Original Papers

International Journal of Cell Cloning 2: 142-160 (1984)

Evaluation of an Automated Image Analysis System
for Counting Human Tumor Colonies

Sydney E. Salmon, Laurie Young, Joyce Lebowitz, Stephen Thomson,
Janine Einsphar, Tony Tong, Thomas E. Moon

University of Arizona Cancer Center,-Tucson, AZ, USA

Key Words. Human tumor clonogenic assay - Automated colony counting -
Image analysis - Chemosensitivity testing

Abstract. The Omnicon FAS II image analysis system was applied to count-
ing tumor colonies grown in a soft agar human tumor clonogenic assay with a de-
tailed protocol designed to assess the instrument’s sensitivity, specificity, precision,
and accuracy. Comparisons of technician and instrument counts were done on a
blinded basis. Sensitivity studies (which used metal microspheres) yielded a corre-
lation coefficient (r) of 0.999 between technicians and the counter. A field-by-field
analysis of the instrument’s specificity for identifying individual objects correctly
as tumor colonies rather than artifacts (as identified by the technician) was excel-
lent (r = 0.95). In the precision studies (determined with repeated automated
counting of the same samples for five days), the median coefficient of variation
was < 7%. Accuracy was evaluated on cultures of fresh biopsies from 30 human
cancers obtained for drug sensitivity testing as well as on a series of tumor cell
lines. The correlation between the mean number of colonies counted by the tech-
nicians and by the colony counter was greater than 0.91. Similar comparisons of
mean percent survival of tumor colony-forming cells after drug exposure between
technician and machine were also quite acceptable (r = 0.85). We conclude that
the colony counter provided sufficient reliability to be applied to counting human
tumor colonies grown in vitro. In addition, the colony counter performed the Petri
dish counts ten times faster than experienced technicians and without associated
operator fatigue.

Introduction

Evaluation of human tumor growth in vitro has been facilitated by
the development of soft agar clonogenic assay systems [1, 2]. Tumor cells
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Fig, B Actarady atady o e lweee cell lines wish compadsan of the mean of
Iwer sechmiciims” com s vetong The -C:-C'\-||:!11_'|- e,

lor palients with sohoown pricary catcinenmas, thers was 2 bower assoi-
atian hevween mean rechnicisn ol machioe veonls foodrelacinn
soefficient NASY This Tower g5s0malion was primarily due to tao patients
fior whom there were mared Jiflerences beiween (he technician and the
(rmnicon cownts. In Lhess oo paliends, levhmvians consigiently counted
lurger numbers of volomies by o factor of abone 1 as conmaseed to the col-
MY coURCT. Separating the daea on patients with unknown prifksry Gan.
rers by Lhisie Tow warsns high dmg conechrration test did not vaeld addi-
tonal sntormatien vn W lower aseocalicn o g ankoown primary
wncer Zrolpe.

Apcuracy dara on the rumor ccll lines were alse comparsd for che
mean doechnician counts versus the colony coonter. Fipore 6 depicts the
scartet plar far e mean aumher of colonies coumted by the @eelaicians
and the wilinny cnowrer. An eaecllent enrrelation oras ablyme] oxing -
mur el lines. Begressien and rssadus aoalvss viclded a correladen
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e Nuiem = 0598 (slape = 19 and Y3% conlidence imlereal; 093 100
imtercepl = - 2946 aod %5 wwfidence interval 704, 84355 The mean
murnber of eolonies countsl by e techaicians (2012 = 33.7) was guile
sionilar W that counred T he oolnny counter (2090 = 3395 Linder the
variows conditions and lines wesled. chere was vers close lincat assooalion
nelwrer the meun lechoiciarn eount and Ormnicon counts el cel lines
Miremghout the cariee range of colony sices sludiol. Subanalysis ased ne
nezl el hows ding ernceniraticn exposure. alzo vuelled very godd el
ivna (0096 and (M5 tespectivel ) belween o echeician and ol
CivLiter Tesalls.

Discussion

T hese e slemativ suddivs ovavide ceczllent evidence thal the Cmmvon
amages analveis svseem is o sensiove. specifc. precise. and accurate means
T goinnt inmor enlomes in soli arar, Based on thess daca, we believe s g
highly desirable slemmative w manasl guning by sechmcians. {ur re-
subts marke:ly extemd he initial report by Areaseer ea al (L8] and 1be re-
cent puper by flemran 1 oal |23] who womdnes=d an in-use evalugion ol
Mis colobty eounter. We found the celens sounisn o be as aoturate s
leinidan (ruols whes cither grass onbony counls or pereenl sucyival aficr
droz exposore was compared. 1L Ras been well established that marked
hwienagehity is mheorvad waen clomesenic wmer cell: from diflzrent
[atienr {even wath remors of the sume hisiopatholngy) a e cxposed o the
same aolicanver drugs [4-7] For this reasen, the availabiity of automated
wanling rechnigics oould prose be be a sreal gl il 15 provides sur
ficicnr apeed sad accoracy e perswl elulively Jarge dnig assavs tn be set
up with clonigenc assay methodilogy. Tnoaddition. the enlomy counlec
nooved Lo be exlremely aacurale n s application to e rounting of vole-
oigs erown (e cacallished tamer cell hoee. Susch cell Lones provide exeel-
lent sinple wll susprnsion: a8 s@arting materials for clenogenic wssay. and
rherefore there are fewer i artifavls presem than is the case with
cullures establislicd feom disaggregated fresh humun luower. which may
contain “clumps™ thal arsld be confused with colonics. Seudics ot tumuor
cell lines with the oolony counter vould prove 1o have a wide vanety nf ap-
plicaticns in cesearch on cancer bojugy and grosk factors. The precisium
sidies W=l indicaled thar the eolony couneer can ubtiln remackihly
similar conny when plates are cupnted repraizdly on he sanc day ar gev-
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cral nmes daily fur o oumber of davs. In our eaperience. most lechniviane
hitve substantial ditculty doing cclony cnunes for morz then 3-4 hoper
duv. principally becastie nf nperaten Fatiguz. The machine™s ahiliee W per-
furm wlany counls guomatecally for ac lboog o peried of ame as desined.
a5 well a8 i el mealer cpred (iveraging | mindolale as oune-
pired 1o 10 minsplute oy che rechnican. represent twe of i highly dasir-
able characteristics. Ta he curment studice., (e telrumenl pruve] aceurls
mn Lhe wssesement ol sunaving nrmbem of ealonics afier cxposure o high
of o coneenrationa of s varicts of anticanosr drogs. 11 was et imeresn o
eligerrve: Tiial whien the Jatio vo volomy cceurts were broken Jowo S lwumor
tvpe. significancly greater digropa cacs beowzea weehnician eounc ag well
uy levhmician versus mucksne counc were ohseread in che tumer catagary
of “carginomas of unkpamn pranacy © This zroep of Lumers 15 a4 cevop-
niced bul hereroweneous eniity which ofter exhibits clmnical and in virno
drug pesistance o wile vanely of aricancer drogs. Sueh tumors arise
rrom o oumber ot QignncT ana1amica; dités, wilh the mijer vomenoniity
bermp tnat therr site o arigia cannar g casallished The dikrepincies we
ubserveld with unknewn pmmaries were arribgahls 10 e specils T
spwecimens wlhich ibibiled :ubstanoagl vanabibly, a5 assessed by cach of
o lechnicans. and o he companison of e nechmicms g D golen
counter. Tac studies of awucaey ciearly siablished that withun cke count
rititee ol wa e JED coloniesfplate. colonies tenm hach fresh bamors and
rmnr cell lings could be counled relably with autemated methods. When
significantly larzer pumbens of colomes are presenl i Lhe Pein dhes
le.p.. mors than 204N plarch rthe abilive of e gukonsigd covoler Gdls off
subslantiully. and for that reason such wigh coan samples were ot in-
claded within he spesintgns onsidered for evalualion o thie analyves. 1o
may gaperience. pliles with more thun 2WKK) enlnnicss plate war arnc
counted wirm e culooy weunler can 9eld anondercoant 5 more than
23%,. Buch lasses in rounls are Jue W the presence of o many ohjects per
Geld for amalbysis oy the instowmenr, s well o siznifican) overlsp ol colony
margins whicdt leid thewr borders b0 appear immegelar in men dimenziong
aodl therelure ure nor subjocted oo awoomated couning, I the wnalveis of
mismawhe: caificd toul e 4 cumponent of Lhe speoficity stodics. it be-
camie appdrenr 1hat e techoivian counled more colonit: than Lhe colony
counter. We helicve rhan this disceepaocy can be explaingd by al least Lwa
lacturs, | s, the technician vsooar e oo coeonliog ooosloos st fullills
he critgrivn of huving o specified degrac of arcolyrits or unitnrmicy i ap-
geil densire. kxammazion e fevened mocoseaps docs ezt idandj-
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feation by the oo ol owistunal tomn s erlenics which have iregu-
Lt muraims, cellniar ealensicns. of differences o inc2imal densite {e.g. due
i cysne arcasd. Secend. the aolany counter s an alporithm tor dealing
wilh ekd adjivcenvies whergin 1hose colony-ahaped objects which are b
secred b che Held imerisee are cxcluded rom Sue aeon. This is essennaliy
bevause soch o colome would by wdenified as more ar Less of @ half=irclz
in gach of the ovn fAclds, T this respect. the prowcess of counling by Lhe
techmician differs from thar of the machine. as Leld adjacencies were ot
marked inany war in the dizhes apd web acenuaced for by the kechomiaan,
whereis such Gebd delineation was esserisl o celatien @ the mechanical
alivge lrineil sl analvic feaaces for migoscapie measerements by the
ool iy oo er

ln the senswivity studies whersin very dzvelar miveaspheres of uni-
furm densiin were counred, 1he sgroemant berween s cunves o cech-
nician and muchine counls auy excellent. aod the unsdrcounr o 1he ool
vy ceuber. w bk averaped [0.3% likely refeceed enly the pheaomenvn
it rhe Yhisocted calony.” [nasmuch s the microspberes were disuibrd
rather uniformiy in the pates. this reselt ehws deflines the niapnieds of in
trimse codetceunting by the machine shutl resplte o 0-¢ Agid adjaceno
Tzsecticn ol el e

Bured on these studies, we belieye chal the suiomitzd calinyy coum
pawides @ wseful and prictivl abenative o manoal counnmg of Lo
hy technicians, It will have A wide varety of preclimcal aod cdoncal appli
ca LU 10 oncology.
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