper:it presentstheadaptationknowledgeacquisitionand
modelling.The discussionof section6 commentsthe contribution of this work. Sec-
tion 7 concludesthepaper.

2 BreastCancerTreatmentin Alexis Vautrin Hospital

In Alexis Vautrin hospital, breastcancertreatmentis basedon a protocol. The links
betweenthephysiciansandtheprotocolareschematicallypresentedin figure1.
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Fig.1. Theprotocolandhow it is used.

➀ Theprotocolis createdby a pluridisciplinarygroupof expertsin breastcancer,
who usethe principlesof the so-calledevidence-basedmedicine[2] for the mostfre-
quentsituationsof patientswith breastcancer. This meansthat theseexpertsexploit
publishedstudiesaboutbreastcancer. Anothertaskof thisgroupof expertsis to update
periodicallytheprotocoltakinginto accountnew knowledgein oncology.

➁ Theprotocolcanbeconsideredasa setof ruleshelpingthephysiciansin their
daily practice.It determinesthe “standardway” to considerand treat the patient,or
optionswhenno standardis available.

➂ Unfortunately, thestraightforwarduseof theprotocolgivessatisfactionin only
about 4	576 of thecases.Theothercases–the“out of protocolcases”–are(a) thecases
for which the rules do not provide any answer(or provide incompleteanswers)and
(b) thecasesfor which thesolutionsproposedby therulesraisesomedifficulties(con-
traindication,impossibilityof applyingcompletelya treatment,etc.).Most of thetime,
theout of protocolcasesarehandledby adaptationof theprotocolrules.A role of the
BTDC –breasttherapeuticdecisioncommittee–is to performtheseadaptations.This
committeegathersevery week several specialistsinvolved in breastcancer(special-
istsin medicaltreatment,surgery, radiotherapy, etc.).Theacquisitionandmodellingof
adaptationknowledgeinvolvedduringthemeetingsof the BTDC constitutethesubject
of this paper.

➃ Theadaptationsperformedduringthemeetingsof theBTDC maybethecauseof
protocolevolutions[16]. Indeed,if an adaptationis appliedsystematicallyfor certain
typesof cases,it shouldbepossibleto integrateit into theprotocol(modificationof a
thresholdusedin a rule,useof new parametersaboutthepatient,replacementof a rule
by two moreaccuratenew rules,etc.).This remarkhasled to a collaborationbetween
specialistsof cancer, of ergonomicsandof computerscience,in orderto designa pro-
tocol evolution helpingsystembasedon theexaminationof theadaptationsperformed
in the BTDC. Notethat this vision of theprotocolevolution is incomplete–othertypes



of evolutionsexist–andschematic–theBTDC is not theuniqueentity takingadecision
aboutevolution, in particular, thegroupof expertsplaysalsoa role at thatlevel.

3 Towards a KnowledgeManagementSystemof BreastCancer
TreatmentProtocol

In orderto modeltheprotocolevolutionby analysisof theprotocoladaptationsthathas
beenperformedfor specificcases,it is necessaryto model(1) theprotocoland(2) the
knowledgeon whichadaptationis based.

Themodellingof theprotocolhasled to thesystemKASIMIR/RBR. It canbecon-
sideredthat theprotocolis representedin this systemby a setof rules 8:9<;>=@?BA�CEDGFHJI�K
L/M

. =@?BA�C and
H0I�K	L

respectively are the premissandthe conclusionof the rule 8 .=�?BA�C is a set of conditionsfor the selectionand the applicationof the rule 8 . H0I
K
L
is the therapeuticsolution. The developmentof KASIMIR/RBR hasbeendonein a
genericperspective.Therepresentationof theadaptationsperformedduringthe BTDC

sessionsmust give birth to the systemKASIMIR/CBR. The generalorganisationof
KASIMIR/CBR hasbeenplanned,asdescribedin [8]. Thissystemwill performaCBR
task.The casesfrom the casebaseare the protocolrules 8N9O;>=@?BA�CPD0F H0I�K)L/M

(for
a discussionaboutthis unusualapplicationof CBR, in which rulesareconsideredas
cases,see[8]). =@?BA�C representsa genericproblemandcorrespondsto a genericpa-
tient.

H0I�K)L
is a generictherapeuticsolutionof theproblem =�?BA�C . KASIMIR/CBR has

to suggesta setof possibleadaptationsof theprotocolfor aspecifictargetproblem.
In a more distant future, a third systemshouldtake into accountthe adaptation

knowledgein orderto proposeevolutionsof theprotocol.Sincethisknowledgechanges
with time,anadaptationknowledgeacquisitionmethodologyshouldbeuseful.Oneof
theobjectivesof this paperis to proposesomeelementsof sucha methodology.

TheKasimir projectis presentedwith moredetailsin [9].

4 Adaptation Principle

Beforethedescriptionof adaptationknowledgeacquisition,theprincipleof theimple-
mentationof adaptation,asit is planned,hasto be described.This principle hasbeen
developedduring the conceptionand implementationof the RESYN/CBR systemof
synthesisplanningin organicchemistry[11].

CBR aimsat solvingproblemsin anapplicationdomain.Let Q@R�Q , bea problemto
besolved(a target problem).Let ;TS	? I AJUWV@X K ;TS	? I A MYM bea caseretrievedfrom thecase
basethatmustbeadaptedto solve Q@R@Q : S	? I A is a problemand V@X K ;ZS	? I A M is asolution
of S	? I A . Adapting V@X K ;ZS	? I A M in order to solve Q@R�Q consistsin building a solutionV�X K ;>Q@R@Q M of Q@R@Q derivedfrom V@X K ;TS�? I A M .

Thefirst adaptationstepconsistsusuallyin matching S	? I A and Q@R@Q , i.e.,in pointing
out how theseproblemsaresimilar andhow they aredissimilar. In our approach,the
matchingresultis a similarity path, i.e. a sequenceof relations[@\@] ? � [@\ � ? � [@\ �_^�^�^ [�\B`*a � ? ` [@\b`
suchthat:



– The [@\@c ’s areproblemsandthe ? c ’s arebinaryrelationsbetweenproblems;
– [@\�] 9dS	? I A and [@\b` 9eQ@R�Q ;
– For eachf7gih�j
U*kbU ^�^�^Yl�m , apieceof adaptationknowledge is availablefor adapting

thesolution V@X K ; [@\Bc a � M of [@\Bc a � into a solution V@X K ; [@\@c M of [�\bc .
The secondadaptationstepsimply consistsin “follo wing” the similarity path in

the solution space,involving the adaptationchain: j�npoqV@X K ;TS�? I A M 9rV@X K ; [@\ ] M intoV�X K ; [@\ � M , k�n&osV�X K ; [@\ � M into V@X K ; [@\ � M , ... l n&osV�X K ; [@\ `*a � M into V�X K ; [@\ ` M 9tV�X K ;>Q@R@Q M .
Implementingthe adaptationfunction requires(a) the implantationof matching

that points out a similarity path,and (b) the acquisitionand the modelling of adap-
tationknowledge.Thisknowledge,asseenabove,aimsat thedesignof V�X K ; [@\ c M fromV�X K ; [@\bc a � M , knowing ononehand[@\@c a � and [@\@c , andon theotherhandtherelation ? c
relatingthe two problems.This relationdeterminesthe adaptationfunction uwvyx to be
used: u vWx7z|{ [@\ c a � U*V�X K ; [@\ c a � M U [@\ c~}��F�V@X K ; [@\ c M
Thustheadaptationknowledgeis composedof orderedpairs ;�? c Uyu�vWx M calledreformu-
lations [12]. A reformulation ;>?�Uyu�v M canbeseenasan“adaptationrule”:

if [@\ ? [@\B� �@��[�\ is relatedto [@\@� by ?
then u v ; [@\ UWV@X K ; [@\ M U [@\ � M 9�V�X K ; [@\ � M �@� V�X K ; [@\ M is adaptedinto V@X K ; [@\ � M by u v

Theproblems[@\ � , [@\ � , ... [�\ `*a � arereifiedduringthematchingprocess.For KA-
SIMIR/CBR, theseintermediateproblemscorrespondsto virtual patients: they arein-
troducedduringthereasoning.

Finally, it must be noticedthat an adaptationhasa cost indicating that the solu-
tion V@X K ;>Q@R@Q M of Q@R@Q maybeworsethanthesolution V@X K ;TS	? I A M of S�? I A . Theprecise
meaningof this costdependson theapplicationdomain.For KASIMIR/RBR, this cost
is characteristicof therisk, takenduringadaptation,of abadtreatmentchoice.A refor-
mulationcanbe accompaniedby informationson its cost.In particular, a methodfor
computinga numericalcostevaluatingtheadaptationis neededandit is usedto select,
duringtheretrieval phase,thecasethat is the leastcostly to adapt.Furthermore,some
qualitativeinformationsaboutthiscostmaybeusefulfor theexplanationof thereason-
ing to theuser;it enablesto highlight theadvantageanddisadvantageof theapplication
of a reformulation.For KASIMIR/CBR, theseargumentsare in concernin particular
with thetherapeuticrisk associatedwith a treatment.

Theacquisitionof reformulationsis describedin thenext section,with anexample
illustratingthedifferentissuespresentedabove.

5 Study of BTDC adaptations

This sectionaimsat describingthe activity of adaptationknowledgeacquisition.The
main stepsof the adaptationknowledgeacquisitionarepresentedin section5.1.Sec-
tion 5.2 presentsa detailedexample.Section5.3 presentsbriefly somepiecesof adap-
tationknowledgethathavebeenacquired.



5.1 Adaptation KnowledgeAcquisition Sessions

Theadaptationof theprotocolareperformedduringthemeetingsof theBTDC (cf. sec-
tion 2, ➁). Summariesof thesemeetingshave beenwritten andanalysedby a psycho-
ergonomist(see[16]). Theadaptationknowledgeacquisitionsessionsconsistedin the
studyof thesesummariesin presenceof expertsin cancerology,of apsycho-ergonomist
andof computersciencespecialists.Schematically, sucha sessioncanbedecomposed
into four phases:

phase1: Presentationof thesummaryby thepsycho-ergonomist,with correctionsand
precisionsfrom theexperts.

phase2: Discussionandexplanationof thereasoningleadingto anadaptation.
phase3: Re-descriptionof this reasoningby thecomputerspecialistsanddiscussions

on thevariationsof this reasoning.
phase4: Analysisof thereasoningfrom theperspective of generaladaptationknowl-

edgepropositions(this lastphaseusuallytakesplaceafterthesession).

It mustbenoticedthatthespecialistof psycho-ergonomicsis alsoa physician,fact
that facilitatesher interactionswith the expertsand the communicationbetweenex-
pertsandcomputerspecialists,giving hera statusof interpreter. A previouswork on a
knowledge-basedsystemin organicsynthesisin chemistryhasshown theusefulnessof
suchaninterpreter[13]. In theseworks,it is importantthattheexpertshave someidea
aboutthe modelling.Indeed,contrastingto the approach“cognitician-expert”, where
thefirst personmonopolisesthepowerrelatedto thecomputer, it is essentialthattheex-
perthassomeknowledgeandsomeconsciousnessof thetoolsused,of theiradvantages
andlimits, especiallyfor theknowledgerepresentationformalismsandreasoningtypes.
So,during the transferof expertise,the traditionalproblemsof misunderstandingbe-
tweencomputerspecialistsandtheexpertsareattenuatedif notcompletelysuppressed:
the former cannotpromiseto the latter all the things that the latter would expect to
have. This knowledgeacquisitionapproachis distributedandhonest,in thesensethat
it considersthattheexpertis a realassociate,whohasarole to play in themodellingof
theknowledge.

5.2 A DetailedExample

Theexamplepresentedin thissectionisanactualexamplewith twomodifications.First,
thenameof thepatienthasbeenchanged:hehasbeencalledJules. Second,thecasehas
beenslightly modifiedto simplify thedescriptionof thecorrespondingadaptation.(In
this context, theterm“case” is takenin a medicalsenseandcorrespondsto thenotion
of targetproblemin CBR). In fact,this casehasbeentreatedin its wholecomplexity.
Furthermore,somepiecesof informationwereomittedbecausethey did not play any
directrole in thereasoning.

Julesis a manwith a cancerat the left breast.Thefirst characteristicsmakinghim
anout of protocolcaseis his sex. Indeed,thehugemajority of personssuffering from
breastcancerarewomen,so the protocol –comingfor the main part from statistical
studies–hasbeenelaboratedfor them.Theideais thento do asif Juleswasa women
andto reasonwith this working hypothesis(which may be temporary).Note that the



useof expressionslike “We do asif...” by theexpertspointsout thepossiblepresence
of adaptationknowledge.

Anothercharacteristicof Julesis that his tumour localisationin his left breastis
unknown.Thisraisesadifficulty sinceit is important,fromtheradiotherapistviewpoint,
to know whetherthe tumour is external,centralor internal.More precisely, the most
pessimisticassumption–theonethatmakestheradiotherapy needingmoreprecautions–
is thatthetumouris internalor central.Theexpertsmakethisassumption.Thus,if they
arewrong,it wouldonly involvethatuselessprecautionswouldhavebeentaken.

To summarise,two characteristicsmakingJulesanout of protocolcasehave been
successively (and temporarily)suppressed.This can be reformulatedby introducing
two virtual patients:(1) a virtual patientJuliewho is just like Julesbut is a women,(2)
a virtual patientJuliettewho is just like Julie except for the tumour localisation(the
localisationof Julie tumouris unknown whereasthe localisationof Juliettetumouris
internalor central).Juliettecorrespondsto the protocol,meaningthat thereis a rule
of the protocol 8�9�;>=@?BA�CPDGF H0I�K
L/M

suchthat =@?BA�C holdsfor Juliette–denotedby=�?BA�Cq� Juliette(theconditions=@?BA�C areentailedby thedescriptionJuliette).Thusthe
following similarity pathrelatestheprotocolto Jules:

=@?BA�C � Juliette [ S Julie
I S Jules

where[ S and
I S arerelationsbetweenproblemsandwhere

Jules9�� sex 9 male tumourlocalisation9 unknown �����T�
Julie 9�� sex 9 female tumourlocalisation9 unknown �����T�

Juliette 9�� sex 9 female tumourlocalisation9 internalor central �����T�
=�?BA�C is a genericpatient(or a classof patients)for which thetreatmentV@X K ;>=@?BA�C M 9HJI�K
L

is a radiotherapy takinginto accounttheinternalor centralpositionof thetumour
andahormonotherapy usingtamoxifen.

Whenthesimilarity pathis built –fromJulesto =@?BA�C , readingfrom right to left–, the
reversepathin thesolutionspacemustbefollowed,i.e., from thetreatmentV@X K ;�=�?BA�C M
of =�?BA�C to a treatmentV@X K ; Jules

M
of Jules,readingfrom left to right:

similarity pathin theproblemspace� � � �B���)� �

��
Juliette ���

��
Julie

��
� �

��
Jules

���B�0��� �J�G�)� � ¡£¢ �J�0�G�
Juliette

�
¡¥¤&¦ �J�0�0�

Julie

�
¡¨§©¦ �J�J���

Jules

�
ª ª ª

modificationpathin thesolutionspace

Reformulation «W¬®­�¯E°�± The treatmentV@X K ;>=@?BA�C M canbeappliedto Juliettesince=�?BA�Cq� Juliette.Thepieceof knowledgereifiedby thereformulation;²�eUWu´³ M canbe
written: “A treatmentdesignedfor a generalcasecanbe appliedto a specificcaseof
this generalcase.” (This reformulationis not a new pieceof knowledge:it is thebasis
of thedeductivereasoningof KASIMIR/RBR.)



Reformulation « [ S@­�¯¶µ�·/± Julietteis a“pessimisticspecialisation”of Julie:sheis char-
acterisedby thefactthatthetumourpositionof Juliehasbeenprecisedfor Julietteand
that this position is the one that makes the radiotherapy the more complex (without
modifying the other treatments).Therefore,the treatmentV�X K ; Juliette

M
is transferred

without modificationfor Julie. This reformulation ; [ S�UWu µ*· M modelsthe “Wald pes-
simisticcriterion” [1] which statesthat thedecisionsmustbeevaluatedon thebasisof
theirworstconsequences.Therelation [ S canbereadas“is apessimisticspecialisation
of” and u µ*· is a straightforwardcopy of treatment.

Reformulation « I S@­�¯E¸ · ± Finally, somequestionsareraisedaboutthe applicability
of thetreatmentV@X K ; Julie

M
of Julieto Jules,hermaleequivalent.Thesequestionsdeal

with theconsequencesof thechangeof sex on theapplicabilityof the treatmentcom-
ponents.Following the principlesdevelopedin [3], we are interestedon the depen-
denciesbetweenthe descriptor“sex” of the problemsandthe descriptors“radiother-
apy”, “hormonotherapy”, etc.,of thesolutions.In [3], thedependenciesaredefinedby¹�º¹´» where

¹´»
is the variationof a problemdescriptor¼ and

¹´º
is the variationof

a solutiondescriptor½ . For Julie andJules,we areinterestedin

¹
radiotherapy¹

sex
andin¹

hormonotherapy¹
sex

. Theknowledgegivenby theexpertsindicatesthat thesedependen-

ciesarenull: theradiotherapy andthehormonotherapy recommendedfor Julieremain
recommendedfor Jules.

Thereformulation ; I SbUyu ¸ · M is basedon thedependencies

¹¿¾¹
sex

, where À is a par-

ticular treatment.Thediscussionon thevariations(cf. phase3 of 5.1) allows to make
precisethesedependencies.In thisexample,we try to establishwhatarethetreatments
“invariantunderthechangeof sex” and,for the otherones,how they canbe adapted.
For instance,thehormonotherapy consistingin anablationof theovariesis not invari-
antunderthechangeof sex. This treatmentis substitutedby atreatmentthat,for aman,
bringssomesimilar expectedbenefits.

5.3 Someother piecesof adaptation knowledgethat havebeenacquired

Studiesof adaptationsperformedduring the BTDC sessions,like the onedescribedin
theprevioussection,have led to severalreformulations.Froma studyto another, some
reformulationshavereappeared,which enableto make themmoreprecise.Above,two
acquiredpiecesof adaptationknowledgearebriefly presented.Moredetailsaboutthem
togetherwith theneedsin representationthey involvecanbefoundin [10], whichis the
longversionof this paper.

Someadaptationsarebasedon theknowledgeabouttheexpectedbenefitsandthe
undesirableeffectsof a treatmenton a patient.Usually, the protocolgivesan optimal
compromisebetweenthesepositive andnegative effectsof a treatment(giventhecur-
rentstateof theart in medicine),but, e.g.in caseof contraindications,this is notalways
true.For instance,if thepatienthasbloodcoagulationtroubles,thehaemorrhagicrisk
takenduringa surgery is anundesirableeffect with a big importance.In suchcircum-
stances,thesurgerymaybechangedin orderto lower this risk.



Anotheradaptationtypeis linkedwith thethresholdeffect. Indeed,whena numer-
ical patientcharacteristic(e.g.,theage)is closeto a decisionthresholdof theprotocol,
thedecisionis doubtful(in particular, becauseof theuncertaintyonthis threshold):both
decisionsshouldbeproposedto theuser.

6 Discussion

Thissectiondiscussestwo issuesrelatedto this work. First,someelementsof anadap-
tation knowledgeacquisitionmethodologygeneralisedfrom this studyareproposed.
Then,somerelatedwork arepresented.A moredetaileddiscussionis givenin [10].

6.1 Elementsof an adaptation knowledgeacquisition methodology

Someelementsof a methodologyfor an acquisitionprocessof adaptationknowledge
involving experts(and,if possible,an “interpreter”) andthe studyof specificadapta-
tions,aresummarised.It mustbenoticedthat theseelementsof methodologymustbe
evaluatedon a largerscaleandin otherapplicationdomains.

Thefirst issue–maybethemostimportant–is thedecompositionof adaptationbased
on thenotionsof similarity pathandof intermediateproblemsbetweenthesourceand
target problems,which involvesadaptationknowledgeexpressedby reformulations.
The adaptationknowledgeacquisitionthat we describeis basedon informal descrip-
tions of adaptationprocessesperformedby experts.For eachof theseadaptationpro-
cesses,thestepsof knowledgeacquisitionis asfollows:

– Re-descriptionof theadaptationprocessin severalstepsby introducingintermedi-
ateproblems[@\ � , [@\ � , . . . [@\J`*a � andtheirrespectivesolutionsV@X K ; [@\ � M , V@X K ; [@\ � M ,
. . . V�X K ; [@\ `*a � M . Recallthat [�\ ] 9ÁS	? I A is thesourceproblemandthat [@\ ` 9PQ@R�Q
is thetargetproblem.
Theelicitationof theintermediateproblemsis oftenmadefrom theright to theleft,
i.e., from [@\ c to [@\ c a � . For example,when the expert makesa working hypoth-
esison [@\ c a � (“We do asif someconditionsof [@\ c a � werechanged”),it canbe
expressedby introducing[�\ c .

– For eachf7gih�j
U*kbU ^�^�^Tl�m , analysisof theadaptationstep

{ [�\ c a � UWV@X K ; [�\ c a � M U [@\ c~} �F�V@X K ; [@\ c M
This analysisaimsat giving a reformulation ;>? c Uyu v x M which is eithera reformula-
tion belongingalreadyto theadaptationknowledgebase,or a new one.

The secondissueis linked with the problemandsolutionrepresentations.Indeed,
it is usefulnot only to representwhata solutionis but alsoin what it answerswell (or
not) the problemit is supposedto solve. For KASIMIR/CBR, this is for examplethe
knowledgelinkedwith theexpectedbenefitsandtheundesirableeffectsof a treatment.

The third issueconcernsthedependenciesbetweenproblemdescriptors¼ andso-
lution descriptors½ , asseenabove in section5.2, aboutthe reformulation ; I SbUyu´¸ · M .
Thesedependenciescanbesymbolisedby therates

¹�º¹´» andinvolvequestionssuchthat

“How does½ vary when ¼ varies?”thatareusefulto questiontheexpert.



6.2 RelatedWork on Adaptation KnowledgeAcquisition and Modelling in CBR

Thestudieson adaptationknowledgeacquisitionandmodellingseemto beratherrare.
In [4] the differentknowledgetypesuseful for CBR and,in particular, for the adap-
tation phase,aredescribed.The differentadaptationtasks(add,suppress,substitute,
reorganise,etc.)arepresentedthereanddiscussedat agenerallevel. They areusefulas
a guidebut thatmustbemadeprecisein agivenapplicative framework.

In [14], theknowledgeaboutthechangesin a medicalcontext is represented.This
work is very differentfrom ourssincethechangesof knowledgeareat thelevel of the
domainterminology(add,replacementandsuppressionof terms,changesin the hier-
archy, etc.),whereasour approachconcernsthetherapeuticadaptations,andtherefore,
thechangesin thetreatmentrules.

Thepapers[5] and[6] describetwo approachesof adaptationknowledgeacquisition
by learningfrom the casebaseof a CBR system.Thesetwo approachesaredifferent
from ourssincethey arebasedon two differentknowledgeacquisitionsources:a case
basefor the formersandexpertsfor the latter. Nevertheless,the ideato examinefrom
thispointof view theprotocol,with automaticor interactivetools,seemsto beinterest-
ing andthusconstitutesapossiblefuturework.

7 Conclusionand Future Work

This paperpresentsthe adaptationknowledgeacquisitionandmodelling for the sys-
temKASIMIR/CBR. This systemwill have to adapta breastcancertreatmentprotocol
for specificcasesnot coveredby a straightforwarduseof theprotocol.Thenotionsof
similarity path,of intermediateproblemandof reformulationplay an importantrole
for theseacquisitionandmodelling.The similarity pathsand the intermediateprob-
lems(correspondingto virtual patients)allow to decomposetheadaptationsperformed
in simplerstepsthat canbe modelledby reformulationsinvolving generaladaptation
knowledge.

A first futurework is to fulfill theknowledgerepresentationneedsinvolvedby the
acquiredadaptationknowledge.It will alsobe necessaryto instantiatethe conceptual
modelschema,i.e. to establishtheknowledgeon which thereformulationsrely (repre-
sentationof pessimisticspecialisations,equivalencebetweenexpectedbenefitsof treat-
ments,treatmentvariationsfunctionof thesex, etc.).Thisinstantiationwork is currently
underdevelopmentandis associatedwith theimplementationof KASIMIR/CBR.

Theuseof this knowledgein orderto beableto automaticallyperformtheseadap-
tationsis anotherfuture work. The centralproblemis the similarity pathelaboration.
For the systemRESYN/CBR [11], a techniquecombininghierarchicalclassification
andsearchin a statespace–theso-calledsmoothclassification– hasbeenused.This
techniqueshouldbereusablefor KASIMIR/CBR but this still requiresa precisestudy.
A first versionof KASIMIR/CBR taking into accountonly the thresholdeffect thanks
to fuzzyhierarchical classificationhasalreadybeensuccessfullydeveloped[7].

A lastfuturework consistsin studyinghow theprotocolexaminationcanbehelpful
to suggestadaptationknowledge,following the learningapproachesdescribedin [6]
and[5] anddiscussedin section6.2.
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