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ABSTRACT

Therearemanysimilaritiesinthesymptomsofseveraltypesofcancerandthatmakesitsometimes
difficult for thephysicians todoanaccuratediagnosis. Inaddition, it isa technicalchallenge to
classifyaccuratelythecancercellsinordertodifferentiateonetypeofcancerfromanother.The
DNAmicroarraytechnique(alsocalledtheDNAchip)hasbeenusedinthepastfortheclassification
ofcancerbutitgeneratesalargevolumeofnoisydatathathasmanyfeatures,andisdifficultto
analyzedirectly.Thispaperproposesanewmethod,combiningthegeneticalgorithm,case-based
reasoning,andthek-nearestneighborclassifier,whichimprovestheperformanceoftheclassification
considerably. The authors have also used the well-known Mahalanobis distance of multivariate
statisticsasasimilaritymeasurethatimprovestheaccuracy.Acase-basedclassifierapproachtogether
withthegeneticalgorithmhasneverbeenappliedbeforefortheclassificationofcancer,samewith
theapplicationoftheMahalanobisdistance.Thus,theproposedapproachisanovelmethodforthe
cancerclassification.Furthermore,theresultsfromtheproposedmethodshowconsiderablybetter
performancethanotheralgorithms.Experimentsweredoneonseveralbenchmarkdatasetssuchas
theleukemiadataset,thelymphomadataset,ovariancancerdataset,andbreastcancerdataset.

KeywoRDS
Case-Based Reasoning, Gene Expression, Genetic Algorithm, K-Nearest Neighbor, Mahalanobis Distance, 
Microarray



International Journal of Software Science and Computational Intelligence
Volume 13 • Issue 1 • January-March 2021

18

1. INTRoDUCTIoN

Differenttypesofcancermayhavesimilarsymptomsandanaccurateclassificationofthetypeof
canceristhusnecessaryinordertotreatapatientproperly.Variouscancerclassificationtechniques
havebeendevelopedinthepastbutmostofthemarebasedontheclinicalanalysisofmorphological
symptoms(Hong&Cho,2004)andwithsuchmethods,evenatrainedspecialistmaymakediagnostic
errors.Inordertoovercometheseproblems,classificationtechniquesusinghumangeneinformation
havebeeninvestigated(e.g.,(Ben-Doretal.,2000;Brazma&Vilo,2000;Park&Cho,2003)).Gene
information(usuallycalledthe“geneexpressiondata”)couldbecollectedbytheDNAmicroarray
technique (Amaratunga et al., 2014) and it provides useful information for the classification of
differentkindsofcancers.Sincetheoriginalformatofthedataisanarrayofnumbers,itisnoteasy
toanalyzethemdirectlyanddiscoverusefulclassificationrules.TheDNAmicro-arraytechnology
(Amaratungaetal.,2014)hasbeenusedtoprofiletheglobalgeneexpressionpatternsofnormal
andtransformedhumancellsinseveraltypesofcancers(Alizadehetal.,2000;Alonetal.,1999;
Bittneretal.,2000;Bubendorfetal.,1999;Golubetal.,1999;Perouetal.,2000).Withtheincrease
ofcancercasesanditsre-occurrenceinmanypatients,itisclearthatbetterandfastersolutionsare
currentlyneeded,whichisthemainmotivationofourpaper.

Microarraydataiscomposedofmanygenesbutveryfewsamples;thereforetoobtainmany
subsetsofgenesthatcandiscriminatebetweendifferentclassesofsamplesisamultidimensional
searchproblem.TheMahalanobis distance(e.g.,Dudaetal.,2001)iswidelyusedasamultivariate
outlierstatisticforexaminingdataprofilessuchasthelearningcurves,serialpositioneffects,andgroup
profiles,andithasalesserconfusionpercentageascomparedtotheEuclideandistance(Campbell,
1997).Themetricessentiallyaddressesthequestionofwhetheraparticularcasewouldbeconsidered
anoutlierrelativetoaparticularsetofgroupdata.Cliniciansusuallycomputethe“z-scores”(see
e.g.,Mitchell,1997,p.235)todeterminethepercentileranks(e.g.,Lietal.,2000)andthencorrelate
theclient’sscoreswiththemeanscoresforaselectedgroup.Theproblemwiththisapproachisthat
itincorporatesonlythegroupmean-valuesintothecomputationleavingthevariabilitywithineach
measure,andthecorrelationsandvariabilitybetweenmeasuresarenottakenintoaccount.Ineffect,
correlationassumesthatthemeasuresinaprofileareindependentofeachother.

1.1. Related Methods for Cancer Classification
Severalmethodsforselectingasubsetofdiscriminativegenesforsampleclassificationhavebeen
proposed(e.g.,Brownetal.,2000;Bubendorfetal.,1999;Campbell,1997;Cho&Won,2003;
Dasarathy,1991;Dudaetal.,2001;Dudoitetal.,2000;Eisenetal.,1998;Fix&Hodges,1951)
andtheseresearchersappliedtheneighborhoodanalysismethodstoidentifyasubsetofgenesusing
aseparationmeasuresimilartothet-statistic.Severalclassificationmethods(bothsupervisedand
unsupervised)wereappliedincludingtheK-NN(withoutgeneselection),andsupportvectormachine
(SVM)aftergeneselection.Aboosting technique(Freud&Schapire,1997)wasusedtosearchfor
athreshold(expressionlevel)foreachgenethatwouldmaximallydiscriminatebetweentwotypes
of samples (e.g. normal versus tumor). Several machine learning techniques have been used in
classifyinggeneexpressiondata,includingtheFisherlineardiscriminant(Brazma&Vilo,2000),
K-nearestneighbor(Li,Weinberg,Dardeetal,2001),decisiontree,multi-layerperceptron(Dudaet
al.,2001;Xu,Selaru,Yin,Zou,Shustova,&Mori,2002),supportvectormachine(SVM)(Brown
etal.,2000;Fureyetal.,2000),boosting,andtheself-organizingmapGolubetal.,1999;Tamayo
etal.,1999.FeatureselectionalgorithmshavebeenusedwidelyinbuildingCBRclassifiersinthe
processofremovingnon-formativegenes(Pedersen&Moult,1996).

1.2. Main Contributions of This Paper
Weproposeanapproachthatcombinestwostandardclassifiers–Case-BasedReasoning(CBR)and
K-NearestNeighbor(K-NN)toimprovetheperformanceofcancerclassification.WeuseGenetic



 

 

19 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/cancer-classification-from-dna-microarray-

using-genetic-algorithms-and-case-based-reasoning/266226

Related Content

Explorative Data Analysis of In-Vitro Neuronal Network Behavior Based on

an Unsupervised Learning Approach
A. Maffezzoliand E. Wanke (2012). Machine Learning: Concepts, Methodologies,

Tools and Applications  (pp. 2068-2080).

www.irma-international.org/chapter/explorative-data-analysis-vitro-neuronal/56242

The Formal Design Models of a Set of Abstract Data Types (ADTs)
Yingxu Wang, Xinming Tan, Cyprian F. Ngolahand Philip Sheu (2010). International

Journal of Software Science and Computational Intelligence (pp. 72-100).

www.irma-international.org/article/formal-design-models-set-abstract/49133

A New Fuzzy Rule Interpolation Approach to Terrorism Risk Assessment
Shangzhu Jin, Jike Geand Jun Peng (2017). International Journal of Software

Science and Computational Intelligence (pp. 16-36).

www.irma-international.org/article/a-new-fuzzy-rule-interpolation-approach-to-terrorism-risk-

assessment/190316

Perspectives on Cognitive Computing and Applications
Yingxu Wang, Witold Pedrycz, George Baciu, Ping Chen, Guoyin Wangand Yiyu Yao

(2010). International Journal of Software Science and Computational Intelligence (pp.

32-44).

www.irma-international.org/article/perspectives-cognitive-computing-applications/49130

Using Computational Intelligence for Improved Teleoperation over Wireless

Network
Salman H. Khan, Arsalan H. Khanand Zeashan H. Khan (2012). Multidisciplinary

Computational Intelligence Techniques: Applications in Business, Engineering, and

Medicine  (pp. 102-123).

www.irma-international.org/chapter/using-computational-intelligence-improved-

teleoperation/67288

http://www.igi-global.com/article/cancer-classification-from-dna-microarray-using-genetic-algorithms-and-case-based-reasoning/266226
http://www.igi-global.com/article/cancer-classification-from-dna-microarray-using-genetic-algorithms-and-case-based-reasoning/266226
http://www.igi-global.com/article/cancer-classification-from-dna-microarray-using-genetic-algorithms-and-case-based-reasoning/266226
http://www.irma-international.org/chapter/explorative-data-analysis-vitro-neuronal/56242
http://www.irma-international.org/article/formal-design-models-set-abstract/49133
http://www.irma-international.org/article/a-new-fuzzy-rule-interpolation-approach-to-terrorism-risk-assessment/190316
http://www.irma-international.org/article/a-new-fuzzy-rule-interpolation-approach-to-terrorism-risk-assessment/190316
http://www.irma-international.org/article/perspectives-cognitive-computing-applications/49130
http://www.irma-international.org/chapter/using-computational-intelligence-improved-teleoperation/67288
http://www.irma-international.org/chapter/using-computational-intelligence-improved-teleoperation/67288

