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Introduction

It has long been recognized that immunoassays cannot accurately
quantify steroid hormones such as testosterone, estradiol, and aldoste-
rone in certain patient populations. While these immunoassays are
available as US Food and Drug Administration (FDA)-approved tests,
laboratory-developed liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS) assays have become the cornerstone of clinical care
when low concentrations of these hormones are present in patient
samples. Historically, LC-MS/MS assays have been developed and vali-
dated in clinical laboratories under the auspices of the Clinical Labora-
tory Improvement Amendments of 1988 (CLIA ’88). However, the
Verifying Accurate Leading-edge IVCT Development Act of 2022 pro-
poses that the validation of these LC-MS/MS assays should be reviewed
by the FDA. This mini-review focuses specifically on testosterone,
estradiol, and aldosterone in terms of the clinical utility of laboratory-
developed LC-MS/MS assays to quantify these hormones, discussing
immunoassay limitations common to all analytes, and highlighting the
need for these laboratory-developed LC-MS/MS assays to remain under
the purview of CLIA’88.

Testosterone

Testosterone is a steroid hormone responsible for the development of
male characteristics and spermatogenesis. It circulates in the body
bound to sex hormone binding globulin (~44 % in men and 66 % in
women) and albumin (~33-54 %) [1]. A small percentage of testos-
terone is bound to cortisol-binding protein and alpha-1-acid glycopro-
tein, with the rest remaining free [1]. Clinically, total testosterone
concentrations are measured in pediatric patients with ambiguous
genitalia, precocious or delayed puberty; adult males with hypogonad-
ism; and females with suspected polycystic ovarian syndrome, irregular
menstrual periods, or androgen excess [2-4]. Further, in transgender
individuals, testosterone may be measured to verify if gender-affirming
therapy is successfully increasing or decreasing total testosterone con-
centrations [5,6]. Reference intervals for testosterone vary widely
depending on age and gender; however, the lower concentration of the
reference interval in certain age groups can be as low as 2 ng/dL [7,8].

Historically, testosterone was measured clinically by solvent
extraction followed by radioimmunoassay (RIA) or by gas
chromatography-mass spectrometry (GC-MS), the latter of which
required derivatization and a sample preparation step [9]. Direct
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immunoassays, which do not require sample preparation, were later
introduced and were commonly used in clinical laboratories [9]. While
this increased access to testing and the throughput of samples, it became
clear that immunoassays were neither as specific nor sensitive as either
RIA or mass spectrometry-based assays, due to their cross-reactivity
with other analytes in the sample and differential matrix effects be-
tween patient samples [9,10]. When liquid chromatography-tandem
mass spectrometry (LC-MS/MS) started being introduced into clinical
laboratories, it was realized that testosterone could be measured using
this technology without derivatization, while retaining the highly spe-
cific and sensitive quantification of GC-MS [11]. Consequently, LC-MS/
MS has become the gold standard technique for measuring testosterone
in certain patient populations [11].

A further complicating factor in the historical measurement of
testosterone was the lack of standardization between assays designed to
quantify this steroid hormone. This issue was brought to the forefront in
2007 when the Endocrine Society released a position statement
acknowledging this issue and recommending improvement [9]. In
response, the Centers for Disease Control and Prevention (CDC), Na-
tional Center for Environmental Health, Division of Laboratory Sciences
(CDC/NCEH/DLS) started the Hormone Standardization Program
(HoSt), initially focusing on testosterone [12]. This program determined
the desired performance specification for testosterone assays of an
overall mean bias of +6.4 % based on biological variation [13]. It then
focused on developing a Candidate Reference Measurement Procedure
(RMP) for testosterone using LC-MS/MS [14]. Manufacturers of immu-
noassays, and/or laboratories with laboratory-developed mass spec-
trometry assays, could then voluntarily participate in the HoSt program
by comparing their method to the CDC RMP, using samples provided by
the CDC for a charge. Methods that pass the desired performance spec-
ifications are then listed on the CDC website [15].

In a recent College of American Pathologists (CAP) proficiency
testing survey for testosterone (Y-B 2022), it was seen that the vast
majority of laboratories measured testosterone by immunoassay (n =
1558), while 40 labs measured testosterone by mass spectrometry. For
laboratories that are accredited by CAP, participation in this CAP survey
is compulsory if they are measuring testosterone and/or estradiol. Fig. 1
and Table 1 show the mean testosterone results for one of the survey
samples (Y-06) for the five most commonly used immunoassays and the
mass spectrometry peer group. It can be seen that the concentrations
reported for the mass spectrometry assays and three of the immunoas-
says were close (84-86 ng/dL), while one of the immunoassays reported
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Table 1

Mean, standard deviation and % coefficient of variation (%CV) of testosterone
results from a College of American Pathologists Y-B 2022 proficiency testing
survey sample for the five most commonly used immunoassay (IA) peer groups
and the mass spectrometry peer group.

Assay number n Y-06 mean concentration Standard %
ng/dL Deviation Ccv
IA1 247  84.18 6.05 7.2
1A 2 219 85.8 4.19 4.9
1A3 199  89.97 4.53 5
1A 4 154  75.68 5.3 7
1A5 148  84.8 4.37 5.2
Mass 40 83.96 10.28 12.2
spectrometry

a mean result that was ~ 11 % lower (76 ng/dL) and another immu-
noassay reported a result that was ~ 6 % higher (90 ng/dL). It can also
be seen that the SD of the mass spectrometry assays is wider than that of
the immunoassays, which is expected since the mass spectrometry as-
says are all laboratory-developed, likely using different reagents and
methods, while the immunoassay peer groups will all be using the same
instrument and/or reagents.

Since participation in the CDC hormone standardization program is
cost-prohibitive for some, an alternative way to measure accuracy is to
participate in the voluntary Accuracy-Based Proficiency Survey for
testosterone, available from CAP with target values set by the CDC RMP
[16]. In a recent accuracy-based CAP proficiency testing survey for
testosterone (ABS-B 2022), a total of 65 labs reported results, with 25 of
the labs using mass spectrometry and the remainder using immuno-
assay. Table 2 lists the reported median testosterone concentrations for
the five most commonly used immunoassays and for the mass spec-
trometry peer group, as well as the testosterone concentration deter-
mined by the CDC RMP, which was 36.7 ng/dL. As can be seen, the mass
spectrometry peer group has a median of 37 ng/dL, which is very close
to the CDC RMP concentration. Two of the immunoassays have medians
close to the CDC RMP concentration at 38 and 40 ng/dL, respectively.
However, the other immunoassays have medians that are up to 44 %
different from the CDC RMP concentration. It can also be seen from
Table 1 that the difference between the minimum and maximum con-
centrations reported for each of the methods can be significant, espe-
cially for the mass spectrometry peer group. This is likely due to
differences in calibration between the testosterone mass spectrometry
assays; however, it has been shown that harmonization of testosterone
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Fig. 1. Mean testosterone results of a College of American Pathologists Y-B 2022 proficiency testing survey sample for the five most commonly used immunoassay
(IA) peer groups and the mass spectrometry peer group. Error bars = +2 standard deviations.
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Table 2
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Median, minimum and maximum testosterone results of a College of American Pathologists ABS-B 2022 proficiency testing survey sample for the five most commonly
used immunoassay (IA) peer groups and the mass spectrometry peer group. Reference method is the CDC reference method performed by the Clinical Chemistry

Branch, Centers for Disease Control and Prevention (Atlanta, Georgia).

Assay number

=}

ABS-06 median concentration (ng/dL)

Minimum reported concentration (ng/dL)

Maximum reported concentration (ng/dL)

1Al 8 40
1A2 7 51
1A 3 7 21
1A 4 6 38
1A5 5 24
Mass spectrometry 25 37

39
40
19
34
23
25

43
54
24
40
26
54

Reference method 36.7 ng/dL.

LC-MS/MS assays across different laboratories is possible [17].

While improvements have been made in the standardization efforts
for measuring testosterone, published studies still indicate inaccuracies
in immunoassays compared to LC-MS/MS assays. Immunoassays tend to
overestimate testosterone concentrations when they are < 100 ng/dL,
which is the range in which female adult and pediatric samples tend to
occur, and they underestimate concentrations when they are > 100 ng/
dL [18]. Cross-reactivity of testosterone immunoassays with fetal and
placental steroids, as well as dehydroepiandrosterone sulfate (Fig. 2),
has been implicated as a cause of the inaccuracy [19,20]. In one clinical
case, a pediatric patient had an unexpectedly high testosterone con-
centration by immunoassay, but when measured by LC-MS/MS, the
result was over 85 % lower. When the sample was extracted with
methanol and re-run on the immunoassay, the concentration decreased
by over half, indicating the presence of an unidentified interfering
substance that was not completely alleviated by adding this extraction
step before immunoassay measurement [21]. Furthermore, a study on
samples from newborns found that the testosterone concentration
measured by two different second-generation immunoassays was over-
estimated compared to LC-MS/MS, particularly in the first few days after
birth [22].

In patients with prostate cancer who are undergoing androgen
deprivation therapy, testosterone concentrations are frequently
measured to ensure adequate suppression [23]. In one study that
compared testosterone concentrations measured in prostate cancer
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patients by LC-MS/MS and four different immunoassays, it was found
that 88 % of the patient samples had testosterone concentrations below
the limit of quantification for one of the immunoassays. Additionally,
the testosterone concentrations were significantly higher when
measured by all of the immunoassays compared to the LC-MS/MS assay,
making them unsuitable for use in this patient population [23].

Estradiol

Estradiol circulates in the body bound to sex hormone-binding
globulin and albumin [24]. It is clinically measured in post-
menopausal breast cancer patients treated with aromatase inhibitors,
pregnant patients and those using assisted reproductive technology
(ART), and postmenopausal women on hormone replacement therapy
[25]. Additionally, it is measured in pediatric patients in cases of pre-
cocious or delayed puberty and in males to evaluate gynecomastia and/
or feminization [25,26].

Like testosterone, estradiol has historically been measured by
GC-MS, RIA, and more recently, by immunoassay on automated in-
struments [25]. However, it has been determined that automated
immunoassay instruments do not accurately measure estradiol at low
concentrations, nor do they have the specificity to measure only estra-
diol [25]. Laboratory-developed tests using LC-MS/MS have become a
more common way to measure estradiol, as they offer greater ease of use
than GC-MS, but still maintain sensitivity and specificity.
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Fig. 2. The steroid hormone pathway.
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One of the biggest challenges in measuring estradiol is the large
variation in concentrations present in different patient populations.
Concentrations in breast cancer patients treated with aromatase in-
hibitors are < 2 pg/mL, while concentrations in patients undergoing in-
vitro fertilization treatment can be up to 10,000 pg/mL [25,27]. Using a
laboratory-developed test such as an LC-MS/MS method can be devel-
oped specifically for the patient populations that will be tested in the
laboratory, unlike an immunoassay, which is developed by the manu-
facturer to cover a wide range of concentrations, potentially forgoing
accuracy.

In an effort to standardize estradiol quantification, this steroid hor-
mone was added to the CDC Hormone Standardization (HoSt) program
in 2014. Like testosterone, a Reference Measurement Procedure (RMP)
was developed [28], and desirable method performance was established
(+£12.5 % bias for samples > 20 pg/mL and +2.5 pg/mL absolute bias
for samples < 20 pg/mL). Successful participation in the voluntary
program is documented on the CDC website [29].

In a recent CAP proficiency testing survey for estradiol (Y-B 2022)
required for CAP-accredited laboratories measuring estradiol, the ma-
jority of laboratories (n = 1481) measured estradiol by immunoassay,
while only nine labs used mass spectrometry. Fig. 3 and Table 3 show the
mean estradiol results for one of the survey samples (Y-06) for the five
most commonly used immunoassays and the mass spectrometry peer
group. It can be seen that the mean concentrations reported for all of the
assays vary from 192 to 294 pg/mL, with one immunoassay reporting
the highest mean value of 294 pg/mlL, significantly higher than the
means reported for the other assays. The mass spectrometry peer group
reported a mean concentration of 199 pg/mL. Additionally, the SDs for
the immunoassays were fairly large; however, due to the small number
of participants, an SD was not reported for the mass spectrometry peer
group. It should be noted that this CAP survey concentration is not very
low, and thus, larger variation is likely at lower, clinically relevant
concentrations.

In addition to testosterone, estradiol is also available in the voluntary
Accuracy Based Proficiency Survey from CAP [16]. In a recent accuracy-
based CAP proficiency testing survey for estradiol (ABS-B 2022), a total
of 42 labs reported results with 12 of the labs using mass spectrometry
and the remaining using immunoassay. Table 4 lists the reported median
estradiol concentrations for the five most commonly used immunoassays
and for the mass spectrometry peer group. It also lists the estradiol
concentration determined by the CDC RMP as 27.3 pg/mL. As can be
seen, the mass spectrometry peer group has a median of 25 pg/mL,
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Table 3

Mean, standard deviation and % coefficient of variation (%CV) of estradiol re-
sults from a College of American Pathologists Y-B 2022 proficiency testing
survey sample for the five most commonly used immunoassay (IA) peer groups
and the mass spectrometry peer group.

Assay number n Y-06 mean concentration Standard %

pg/mL Deviation Ccv
A1 201 215.7 7.1 3.3
1A 2 199 216.9 5.7 2.6
1A3 135  293.6 13.1 4.5
1A 4 124 192.7 6.7 3.5
IAS 119 191.7 10.5 5.5
Mass 9 199 n/a n/a

spectrometry

which is fairly close to the CDC RMP concentration. One immunoassay
had a median close to the CDC RMP concentration at 29 pg/mL, but the
other immunoassays had medians that were up to 28 % different from
the CDC RMP concentration. Table 2 also shows that the difference
between the minimum and maximum concentration reported for each of
the methods can be significant, especially for some of the immunoassay
peer groups. Improvements have been made in the harmonization of
estradiol concentrations, but it is clear that there is still room for
improvement.

Another challenge in accurately measuring estradiol is the large
number of endogenous estradiol metabolites that are present and can
cross-react with immunoassays; over 100 of these have been identified
[30]. Additionally, endogenous conjugated estrogens like estrone sul-
fate, which are present at high concentrations, may also cross-react with
estradiol immunoassays [30].

Estradiol is commonly measured during treatment with exogenous
estradiol, for example, in transgender women. In one study, three
immunoassays—including one first-generation and one second-
generation immunoassay from the same manufacturer—were used to
measure estradiol concentrations in 89 transgender patients undergoing
feminizing treatment with estradiol and compared with a LC-MS/MS
assay [31]. It was found that in the transgender patients taking oral
estrogen, the immunoassays underestimated or overestimated the
estradiol concentration by up to 40 % compared to LC-MS/MS; however,
this bias was reduced in patients taking the estradiol patch or injections
(up to 22 %) [31]. Additionally, a postmenopausal breast cancer patient
treated with fulvestrant, an estrogen receptor antagonist, had gradually
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Fig. 3. Mean estradiol results of a College of American Pathologists Y-B 2022 proficiency testing survey sample for the five most commonly used immunoassay (IA)
peer groups and the mass spectrometry peer group. Error bars = +2 standard deviations (SD). SD was not available for the mass spectrometry peer group.
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Table 4
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Median, minimum and maximum estradiol results of a College of American Pathologists ABS-B 2022 proficiency testing survey sample for the five most commonly used
immunoassay (IA) peer groups and the mass spectrometry peer group. Reference method is the CDC reference method performed by the Clinical Chemistry Branch,

Centers for Disease Control and Prevention (Atlanta, Georgia).

Assay number

=]

ABS-04 median concentration (pg/mL)

Minimum reported concentration (pg/mL)

Maximum reported concentration (pg/mL)

1Al 7 33 15
1A2 6 29 25
1A 3 4 34 31
1A 4 3 31 28
1A5 3 35 30
Mass spectrometry 12 25 23

36
36
34
35
37
28

Reference Concentration 27.3 pg/mL.

increasing estradiol concentrations measured by immunoassay. When
the same samples were measured by LC-MS/MS, the estradiol concen-
trations were in the postmenopausal reference interval, as expected
[32]. As can be appreciated, the added specificity available through use
of LC-MS/MS mitigates the issues that immunoassays may have with
cross-reactivity.

Aromatase converts testosterone to estradiol (Fig. 2). In post-
menopausal breast cancer patients treated with aromatase inhibitors,
estradiol is measured to ensure adequate suppression of this conversion,
which leads to improved clinical outcomes. In a study of 77 post-
menopausal breast cancer patients treated with an aromatase inhibitor,
LC-MS/MS found that 70 % of the samples had estradiol concentrations
of < 5 pg/mL [33]. However, two immunoassays could not detect down
to 5 pg/mL, three immunoassays gave concentrations substantially
higher than those from LC-MS/MS, and the sixth immunoassay signifi-
cantly underestimated the estradiol concentrations compared to LC-MS/
MS [33]. Thus, using the immunoassays to measure estradiol in this
group of patients could lead to misinformed clinical decisions.

Estradiol concentrations in adult males are normally below 30 pg/
mL and decrease with age. In pediatric patients, the lower limit of the
normal reference interval can be as low as 1 pg/mL [25]. Therefore, LC-
MS/MS is essential for estradiol quantification in these populations due
to its improved sensitivity and specificity compared to immunoassays. In
one study of adult males, estradiol immunoassay concentrations and LC-
MS/MS concentrations measured on the same samples showed only poor
to moderate correlation [34]. Additionally, the immunoassay estradiol
concentration appeared to be correlated to a low extent with the C-
reactive protein (CRP) concentration, whereas the LC-MS/MS estradiol
concentration was not. This suggested a possible interference in the
immunoassay by CRP or a CRP-associated factor [34].

Aldosterone

Aldosterone circulates predominantly bound to albumin [24] and is
measured clinically when screening for primary aldosteronism, a con-
dition in which aldosterone production occurs independently of angio-
tensin II stimulation [35]. Historically, aldosterone was measured using
extraction followed by RIA; however, due to increased automation,
immunoassay was more recently employed [36]. Nonetheless, LC-MS/
MS has become the recommended way to measure aldosterone to
ensure adequate sensitivity and specificity [35].

One challenge for aldosterone quantification is that the normal
reference interval for this hormone in pediatric patients can be as low as
1 ng/dL. In the most recent CAP proficiency testing survey for aldoste-
rone (RAP-B 2022), only 94 laboratories reported results, 79 of which
reported results from immunoassays and 15 from mass spectrometry
assays. For one of the proficiency survey samples (RAP-06), the mean
reported concentration across different methodologies ranged from 0.5
to 24.80 ng/dL—a clinically significant difference that could impact
patient care. (It should be noted, however, that the matrix of the CAP
survey samples can be problematic for some assays in some cases, yet
this issue is not seen in patient samples). Moreover, there are far fewer
laboratories running aldosterone methods, resulting in some of the peer
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groups for the CAP surveys being very small, especially for the lower
concentration samples, and the coefficient of variation between labs
running the same method being high. Additionally, unlike testosterone
and estradiol, there is no CDC RMP or CAP accuracy-based proficiency
survey for aldosterone, making it harder for both immunoassay manu-
facturers and laboratories developing LC-MS/MS assays to ensure the
accuracy of their methods.

A few studies have shown that immunoassays tend to yield higher
aldosterone concentrations than LC-MS/MS when measuring the same
samples [37,38]. In one case report, a patient had high aldosterone
concentrations measured by immunoassay, resulting in adrenal vein
sampling to confirm a diagnosis of primary aldosteronism and an indi-
cation for left adrenal gland removal [39]. However, upon measuring
the same samples by LC-MS/MS as part of a clinical research protocol, it
was discovered that the aldosterone concentrations were in fact lower,
indicating misdiagnosis [39]. Issues with aldosterone measurement by
immunoassay are thought to be due to the numerous endogenous
compounds that can potentially interfere with aldosterone quantifica-
tion [40]. It has also been shown that in patients with renal impairment,
aldosterone concentrations can be significantly overestimated using
immunoassays, likely due to cross-reactivity with polar metabolites
[40,41]. However, this overestimation is eliminated when the same
patient samples are subjected to sample preparation and LC-MS/MS
analysis [37,40].

Common immunoassay limitations mitigated by laboratory
developed LC-MS/MS assays

Clinical laboratories have complete control over the development
and calibration of LC-MS/MS assays. They can test and optimize accu-
racy using the CDC Hormone Standardization Program, the CAP
accuracy-based proficiency samples, or using the Standard Reference
Material (SRM) available from the National Institutes of Science and
Technology (NIST), all of which have accurately assigned testosterone
or estradiol concentrations [18,42]. In contrast, if using an FDA-
approved immunoassay, laboratories rely on the manufacturer to
determine accurate calibration during method development and vali-
dation. Proficiency testing results show concentrations can vary signif-
icantly depending on the immunoassay manufacturer used. When a
laboratory has a specific manufacturer’s equipment, laboratory di-
rectors may not be able to purchase different equipment to improve
accuracy, unless the lab adds mass spectrometry testing.

While immunoassays are designed to quantify-one analyte at a time,
they can have issues with specificity when measuring steroid hormones
due to their similarities in structure [21,30,40]. To mitigate this, LC-MS/
MS assays are used to detect specific masses for each analyte in a
method. However, this technique cannot distinguish between isomers,
for example, testosterone and dehydroepiandrosterone so the analytes
need to be separated in time on the liquid chromatography column
before they enter the mass spectrometer in order to quantify them
separately [43-45]. Additionally, ion ratios for each analyte in the
method can be used to add another layer of specificity. For each analyte
in a particular LC-MS/MS method, two mass transitions are utilized and
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then the ratio of the peak areas of these mass transitions can be calcu-
lated. These ratios should remain consistent in all samples including
calibrators, quality control materials and patient samples. If the ion ratio
for a particular patient sample is not consistent with the other samples, it
could be indicative of an interference and the result for that patient
sample would not be reported [43].

As described above, immunoassays are designed to quantify-one
analyte at a time; however, one of the major advantages of using LC-
MS/MS is that it is possible to develop assays that measure multiple
analytes at once. Steroid hormone panels are a common example of this
[44,45]. When using panels, the time it takes to perform the sample
preparation required before LC-MS/MS is similar to measuring single
analytes, so panels can decrease hands-on time; however, the chro-
matographic method may need to be lengthened so that any necessary
separation of analytes on the chromatography column before they enter
the mass spectrometer can be achieved [44,45].

The presence of heterophile antibodies is a well-known phenomenon
that can affect immunoassay quantification [46]. In one report, a female
patient’s testosterone concentration was falsely elevated when
measured by immunoassay, but the concentration was normal when the
same sample was measured by a LC-MS/MS assay [47]. Another report
revealed that anti-bovine alkaline phosphatase antibodies in a patient
sample interfered with an immunoassay measurement that utilizes
bovine alkaline phosphatase in the assay reagent for amplification [48].
Additionally, a third report described a patient whose persistently
elevated estradiol concentration measured by immunoassay led to an
oncology work-up for a granulosa cell tumor of the ovary, including
laparoscopy surgery and considerable stress to the patient [49]. After
benign pathology results were reported, the clinicians suspected a false
elevation and used a different immunoassay, which gave estradiol
concentrations within the normal reference interval. While no specific
cause for the falsely elevated estradiol concentrations with the initial
immunoassay was determined, it was postulated to be a heterophile
antibody [49]. LC-MS/MS assays, on the other hand, can provide ac-
curate results in the presence of heterophile antibodies, as they do not
affect quantification by this methodology.

Another issue that has recently come to light is biotin (vitamin B7)
interference in certain immunoassays [50,51]. Biotin, an over-the-
counter supplement used to strengthen nails and hair, is becoming
more common, and supraphysiological high dose biotin has been used in
clinical trials to try to slow down the progression of multiple sclerosis
[52]. This interference is analytical, where biotin in the patient sample
can lead to falsely elevated results in a competitive immunoassay design,
and falsely low results in a non-competitive immunoassay design that
uses streptavidin binding in the detection mechanism. One study found
that approximately 7.4 % of Emergency Department patients had biotin
concentrations of > 10 ng/mL [53]. A case report documented that
specific immunoassays for testosterone and estradiol gave falsely
increased concentrations of up to 3-fold and 138-fold, respectively, in a
newborn treated with high dose biotin [54]. In another study, the au-
thors found that when spiking pooled patient serum with biotin, there
was a positive bias for quantification of low levels of aldosterone of up to
3484 % in the presence of very high concentrations of 500 ng/mL biotin
in one immunoassay [55]. Due to the specificity of LC-MS/MS assays,
biotin does not cause interference even at high concentrations. Although
immunoassay manufacturers have developed mitigation strategies to
reduce the potential interference, reformulation of immunoassay re-
agents can take some time. Therefore, laboratorians and clinicians
should be mindful about potential biotin interference in laboratory tests,
and patients should alert their clinician if they are taking high dose
biotin [51].

Conclusion

LC-MS/MS is a highly complex but powerful technique, and labo-
ratories wishing to use this technique for clinical testing of steroid
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hormones are required to develop and clinically validate the assay
themselves as, to date, there are no FDA-approved assays for any steroid
hormones, including testosterone, estradiol, and aldosterone. The clin-
ical validation is currently performed under the purview of the Clinical
Laboratory Improvements Amendments of 1988, whereby laboratories
are required to show that the LC-MS/MS method meets the performance
criteria required for clinical testing in terms of analytical val-
idity—including documentation of linearity, accuracy, imprecision,
sensitivity, specificity, matrix effects, carryover, reportable range, and
reference intervals, among others. If a laboratory were to submit an LC-
MS/MS assay to the FDA for approval, extra data would be required,
including broader analytical validity and proof of clinical validity, as
well as a significant cost associated with this submission. Further, the
submission to the FDA must occur before the LC-MS/MS assay is used in
the laboratory, which would delay implementation and affect patient
care. If the CLIA validation avenue was not available, as proposed by the
Verifying Accurate Leading-edge IVCT Development Act of 2022
(VALID), as can be appreciated for the specific steroid hormones listed
above, laboratories may have to use subpar immunoassays to measure
these hormones in their patients, if clinically indicated, potentially
leading to misdiagnosis and mistreatment.
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