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Abstract

A qrle-~ed expal system is being developed m
assist clmlclans m the ,analysls of muluv,ariale flow
cytometry data for panents wi~h leukemms or
I mphomas. The cells are slained with
d mescendy labeled monoclonirl antibodies ancl the

ce~. fluorescence is measured with a flow
c, iometer. Cluster analysis Is used m isolale
fiubpopulatioris m the data on which [he clinical
decisions a~ made. S’ m@ic facis for Ihe ex en

d $system are mstarmate using lhese numerical mu
and the knowled e of ~heclmlcluns irnd experts in
11OWcytometry. %C first p]oiotype used a
declslon tree and rigid rules. It successfully
classified only nine of eleven leukemia cases. A
second prototype mcorpor:ulng ccrtaImy fmors
into the rules ISnow bang developed that should
remove the need for a rigid decision tree,

INTRODUCTION”

Flow cytometry has become an imponant ~scarch
tool in tie clinical Iaborwory 11-3]. 11IS being used
a ii vanet of applicntiom r:mglng from

\immunop enwypin to the qltilnl]liiii~tl of DNA on
;, single cell basis. El iI flow c~lonwlcr, CCIISin
suspension pass in single file I wough a focused
lase~ beam where !lmresunu Iags on the CCIIS~rc
excncd. For each cell the timount of, fluorescence is
measured alcmg with [hc uryount of lIghI scil[[tr~d
w several ~nglcs, The s:[ 01 lhtil for cii~h ccl] is iI
vector in a muhidimensmntil sf)iiC~ :md is rcfcrrd
to as an eycm. The clcmcnts of Ci\Ch vccmr arc
called varmtes., These dwu irre typwally displuycd
as a series of bivimate duI pkm, where etich do[
represents the rncmurcmcms for OIW CCII. 7%c dols ,
for each cell subpopulali:m are usu;{lly grouped
closely together pn each bivtiria!c plrN, An
expencnccd chnlclan who uses I Irw cytmnclry

regularly can easily interpret Ihcsc pw!cms and
amvc at ii dmgnnsls, Less-expcricpccd clinicians
or those who ,USCSflow cymmclry ~nfrc uctl[ly n);ly

Yfind mtcrprctmg @e d.ltu ii more d) fflcu I ttisk, ‘Illc
expcq sysIcrK being dc ~ck)pcd is m!cpdcd to serve
as an mtclhgent assIsInm IO these cllnlciitns.

antibody reagents 15indwith high s~cificity to
membrane-associated molecules that semc to
idenlif the cells. The reagent anti-CD3, for

7exarnp e, labels all T cells. One or several of these
reagents can be incubated with a cell sample and
then analyzed with a flow cytometer.

Cluster Analysis

Cluster analyst [4-5] is a mathematical technique
for grouping to ether events thir[ are close 10 each

5olher in a rnuhi imenslomd space. K-means
cluslenng IS used for Ihe flow cymmetry dirfa in
(his work, Each svent IS tissigned to one of K
different means, wherq the number of means is
s cified by the investl alor, The clusters are
r ti entified by means cm standard dewations for

each variate.

Symbolic facts needed for the expert system rules
are extracted from the n,urncrical output of the
cluster analyslsm The c~mlcmns IYpwally inte rel a

?Clus!er as king “negative”, “din~ ‘ ol “brighl” or
some immunophenotypin tnarkcr. The cluster

%meims are translmed mto I ese terms to create it sel
of symbolic facm thar form pm of the expert

?
s stem knowledge base for each sam Ie analyzed.
wr cxtimptc, (pirnel B] cluster 3 CD~O ne ‘ative) is

$a ftict tha~ suys “for the monockmal ;mtibo y panel
111, which measures the murkcr CD IO, cluster
number 3 is ncgalivt for CD1O.”

Expert Systctn Tools

71w CI.IPS C L~nguil JCIrm ‘rirml Prodw.vion
i kSystcm)[61 evelopcd y NA$$A is used m the

expert s ,sfcm dcvelo rncnt,mol. CLIPS conqmrcs
J rlhc UN IIIOIIS of u m e a ‘irmst fiicls m tllc

}knowledge base. If iIll o [he lequirml conditions

nttitch for p rule, it “fires” and places tippropriiitc
IICW fficts m Ihe krmwlcd IC husc. An exilm~)c is

b(dCfrUIC rU1C4 “hiIIUa[C .Dl[) flUOtC!iL’CllCC

?m-dc <- (current.node Imdc 6)

Yilt)tlIIIcluslcr ?CIUS IN’ I(W
pwlct 111clusicr ?CIUSSSC low {

(PilllCl Ill cluslcr ?CIUSCDIO llC#ilti\~C)
=>

(retract ‘!nodc )
(tisscrl (currrml-node II(xIc 9)))



Fosition hi a &cision tree k node 6, there will k a
act m the knowled e base (current-node node 6).

tIf there are three ot er facts in the knowledge base

P
anel B 1 cluster 3 F’SC low), (panel B I ciuster 3

SC low), and (panel B] cluster 3 CDIO ne alive)
Lthen the rule above will fire. 11saction will 10

remove the fact from the knowledge base

[ 1
current-node node 6 and replisce It with the fact
current-node node 9.

Problems with Decision Trees

The first prototy e used a decision ,tree bilsed on
!the methods use by the chmcmns m amtlyzing lhc

data by hand. Rules such as the one above were
used ~o direct the branchin al eac,h node in the

Fdecmlon tree. The results rqn- lhls prototype
ex rt system were very sensltlve to the numerical

Yvn ues used to set the thresholds between
fluorescence values called.’’negative”, “dim” and
“bright,” As a result classification errors were
unacceptable. Cliniciyts fw-nilim wi[h flow
cytometry dab analysl: htid lithe difficuhy in
defining these boundanes &cause they could rely
on them past experience.

Discussion

Because of the problems encrmniercd wi[h decision
!rees, a second proto~ype.now under development
mcorpoptes unccrmmt Inm Ihc rules in [he fom~

~Yof certainty factors 7-8. A strict decision tree is
then no Iongcr nee ed, The rules can fire
opportunisucally and plisce fiicts m dle Am)wlqlgc
buse dust lead mwurd;) recotmmmdctl di:lgnosls,
Tlus approach hils been used by mher expert s stem

Ydevelopers [9]. “1’lwcemlimy til~lot-s for [hc ru r
conditions and conclusions ilr~ cic[cmlincd hils~’(1(m
case hlstones.
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