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Quantification of Testosterone (T) by 8
Immunoassays and by Liquid Chromatography
-Tandem Mass Spectrometry (LC-MSMS) in Normal
and Hirsute Women. A Multicenter Study

Cuantificacion de testosterona (T) por 8 inmunoensayos y por
cromatografia liquida en tandem con espectrometria de masa
(LC MS/MS). En mujeres normales e hirsutas. Estudio multicéntrico
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Hormone Determination Laboratory, Hospital Italiano, La Plata, Argentina. The different participants in this study performed
their determinations in their private laboratories

ABSTRACT

Objective: To compare T results in normal and hirsute women, obtained by different laboratories employ-
ing the same or different methods, including an in-home RIA, and the gold standard method LC-MS/MS.
In addition, T results were referred to a curve obtained by 6 different pools that had been prepared on the
basis of LC-MS/MS results.

Design: Prospective study

Setting: Hormone Determination Laboratory, Hospital Italiano, La Plata, and private practice of each
participant laboratory.

Patient(s): Blood samples were obtained from 78 individuals sorted into 3 groups, namely, normal men
(n:39), normal women (n:24) and hirsute women (n:15)

Interventions(s): None

Main Outcome Measure(s): To evaluate if the results obtained in each lab for each serum sample by the
methods currently employed in our country are significantly different from those obtained by LC-MS/MS
(Gold standard)

Result(s) One out of the 24 NW showed high T values by LC - MS/MS. In each lab, except in 1 (Architect)
T results of this serum sample were normal. Two out of the 15 hirsute patients showed normal T values
(LC - MS/MS). Method and number of labs -shown between brackets- and percentages of normal T results
(false negatives) are described for each method as follows: Chemiluminescence: Axsym - Abbott (Axn) - (3)
85, Architect - Abbott - (Arch); (2) 70; Immulite - Siemmens - (IMM); (2) 42; Electrochemiluminescence -
Elecsys - Roche- ((EQL); (4) 52; Fluorescent enzymatic - Vidas - Bio-Merieux - (Vidas) (1) 69; Manual coated
tube radioimmunoassay (RIA): RIA - Siemmens Coat-a-Count (RIA S); (3) 64; RIA - DSL Inc (RIA DSL); (1)
31; RIA - DIASource - (DiaS); (1) 31; and in-Home RIA (in-H) (1) 12.

Statistically significant differences were obtained between different methods and against LC MS/MS. In-H
method is the one that comes closest to 1 on the Weighted Deming regression and closest to zero on the SD
intercept, (standard deviation of the constant in the straight line equation) indicating that the values match
those obtained by LC - MS/MS. The values recorded by the various methods employed showed no significant
modifications when plotted against a secondary standard curve.
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Conclusion(s) This indicates that the techniques in current use in our area underestimate hyperandro-
genemia in these patients. Discrepancies are not due to the various calibration curves proposed in the cor-
responding commercial kits. The fact that the In-H technique affords finer results while employing a larger
serum volume suggests that the disparities among the various commercial methods result from their limited
sensitivity to the sample volumes they process. Rev Argent Endocrinol Metab 49:159-174, 2012

No financial conflicts of interest exist.
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RESUMEN

El diagnéstico de hiperandrogenemia requiere la demostracién de niveles aumentados de Testosterona Total
(TT) en suero. Los inmuno ensayos comerciales dan resultados divergentes a niveles bajos de T'T como los
obtenidos en mujeres. Valoramos los niveles de T'T en 24 mujeres normales (MN) y 15 hirsutas (MH) en 18
laboratorios por métodos comtinmente empleados en nuestro medio, Quimioluminiscencia: Axsym - Abbott
(Axn)- (3 ), Architect - Abbott - (Arch); (2); Immulite - Siemmens - (IMM); (2); Electroquimioluminiscen-
cia - Elecsys - Roche- ((EQL); (4); Enzimatico acoplado a fluorescencia Vidas - Bio-Merieux - (Vidas) (1),
Radioinmunoiensayo en tubo recubierto (RIA): RIA - Siemmens (RIA S); (3) 64; RIA - DSL Inc (RIA DSL);
(1) 31; RIA - DIASource - (DiaS); (1) 31; y un metodo desarrollado en uno de los laboratorios (in-H) (1).El
namero entreparéntesis indica elnimero de laboratorios que emplearon la misma técnica,y comparamos los
resultados por LC MS/MS. Comparativamente a LC MS/MS los niveles fueron en todas las muestras signifi-
cativamente més bajos por AXS y en 18 de las 24 MN por DiaS. En 7 casos; 3 por RIA S, 2 por IMM y 1 por
EQL y Arch los valores de TT fueron superiores al limite superior de sus respectivos métodos. En todos los
casos se obtuvo una gran variacién entre los mismos y con diferentes métodos. Trece de las 15 MH tuvieron
niveles altos de TT por LC MS/MS. De las MH con TT aumentada de acuerdo a la determinacién por LC
MS/MS entre el 12 y el 85 % de las mismas por los distintos métodos fueron normales, indicando que en
la mayoria de los métodos habitualmente utilizados en nuestro medio subvaloran la hipernadrogenemia en
estas pacientes. Estas diferencias se hacen mas notorias a niveles mas bajos de T'T (Se obtuvieron valores
normales en el 71 % de los casos con valores de TT entre 0.47 y 0.74 ng/ml y en el 38 % de los casos, con
niveles de TT mayor a 0.98 ng/ml). En 9 muestras se determiné la T'T empleando una curva en el rango de
0.21 a 6.44 ng/ml preparada con de una mezcla de 78 sueros cuyos valores fueron obtenidos por LC MS/MS.
No se obtuvo una modificacién significativa de los valores indicando que la diferencia entre los distintos
métodos no es debida a las diferentes curvas de calibraciéon de los kit comerciales. En conclusién ninguno de
los métodos mayormente empleados en nuestro medio son aceptables para la evaluacién de niveles menores
a 1.5 ng/ml. Rev Argent Endocrinol Metab 49:159-174, 2012

INTRODUCTION

Determination of Total Testosterone (T'T) or its
free fraction (FT) or Bioavailable Testosterone
(BAT) has proven a useful tool in the diagnosis of
androgenic alterations. In males T'T determination
together with gonadotropins reveals information
about testicular dysfunction®?. In patients with
prostatic cancer metastasis the treatment of
choice involves gonadotropin-releasing hormone
analogues or antiandrogen therapy®. Monitoring
androgen levels is very important in these cases. In
females some of the main clinical manifestations
of hyperandrogenism include hirsutism, acne and/
or loss of scalp hair. TT and FT determination
proves essential in hyperandrogenism and, along

with ovary ultrasound imaging and evaluation
of menstrual cycle-related alterations, it permits
patient streaming into idiopathic hirsutism®,
androgen-producing neoplasm, (late-onset) con-
genital adrenal hyperplasia® or polycystic ovary
syndrome (PCOS)®%® groups.

The earliest TT immunoassays employed triti-
ated T3H as a tracer, extracted the steroid from
the serum with solvents and purified the extract
so as to eliminate proteins and molecules with
related chemical structures which interfere with
the reaction and thus improve result sensitivity
and precision®. These assays were replaced by
others using iodinated TT as tracer and, more re-
cently, by non-radioactive tracers, like fluorescent,
electrochemiluminescent, chemiluminescent and
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colorimetric tracers. Such methods have become

automated and their use widespread in clinical

laboratories.

For all these reasons these immunoassays for
T'T determination are easy to use, relatively cheap
and, being automated, they allow simultaneous
processing of a large number of samples. For T'T
levels in males, methods for TT determination
are, generally speaking, adequately sensitive;
yet they are relatively inaccurate. In hypogo-
nadic men, prepubertal boys or girls, or normal
(NW) or hirsute women (HW), the methods fail
to present enough sensitivity for the T'T levels
expected in these cases, hence their modest clini-
cal usefulness.

On account of these difficulties the Council of
the Endocrine Society appointed a task force to
review the problem and be able to make recom-
mendations about it on the basis of the conclusions
drawn. Assessment work involved reviewing the
literature, gathering data, evaluating the College
of American Pathologists survey data and reaching
consensus towards the final discussion and draft-
ing of the outcome document®.

The main conclusions arrived at point out that:
- direct assay by RIA, ELISA or chemiluminescen-

ce for the methods available for measuring T'T

are technically simple, quick and inexpensive

and can be automated. However, T'T concentra-
tion is often under or overestimated, susceptible
to matrix effects, not standardized and only
relatively accurate, with values at T'T 3.0 ng/ml.

- RIA following extraction and chromatography
permits the use of relatively large volumes for
assay increased sensitivity. Yet, the procedure
is susceptible to matrix effects, proves labor-in-
tensive, demands considerable processing time
and requires a high level of technical expertise.
A summary of the key findings and recommen-

dations is as follows:

- In the absence of other information, direct as-
says (those performed on whole serum) perform
poorly at low T'T concentrations (i.e. in women,
children and hypogonadic men) and should be
avoided.

- Assays after extraction and chromatography,
followed by either mass spectrometry (MS) or
immunoassay, are likely to furnish more reliable
results and are currently preferred.

The task force recommends that this method-
ology be adopted in as much as it improves the
accuracy and precision of androgen evaluation;
it also considers that the latter criteria should

161

prevail over others of simplicity and economy in
TT determination®.

OBJECTIVES

1. Even though sound, thorough quality control
check-ups are done in our country by comparing
the different T'T evaluation methods, these do
not match the sample values obtained by liquid
or gas chromatography -tandem mass spectro-
metry (LC-MS/MS), considered the gold stan-
dard. Thus, drawing on these recommendations,
this study set out to compare the results of TT
obtained by different laboratories employing
the same or different methods, including an
in-Home (in-H) with prior extraction and chro-
matographic purification, and the gold standard
method LC-MS/MS.

2. In addition, the TT results were referred to
a curve obtained by 6 different pools that
had been prepared on the basis of LC-MS/MS
results. This was performed with a view to co-
rrecting discrepancies between the labs.

MATERIALS AND METHODS

The multicenter study was carried out in 18 labo-
ratories in which blood samples corresponding to
various clinical situations were collected follow-
ing previously established inclusion / exclusion
criteria.

The subjects whose serum samples were ana-
lyzed in this study were not under any treatment
whatsoever and did not present any endocrine
disorders or non-endocrine disease that could
interfere with T'T determination. HW showed an
increased score according to Ferriman — Gallwey?
criteria, with or without acne and/or loss of scalp
hair, and with or without menstrual cycle altera-
tions. NW did not present hirsutism, had regular
menstrual cycles and progesterone levels after
ovulation measured in the luteal phase in some
of them.

Blood samples were obtained from 39 individu-
als sorted into 2 groups, namely, NW (n:24) and
HW (n:15). The blood samples were collected in
tubes containing no anti-coagulants or preserva-
tives and the serum was obtained by centrifuga-
tion. For all samples, 20 aliquots of at least 0.5
ml were obtained and kept at -20 °C until they
were sent to each of the labs participating in the
study. Eighteen aliquots of each serum were sent
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for analysis to each lab intervening this study.
Out of each aliquot from each serum sample of
the eighteen sent, one part was analyzed by the
methods in current use in each participating lab,
and the remaining amount was stored at -20 °C
to be re-quantified. A 2 ml aliquot was kept until
all the samples had been collected, so as to have
them all sent on together for analysis by LC-MS/
MS; another 2 ml aliquot was set aside at -20 °C
for performing various mixtures using 78 sera
obtained from 39 normal men, and the serum
samples from NW and HW which were within the
concentration range 0.21-6.44 ng/ml on the basis
of the values yielded by LC-MS/MS. From these
serum samples six serum pools were obtained and
used as secondary calibrators for each method used
for TT determination. The mixture was performed
with values in ng/ml greater than 6; between 4 and
6; between 2 and 4; between 0.7 and 2; between
0.3 and 0.7; and less than 0.3. The mean *+ SD for
each mixture respectively (ng/ml) was 6.44 + 0.68;
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4.70 = 0.63;2.94 + 0.50;1.07 = 0.37;0.44 = 0.13
y 0.21 + 0.06.

Table 1 shows the individual values for each serum
and those for the mixtures performed according to
the concentration limits defined in each table, as
well as the mean and SD of each mixture performed.

TT concentrations for each of the 78 sera were
measured by the methods currently in use in each
of the 18 laboratories participating in the study,
according to the relevant package inserts, and later
repeated by the same method but with reference
to the secondary standard prepared according to
the description above:

The techniques employed are detailed as follows:

5 automated immunoassays:

MEIA, Microparticle Enzyme Immuno Assay -

Axsym - Abbott (Axn)- 3 labs

Chemiluminescence - Architect - Abbott -

(Arch); 2 labs

Chemiluminescence - Immulite - Siemens -

(IMM); 2 labs

TABLE 1. Calibration curve the serum mixtures prepared according to the values obtained by LC-MS/MS (secondary calibrators)

POOL F POOL E POOL D POOL C POOL B POOL A
Higher Between ml used Between Between ml used Between Lowest
6.0 ng/ml 4.0-6.0 ng/ml  in pool  2.0-4.0 ng/ml  0.7-2.0 ng/ml in pool  0.3-0.7 ng/ml 0.3 ng/ml
6.8 4.1 3.7 0.72 4.0 0.40 0.23
6.0 4.1 6.0 3.1 0.71 5.0 0.60 0.30
6.6 4.4 7.0 3.7 0.99 3.5 0.56 0.26
6.0 4.0 2.2 0.74 2.5 0.35 0.28
5.4 5.7 7.0 2.7 0.93 1.5 0.39 0.16
7.4 5.0 5.0 2.5 1.50 2.0 0.41 0.23
6.9 5.2 2.7 1.40 2.0 0.50 0.19

5.1 3.0 1.60 4.0 0.69 0.16
2.2 0.35 0.13
3.0 0.29 0.13
3.7 0.32 0.26
2.8 0.31 0.30
2.7 0.34 0.25
3.0 0.35 0.18
2.6 0.41 0.16
2.8 0.43 0.19
2.7 0.43
3.9 0.53
0.54
0.68
0.47
Media 6.44 4.70 2.94 1.07 0.44 0.21
SD 0.68 0.63 0.50 0.37 0.13 0.06

Note: Mixtures A, B, D and F were performed with equal volumes of sera. The C and E were used for mixing with the volumes specified The

concentration was calculated as the average of the each mixture
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Electrochemiluminescence - Elecsys - Roche-

(EQL); 4 labs

Fluorescent enzymatic - Vidas - Bio-Merieux -

(Vidas) 1 lab
3 manual coated tube radioimmunoassay (RIA)

RIA - Siemens (RIA S); 3 labs

RIA - DSL Inc (RIA DSL); 1 lab

RIA - DIASource - (DiaS); 1 lab,

and one in-H developed by one of the partici-
pating laboratories'?, the description of which is
as follows:

8000 dpm (T'3H) is added to the 0.5 ml serum
and 1ml serum samples for assays on males and
on women respectively in order to assess recovery
and TT is extracted with 2 ml ether-hexane (4:1).
The anti-T Polyclonal Rabbit Antibody was ob-
tained by injecting T-6-oxime: BSA; T3H ~30000
dpm/0.1 ml was used as tracer; the standard curve
was prepared by successive dilutions of a serum
mixture whose TT concentration was measured
by LC-MS/MS, with values from 0.15 to 9.6 ng/ml.
Dextran-coated charcoal was used to separate the
antibody-bound from the free hormone.

Purification of the serum extract was done
by chromatography on 80-200 mesh (Fisher Sci
Co) neutral alumina column previously activated
by successive washes with Ethanol, Methanol,
CI2CH2: Methanol 1:1and CI2CH2. Chromato-
graphic separation was achieved by elution 1)
with 5 fractions of 1 ml Ethanol 1.2 % in Hexane
(androstenedione) and 2) with 5 fractions of 1 ml
Ethanol 3 % in Hexane. Radioactivity is measured
in one aliquot of each fraction and the solvent is
evaporated from the elution in the tube with the
highest radioactivity concentration. The extract
was resuspended in 0.8 ml buffer and RIA was per-
formed in 0.2 ml and 0.4 ml aliquots corresponding
to 100 and 200 male and female serum microliters
respectively. The method permits quantification of
TT levels in a certain standard curve zone for TT
values between 0.6 and 7.2 ng/ml with a coefficient
of variation lower than 6 %, with the following
conditions: within the said range the values in the
two dilutions used ran parallel to the curve, and,
in such range of the curve, it is possible to reliably
assess T'T levels as from 0.3 ng/ml in men and as
from 0.15 ng/ml in women.

Results obtained for each serum by the methods
currently employed in each lab were compared to
those obtained by LC-MS/MS (Quest labs, USA).
T'T determinations were repeated by the very same
methods but this time using as calibration curve
the serum mixtures prepared according to the val-
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ues obtained by LC-MS/MS (secondary calibrators)
as it is described in the paragraph above. These 6
serum mixtures were included as samples in each
one of the runs of the various intervening labs and
each participant reported the dose values obtained.
For calculation purposes, we have identified each
one of these values as “counts”.

On the basis of each dose value obtained by
LC-MS/MS as dose values for a calibration curve,
and taking the dose values obtained by the various
laboratories as “counts”, a calibration curve was
constructed for each laboratory in which the dos-
age values / T'T counts obtained for each patient
were extrapolated. Results calculated with the
curve thus constructed unify the dose values re-
ported and therefore relieve us from following the
recommendations attached to the specific insert
in every method.

STATISTICAL STUDY

Asregards the statistical analysis of the Axs, EQL,
IMM, Arch and RIA S method, the measurements
corresponding to the respective laboratories using
these methods were averaged for every sample.
Such average was taken as the T'T concentration
of the method in question.

Descriptive statistics: mean, standard devia-
tion (SD), median, minimum and maximum were
calculated for each one of the 9 methods.

The T'T concentrations measured for each one of
the 9 methods were compared with those obtained
by LC-MS/MS using paired-sample Wilcoxon non-
parametric signed-rank test. Fisher’s exact two-
tailed test was run, too.

Spearman’s correlation coefficient was calcu-
lated among the values obtained by LC-MS/MS
and by each one of the methods. The test was
done in order to analyze whether the correlation
is significantly different from 0 (zero).

In order to analyze the concordance of each one
of the 9 methods with one another and with LC-
MS/MS, Bland-Altman“? analysis was performed.
Limits of agreement were calculated by estimating
the mean difference + 1.96 standard deviation
(STD) of the differences.

Weighted Deming regression® was run on each
of the 9 determination procedures from which LC-
MS/MS was taken as independent variable (x) and
the method as dependent variable (y). This equa-
tion permits finding the ratio between the values
obtained by both methods.
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This research was done according to the ethical
standards of the Declaration of Helsinki.

RESULTS

Figures 1 and 2 show comparative results for NW
of the various immunoassays contrasted against
those obtained by LC-MS/MS. Only one NW pre-
sented T'T values by LC-MS/MS above the normal
range (> 0.45 ng/ml). TT levels in this sample
were normal with all immunoassays except for one
participant with the Arch technique.

Table 2 shows the values of T'T, median, mean,
SD and concentration range (ng/ml) obtained both
by LC MS/MS and by immunoassay for the samples
from NW and HW. The results of the statistical
analysis of the data are also entered. For normal
and HW “n” was 24 and 15 respectively except for
DiaS at 21 and 13 respectively for the two groups.

RAEM 2012. Vol 49 « N° 4

Figure 3 shows TT values determined by LC-MS/
MS in the 15 HW. As it can be seen, the method
yielded increased T'T values for 13 out of the 15 HW.

Figures 4 and 5 present a comparison of the
results by the various immunoassays versus those
resulting from the tests by LC-MS/MS in NW.
From the HW with high TT scores by LC-MS/
MS, increased values resulted in: 2 cases by Axn
5 cases by EQL, 7 cases by IMM, 5 by Arch, 8 by
RIA S, 3 by DiaS, 2 by Vidas and 12 cases by In-
H. A further characteristic of the results obtained
by the different methods in contrast with LC-MS/
MS is that the 2 HW with normal T'T by the latter
method, TT values in one case by IMM, by RIA
S and DiaS values were above the upper cut-off
values suggested for those methods. Table 3 shows
in percentages the HW with normal T'T for whom
increased T'T values were obtained by LC-MS/MS.
For the results obtained by the In-House method

TABLE 2. Testosterone values obtained by 9 testosterone immunoassay and LC MS/MS
for samples from normal women (up) and hirsutes women (down).

Methods LC Axn EQL IMM Arch Ria S RiaDSL DiaS InH Vidas
MSMS

Mean 0.27 0.22 0.34 0.26 0.33 0.36 0.30 0.56 0.29 0.23
SD 0.10 0.10 0.21 0.18 0.14 0.18 0.18 0.24 0.10 0.15
Median 0.28 0.21 0.37 0.16 0.35 0.33 0.24 0.59 0.30 0.19
Minimum 0.13 0.07 0.08 0.02 0.12 0.15 0.12 0.15 0.14  0.10
Maximum 0.53 0.44 0.85 0.62 0.62 0.95 0.87 1.00 0.50 0.79
p(Wilcoxon) 0.013 0.107 0.710 0.017  0.017 0.560 0.000 0.534 0.043
Bland-Altman analysis:

mean difference 0.05 -0.07 0.01 -0.06 -0.09 -0.03 -0.29 -0.02 0.03

agreement limits -0.10 -0.40 -0.26 -0.28 -0.41 -0.30 -0.70  -0.19 -0.17
Sig bilateral 0.00 0.001 0.00 0.002  0.029 0.001 0.022 0.001 0.00
Methods LC MSMS Axn EQL IMM Arch Ria S Ria DSL DiaS InH Vidas
Mean 0.74 0.50 0.83 0.87 0.80 0.88 0.76 0.56 0.29 0.23
SD 0.33 0.21 0.52 0.44 0.64 0.43 0.60 0.24 0.10 0.15
Median 0.69 0.47 0.69 0.75 0.55 0.77 0.55 0.59 0.30 0.19
Minimum 0.35 0.09 0.34 0.23 0.41 0.44 0.31 0.15 0.14  0.10
Maximum 1.50 0.92 2.05 1.95 2.87 1.92 2.69 1.00 0.50 0.79
p(Wilcoxon) 0.011 0.359 0.066 0.679 0.015 0.187 0.000 0.534 0.043
Bland-Altman analysis:

mean difference 0.25 -0.09 -0.13 -0.06 -0.14 -0.02 -0.29 -0.02 0.03

agreement limits -0.35 -0.62 -0.61 -0.90 -0.50 -0.74 -0.70 -0.19 -0.17
Sig bilateral 0.098 0.000 0.000 0.001 0.000 0.000 0.289 0.000 0.000

Axn: Abbott - Axsym; EQL: Roche - Elecsys; Imm: Siemens Immulite; Arch: Abbott - Architect; RIA S: Siemens RIA;
RIA DSL: RIA DSL Inc; DiaS; DiaSource RIA; In H: In home RIA; Vidas: Bio-Merieux
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Figure 1. Relation between Testosterone levels obtained by various methods and by LC-MS/MS
in normal women. The different symbols in each set of results indicate the various laboratories
that employed the same methodology. The arrows in the upper section of each graph indicate
the upper cut-off limits for each method according to its insert. The arrows on the right of each
set indicate the upper limit for normal women obtained by LC-MS/MS.

Note: Axn: Abbott-Axsym; EQL: Roche-Elecsys; Imm: Siemens Immulite; Arch: Abbott-Architect.
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Figure 2. Relation between Testosterone levels obtained by various methods and by LC-
MSMS in normal women. The different symbols used for the set of results obtained by the
Siemens RIA method indicate the various laboratories that employed the same methodology.
The results expressed in black diamonds and white diamonds stand respectively for results
obtained by DiaSouce RIA and by Vidas methods. The arrows in the upper section of each
graph indicate the upper cut-off limits for each method according to its insert. The arrows
on the right of each set indicate the upper limit for normal women obtained by LC-MS/MS.
Note: Vidas: Bio-Merieux; RIA S: Siemens RIA; RIA DSL: RIA DSL Inc; In H: In home
RIA; Dia S: DiaSource RIA.
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discrepancy by reference to LC-MS/MS was 12 %
while for the remaining methods it ranged between
31 and 85 %. The greatest discrepancies occurred
at the lowest TT concentrations. For increased
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Figure 3. Results of TT tested by LC-MS/MS in 15 patients
with hirsutism, acne with or without cycle abnormalities (Quest
Diagnostics, Nichols Institute).
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TT levels by LC-MS/MS within the range 0.47 to
0.74 ng/ml (cut-off value for this method is 0.45
ng/ml) the average discrepancy was 71 % while for
values by LC-MS/MS above 0.9 ng/ml discrepancy
was 38.5 %.

Significance levels for paired-sample Wilcoxon
non-parametric signed-rank test are shown in
Table 2. For methods Axn, EQL, Imm, Arch and
RIA S methods employed by two or more labs the
average determination value was used. P-values
below 0.05 (p < 0.05) were considered statisti-
cally significant. In NW the results yielded by
methods Axn, Arch and RIA S, DiaS and Vidas
methods differ significantly from those by LC-
MS/MS. For both groups p was below 0.05 (p <
0.05). In the HW group T'T values by Axn and
DiaS showed no significant correlation vs. those
by LC-MS/MS (Spearman’s correlation 0.324 and
0.292 respectively and bilateral Sig 0.24 and 0.332
respectively). Other correlations proved statisti-
cally significant (p < 0.05).

Weighted Deming regression was run on each
one of the 9 quantification methods taking LC-
MS/MS as independent variable (x) and each
method (y) as dependent variable. The regression
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Figure 4. Relation between Testosterone levels obtained by various methods and by LC-MS /MS
in hirsute women. The different symbols in each set of results indicate the various laboratories
that employed the same methodology. The arrows in the upper section of each graph indicate the
upper cut-off limits for each method according to normal women values obtained in this study. The
arrows on the right of each set indicate the upper limit for normal women obtained by LC-MS/MS.
Note: Axn: Abbott - Axsym; EQL: Roche - Elecsys; Imm: Siemens Immulite; Arch: Abbott - Architect.
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Note: Vidas: Bio-Merieux; RIA S: Siemens RIA; RIA DSL: RIA DSL Inc; In H: In home RIA; Dia S:

DiaSource RIA.

TABLE 3. Percentages the hirsute women with normal testosterone levels

for whom increased testosterone values were obtained by LC-MS/MS

Method (# of labs):

10

2)

3@

4@

50

6

70

8 (1)

9 (1)

52

42

70

64

31

12

69

Samples with normal T (%): 85

Note: 'Axn: Abbott - Axsym; 2EQL: Roche - Elecsys; *Imm: Siemens Immulite; “Arch: Abbott - Architect;
5: RIA S: Siemens RIA; 6: RIA DSL: RIA DSL Inc 7: Dia S: RIA DiaSource; 8: In H: In home RIA; 9: Vidas: Bio-Merieux
Number between brackets represent the number of lab wich used the same technique

was not calculated for Axn since it did not prove
concordant in any group. This equation allows the
ratio between the two methods to be established.
Table 4 for each shows the results obtained for
each method both in the NW group as in the HW
group. The In-H method is the one that comes
closest to 1 in the equation and to SD intercept
also has close to zero indicating that the values
match with the LC- MS/MS method.

The results from NW samples analyzed by
the ratio method are shown in Figure 6. As can
be seen, Vidas, Axn, and RIA S underestimated
TT for the range of female concentrations
tested. Wilcoxon test yielded significant dif-
ferences in values by LC-MS/MS (p< 0.02 for
Arch and RIA S and p< 0.042 for Vidas). DiaS
overestimated results in the range of female
concentrations tested. Values for women’s T'T
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TABLE 4. Results of the regression equation weighted
Deming LC MSMS method taking as the independent
variable (x) and each method (y) as the dependent variable.
For each method, the (n) for normal women (NW)
is 24 and hirsutism women (HW) is15, except
for DiaSource, NW (n: 21) and HW (n:13).

Method Group Equation SD
Intercep
Elesys (EQL) NW y: -0.226 + 2.104 x  0.2000
HW y: -0.334 + 1.572 x 0.1281
Siemens Immulite IMM)  NW y: -0.234 + 1.843 x 0.1132
HW y: -0.115 + 1.328 x 0.1739
Architect (Arch) NW y: -0.048 + 1.405 x  0.1002
HW y: -0.629 + 1.924 x 0.7314
Siemens Coat-a-tube NwW y: -0.148 + 1.877 x 0.3144
(Ria Si) HW y: -0.082 + 1.296 x  0.1008
DSL Inc (RIA DSL) NW y: -0.178 + 1.791 x  0.1931
HW y: -0.590 + 1.821 x 0.5541
DiaSource (DiaS) NwW y: -0.012 + 2.149 x 0.2775
HW y: -0.048 + 1.410 x 1.1361
In home (In H) NW y: 0.0186+1.002x  0.0708
HW y: -0.002 + 0.976 x 0.0854
Bio-Merieux (Vidas) NwW y: -0.185 + 1.560 x 0.1444
HW y: -0.242 + 1.214 0.3076

concentration were widely dispersed for the
other immunoassays.

Following Bland and Altman’s plots, limits of
agreement specified the mean difference +1.96
STD for each method, considering at outside the
limits of agreement more than 5 % of results ly-
ing outside the limits in the quotient graph. The
mean * SD of the TT concentrations ratio as well
as the limits for each method are shown in Figure
6. Two results were obtained (over 5 %) that fell
outside the limits for EQL, IMM, Arch, whereas
it was concordant for DSL, and In-H.

The results for the HW samples analyzed by
the ratio method are shown in Figure 7. Wilcoxon
test yielded significant differences by LC-MS/MS
(p < 0.02) for RIA S. Figure 7 also shows the mean
+ SD of the T'T concentrations ratio as well as the
limits of agreement for each method according to
Bland and Altman’s plots. Results for EQL and
Arch (more than 5 %) fell outside the limits. As for
IMM values, even though they do not fall outside
concordance bands, one of them is on the line and
several others in the neighboring area. Values by
RIA DSL proved concordant. Still, most of the
values are plotted above the baseline, which sug-
gests that values by this method are higher than
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those obtained by LC-MS/MS. Like results were
obtained by DiaS, RIA S, In-H and Vidas.

Figure 8 shows the results of the secondary
curve obtained by the different methods. As this
curve was used as a secondary standard and the
various sera which had previously yielded discor-
dant values by LC-MS/MS were reanalyzed, the
results were not significantly modified (Table 5a
y 5b). Given that the In-H method employs as
standard curve a serum pool assessed by LC-MS/
MS, the results of the samples reanalyzed with the
secondary curve were identical to those previously
obtained.

DISCUSSION

The comparative study of the T'T concentrations
obtained from aliquots of the same NW and HW
blood samples showed that there is great qualita-
tive and quantitative variability among the dif-
ferent methods in current use in our area. A com-
parison of the results obtained revealed significant
differences between these methods and Quest
Lab using turbulent flow liquid chromatography /
tandem mass spectrometry¥. Similar results have
been previously published® 1517,

In the NW group, 1 of the 15 NW showed TT
levels above the upper cut-off limit for LC-MS/
MS. Given that the inclusion criterion criteria in
this group had been for women to present normal
cycles, have no hirsutism and not being under
any treatment whatsoever that could affect TT
levels or testosterone transport, an increase in
SHBG by contraceptives or other drugs induc-
ing such effect must be ruled out. As this was a
double-blind study, every participant lab had the
sera sent to the project coordination centre; the
aliquots were separated and given different labels,
and then referred back to the intervening labs and
for LC-MS/MS. Once all the methods were run for
all the samples, one of the samples within the NW
group was found to present an increased T'T score
by LC-MS/MS. The trial on TT transport on this
patient could not continue due to an insufficient
serum volume or the impossibility of drawing a
new sample, with the hypothesis for his occurrence
being an endogenous SHBG increase that accounts
for the absence of hirsutism in the presence of free
testosterone levels. This increase went undetected
in all but one of the labs (Arch) while by the In-H
method the score lay on the limit of the upper nor-
mal range. As for the samples resulting in normal
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Figure 6. Testosterone levels in normal women obtained by the various immunoassays
and LC-MS/MS methods as evaluated by the ratio method. .The y axis represents the ratio
testosterone concentration by immunoassay / testosterone concentration by LC-MS/MS and
the x axis represents the testosterone concentration measured by LC-MS/MS. Each point re-
presents an individual value. Results obtained by Axn, EQL, Imm, Arch and RIA S correspond
to those obtained in 3, 4, 2, 2 and 3 laboratories respectively employing such techniques. RIA
DSL , DiaS, Vidas and an In-H correspond to a single one lab employing this methodology.
Note: Axn: Abbott - Axsym; EQL: Roche - Elecsys; Imm: Siemens Immulite; Arch: Abbott
- Architect; Vidas: Bio-Merieux; RIA S: Siemens RIA; RIA DSL: RIA DSL Inc; In H: In

home RIA; Dia S: DiaSource RIA.

TT by LC-MS/MS, on the other hand, increased
scores were obtained in one sample for one of the
labs employing EQL, in three samples for two of
the labs using RIA S and in one sample by DSL.
It must be noted that the methods used by more
than one lab yielded widely dispersed values. No
single factor can clearly explain such disparity;
it could be due to differences among the various
lots of commerecial kit or in the calibration of the
various types of equipment employed.

TT levels in hirsute patients by LC-MS/MS were
high except in two cases showing normal scores.
The aim of this study was to compare TT results
obtained by different methods and by LC-MS/
MS; for this reason the hirsute patients’ previ-
ous diagnoses were not documented. According
to the Androgen Excess Society (AES)’ Guideline
for defining PCOS, in which the syndrome is
described as a predominantly hyperandrogenic
disorder, these two women could constitute cases
of hyperandrogenism without ovary dysfunction

(Phenotype K), idiopathic hirsutism (Phenotype O)
or PCOS without hyperandrogenemia (Phenotype
E, F or H)19,

TT values (range, median, mean and SD)
showed high dispersion both in the HW and in
the NW groups. This was seen not only among
labs using different methods but also among those
sharing the same technique. By comparison with
the values obtained by LC-MS/MS, the differences
among all the methods were considerable.

In order to determine if a given sample from
the HW group had yielded normal or increased
scores, the upper cut-off values obtained in the
NW group for each method were taken as upper
cut-off limits. All the methods employed in this
study were found to underestimate the number
of patients with hyperandrogenism in HW when
comparing their scores with those obtained by
LC-MS/MS. This gap widens when TT levels are
lower. This mismatch is due to the fact that meth-
ods using liquid or gas chromatography, or better
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Figure 7. Testosterone levels in hirsute women obtained by various immunoassays and
LC-MS/MS as evaluated by the ratio method. The y axis represents the ratio testosterone
concentration by immunoassay / testosterone concentration by LC-MS/MS and the x axis
represents the testosterone concentration measured by LC-MS/MS. Each point represents
an individual value. Results obtained by Axn, EQL, Imm, Archt and RIA S correspond to
those obtained in 3, 4, 2, 2 and 3 laboratories respectively employing such techniques. RIA
DSL, DiaS, Vidas and In-H correspond to a single one lab employing this methodology.
Note: Axn: Abbott - Axsym; EQL: Roche - Elecsys; Imm: Siemens Immulite; Arch: Abbott
- Architect; Vidas: Bio-Merieux; RIA S: Siemens RIA; RIA DSL: RIA DSL Inc; In H: In
home RIA; Dia S: DiaSource RIA.

still, those using an isotope-dilution - tandem MS/ differing scores from those by LC-MS/MS. Par-
MS (ID GC-MS) measurement procedure suffer ticularly among HW, in qualitative terms, there
neither interference from cross reactions nor was alower number of women with hyperandro-
matrix effects; it is on account of these traits that genemia. This, from a clinical standpoint, turns
they have been considered reference procedures out to be a problem when it comes to phenotyping
for the evaluation of steroid immunoassays**?”. individuals.
In a similar study, Ognibene et al. demonstrated From a statistical point of view, the equation
that highly dispersed results were obtained at obtained by weighted Deming regression analy-
very low T'T concentrations or, with some systems, sis in NM and in HW was greater than 1 for all
notably with Immulite 2000, there was a marked methods except In-H. The intercept also showed
underestimation of values. The resultsin the latter  high dispersion, indicating that the methods do
study revealed that only Architect 2000 proved not adequately correlate with LC-MS/MS. The
concordant with ID GC-MS®V at low T'T concentra-  better concordance demonstrated by In-H could
tion levels. Our results, on the other hand, differ  be due to the fact that the methodology allows for
from those presented by Ognibene, since for the a greater sample volume to be processed, with a
intervening labs using Arch the scores obtained by = consequent improved analytical sensitivity. The
this method did not correlate with those by LC-MS/  lower sensitivity of the various immunoassays at
MS. This discrepancy could possibly be due to the low T'T concentrations could possibly be a non-
different types of HW sample analyzed. concordance factor with LC-MS/MS.

In short, the various immunoassays employed An analysis of Wilcoxon non-parametric test,
for determination of TT in NW and HW yielded performed to compare the T'T concentrations
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Note: Axn: Abbott - Axsym; EQL: Roche - Elecsys; Imm: Sie-
mens Immulite; Arch: Abbott - Architect; Vidas: Bio-Merieux;
RIA S: Siemens RIA; RIA DSL: RIA DSL Inc; In H: In home
RIA; Dia S: DiaSource RIA.

measured for each one of the methods by refer-
ence to LC-MS/MS, revealed significant differences
(p <0.05) in the NW group by Axn, Arch, RIA S,
DiaS and Vidas, and so it did among HW by Axn,
RIA S and DiaS.

Bland-Altman’s analysis, too, shows a lack of
concordance between the results obtained by LC-
MS/MS and by the different immunoassays both
for NW and for HW, which goes to prove there is a
fair amount of imprecision in the latter methods.

From a clinical point of view, most —if not all- of
the immunoassays evaluated in this study failed
to draw adequate distinctions in T'T levels within
the NW range so as to actually tell normal from
abnormal androgen concentrations. One of the
possible reasons for this defective correlation be-
tween the immunoassays and LC-MS/MS could be
found in the methods’ detection limits and their
low functional sensitivity. That is why, while not
proving thoroughly validated, In-H, which allows
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extraction of greater serum volumes, was the
method to yield the best correlation coefficient and
fewest false negatives for the HW group (normal
TT values in samples with increased values by
LC-MS/MS).

There is no universally acknowledged TT cali-
bration standard (9). On this account, we set up a
secondary reference standard on the basis of serum
mixes whose concentrations had been determined
by LC-MS/MS. The reassessment of the NW and
HW samples calculated according to this prepara-
tion did not significantly modify the results. This
would suggest that it is not actually the standard
that is responsible for dissimilarities between
chromatographic and immunoassay methods and
among immunoassays themselves.

As it has been previously described, what could
account for poor concordance between the im-
munoassays and LC-MS/MS is a cross reaction of
the antibodies with related steroids®? or of drugs
interacting with SHBG®? in direct immunoassays.
Tracers, particularly non-tritiated ones depending
on SHBG affinity and certain types of antibody
employed®* 2> could also be responsible for low con-
cordance rates. Extractive and chromatographic
purification procedure on serum samples of NW
following the recommendations attached to the
specific insert in every method did not improve
the high results variability observed among the
different techniques available®®.

TT determination has long been used as a useful
tool in the diagnosis of hypo- and hyperandrogen-
emia-associated conditions. A major downside,
though, turns out to be the poor comparability
among the results obtained by the various meth-
ods. With that in mind, every effort should be
directed towards standardization of the quantify-
ing process. Special emphasis should be placed
on pre- and post analytical aspects such as the
reference range. The Centers for Disease Control
and Prevention, National Center for Environment
Health, Division of Laboratory Sciences have
recently released a project for standardization of
steroid hormone assessment?”., This study pro-
poses a common calibration standard, that is, a
primary standard®®, the matrix employed by kit
manufacturers to calibrate their immunoassay,
sample preparation®, validation of results to a
reference technique®-®Y, as well as clear-cut, well-
adjusted values for an adequate number of subjects
in a well-characterized population, utilizing a
well-defined procedure. In the future a study of
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TABLE 5A. Testosterone level results in 5 serum samples. The levels of which were determined by LC MS/
MS and recorded for each of the samples were determined by various laboratories according to the package
inserts for each method (I) and repeated by calculating them with the calibration standards prepared
on the basis of the values obtained by LC MS/MS (LC).

Sample1 Sample 2 Sample 3 Sample 4 Sample 5
0.30 ng/ml 0.26 ng/ml 3.10 ng/ml 3.10 ng/ml 0.54 ng/ml
Method | LC | LC | LC | LC | LC
Axn 0.36 0.34 0.48 0.50 2.90 3.40 2.60 3.06 0.65 0.71
Axn 0.20 043 0.10 0.14 2.30 5.58 1.50 3.88 0.31 0.75
Axn 0.19 0.29 0.30 0.41 2.83 3.05 2.78 3.00 0.40 0.52
EQL 0.24 0.18 0.29 0.24 3.10 3.23 3.00 3.13 0.61 0.58
EQL 0.1 0.16 0.24 0.27 3.67 3.32 3.57 3.22 0.52 0.52
EQL 0.16 0.13 0.29 0.25 3.47 3.21 3.52 3.26 0.65 0.58
EQL 0.17 0.13 0.28 0.25 3.29 3.46 3.22 3.39 0.57 0.56
IMM 0.23 0.21 0.40 0.32 3.30 3.47 3.00 3.40 0.70 0.64
IMM 0.22 0.12 0.46 0.33 3.54 2.94 3.45 2.85 0.87 0.67
Arch 0.40 0.19 0.45 0.24 3.46 3.14 3.43 3.11 0.66 0.44
Vidas 0.13 0.13 0.20 0.22 3.66 3.82 2.99 3.13 0.52 0.64
RIA S 0.10 0.20 0.36 0.46 3.20 2.43 3.23 2.45 0.38 0.48
RIA S 0.15 0.14 0.29 0.26 3.03 2.89 3.05 2.92 0.50 0.44
RIA DSL 0.12 0.12 0.26 0.26 4.00 4.00 4.00 4.00 0.60 0.60
RIA S 0.28 0.21 0.41 0.33 3.10 2.82 3.45 3.16 0.66 0.56
InH 0.29 0.28 0.28 0.28 3.12 3.10 3.11 3.10 0.50 0.51
DiaS 0.23 0.10 0.42 0.27 3.80 3.17 4.10 3.43 0.65 0.46

Note: Axn: Abbott - Axsym; EQL: Roche - Elecsys; Imm: Siemens Immulite; Arch: Abbott - Architect; Vidas: Bio-Merieux; RIA
S: Siemens RIA; RIA DSL: RIA DSL Inc; In H: In home RIA; Dia S: DiaSource RIA Samples 3 and 4 are the same. Participants
did know it when the samples were processed.

TABLE 5B. Testosterone level results in 4 serum samples The levels of which were
determined by LC MS/MS and recorded for each of the samples were determined by
various laboratories according to the package inserts for each method (I) and repeated

by calculating them with the calibration standards prepared on the basis
of the values obtained by LC MS/MS (LC).

Sample 6 Sample 7 Sample 8 Sample 9

0.35 ng/ml 3.73 ng/ml 3.73 ng/ml 0.28 ng/ml
Method I LC I LC I LC I LC
Axn 0.58 0.62 3.48 4.03 460 5.21 0.27 0.23
Axn 0.43 1.11 1.60 4.10 1.99 4.93 0.32 0.78
Axn 0.61 0.76 3.02 3.28 3.15 3.44 0.44 0.57
EQL 0.64 0.61 3.94 4.14 3.80 3.98 0.92 0.91
EQL 0.66 0.64 4.38 3.95 0.51 0.51
EQL 0.69 0.62 4.21 3.90 416 3.85 0.65 0.58
EQL 0.67 0.67 3.81 4.01 3.83 4.04 0.56 0.55
IMM 0.45 0.36 4.00 4.10 3.40 3.60 0.90 0.92
IMM 0.76 0.58 4.37 3.78 411 3.50 0.56 0.42
Arch 0.77 0.55 3.62 3.29 3.61 3.28 0.71 0.49
Vidas 0.41 0.50 3.81 3.98 4.08 4.28 0.45 0.55
RIA S 0.28 0.38 3.36 2.53 5.16 4.13
RIA S 0.39 0.34 3.38 3.33 3.22 3.13 0.52 0.46
RIA DSL 0.38 0.38 3.00 3.00 3.00 3.00 0.10 0.10
RIA S 0.52 0.43 3.51 3.22 4.07 3.76 0.63 0.53
In H 0.38 0.36 3.70 3.70 3.68 3.70 0.21 0.26
DiaS 0.69 0.49 3.10 2.57 3.10 257 0.68 0.49

Note: Axn: Abbott - Axsym; EQL: Roche - Elecsys; Imm: Siemens Immulite; Arch: Abbott - Architect;
Vidas: Bio-Merieux; RIA S: Siemens RIA; RIA DSL: RIA DSL Inc; In H: In home RIA; Dia S: DiaSource RIA
Participants did know it when the samples were processed Samples 7 and 8 are the same. Participants
did know it when the samples were processed.
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this type will permit validation of the various im-
munoassays used for different endocrine diseases
in routine clinical practice.

In conclusion, similarly to results previously
obtained elsewhere and, as it has been widely
discussed in the course of this communication,
our results clearly demonstrate that none of the
immunoassays in current use locally present suf-
ficient precision for quantifying concentrations
lower than 1.5 ng/ml, such as those in normal,
hirsute women and children levels.
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