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KASIMIR is a case-based decision support system in the domain dfttecaacer treatment. For
this system, a problem is given by the description of a patew a solution is a set of therapeutic
decisions. Given a target problemaAKIMIR provides several suggestions of solutions, based on $evera
justified adaptations of source cases. Such adaptatioregses are based on adaptation knowledge.
The acquisition of this kind of knowledge from experts isgaeted in this paper. It is shown how the
decomposition of adaptation processes by introductiomi@rinediate problems can highlight simple
and generalizable adaptation steps. Moreover, some didgpkanowledge units that are generalized
from the ones acquired for ASIMIR are presented. This knowledge can be instantiated in otis&-c
based decision support systems, in particular in medicine.

Key words:case-based decision support, adaptation, knowledgesitbopj breast cancer treatment,
medical informatics.

1. INTRODUCTION

Case-based reasoning (CBR) consists of reusing the swutibalready solved problems in
order to solve a new problem (Riesbeck & Schank, 1989). A Cid®esn exploits a case base, a
case being a problem accompanied with one of its solutionsas® from the case base is called
asource caseA CBR process usually relies on a retrieval step (seleatioa source case) and
an adaptation of the solution of the source case in orderlte she new problem. In many CBR
systems, the adaptation is based on complex and domaimadiEmpeadaptation knowledge that has
to be acquired and modeled. This is the goal of adaptatiowlatige acquisitionAKA).

This paper presentskA from experts for the KKSIMIR system whose application domain
is breast cancer treatment: a problem is given by a desmmigif a patient and a solution is a
decision of a treatment for this patient. In this domain,dbesequences of a wrong decision may
be disastrous: it may severely endanger the health of thenpaT his is why the KKSIMIR system
proposes several alternative adaptations, each of themg laecompanied with explanations: as
shown in (Doyle et al., 2005), explanations play a key rotelie acceptance of a decision support
system in medicine by the practitioners. Beyond this apfib, our ambition is to highlight, on
the one hand, general adaptation knowledge units that carstamtiated for case-based decision
support systems and, on the other hand, first elements mkarmethodology.

Section 2 presents theASIMIR project and the need for adaptation knowledge it involves.
The principle of theakA sessions is presented in section 3, together with a detaiathple.
Some general adaptation knowledge units for case-basesiatesupport systems, in particular
in medical domains, resulting fromkA sessions, are presented in section 4. Section 5 discusses
this research work and the results, and section 6 conclindesatper.
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2. CONTEXT: THE KASIMIR PROJECT

In the Lorraine region (East of France) the decisions abanters for treatment, surveillance,
etc., are based on decision protocols. For example, thegobof the breast cancer treatment,
simply called “the protocol” hereafter, associates to agpatdescription a treatment recommen-
dation. It can be seen as a set of rutes- (Prem — Cc1°) wherePrem represents a class of
patients andc1°® represents a set of therapeutic decisions. For most mezhsak (abouio to
70%), the protocol is simply applied. The remaining cases.edatheout of protocol casesare
examined by théreast therapeutic decision committ@rDC). It has been shown that tieaDC
generally does not solve the decision problems raised bpuh®f protocol cases from scratch,
but adaptsthe protocol for them (Sauvagnac, 2000). More preciselypstiDC selects a protocol
ruleR = (Prem — Cc1®) such thaPren is close to the patient description and it adapts° to
propose a treatment that is adapted to her/his specificities

Thus, this adaptation of the protocol is a kind of CBR procdbke problems to be solved
are given by patient descriptions and their solutions agegjreutic decisions. Its peculiarity, as a
CBR process, is that the source cases are general casesl{agdo the terminology of (Riesbeck
& Schank, 1989), they aressified casgs theyare the rulesR = (Prem — Cc1°) and thus the
case bases the protocol. Nevertheless, this peculiarity does not cedtie scope of the approach
presented in this paper.

The goal of the KAsIMIR project is decision knowledge management in oncology @ &in
subgoal is modeling of the physicians’ decision making. KiasIMIR system is a CBR system
designed for this purpose and is also intended to be usediagefigent assistant for physicians
in their practice of decision making. Two versions oA&IMIR have been developed. The first one
uses an object-based representation formalism (d’Aquah ,&£004a), the second one is a semantic
portal using standard knowledge languages dedicated sethantic Web (d’Aquin et al., 2005a).

The adaptation step of the CBR systema3MIR is essential since our aim is to model the
process of protocol adaptation. The adaptation processdmaed on complex and heterogeneous
knowledge that has to be acquired.

3. AKA FROM EXPERTS: A CASE STUDY

This section aims at describing the activity kA for the KASIMIR system. Adaptation
knowledge is a special form of knowledge in the sense thatiittended to be used during the
adaptation step of the CBR cycle, in interrelation with te&ieval step. Adaptation knowledge
units have to be elicitated from real-world situations fecbming operational. Thus, a classical
knowledge acquisition and modeling method, such as CommA&¥ (Schreiber et al., 1999),
cannot be directly carried out in the present research wihk. adaptation principle on which this
research is based is presented in section 3.1. The mainaftegs are presented in section 3.2.
An example is detailed in section 3.3.

3.1. Adaptation Principle

The principle of adaptation of the AG§IMIR system has been developed during the concep-
tion and implementation of another systenERN/CBR, in the domain of synthesis planning in
organic chemistry (Lieber & Napoli, 1996).

The notions oproblemandsolutionare domain-dependent. In a given application domain, let
tgt, be a problem to be solved {@getproblem). Let(srce, Sol(srce)) be a case retrieved from
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the case base that must be adapted to saite srce is a problem andol(srce) is a solution
of srce. AdaptingSol(srce) for solving tgt consists in building a solutioBol(tgt) of tgt
derived fromSol(srce).

The first adaptation step consistsnratchingsrce andtgt, i.e., in highlighting how these
problems are similar and how they are dissimilar. In our apph, the matching result issami-
larity path, i.e. a sequence

pby r1 pby r2 pby...pb, ;| Ty Pb,
such that:

— Thepb,’s denote problems and theg’s denote binary relations between problems;

— pby = srce andpb, = tgt;

— For eachi € {1,2,...q}, someadaptation knowledgés available to adapt the solution
Sol(pb,_ ;) of pb,_; in a solutionSol(pb,) of pb,.

The second adaptation step consists simply in “followirgg similarity path in the solution
space, involving the adaptation chailfy Sol(srce) = Sol(pb,) in Sol(pb;), 2°/ Sol(pb,) in
Sol(pby), ... ¢°/ Sol(pb,_;) in Sol(pb,) = Sol(tgt).

Implementing the adaptation function requires (a) desiga matching scheme which points
out a similarity path, and (b) acquisition and modeling cjatation knowledge. This adaptation
knowledge, as seen above, aims at produdag(pb,) from Sol(pb,_ ;), knowing on the one
handpb,_; andpb,, and on the other hand the relatioprelatingpb,; _; andpb,. The relationr;
determines the adaptation functigh, to be used:

Az, : (pb;_1,801(pb;_1), pb;) > Sol(pb;)

Thus adaptation knowledge is composed of ordered pajrsi,, ) calledreformulationsin (Melis
etal., 1998). A reformulatiofir, .A,) has to be understood as an “adaptation rule”:

if pb r pb // pbis related topb’ by r
then A, (pb, Sol(pb),pb’) = Sol(pb’) // Sol(pb) is adapted irBol(pb’) by A,

The problemsb; , pb,, ... pb,_, are built during the matching process. FoR&IMIR, these
intermediate problemsorrespond tavirtual patients they are fictitious patients introduced during
the reasoning.

Finally, it must be noticed that an adaptation haost in general non-null. This cost char-
acterizes the fact that the solutienl(tgt) of tgt may be worse than the soluti®1(srce) of
srce. The precise meaning of this cost depends on the CBR applicdtor KASIMIR, this cost
is characteristic of the risk, taken during adaptation, wfang treatment choice. A reformulation
can be accompanied by some information on its cost. In padatica method for computing a
numerical cost evaluating the adaptation is needed and$&d to select, during the retrieval step,
the case that is less costly to adapt. Furthermore, somgajival pieces of information about this
cost can be useful for the presentation of the reasoning; ifghlight the pros and cons of the
application of a reformulation. For KSIMIR, these pieces of information are explanations about
the reformulation.

It can be noticed that we adhere to the principle of adaptagigded retrieval (Smyth & Keane,
1996), meaning that each retrieved source case is adajtébla solution of the target problem.
Moreover, the retrieval process points out a similarityhpand so, performs the first step of
adaptation. Thus, the adaptation knowledge contributéseaetrieval knowledge and thexA
sessions contribute to the elicitation of this knowledge.
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3.2. AKA Sessions

The adaptation of the protocol is performed during the nmgstiof theBTDC (cf. section 2).
Minutes of these meetings have been written and analyzew @0 ergonomic viewpoint
(see (Sauvagnac, 2000)). TheA sessions have consisted in the study of these minutes in pres
ence of experts in cancerology, of a specialist in ergonsmia of computer specialists. Schemat-
ically, such a session has been composed of four phases:

phase 1: Presentation of the minutes by the specialist in ergongmiith corrections and refine-
ments from the experts.

phase 2: Discussion among the different participants so that eadherh understands the rea-
soning process that has led to an adaptation.

phase 3. Re-description of this reasoning process by the computialists and discussions on
the variations of this reasoning process.

phase 4. Analysis of the reasoning from the perspective of generaptation knowledge propo-
sitions (this last phase usually takes place after the@®ssi

It must be noticed that the specialist in ergonomics is alpbyssician, which facilitates her
interactions with the experts and the communication betwesgerts and computer specialists,
giving her a status of interpreter. A previous work on a kremlge-based system in organic syn-
thesis in chemistry has shown the usefulness of such amieter (Napoli et al., 1994). In these
studies, it is important that the experts have some ideataheunodeling and, thus, the domain
knowledge representation. Indeed, conversely to the apprtcognitician-expert”, where the first
person monopolizes the power related to the computer, gssmial that the expert has knowl-
edge and consciousness of the available tools, of theimaayas and limits, especially for knowl-
edge representation and reasoning. So, during the traostpertise, the traditional problems
of misunderstanding between computer specialists andrtsxpee attenuated if not completely
suppressed: the former cannot promise to the latter whalattey cannot hope to obtain. This
approach is distributed and honest, in the sense that thelmgdand design of the system are
based on a real collaboration between the experts and thputerspecialists.

3.3. A Detailed Example

The example presented in this section is a real example withnbodifications. First, the
name of the patient has been changed to Jules. Second, th@asmbeen modified to simplify
the description of the corresponding adaptation. In ngatliis case has been treated in its whole
complexity. Furthermore, some pieces of information weretted because they did not play any
role in the reasoning.

Jules is a man with a cancer at the left breast. The first feataking him an out of protocol
case is his sex. Indeed, the large majority of persons sugférom breast cancer are women, so
the protocol—coming largely from statistical studies—ha&n elaborated for them. The idea is
then todo as if Jules was a woman and to reason with this working hypoth&kse that the use
of expressions like “We do as if...” by the experts points thé possible presence of adaptation
knowledge.

Another difficulty for Jules is that his tumor localization his left breast is unknown. This
raises a difficulty since it is important, for the radiothgyato know whether the tumor is external,
central or internal. More precisely, the most pessimissisuanption—the one that takes the most
precautions with radiotherapy—is that the tumor is intemmracentral. The experts make this
assumption. So, if they are wrong, this would only mean tkatass precautions have been taken.
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To summarize, two difficulties that made Jules an out of maitcase have been successively
(and temporarily) suppressed. This can be formulated bgdoting two virtual patients: (1) a
virtual patient Julie who is just like Jules but is a womarn),d%irtual patient Juliette who is just
like Julie except for the tumor localization (the localipatof Julie’s tumor is unknown whereas it
is known that the localization of Juliette’s is internal entral). Juliette isn the protocol, meaning
that there is a rule of the protocBl= (Prem — Cc1°) such thaPrem holds for Juliette—denoted
by Prem < Juliette. Thus the following similarity path relates Juleshe protocol:

Prem <« Juliette ps Julie cs Jules

whereps andcs are relations between problems that have to be modeled éseafter) and where
the patients Jules, Julie and Juliette are described by:

Jules= (sex= male and tumor localization= unknown and ...)
Julie= (sex= female and tumor localization= unknown and ...)
Juliette= (sex= female and tumor localization= internal or centraland ...)

(the dots correspond to features that play no role in thisrg@). Prem iS a generic patient
(or a class of patients) for which the treatmeofl (Prem) = Cc1® is a radiotherapy taking into
account the internal or central position of the tumor, and@artonotherapy using tamoxifen (an
anti-oestrogen drug).

When the similarity path is built—from Jules karem, reading from right to left—, the reverse
path in the solution space is followed, i.e., from the treait$ol(Prem) of Prem to a treatment
Sol(Juleg of Jules, reading from left to right:

<= . ps .
Prem <— Juliette<——— JU|IE<L Jules

S T

Sol(Prem) —— Sol(Juliettd ——— Sol(Julie) ——— Sol(Juleg
A@ ps Acs

3.3.1. Reformulatiori<, A-)

The treatmenBol(Prem) can be applied to Juliette sineeem < Juliette. The knowledge unit
reified by the reformulatiorf<, A.) can be written: “A treatment designed for a general case
can be applied to a specific case of this general case.” (€foanulation is not a new knowledge
unit: it is the basis of deductive reasoning iR&IMIR, that consists in applying the protocol, and
not in adapting it.)

3.3.2. Reformulatiortps, A,s)

Juliette is a “@ssimistic pecialisationfs)” of Julie: she is characterized by the fact that the tumor
position of Julie has been precisely specified for Juligtthat this position is the one that makes
the radiotherapy most complex (without modifying the ottireatments). Therefore, the treatment
Sol(Juliette) is copied for Julie. This reformulation is based Wald pessimistic criteriorfsee
section 4.3).
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3.3.3. Reformulatiorcs, A.s)

Finally, questions are raised about the applicability & ttreatmengol(Julie) of Julie to Jules,
her male equivalent. These questions deal with the conaegaef the bange of ex (cs) on the
applicability of some treatment components. Following phiaciples developed in (Fuchs et al.,
2000), we are interested on tbependenciebetween the descriptor “sex” of the problems and the
descriptors “radiotherapy”, “hormonotherapy”, etc., bétsolutions. In (Fuchs et al., 2000), the

dependencies are defined %y{ whereAz is the variation of a problem descriptorandAy is the
x

. . . . . radiothera .
variation of a solution descriptar. For Julie and Jules, we are mterestedémFXpyand in
Ahormonothera I - .

Y The knowledge acquisition from the experts indicates tinase dependencies

Asex
are null: the radiotherapy and the hormonotherapy recondertfor Julie remain recommended
for Jules.

. . AV , ,
The reformulation(cs, A ) is based on the dependenc < wheref is a particular treat-

ment. The discussion on the variations (cf. phase 3 of seet%) makes it possible to precisely
specify these dependencies. Inthis example, we try toledtdbe treatments “invariant by change
of sex” and, for the other ones, how they can be adapted. Btarine, the hormonotherapy con-
sisting in an ablation of the ovaries is not invariant by ai@of sex. This treatment is replaced by
a treatment that, for a man, brings similar expected benefigs a cure of tamoxifen.

4. RESULTS: ADAPTATION KNOWLEDGE FOR CASE-BASED DECISION SUPPORT

SeveralaKA sessions such as the one presented in the previous secti®déen carried out.
They have led to a few domain-specific reformulations and @ladaptation patterng.e., general
reformulations applicable to a variety of situations pdmd that they are correctly instantiated.
These patterns can be reused for case-based decision sgppi@ms and are associated with
explanations: in this way, justifications of the adaptatiteps are provided to the physician who
can either accept or reject them with a full knowledge of Hetd, and this is particularly important
in a domain, such as medicine, in which the impact of a wrorgjstten may be disastrous.

Making a decision is choosing or designing an action thatifiesdthe state of the world. A
therapeutic decision, for example, leads to a treatmentntiugifies the state of the patient. An
action (and, by extension, a decision) may be applicableogrand may have positive and/or
negative consequences. Section 4.1 describes an adaptatiern of an inapplicable decision.
Section 4.2 describes two adaptation patterns based orotisequences of a decision. A by-
product of theakA sessions is the discovery of knowledge units for risteieval step of CBR.
Section 4.3 briefly presents some examples of knowledgs toritetrieval.

In this section, a problemb is the description of a situation, and a soluti&sl (pb) of pb is
modeled by a set of decisiodsc that are applied to the situatigib. For KASIMIR, pb represents
a patient andol(pb) represents a set of therapeutic decisions (e.g., surgegymatherapy, etc.).
In some situations, adaptation requires a more precise lingdef solutions—e.g., taking into
account temporal constraints between decisiais—but such situations are not presented below.

4.1. Adaptation of an Inapplicable Decision

Let us consider a situation for whicdv1(srce) cannot be applied to solvegt because one
of the decisionsiec € Sol(srce) is not applicable in the framework afgt (or, is judged to be
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too difficult to be applied). In this case, one way to perfomagtation consists in identifying the
decisiondec € Sol(srce) that is not applicable tagt, and to replacelec by a decisiondec’
that is applicable and that has similar positive conseqeeasdec (for KASIMIR, dec anddec’
must have similar expected therapeutic benefits). Thisogphent can be seen as a removal of
dec followed by an addition ofiec’, this addition aiming atompensatindor the removal of the
positive consequences @éc. The adaptation pattern of figure 1 describes this kind optadien.

Parameters dec, dec’: two decisions having similar positive consequences when are apr
plicable anck: a reason why a decision is not applicable

If dec € Sol(srce) and dec is not applicable (or difficult to apply) tegt because of
and dec’ is applicable ortgt

then replacedec by dec’ in Sol(srce) for obtainingSol(tgt):

Sol(tgt) = (Sol(srce) \ {dec}) U {dec’}

Explanation The decisiordec being non applicable tegt because oR, it can be replaced by
dec’ that is applicable, and leads to positive consequencegosimilar to the one ofiec
Onsrce.

Figure 1: An adaptation pattern for a inapplicable decision

The AKA sessions for KsIMIR have highlighted adaptations that instantiate this patter
These adaptations are performed at different levels ofujgaity of decisions. One example at
a fine-grained level considered during akA session is related to the case of an aged patient,
with low mobility and living far from a radiotherapy cent&rhe decision reached by applying the
protocol is to give a daily session of radiotherapy, dudngeeks, which involves too much travel
for her. The adaptation has consisted of raising the ddsgsession and reducing the number
of sessions, keeping the overall dose d constant: the decreasing ofwas compensated for by
the increase off (it was also necessary to take into account the maximal d@aibed.,.,). This
adaptation instantiates the adaptation pattern of figung 1 b

dec = n sessions of radiotherapy, with doge
dec’ = n’ sessions of radiotherapy, with dagewith n’ < n,n’ x d = n x d andd’ < dpax
R = low mobility of the patient

At a coarser level, there is the replacement of a treatmeattgpe by a treatment of another
type. For example, a patient had, for psychological regdmersarms crossed in front of her chest.
It was possible to perform a surgery on the breast under geapesthesia, but, it was practically
impossible to give her radiotherapy treatments. The goalioh radiotherapy treatments is to kill
the cancerous cells near the surgical zone (after the sQrgene adaptation consisted of not using
any radiotherapy and compensating for this with a surgegyelathan the one recommended by
the protocol, including the zone that would have been the goeadiotherapy. This adaptation
instantiates the pattern of figure 1 by:

dec = radiotherapy of the surgery zone
dec’ = enlarged surgery (compared to the surgergaf(srce))
R = practical impossibility to perform radiotherapy sessionshe patient
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In section 3.3.3, it was noted that the treatment by ablatifotine ovaries can be adapted to
men by the domain-dependent reformulati@s, .A.s). This adaptation can also be managed by
the following instantiation of the figure 1 adaptation patte

dec = ablation of the ovaries
dec’ = tamoxifen

R = men have no ovaries

4.2. Adaptation based on the Consequences of a Decision

The therapeutic indexs a conceptual tool used by physicians (in particular, tgists in-
volved in the KasiMIR project). Given a patient and a therapeutic decision, tastfeutic index
is the ratebenefits /undesirable_effects wherebenefits is the measure of the expected
therapeutic benefits of the treatment amdes<rable_effects is the measure of its undesirable
effects. The idea is that the higher this index is, the bektertreatment is for the patient. This
index is sometimes used in a quantitative way but can alsaée gualitatively:

(A) The undesirable effects being constant, the index as®e when the expected benefits are
improved.

(B) The expected benefits being constant, the index incseaben the undesirable effects are
reduced.

(C) When the expected benefits are improved and the undieseéfbcts are reduced, the index
increases.

The notion of therapeutic index can be reused in other detisipport applications: instead
of using the oncology-related notions of expected therpdenefits and of undesirable effects,
the domain-independent notions of positive and negatims@guences of a decision can be used.

The adaptation aims at finding the decision that gives a mglex value, given the target
problem. The above assertions (A), (B) and (C) can be usetthifopurpose.

Parameters dec, dec’: two decisions having similar positive consequences whew are ef;
fective andy: a problem feature

If dec € Sol(srce) and the only difference betweesrce andtgt is the difference of thelr
featuref (f(srce) # f(tgt)) that makesiec ineffective while it does not prevediec’
from being effective.

then replacedec by dec’ in Sol(srce) for obtainingSol(tgt):

Sol(tgt) = (Sol(srce) \ {dec}) U {dec’}

Explanation Since the decisiofiec is not effective ortgt because of the problem featufeit

can be replaced hyec’ that has similar positive consequencestgn asdec has onsrce.

Figure 2: An adaptation pattern of a decision having insigificpositive consequences.

(A) is useful in particular whenever the positive consegasnofSol(srce) on tgt are lower
than the positive consequencesSefl(srce) onsrce. The extreme case occurs when a decision
has no positive consequencestgt. An adaptation pattern corresponding to this extreme ase i
the one of figure 2 (an instantiation of this pattern is présgin section 5.3).
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Parameters dec, dec’: two decisions having similar positive consequencesRaradreason why
a decision has too many negative consequences

If dec € Sol(srce) and dec has too many negative consequencesgmnfor a reasork and
dec’ does not have too many negative consequencegon

then replacedec by dec’ in Sol(srce) for obtainingSol(tgt):

Sol(tgt) = (Sol(srce) \ {dec}) U {dec’}

Explanation The decisiondec having too many negative consequencestgt because oR,
is replaced bydec’, that has positive consequencestgr similar to the ones odec but
fewer negative consequences.

Figure 3: An adaptation pattern of a decision having too nreggative consequences.

(B) is useful for KasiMIR in particular to manage the contraindications of a treatmérhe
pattern of figure 3 describes this kind of adaptation in theegal framework of case-based decision
support. For example, let us consider the example of a gdteving a liver disease making the
hormonotherapeutic treatment by tamoxifen contrainditat Since the protocol does not take
into account this contraindication, it must be adapted. ssgale adaptation consists in replacing
tamoxifen by anti-aromatases, that are drugs with simikpeeted benefits as tamoxifen. This
adaptation instantiates the pattern of figure 3 by:

dec = hormonotherapy with tamoxifen
dec’ = hormonotherapy with anti-aromatases

R = allergy to tamoxifen

Some adaptation processes based on (B) consist in addihg teeatment a decision making
the therapy tolerable. For example, let us consider a gati@ving a tumor at the left breast and
for whom the protocol proposes a radiotherapy of this bresfstr the surgery. Moreover, let us
assume that this patient wears an artificial pacemaker. atli@trons of the radiotherapy may
disturb the mechanism of the pacemaker. One adaptatiomst®ismoving the pacemaker before
the radiotherapy cure, in order to avoid this disturbandds &daptation instantiates the pattern of
figure 3 by:

dec = perform a radiotherapy of the left breast
dec’ = move the pacemaker and then perform a radiotherapy of thbrisdist
R = the radiations may disturb the pacemaker

(C) can be seen as the composition of (A) and (B): an adapthased on (C) can be seen as an
adaptation along a similarity path of lengttsuch that one of its step is based on (A) and the other
one is based on (B).

4.3. Retrieval Knowledge Acquired

During theAakA session, knowledge units for case retrieval have also begumrad. This is
not surprising since, as mentioned at the end of sectionwi&ladhere to the adaptation-guided
retrieval principle. Below, two kinds of retrieval knowlge units are presented.
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Taking into Account Missing Data.lt may occur that pieces of information that are useful for
decision problem solving are missing. It occurs in the freumik of KASIMIR, in particular when
an examination cannot be performed on a patient withoutregeting her/him. In this context,
the Wald pessimistic criterion (Wald, 1950; Dubois et alQ2) can be applied. According to this
criterion, decisions must be evaluated on the basis of theist possible consequences (w.p.c.):
dec; is preferred talec, if the w.p.c. of applyingiec; to tgt is preferred to the w.p.c. of applying
decq to tgt. In (d’Aquin et al., 2005b), the use of this criterion for tregrieval step of case-based
decision support systems is studied. This article pressemegoproach using a rather small amount
of knowledge and a way to acquire it during the use of a CBResysaccording to what Kristian J.
Hammond calldearning by rememberingvhen the system needs a preference between decision
consequences and does not have knowledge to infer it, itthskexpert and will be able to reuse
her/his answer later (Hammond, 1990).

Hereafter, an example is presented. Let us consider theotaggatient having & centimeters
tumor. Given other features, the protocol recommends #gparastectomy. Now, the radiography
shows some white dots on the image that are rather far awaytfre tumor and that may be either
(a) cancerous cells, or (b) something harmless. Under gssum(a), a radical mastectomy is
recommended—decisiafec,). Under assumption (b), a partial mastectomy is recommended
decisiondec ). If no examination before surgery can indicate which of thpdtheses (a) and (b)
is correct, the question that is raised is to know whethey litgtter to do

(dec(,)/b) A radical mastectomylec,) under assumption (b)—and thus, a larger surgery than
necessary—or

(dec(r)/a) A partial mastectomydec,y under assumption (a)—which would leave cancerous
cells in the body of the patient.

Whenever additionnal knowledge is available telling tagc ) /b) has to be preferred to
(dec(,)/a), the relevant source case for case retrieval is the onedwitf,) in its solution.

Taking into account the Threshold EffecéWhen a numerical patient feature (e.g., the age) is close
to a decision threshold of the protocol, the simple apphbeadf the protocol raises a problem. For
example, lekrcey, srcey andtgt be the following problems:

srce; = (sex= female and tumor-size € [0;4] )
srcey = (sex= female and tumor-size € [4;7[)
tgt = (sex= female and age = 56 and tumor-size = 3.8)

srce; (resp., srcey) is assumed to be a problem of the protocol afdl(srce;)
(resp.,Sol(srcey)) is assumed to be the solution sfce; (resp., ofsrces) in the protocol.
Moreover, it is assumed th&8bl(srce;) # Sol(srceq). tgt is a target problem. The answer
to the question “What solution should be associated wgh?” when applying the protocol is
Sol(srcep) and notSol(srcey), becausegt < srce; andtgt # srcep. But, since the size
of the tumor of the patient associated wiifit, 3.8 cm, is close to the threshold = 4 cm, this
decision is not certain, for two reasons. First, the valuefdecision thresholdis uncertain, sec-
ond, the measur&8 cm may be imprecise. A better idea is to propose to the uséredkASIMIR
systemboth solutionsSol(srce;) andSol(srces), with a preference for the first one.

More generally,AKA sessions have shown that when a patient numerical fedtiseclose
to a decision threshold (f may be the tumor size, the age of the patient, etc.) then thertsx
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often raise the problem of choosing between the two deasitime one forf < 7 and the one
for f > 7. This has been modeled inAsIMIR thanks to the substitution dfizzy threshold$or
absolute thresholds, and this has required the developoi@vew reasoner for the object-based
version of KasimIrR (Lieber, 2002; d’Aquin et al., 2004a). The development ofizzfy reasoner
for the semantic Web portal of ASIMIR is planned (d’Aquin et al., 2006).

5. DISCUSSION

5.1. AKA is an Inductive Process

Contrasting with more classical knowledge acquisition anddeling techniques, such
as CommonKADS (Schreiber et al., 1999kA for KASIMIR relies on the one hand on doc-
uments related to decision support in oncology (the prag)cand, on the other hand, on the
description of real adaptations. Thus, the generic pattiérat have been introduced before are ex-
tracted from and are abstraction of specific adaptationsc@ordance with the domain knowledge
given by the protocols. Therefore, th&A process can be seen as an inductive learning process:
extracting generic knowledge units from specific knowledgés. One further step would be to
create a template knowledge model fotA in the same way as it is done for general tasks such
as, e.g., classification, assessment, diagnosis (Scheilbé, 1999). This would make concrete
the transformation between the present symbolic leve) taking into account specific out of pro-
tocol cases, towards a generic knowledge level, makingaplreusable methodology fakA.

A proposal for first elements of such a future methodologyirireduced in next section.

5.2. Elements of a Methodology fakA from Experts

This section gathers first elements of a methodologyfox from experts.

The first issue—maybe the most important—is the decompaosdf adaptation based on the
notions of similarity path and of intermediate problemswen the source and target problems,
pointing out simple adaptation steps that can be genetailizeeformulations. ThakA we have
described is based on informal descriptions of adaptatiocgsses performed by experts. For
each of these adaptation processes, the knowledge amustieps are as follows:

— Re-description of the adaptation process in several $tgpgroducing intermediate prob-
lemspb, pby, ...pb,_; and their respective solutio®1(pb, ), Sol(pbs), ...Sol(pb, ;).
Recall thatpb, = srce is the source problem and thgtt, = tgt is the target problem.

The elicitation of the intermediate problems is often magenf the right to the left, i.e.,
from pb, to pb, ;. For example, when the expert associateptipa working hypothesis
(“We do as if some conditions opb, were changed”), it can be expressed by introducing
the problenmpb, ;.

— Foreach € {1,2,... ¢}, analysis of the adaptation step

(pb;_1,Sol(pb;_;),pb;) — Sol(pb;)

This analysis aims at giving a reformulatiéry, A, ) which is either a reformulation already
in the adaptation knowledge base, or a new one.

The second issue is linked to problem and solution repratiens. Indeed, it is useful not
only to represent what a solution is but also how it does osdus contribute to solving the
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problem. For KasiMIR, the knowledge linked with the therapeutic index (i.e.,extpd benefits
and undesirable effects) is a part of this knowledge.

The third issue concerns the dependencies between proldsonigtorsz and solution de-
scriptorsy, as seen above in section 3.3, about the reformuldiienA.s). These dependencies

. A . . :
can be symbolized by—y and involve questions such as “How dagsgary whenx varies?” that
x
are useful to ask the expert.

5.3. Different Types oRkKA Approaches

We distinguish three kinds @k A: AKA from experts, (semi-)automatik A, and mixedakA.
The approach presented in this paper is of the first kind. id&aFuchs and Alain Mille describe
different knowledge types useful for CBR and, in particufar the adaptation phase (Fuchs &
Mille, 1999). A specification of the adaptation task is pregad together with a decomposition
of adaptation in several subtasks (add, suppress, substiaorganize, etc.). This work presents
adaptation at a general level useful as a guide and the wajngtantiated in several applications.
Diane E. Oliver et al. represent knowledge about changesnredical context (Oliver et al.,
1999). This work is very different from ours since changekrawledge are at the level of domain
vocabulary (addition replacement and suppression of techrnges in the term hierarchy, etc.),
whereas our approach concerns therapeutic adaptatichshemrefore, changes in treatment rules.
In (Leake et al., 1996)akA from experts is performed by retaining adaptations perémrinanks
to an interaction with the user, in order to reapply themrlate

David B. Leake et al. also present an automata that consists in retaining adaptations per-
formed automatically by the system (Leake et al., 1996)ekKdarmulak and Susan Craw present
another approach of automa&A based on retaining adaptation cases (Jarmulak et al., 2001)
By contrast, automatiekA of (Hanney & Keane, 1996) learns adaptation rules. The sanirthis
AKA is the case base: the idea is to induce adaptation rulesetthexttrvariations between source
cases. This work has inspired ongoing research in thsiiiR project, applying principles and
techniques of knowledge discovery from databases to satoiraticAKA (d’Aquin et al., 2004b).

It has appeared from our experience that theseAwms are complementaryakA from experts
provide adaptation knowledge that is human-understardaitithat needs to be instantiated while
semi-automatiakA provides operational adaptation knowledge that may lagkagmation.

A future work in the KaSIMIR project is mixedakA, i.e., a combination oAkA from experts
and semi-automatiskA, with the aim of having human-understandablel operational adapta-
tion knowledge. For example, let us consider the followiefprmulation automatically extracted
from the KasiMIR case base (for the sake of clarity, this reformulation hamtsmplified):

if the only difference betweesrce andtgt is thatHR(srce) = — andHR(tgt) = +
and tamoxifen € Sol(srce)
then Sol(tgt) = (Sol(srce) \ {tamoxifen}) U {FEC}

whereHR stands for the hormone receptor feature of a patientRlEtdis a chemotherapy drug.
This reformulation instantiates the adaptation patteriigoire 2 by:

f=HR  dec =tamoxifen  dec’ =FEC
Based on this instantiation, the adaptation of the explaméiecomes:

Since the decisiomamoxifen is not effective ortgt because of problem featurg,
it can be replaced byEC that has similar positive consequencesgn astamoxifen
has onsrce.
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This instantiated explanation is useful first to the experbider to validate (or correct) the
reformulation and, then, it can be used by the CBR systemwe gn explanation when this
reformulation is used.

5.4. Related work in medical CBR

This work shares some features with other studies in medi&R. For instance, the system
CARE-PARTNER applies CBR in the domain of stem-cell traasp(Bichindaritz et al., 1998).
This system relies on rules, generalized cases (callgtdway} and specific cases. Rules and
pathways are applied and customized to the target problérreas specific cases are adapted. By
contrast, in KASIMIR, general cases are adapted (currently, this system doesamage specific
cases). The need of explanations in medicine is cruciahowitthem, the solutions provided by
a CBR process are hardly accepted by physicians (Doyle,2G05). That is why explanations
have been associated to the adaptation knowledge thatusreddor Kasimir. In these medical
CBR systems, adaptation has often a key role to play, as@igu&chmidt & Vorobieva, 2005),
in which several kinds of adaptations are presented. Onbeohtis constituted by “adaptation
operators or rules”, that are confronted to the issue of kedge acquisition bottleneck. The work
presented here addresses this issue, considering reftiand as adaptation rules.

5.5. Implementation and Evaluation

Two versions of the KsIMIR system have been developed for the application of the proto-
cols. The first one relies on an object-based representationon an ad-hoc inference engine
implementing hierarchical classification (d’Aquin et &004a). In this version, a user interface
is automatically generated for the elaboration of the mrobi-the description of the patient—and
the visualization of the solution—the recommended treatr(see figure 4). Some studies, carried
out by the physicians of the ASIMIR project, have already shown the strength of this system in
the field of breast cancer surveillance (Rios et al., 2003préVbrecisely, they have pointed out
a statistically significative improvement of observanceredical standards by physicians. The
KASIMIR system has also recently been deployed on the Web for thegeigf an evaluation on
a larger scale.

The second version of KSIMIR has been developed as a semantic portal, following the tech-
nologies and principles of the semantic Web (d’Aquin et2005). It is based on a formal rep-
resentation of the protocols in the ontology representaimguage OWL, and on standard de-
scription logic reasoning. Thus, a strong point of this \w@rdgs the integration of CBR within
semantic Web technologies (d’Aquin et al., 2005a). Indeedadaptation knowledge model has
been formalized in OWL on the basis of reformulations andthsed for the representation of
the adaptation knowledge acquired during thex sessions. A prototype of a CBR service us-
ing adaptation knowledge in OWL has been implemented anhimpd to be validated in a near
future.

6. CONCLUSION

This paper presentskA from experts for the system ASIMIR. This system adapts a breast
cancer treatment protocol for medical cases not coveredhlgpplication of the protocol. The
notions of similarity path, of intermediate problem and efarmulation play an important role
for adaptation knowledge acquisition and modeling: sirtilgpaths and intermediate problems
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Version floue

Réfdrential dy traitemant o'in carcindime marnmalre infiltrant Patients, Sgée de 16 & 75 ans, turm
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Tumeur apérable d'smblée mammaire interne.
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Figure 4: The user interface of the object-based versionasIKIR (the characteristics are entered
on the left panels and the therapeutic recommendationsisptaged on the right panel).

(corresponding to virtual patients) enable decomposiicedaptations performed in simple steps,
that will be modeled by reformulations containing genedsdtation knowledge.

Then, this article presents elements of the adaptation latlge that has been acquired. We
have chosen to present general knowledge that can be remsethér case-based decision sup-
port systems. The adaptation patterns that have beeneadktai about adaptation of inapplicable
decisions and adaptation of decisions whose consequegisegproblems (lack of positive conse-
guences, too many negative consequences or a combinatimmh)f

As presented in the discussion, semi-automatic and mixeds are ongoing research direc-
tions of the KasIMIR project. Other future work concerns the use of “adaptatiases” (Leake
et al., 1996) i.e., description of adaptations as they haea Iperformed. In the framework of this
project, adaptation cases could be representation of sues@BTDC meetings. The goal of this
future work is to see what these adaptation cases bring iframmework, compared to adaptation
knowledge that is “compiled” in reformulations.
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