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Abstract:

Beryllium! sensitvity testingis usedasa screeningool
for possiblechronicberyllium diseaseasa surwillance
tool in indicatinghazardousvorking conditions,andas
partof the diagnosticcriteriafor the disease The blood
lymphooyte proliferationtest (BeLPT) is usedto deter
mine if an individual is sensitizedto beryllium. The
Departmentof Enegy (DOE) has developeda direc-
tive that describeghe laboratoryprocedureand statis-
tical analysisfor usein this work. This documentand
the review processhat was usedto provide comments
and improvementsare availablein an "electronic note-
book”. The new procedurestandardizeshe interpreta-
tion of BeLPTresultsby usinga metricthatcontrolsfor
theinterlaboratoryandhostdifferencesnherentto this
test. The statisticalanalysistakesinto accountthe bio-
logical variability in the patienttestresultandthe dis-
tribution of the maximumtestresultin a referencedata
setof nonexposedcontrol)individuals.Resultobtained
using this procedurefor a group of beryllium workers
arepresentedror additionalinformationseethe BeLPT
Notebook(BeLPFNB) [2].

1. Intr oduction

The potential hazardsof exposureto beryllium com-
poundswere first reportedin the 1930s. The clinical
syndromeof chronicberyllium diseas§CBD) wasfirst
describedn 1946[6]. Initial speculatioontheimmuno-
logic basisof CBD occurredin the 1950s. Thefirst in
vitro obsenationof beryllium-specificcell proliferation

1 From the 2001 Proceedingsof the Statisticsin Epidemiology
Sectionof the American Statistical Association.

was demonstratedh the 1970s. A review of the devel-
opmentof thebloodBeLPTis providedby Newman([7].
In responseo concernsover "outliers ” the leastabso-
lute values(LAV) methodon the Ln of the well counts
wasdevelopedby Frome et al [4]. In thestandargroto-
col for the BeLPT a stimulationindex (SI) is calculated
for eachof threeberylliumconcentrationsntwo hanest
days.OnceSlshave beencalculatedt is necessaryo de-
termineif theresultsindicatean”abnormal’responséo
beryllium. Threemethodswere consideredn previous
reportsthatutilize a”cut point” thatis establishedising
areferencelatabaseof BeLPTs( seeFrome et al [1] ).

TheU.S. Departmenbdbf Enegy is operatinga screen-
ing program for CBD that will eventually include
approximately 30,000 current and former beryllium-
exposedworkers at 20 DOE sites. In June of 2000
the DOE decidedthat a Specificationfor the BeLPT
was neededto supportthe beryllium workers and for-
mer beryllium worker suneillanceprograms. A work-
ing group was establishedo write an initial draft ver-
sionof theBeLPT Specificatiorandan”electronicnote-
book™ wasusedto documenthe developmentyeview,
andrevisionof theBeLPTSpecificatior{seeBeLPTFNB,
FromeandCragle[2]). Figurel shows thefirst pageof
this electronicnotebook . Thefinal versionof theBeLPT
Specificatior? wascompletedn April, 2001[9] andis
availableon page21 of the BeLPTFNB. Previous meth-
odsfor identificationof anabnormalBeLPT were con-
sideredunacceptablby theworkinggroupfor eithersta-
tistical or practicalreasons.A new methodis proposed
that combinesclinical judgmentand statisticalanalysis
to identify anabnormatest. This new methoddescribed
in Section2.3 is referredto asthe statistical-biological
positive (SBP)method. Datafrom a groupof beryllium
workersatthe Y-12 plantin OakRidgeis usedto evalu-
atenew SBPmethod.

2SeeGeistand Nachtigal[5],or DOE 2000 Electronic Notebook
Projectatwww.csm.ornl.go/enote/.
3At tis.eh.doe.go'techstds/standasped 142SPEC1142001pdf
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QUESTIONS concerning the Tritiated Thymidine BeLPT
(TT-BeLPT)

1. Should the current protocol be modified to reduce the
potential adverse effects of "cell killing" on Day Seven?

2. If TT-BeLPT Protocol is revised what Dav, Be
Concentrations, and Sera should be Used?

3. How Should an "Abnormal"” Response be determined
Using the Tritiated Thymidine BeLPT?

The discussion and results reported in this notebook will address issues related to the
information needed to develop a DOE Specification for the BeLPT. DOE Specifications
{(DOE-SPECs} are documents developed and maintained in accordance with DOE
procedures specifically to support repetitive acqguisitions of products or items. They
apply to multiple DOE organizations (bhoth Federal and contractor), and are praducts
of the DOE—wide approved processes. They describe essential technical reguirements
for purchasing a product. For more information see DOE technical standards
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Figure1: First pagein the Tritiated Thymidine Beryllium Lymphogte ProliferationTestElectronicNotebook(see
BeLPTFNB, FromeandCragle[2])



2. Materials and Methods

2.1 Beryllium LymphocyteProliferation Test

The tritiated thymidine BeLPT hasfollowed a standard
protocol for laboratory procedureand data collection
sincethe late 1980s. A detaileddescriptionof lympho-
cyte culture methods guality control measuresand ex-
amplesof platemapsandprintoutsof raw datain useat
theORISEBeLPTIlaboratorywasprovidedby Frome et
al [4]. Thisandseveralalternatve assaydesignsarealso
describedn the BeLPTFNB (see[2] pages2-5). The
detailsof this procedureandthe equipmenusedvary at
differentlaboratoriegshatareperformingthe BeLPT.

2.2 Statistical Analysisof The BeLPT

As theresultof biological variability in the well counts
thereare differentlevels of uncertaintypresentin each
BeLPT. Thisinternalvariability is describedy the stan-
darddeviation of the Ln well counts,andis equivalent
to the coeficient of variationon the original scale. This
"internalanalysis”of theBeLPTis basedn estimate®f
theLn(Sl)sandtheirstandarcrrors. Theseestimatesire
calculatedusingtheleastabsolutevalues(LAV) method
asdescribedby Frome et al [4]. This approactonly re-
quiresthe ability to calculatemediansandcanbe done
in aspreadcsheet(e.g.,Excel,seepagel4 of theBelLPF
NB [2] ) or a statisticalprogram(e.g., Splusor R). The
LAV analysisis basedon the assumptionshati) theLn
of the well countsarenormally distributed; i) the stan-
darddeviationsof Ln countsareconstantwithin hanest
days;iii) multiple outliersmaybe presenin the Ln well
counts;andiv) if "respondercells” are presentan in-
creasen cell proliferationrelative to the control wells
will occurin cultureswith beryllium. The stepsin the
LAV analysisaredescribedn detailanda numericalex-
ampleis providedin BeLPTNB [2] andin the Appendix
of [1] and[9] .

(9]
2.3

Identification of an Abnormal BelLPTs Using
the SBP Method

This new SBPmethodreflectstheclinical judgmentthat
i) atleasttwo setsof beryllium stimulatedwells should
shav aresponséstatisticalpositive), andii) therequire-
mentthatthe maximumSI| mustexceeda cut point (bi-
ologically positive) thatis determinedrom a reference
datasetof normalindividuals. A BeLPT is considered
abnormalf boththestatisticalandbiologicalcriteriaare
satisfiedseeFrome et al [1] [3] for details).

If only oneof thesecriteriais met,andthe datais oth-
erwiseacceptablehenthetestis consideredo bea’bor-
derline”test.If neithercriteriais meetthetestis normal.

If apatientsfirsttestis notnormalthenasecondevalua-
tionis requestedandtwo repeaBelLPTsareevaluatedn
differentlaboratorie®r in thesamdaboratoryusingdif-
ferentsera.lf atleasttwo of thethreeBeLPTsareabnor
malthepatientis deemederyllium sensitizedA person
may be a "sensitizedresponder’and not have CBD. If
a personis identifiedassensitizedthenfurthermedical
evaluation( seeStokesandRossmar8]) is availableto
determindf theworker hasCBD.

3. Results

Datafrom agroupof berylliumworkersatthe Y-12 plant
in OakRidgeis usedhereto evaluatenev SBPmethod.
The raw datafor 1113BeLPTs( 1080workersand 33
controls)wasobtainedin electronicform from the Oak
Ridgelnstitutefor ScienceandEducationORISE)LPT
laboratory(see[1] for details).

3.1 Results For Beryllium Workers and Nonex-
posedBelLPTs

Histogramsand normal g-q plots for the Sls for each
day and Be concentration(beryllium workersand non-
exposedcombined)for the BeLPT dataare providedin

Frome et al,[1]. For the serumsupplementisedin this
study Sls above threewere abnormallyhigh, indicating
aresponseo beryllium. The g-g plotsindicatesthatthe
Slsarebestdescribedvy the normaldistribution on the
log scale. This is further supportedby Figure 2 which
shavs lognormal g-q plots for the beryllium workers
andnoneposedcontrol Sis for eachof the threeberyl-
lium concentration®n day 5 andday 7. In eachof the
six plots the data—orderedaluesof the Ln(Sl)s—are
shavn on the verticalscaleon the left, andthe quantiles
of thestandardhormaldistributionareshavn onthehor-

izontal scale. The relationbetweenthe empiricalquan-
tiles andtheoreticalquantilesis approximatelylinearin

the centerof the distribution for eachpanelin Figure
2, indicating that the distribution is Gaussian.This re-
flectstheassumptionthatmostberyllium exposedwork-

ersdo not shav an abnormalresponseij.e. they look

like the nonexposedgroup. For example,considerthe
plot for day5 Be-10in Figure2. TheLn(Sl)sappeaito

be approximatelynormalin the centerfor boththe non-
exposedcontrolsandthe beryllium workers. Thereare
sev/eralvaluesthatarelargerthanexpectedthesearethe
pointsabove thelines)for the berylliumworkers. These
"outliers” are Slsthatindicatehypersensitiity to beryl-

lium. Therearealsosereralpointsbelow theline which

indicatecell killing.



Y-12 Study: Gaussian Q-Q Plots of Ln(Sl)s For Nonexposed and Beryllium Workers
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Figure2: Normal g-q plots of Ln(Sl)sfor eachberyllium concentratioron Day 5 andDay 7 for beryllium workers
andnoneposedcontrols. The datavaluesare shavn on the vertical axis. The Median(M) estimateof location,and
MAD (S) estimateof scalefor the Ln(Sl)sarelistedon eachplot. Valuesof M andS for berylliumworkers(circles)
arein upperleft andnonexposecdcontrols(triangles)arein lower right of eachpanel. Thelinesin eachplot (solid for
nonexposedanddottedfor berylliumworkers)shav therelationthatis expectedf theLn(SI) valuesarefrom anormal
distribution with locationparameteM (which determineghe intercept)andstandardieviation S (which determines
theslope).



Slmax for BeLPTs: Beryllium Workers (1080) Nonexposed(33)
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Figure 3: Normal g-q plots for Ln(SIimax). Summary
statisticsfor nonexposedcontrols(circles)areshavn in

lower right, andfor berylliumworkers(triangles)in up-

per left of g-q plot. Small P value for Kolmogoror-

Smirnoy (KS) testindicatedeparturefrom normal dis-

tribution for LN(SImax).

3.2 Identification of Abnormal BelLPTs Using the
SBP Method

The SBP methoddescribedn Section2.3 was usedto
evaluateeachBelLPT. Thefirst stepwasto determineif
theBeLPTwasastatisticalpositivetest. Thisoccursf at
leasttwo standardized.n(Sl)sarelarge ( see[1] [9] [2]
for detailsandanexample). The secondstepwasto de-
termineif the BeLPTwasa biologicalpositive test. This
requiresestimatesf the location and scaleparameters
for the referencedataset (RDS). The BelLPTs from
the nonexposedcontrols were usedas the RDS. The
Ln(SImax)valuesfor thenonexposedcontrolsandberyl-
lium workersareshavn in normalg-q plotsin Figure3.
Theoutlierresistanestimate®f M andS from theRDS
are0.0812and0.34,respectrely ( see[9] AppendixB) .
A testis biological positive (seecriteria2 in Section2.3
and[1]) if Zmax = [Ln(SImax) - M]/S is greaterthan
3.09. An exampleis provide in the Appendixof [1] and

(91

3.3 Identification of Cases

All of the BeLPTsin the Y-12 studywere donebefore
July, 1996, and all of the workers with a positive test
andmostof the 944 workerswith aninitial normaltest
werefollowedandre-testedverthenext five years.The
resultsof this follow-up are shavn in Columns2-7 of

Tablel. A total of 132 BeLPTshadaninitial positive
testby at leastone of the criteriain Section2.3. There
were80BelLPTsthatwereabnormal 36 testswith Zmax
greaterthan3.09(biologicalpositive only), 16 testswith

at leasttwo SLsisgreaterthan2.53 (statisticalpositive
only), and948 normaltests. Thesegroupsareidentified
in the first columnof Tablel. The classification of

individualsin the columns2-6 of Table 1 wasbasedon

the criteria beingusedby the ORISE LPT laboratory

at the time the testswere done( seeSection3 of Frome
et al [1] for details).

Theresultsof the SBPmethodsummarizedn Tablel
canbe usedto estimatethe true positive rate (TPR) and
the specificity (1 - falsepositive rate)for a first abnor-
mal BeLPT in a specificserum. The resultsin Table
1 werefurther summarizedy assuminghati) individ-
ualsfollow-up statusreflectstheir conditionat the time
thefirst testwasdone;ii) individualswith unknown sta-
tus were normal (theseare mostly retired workerswith
a normal first testthat are asymptomatic);ii) individ-
ualsthat have CBD aresensitized andiv) individuals
that were not sensitizedto beryllium are normal. The
TPR of the first BeLPT in Serum3040083is 48/56 or
85.7percentandthe specificityis 992/1024or 96.9per
cent. The ORISE LPT laboratoryidentified abnormal
BeLPTsusingthe methodsand criteriain placeat the
time thateachtestwasdone.Usingtheinformationfrom



Table 1 Summary Follow-Up Data For Y-12 Group

Follow-UP Results

Group Ba N UN  SENs cBDP  Total

AbnormalTest 7 21 4 27 21 80
Biological Positve 6 22 6 1 1 36
StatisticalPositive 0 10 4 2 0 16
Normal 6 629 309 3 1 948

Total 10 682 323 33 23 1080

8p.-BorderlineN-NormalUn-Unknawn SENS-sensitized
CBD seetext for detailedexplanation.

the ORISEhistoricaldatabasehe TPRwas78.6percent
andthe specificitywas98.3 percent.If individualswith

unknown statusare not included( seeii above) in the
calculationsthe specificity for the SBP methodis 96.0
percentandthe specificityfor ORISEhistoricalmethod
is 92.7percent.

4. Discussion

Figure2 andresultsin Section3 of Frome et al [1] pro-
vide empirical evidencethat the assumptionslescribed
in Section2.2 arereasonableTheresultsin Tablel in-
dicatethatthe SBPmethod,usingthe LAV approacho
estimatethe Sls, is at leastasgood as currentmethods
for evaluatingtheBeLPT. The"outlier rejectionmethod”
thatis usedby someaboratoriediasnological statistical
basis( seepagel6 of theBeLPTnotebool2] for further
discussion)Furtherevaluationof theSBPmethods cur-
rently undervay usingresultsfrom ORISE obtainedin
several differentseraafter 1996,andusingdatafrom at
leasttwo additionallaboratories.
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