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Workshop Survey

Alnstrument type?

AClasses of analytes?
APeptides
AProteins/Antibodies
AMetabolites/Small Molecules
ADrug Metabolism/Pharmacokinetics
AEnvironmental
APetroleum/Fuel

ACurrent Bottleneck in Analytical workflow?
ASample Prep? Separations? Mass Spectrometry?
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Bulkingup on Testosterone
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wWhy Change?

ditorial

Immumoassays for Testosterone in Women: Better than @ Guess?

Endocrinology and
Metabolism

Testosterone Measured by |10 Immunoassays and
by Isotope-Dilution Gas Chromatography—Mass
Spectrometry in Sera from |16 Men,
Women, and Children

Totie Taree,' Broxso Matias” Frascose Micior,” Mane-Ceavoe Patiicor,”
Evsasern Marmier * Nicole QUEYREL” [sapeLLs Lacronx” CLavpe Sosmsa-Decrere,” and
Praiuere Bovoou™

Backgrousid: Commencially available tesiosterone im-
munoassays give divergen i rosul is, especial ly ak the low
concentrations seen in women. We compared Imimuns-
msays and a nonimmunochemical method that could
quantify low s icsiemne concenkranms.

M = We measined soum esmsierone in 50 men,
sswomen, and 11 children with use of cight nonisswpic
Immunoassays, o lssoplc Immunoassays, and iso-
wpe-dilution gas chromaicgraphy-mass specromery
IV GC-MS).

Rrsuits: Compared with [IVGC-MS, 7 of the 10 immu-
moasays ksted oversstimated esiosieone concenta-
tions in samples Irem women; mean mm unoassay
resulis were 46% above those obiained by 1V Go-Ms
The Immunomsays underestimaied Esislemone oon-
entdiom in samples rom men, giving mean resul s
12% below those obained by IDACC-MS. In women, at
concentratloms of L6 -7.2 nmaoldL, 3 of the 10 lnmu no -
=mys gave posive mean differences =2.0 nmol'L (range,
—0.7 15 23 nmal/L campared with IDAGC-MS; in men at
concentrations of 82-3F nmol/L, 2 of the 10 lnmuno s
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says tested gme mean differences =4.0 nmol'L Crange,
—48 10 2.6 nmal /L),

Concluzfon: Mone of the immunomsays esied was
sufficienily rdiable for the investigaton of sora from
chill dren and women, i whom very low (017 amaliL)
and leny (<17 nmal/L) test ssierone concen latoms are
expocied.

& 20 Arrerican Asscciatim dor Clinteal Chemisiry

The mamsurement of droulsing esesirane 1= dinoally
relvant 0 the mvestigavion of mndrogen disorders
humans (1), In men, wsinserone analysis & used 1o
evalnae the endocrine acuvi vy of the sesiis. In associadon
with gonadotropm determiradon, the drenlaing sesios
e conceniraton provides miarmalon conceming the
orgin of tesicnlar dysfimovan (2, 3). Measoemem of
matostierore B also moommended in the mondoring, of
patens with metasair prosawe cancer weated with
poradowapin-rek aing bormone aralops and/or by antd
androgan therapy, and as a means of checking: the tha
tstosterone concernradom bas decremsed o the casuaiom
ranpe (-7 L In women, wsinserone is frequenly men
srad a partof the imvestgaton of alopeda, ame, and for
hirsut=m (8, 9, ahhough esinsormme conomirmions ™
main within 1he eference inerval in B0 of coes (100
Simple wesiosterone memsuremenis bave been shoam 1o
have predictwe walve for the detecdon of androgen
spcreting, wrmors af ovarian orgin (22 ) and have alsobeen
usad w0 define the minimom drog dose required 1o
abalish androgen sarrmion i hyperandropenic woman
212 This sierold has therefore bean closely momiared
the follw-up of patems with congerthal adrenal hyper
phsi resuhing from 21-hydresy e deficiency (13, T4,

In children, the crmibting, waosierone coocem@tiom
1e determinied principally for the disgnosls, eromen,

1381

Recert developmems in the feld of mass speciromatry
bave |:-rm‘|dﬁ| the mcumacy and snsiiviy o evaloae
wary-low-abundaree swerolds sixch as wstosierone 0 @
male and pediairic padiens. In this s of Clingad
Chemistay, Taieh oral. /7 ) pressmi the mesi rompreborsive
malnaon of auomaed escseone ImmunesAays o
dhite. They oompared 10 commarcially avaibble mmors
maays with isowope-diludan gas chromawpraphy-mass
specramery QD-GCME) and readbed the inescpable
orclusian that eseswerone immunoassay resuhs for
spactmers froan females are macturake. Similar daa have
been reparied for indhvidmal esosierone Immuncazsays
proviously (21, but Talob et al. (1 ) ane the fime o show that
fior every rommarcially avaibble esosterone assay sid
1o, the values are in error— a facior of 2 on avermge
and in 2ome cass by a facor of almest 5, Are asays that
nrs ampget vahies by 200-50% meanmpful? L'.uml:ﬁ
wiowtkd be miare accuraw and addivionally could provi
cheaper and faster kstoserore resulis (or fomales—with-
out oven havirg o daw the padeni’s blood

By imitmpg, all guesses bo a narrow mnge, o5, 20244
rmal/ L, the mesulia would rarely be off by more than a
fackr af 2 Using a random numbsr serecaor, we perer
atedd values chse o the aversge famak oocenidon
meaured by Talab o al. ey were kind encuph o share
thetr data with us & an aid o wrinrg, this ediarial). A
Bland-Alman plot for puessed vahes vs 10-GCAMS
walues had a mean differmce for the 55 female samples of
0 nmel /L with a 50 of the differences of 1.2 nmol/L This
S romipares favombly with thoss presemied by Taleh ot
al. 1) in Tabk 4. Ahhough oon inemded o0 be a sl
cally Agerows proof that random oombers ate bevar than
meFuing femak wacserone values with tTmmmoas
=ys, puessng appmars 0 be neardy o pood as most
u‘-mml:rrlﬂll:r avalhble timmmmoassays and dearly sope
ror w0 =ome

Because medical est declsors are nor made noa
warum, a patknt’s appearace ad prsendng com
phitris wounld give the person puessing the senim kesos
W cancenicadon impornant mformaton Women with
rapidly evalving signs and sympoms of vializadon will
have damaially ncrersed westosteroma [ =104 omel/ L
300 ng/dLY] (3], whenas wamen with lae-orsee 21
bpdrosyhise deficiency have moderaely increased estos-
wrone [—4.2 mmelds L {120 ngdL]] 1. Using, s inlor
matkn whike making an educmed guess should ghe
dramascally improved resubs This would make edu-
matad guassirg the betar choime with the added benefis of
rapid tnrmaromnd vime and very low oost.

hat ar the imphcaiors of the resulis of the swdy by

Talab et al. (12 For epldeminlogic research? A recern siudy
by Dorgan o al (52 Mﬂd 0 address this e
concluded “thar alhoogh aluw ronceriratoms may
dhiffer for same hommones, BLA and mass spactrometny mn
yiald stmilar estimates of bevwesm sabject differences
srrum coneentratkns of most serold sex bormones com

1250 Clivre? Chemisdry 49, No. &, 2003

monly memsured (n popualadon smcies™. The estosienone
assay that Doman et al. were comparirg, with M8 o
cluded an exiracton ard column purificasion, Mary peo
phk bellave dat Hquid-lquid extracion combined weith
column purificadon before B1A analysis provides accn-
rate remihs for Esioserone Inspacimens from females.
Howwwver, we have proviously demonumated thae RlAs
that include somacton and  column porificaton swps do
net agree well with IDCGESMS (8L An importme -
tion in the stndy by Dorpan e al (5) & that for femake
spacimers they wawd ooy mmple pook (ow, mid, and
high). Datarmiring, hews the assay would wark an indi
vicual paem samples 1= nm posslbles when pooled sam
ples are vserd. This 5 a cridcal Flaw, becmiss climicians ane
roncermed aboun the concenraton of wsicsterone i an
iredividual; in contrast, when pookd smples are ana-
Iyzed, any cross-reacting substnces in an incdividual
sxmple are diluted in the restof e poal. In R, 1 of deir
repory, Tateb et al ) show than there & a wide degren of
wrakieT whin an moracdon chromatoprpby RLA 1= om
pared with [EMEC 45 for individual spedmers. Al
though 1t does g r that extracdon chromaio h

RlA IP! dighily rmlmmrall:' than cammertlally m‘rglm:-

HASHCR I ETONR |I11I'I1LIIII:IM}" il @ extracion chroma
wograpty HlA has been properly validawed, resulis from

Idamialogic stwdios lsod on these methedologies arc
also snspart.

How i assays that am grossly lraocurme gam ap
proval for use In diapnoss and wearmem of endeenine
abmormalitkes? ‘S-E'n.'ralil factors warrant eonsiderailon. In
the US the Food and Drug Adminsiadon approval
precess lor a new dlagnesic assay whan thero 12 an
exlsing, approved diagnostc assay consigs of demon-
smating substanual equivalence 1o a predicwe assay in a
premarket noufimion 5106k] prooess. For esiostemone,
mne of the predicae devices dat & sccepiable for demon
sitating, substarial equivalenee 12 ibe Chiron ACS- 180
waosterore assay. Several years apo, we compared the
ACS 18D pycsterore mmay with [DUME The ACS-180 did
rmfn.ﬂ'hlv maliable resulis for female specimens (22 1F the
predicase divime 1s not aocum, bow mn the mewly
destpred assay hape o funcdon propedy ma chinical
saiig? This feature af the S0k process 15 ore Teasn
thatour professlon has made Llule propgress 0 developing,
cimically accepiable wesiogterone immunossays. From
our clinical laboratory perspeciiva, we supgest that pred
caw cdivices need w0 be validaked by an independem
rhamical wchnigue, preferable by a referance foc defint
el methiod 17, &), belore they aw aroepied as the sian
dard o establish subsiantal equivalence. With the currem
regulaiory envirooment, clnical chemisicy & allowed, oo
parhaps mven lepihisd, 1o perponate sibsemdard levels
of parformance.

Rocormly, mtenvion has focmed on ihe need for bover
reponing, of diagmosur acouracy of laborawry ese in
peer-reewed foummaks (). Cleady, diagnesicacumacy 1=
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7 years CDC Certification (1120 samples)
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Corp: 73 pg/mL
C: 56 pg/mL

Mean Bias = ~2%
Budget =N6.4%
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Table 3. Percent of specimens that met desirable and minimal performance criteria from currently certified
assays in CDC HoSt program.®

Parameter and

performance
criteria Assay A Assay B Assay C Assay D Assay E

Imprecision,” n = 40

Desirable (5.3%) 93 (100/85) 68 (8055) 97 (100193) 55 (753%) 70 (75/65)

Minimal (8.0%) 100 (100/100) 85 (100770) 100 (100/100) 8S (100770) 80 (80v80)
Bias,“ n = 40

Desirable (6.4%) 98 (100/95) 48 (65/30) 54 (80/20) 55 (65/45) 88 (90/85)

Minimal (9.5%) 100 (100/100) 65 (95/35) 66 (9527) 80 (95/65) 100 (100/100)
TE“n = 160

Desirable (16.7%) 100 (100/100) 79 (99/59) 67 (95/30) 89 (96/83) 98 (99/96)

Minimal (25.1%) 100 (100/100) 93 (100/86) 76 (100¢45) 98 (100:96) 100 (10/100)

* Each assay was challenged with 40 specimens that had been 25signod 10510526000 CONCONIration based on the COC reference mathad for quantitying testostercoe.
The 40 specimens were analyzed by each assay 4 different times over the course of 1 year (n ~ 160). Data are % ail (% male female). Assay A, LabCorp,
LOMSMS; Assay B, Boston University Steroid Hormone Assay Laboratory Section of Endocrinology, Diabetes, and Nutrition, Boston University School of Medicine,
ad Boston Medical Center, LOMSMS; Assay €, Roche Diagnostics, electrochemiluminescence; Assay D, Mayo Clinic, LOMS/MS; Assay €, Covance Central
Labotatonies Services, LOMSMS
* CV of the 4 individual measuroment of aach specimen
Parcent difference between the mean of 4 repicate measurements and the assigned value
* Percent difference of an indvidal measurement (n 160) so that the specimens’ imprechion is combined with evaluation of blas for each Individual
measurement

Bothelloet al, ClinChem. 2013
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Positive Pressure Manifold ~ SLE

120 to 30 min 200¢ 45 min
Batch Build/LIMS Bi-directional ;

Evaporation

8/?6 tip-éutomaticin H OW an dVV hy’)

- 200%- 10% Data review

" 5 min post acquisition 70¢ 38 sec
_ E—— 24s window selected 1100¢ 1260 pump
from 2.1 min LC time Fused Core LC

4 runs in parallel

4000¢ 5500 MS

ldzi2Yl GSR &/ f 2 dzR
Data reduction

Staggered Parallel LC ARIA 4Channel LC
Multiplexing - AP15500



Scott Mellors, Ph.D.

908 Devices, Inc.



Kennedy Lab Work

Waste-.
Reservoir ™'

Ohgrair  Cabdary1 5KV
Union

LTQ
MS

Samples

ES| Emitter

TOP: Microfluidic chip capable of
analyzing 48 samples in parallel in 15 s.

BOTTOM: Scheme for high-throughput
mass spectrometry.

.T. Kennedy et al.
http://kennedygroup.lsa.umich.edu/research/high
throughputanalysis/

ZipChipE  C-ESI-MS

10 PM fluroscein and rhodamine B

50% MeCN 0.1% formic acid

L=3cm
E = 2500 V/

+HV1 F =300 nL/r%ri?l
125 Hz

+HV?2
ESI Emitter
, 54 ms
_> 4_
MS Inlet

> <« 27TmMs

~10 AM Elactoglobulin and lysozyme
50% MeCN 0.1% formic acid
L=3cm

E = 1500 V/cm

F = 180 nL/min

90 pL injection (~900 amoles)

222 Hz

500-2000 m/z



