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ARTICLE INFO ABSTRACT

Keywords: Background: The VALID Act is a legislative effort that, if enacted, would alter the regulatory requirements of
Laboratory Developed Tests laboratory developed tests (LDTs) used for clinical testing in the United States. Benzodiazepines, which are
V{\LID ACF o primarily excreted into urine as glucuronidated metabolites such as lorazepam, cross-react poorly with FDA-
Sel:i}zlosdeiﬁlet;i,:ey cleared immunoassays, leading to false-negatives. This shortfall can be addressed with LDTs created by add-
LC-MS/MS ing glucuronidase to the immunoassay reagents producing “high sensitivity” assays that detect glucuronidated
Immunoassay metabolites.

Methods: Precision and stability of two high-sensitivity (HS) benzodiazepine immunoassays from Roche and
Thermo Scientific were evaluated using manufacturer-supplied quality control (QC) material and glucuronidated
QC material. The immunoassays were directly compared to an LC-MS/MS LDT benzodiazepine assay to deter-
mine clinical sensitivity/specificity using urine specimens (n = 82 for Thermo Scientific; n = 265 for Roche). The
clinical impact of the HS LDT immunoassay was determined by analyzing clinical testing results 60 days before
and after its implementation.

Results: The precision and clinical sensitivity/specificity of the HS-Thermo Scientific and HS-Roche benzodiaz-
epine assays were acceptable. The reagent stability of the HS-Thermo Scientific immunoassay was poor, whereas
the HS-Roche immunoassay was stable. After implementation of the HS-Roche benzodiazepine immunoassay as
an LDT, there was a 30-fold increase (p-value: < 0.00001) in the percentage of lorazepam confirmations.
Conclusions: We demonstrate the development and validation of an immunoassay LDT with improved sensitivity
for glucuronidated benzodiazepines. This LDT can detect glucuronidated benzodiazepines in clinical urine
specimens and is stable for 60 days. Importantly, we were able to validate the immunoassay as an LDT by uti-
lizing an LC-MS/MS LDT.

Beta-glucuronidase

Introduction

Benzodiazepines are among the most frequently prescribed drugs for
the treatment of anxiety, insomnia, convulsions, and, in combination
with opiates, acute and chronic pain [1,2]. To ensure compliance, pain
management centers perform urine drug testing to verify that patients
are only taking their prescribed medication. This class of drug is also
subject to misuse and is frequently included in urine drugs of abuse
testing panels. Inmunoassays are commonly used to screen for benzo-
diazepines with hyphenated mass spectrometry techniques being used to
identify specific drugs and metabolites [3]. Urine concentrations of
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benzodiazepines and their metabolites can vary by several orders of
magnitude depending on a variety of factors including the drug, dose,
and time of urine collection, making this analysis challenging [4]. While
immunoassays are popular due to their high-throughput and short turn-
around-times, they are subject to interferences or poor-cross reactivity
resulting in both false positives and false negatives. Confirmatory testing
for benzodiazepines by liquid chromatography - tandem mass spec-
trometry (LC-MS/MS) or gas chromatography - mass spectrometry
(GC-MS) helps rule out false positive results; however, certain benzo-
diazepines, especially those that are excreted as glucuronide metabo-
lites, are subject to false negative screening results [1,3].
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Benzodiazepine immunoassays have been known to have poor cross-
reactivity for glucuronidated benzodiazepine metabolites [5]. Loraze-
pam, oxazepam, and temazepam metabolize directly to their glucuronic
acid form and are a source of false negatives for currently available
commercial benzodiazepine immunoassays [4,6,7]. Lorazepam, which
is excreted almost exclusively as a glucuronide, is especially subject to
false negative results. In the 1990 s, Beck et al. demonstrated the
importance of adding beta-glucuronidase to automated benzodiazepine
immunoassays. They added a beta-glucuronidase enzyme to their
benzodiazepine immunoassay reagent pack and improved sensitivity for
glucuronidated benzodiazepine metabolites [8,9]. This has prompted
other laboratorians to evaluate the modification of commercially
available benzodiazepine immunoassays by adding beta-glucuronidase
to hydrolyze the glucuronide moiety [10-12]. In the clinical labora-
tory, such modification results in the creation of a laboratory developed
test (LDT) [13].

In the United States, clinical laboratories are currently regulated by
the Centers for Medicare and Medicaid Services (CMS) under the Clinical
Laboratory Improvement Amendments (CLIA). The Food and Drug
Administration (FDA) defines an LDT as an “in vitro diagnostic test that
is manufactured and used within a single laboratory” [14]. CMS accepts
this definition, and nearly all LC-MS/MS and GC-MS assays are
considered LDTs that must meet all requirements for high complexity
testing [15].

Furthermore, CMS considers any modification to an FDA-cleared or
-approved assay to be the same as creating a new test, and thus, by
definition, an LDT. In late 2018, Congress released the Verifying Accu-
rate Leading-edge In Vitro Clinical Test (IVCT) Development Act
(VALID) for public comment [16]. A strict interpretation of the VALID
discussion draft would require laboratories to incur significant costs and
increased regulatory burden to implement a modified FDA-cleared/
approved assay or mass spectrometry-based assay as an LDT [17].

In this study, two benzodiazepine immunoassays that incorporate
the addition of beta-glucuronidase to form “highly sensitive (HS)”
assays—Thermo Scientific High Sensitivity (HS-Thermo) cloned enzyme
donor immunoassay (CEDIA) Benzodiazepines assay and a laboratory-
modified version of the FDA-cleared Roche Benzodiazepines Plus
assay (HS-Roche)—were evaluated using urine specimens encountered
in a routine hospital setting. The HS-Thermo assay is marketed as “high
sensitivity” due to its improved sensitivity for glucuronidated benzodi-
azepine metabolites (e.g., lorazepam-glucuronide). Since it is not FDA-
cleared, it must be validated and implemented in the clinical labora-
tory as an LDT. In addition, we evaluated a second assay (HS-Roche),
which is a laboratory modified version of the FDA-cleared Roche Ben-
zodiazepines Plus assay, to which a recombinant room temperature
beta-glucuronidase enzyme was added. This modification results in the
creation of an LDT that would be subject to the increased operational
burden and scrutiny proposed in the VALID Act. These two immuno-
assay LDTs were validated using an LC-MS/MS benzodiazepine LDT as
the reference method. Precision, accuracy, clinical sensitivity, clinical
specificity, and stability were assessed for each assay. A retrospective
study was conducted to evaluate the clinical impact of implementing
these LDTs. This study demonstrates the role that LDTs (both immuno-
assay and LC-MS/MS) have in healthcare and highlights the importance
of preserving innovation essential for the practice of laboratory
medicine.

Materials and methods
Specimens

Excess urine specimens from a total of 347 subjects were collected
under the University of California, San Diego (UCSD) Institutional Re-
view Board (IRB) protocol 181656, in accordance with the World
Medical Association’s Code of Ethics (Declaration of Helsinki) for ex-
periments involving human subjects. The UCSD IRB deemed that
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informed consent was not necessary as this study used existing speci-
mens. These specimens were initially screened for drugs of abuse on
Roche automated (6000/8000) analyzers. Specimens returning a posi-
tive immunoassay result were reflexed to the clinical toxicology labo-
ratory for confirmatory analysis by LC-MS/MS. Additionally, 82 urine
specimens were collected to evaluate the HS-Thermo assay; these
specimens were unique and separate from the 265 urine specimens
collected to evaluate the HS-Roche assay.

Glucuronidated quality control material

930 ng/mL of lorazepam-glucuronide in human urine was used as a
positive quality control (UTAK Laboratories; equivalent to 600 ng/mL
free lorazepam).

Kura-B-ONE Beta-glucuronidase

The Kura-B-ONE beta-glucuronidase is an all-in-one hydrolysis room
temperature beta-glucuronidase (activity > 12,000 PS-U/mL; Kura
Biotech).

Benzodiazepine plus immunoassay

The Roche Benzodiazepines Plus (Catalog #: 04490789190) is an in
vitro diagnostic test based on the kinetic interaction of microparticles in
solution (KIMS) for the qualitative and semi-quantitative detection of
benzodiazepines in human urine on Roche/Hitachi Cobas c systems at a
cutoff concentration of 200 ng/mL. For the purpose of this manuscript,
we refer to this as the “Roche” assay and it does not contain beta-
glucuronidase. Calibration was performed as specified in the manufac-
turer’s package insert. Quality controls (PreciPos and PreciNeg) speci-
fied in the manufacturer’s package insert were run once every 24 h or
prior to patient testing on the day the assay was performed. This FDA-
cleared immunoassay does not utilize a glucuronidase hydrolysis step.
The positive cutoff for this assay was set at 1000 mabs, corresponding to
200 ng/mL of the nordiazepam calibrator.

High sensitivity benzodiazepine plus immunoassay (HS-Roche)

The High Sensitivity Benzodiazepines Plus assay (referred to as the
“HS-Roche” assay) is an LDT version of the Roche Benzodiazepine Plus
assay that includes the addition of beta-glucuronidase to hydrolyze
glucuronide metabolites. The hydrolysis of the glucuronide converts
benzodiazepine glucuronides into the parent drug, improving the
detection of these common urine metabolites. Briefly, 1 mL of Kura B-
One beta-glucuronidase (>12,000 PS-U/mL) was added to position B
(R1) of the cassette pack (MULTI pack). The volume was empirically
derived by comparing the mabs response of free lorazepam to the mabs
response of an equimolar concentration of glucuronidated-lorazepam
until similar mabs response was observed (data not shown). No other
modifications were made to the reagent pack and the assay was cali-
brated (200 ng/mL nordiazepam) and run as described in the manu-
facturer’s package insert. Positive quality controls (930 ng/mL
lorazepam-glucuronide) and negative quality controls (PreciNeg DATIII;
150 ng/mL nordiazepam) were run once every 24 h or prior to patient
samples. The positive cutoff for this assay was set at 1000 mabs, cor-
responding to 200 ng/mL of nordiazepam.

Thermo Scientific CEDIA immunoassay (HS-Thermo)

The Thermo Scientific CEDIA Benzodiazepine Assay (REF: 100094-
CJF; ThermoFisher Scientific) is approved for criminal justice and
forensic use only and has the option to utilize recombinant beta-
glucuronidase to enhance the detection of benzodiazepines that are
primarily excreted as glucuronidated metabolites. We refer to this assay
as the “HS-Thermo” assay. Preparation of the reagents was performed
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according to the manufacturer’s product insert instructions, and the
assay was calibrated (200 ng/mL oxazepam) and run as described in the
manufacturer’s package insert. Briefly, reagents were added to R1
(Enzyme Acceptor; 18 mL) and R3 (Enzyme Donor; 18 mL) of a Roche
open channel MULTI pack cassette. The Enzyme Acceptor reagent
included 325 pL of the beta-glucuronidase that was provided with the
reagent kit and was added upon reagent reconstitution. The cassette was
loaded on the Roche cobas ¢ 502 as an open channel assay. Two levels of
quality control material included with the assay kit were run daily: MGC
Primary DAU Low Control (150 ng/mL oxazepam) and MGC Primary
DAU High Control (250 ng/mL oxazepam). The positive cutoff for this
assay was set at 1000 mabs, corresponding to 200 ng/mL of oxazepam.

Confirmatory isotope dilution LC-MRM-MS/MS benzodiazepine panel

Urine specimens were confirmed for 10 benzodiazepines using liquid
chromatography and multiple reaction monitoring tandem mass spec-
trometry (LC-MRM-MS/MS; Supplementary Fig. 1). The panel moni-
tored quantifier, qualifier, and deuterated internal standard transition
ions for a-OH alprazolam, 7-aminoclonazepam, desalkylflurazepam, 2-
OH ethyl flurazepam, lorazepam, o-OH midazolam, nordiazepam,
oxazepam, temazepam, and o-OH triazolam. A positive confirmatory
result was defined as > 20 ng/mL. Singly-confirmed specimens are
defined as specimens in which only one unique benzodiazepine was
detected. Multiply-confirmed specimens are defined as specimens in
which two or more benzodiazepines were detected. Quality control
material %CVs are shown in Supplementary Table 1. This panel was
used for routine drugs of abuse confirmatory analysis at UCSD Health
and was validated according to Clinical & Laboratory Standards Institute
(CLSI) 62-A guidance on LC-MS methods.

Stratification of clinical urine specimens for sensitivity and specificity
evaluations

Eighty-two and 256 urine specimens were collected in two separate
batches for evaluating the Thermo Scientific and Roche high-sensitivity
immunoassays, respectively. The Roche Benzodiazepines Plus immu-
noassay was performed on the Roche cobas ¢502 module to screen the
specimens as either positive or negative. For comparison purposes, a
true positive was defined as any specimen containing total benzodiaz-
epines > 20 ng/mL as determined by LC-MRM-MS/MS, and a true
negative was any specimen containing total benzodiazepines < 200 ng/
mL as determined by LC-MRM-MS/MS.

Sensitivity and specificity

Clinical sensitivity and specificity were determined using standard
formulas [18].

Retrospective analysis of benzodiazepine testing of clinical urine specimens

Results of urine specimens tested for benzodiazepines were deter-
mined by searching the hospital information system for tests performed
60 days before and 60 days after implementation of the HS-Roche assay.
None of the specimens that were part of this analysis had additional
testing performed.

Statistical analyses

Statistical significance of differences between the proportion of
benzodiazepine confirmations 60 days before and 60 days after imple-
mentation of the HS-Roche assay was determined using a two proportion
Z-test to compare the proportion of positive benzodiazepine confirma-
tions with a single benzodiazepine, multiple benzodiazepines, a single
benzodiazepine (alprazolam, lorazepam, oxazepam, and temazepam),
and lorazepam only [19].
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Results

Precision profiles of two Commercial High-Sensitivity benzodiazepine
assays

The precision profile of the Thermo Scientific High Sensitivity
Benzodiazepine assay was evaluated over 5 days (Supplementary
Table 2). Within-day, between-day, and total %CV for the positive
quality control (QC) (250 ng/mL oxazepam; MGC Multi Drug Primary —
DAU Control High) were 4.0%, 10.3%, and 5.6%, respectively. Within-
day, between-day, and total %CV for the negative QC (150 ng/mL
oxazepam; MGC Multi Drug Primary — DAU Control Low) were 6.8%,
6.3%, and 6.7%, respectively. The precision profile for the HS-Roche
assay was performed over a single day for within-run precision and
across 15 days for total precision (Supplementary Table 3). The
observed %CVs for within-run and precision across 15 days were < 2%.
The within-run precision (n = 20) for the positive QC (930 ng/mL
Lorazepam Glucuronide) and negative QC (PreciNeg) was < 2%. Pre-
cision across 15 days (n = 26) was calculated for 930 ng/mL of loraz-
epam glucuronide and the corresponding amount of free lorazepam,
assuming 100% glucuronide hydrolysis (600 ng/mL of free lorazepam)
(Supplementary Table 3). Observed total %CVs were < 2% for 930 ng/
mL of lorazepam glucuronide. Importantly, analysis of the glucur-
onidated quality control material returned a negative result when beta-
glucuronidase was omitted from the reagent pack.

Clinical sensitivity and specificity

The clinical sensitivity and specificity of the HS-Thermo assay were
assessed by classifying clinical urine specimens into true positive and
true negative cohorts for each assay using LC-MS/MS as the reference
method (Fig. 1A and 1B). All clinical specimens were first screened
during live testing using the Roche Benzodiazepines Plus assay and
preliminarily classified as immunoassay positive or negative; stratifi-
cation of the cohort was then finalized using LC-MS/MS as the reference
method. The total cohort for evaluating the HS-Thermo assay was
divided into 48 true positives and 34 true negatives (total n = 82), while
the cohort for the HS-Roche assay was divided into 63 true positives and
202 true negatives (total n = 265). There were no false negatives or false
positives when evaluating the HS-Thermo assay, resulting in 100%
clinical sensitivity and specificity (Fig. 2A). In contrast, there were five
false negatives and one false positive observed when evaluating the HS-
Roche assay, resulting in a clinical sensitivity and specificity of 92.1%
and 99.5%, respectively (Fig. 2B).

Stability studies of a glucuronidated quality control

Using 930 ng/mL of lorazepam-glucuronide as a positive QC, the
reagent stability of the HS-Roche and HS-Thermo assays were monitored
for 59 and 53 days, respectively. The positive QC was assayed to monitor
reagent stability and efficiency of glucuronide hydrolysis by observing
the response (mabs) over time. Performance of the HS-Thermo assay
degraded rapidly following calibration (Fig. 3A), requiring three sepa-
rate calibrations on Days 3, 18, and 43 as the positive QC returned re-
sults below the positive cutoff value of 1000 mabs units (corresponding
to 200 ng/mL of benzodiazepine). The assay was not calibrated from
Days 26 to 37 to ensure that the downward trend of observed values
continued below the 1000 mabs cutoff. The mean time to calibration
was 14.3 days (Standard Deviation: 11 days). In contrast, performance
of the HS-Roche assay was stable and did not require calibration over the
59 days that were monitored, with an observed %CV of 0.8% across 59
days (Fig. 3B).

Retrospective analysis of live testing performance

Based on the findings during assay validation, the HS-Roche
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Fig. 1. Classification of Clinical Specimens Used to
Evaluate Commercial HS Benzodiazepine Immunoas-
says

Clinical urine specimens were screened during live testing
using the Roche Benzodiazepine Plus immunoassay and
categorized based on the screening result (positive vs.
negative). LC-MS/MS analysis was used to stratify the
samples based on the level of total benzodiazepines to
determine the sensitivity and specificity (Y-axis) of the HS-
Thermo (A) and HS-Roche (B) benzodiazepine immuno-
assays in clinical specimens. True positives and true neg-
atives were classified based on the total concentration of
benzodiazepines within a specimen as measured by LC-
MS/MS (true positive > 20 ng/mL; true negative < 200
ng/mL).
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Fig. 2. Clinical Sensitivity and Specificity of Commercial High Sensitivity Benzodiazepine Immunoassays.

A) Sensitivity and specificity (Y-axis) of the HS-Thermo benzodiazepine immunoassay in clinical specimens. Bar-graphs representing sensitivity (blue) and specificity
(orange) are indicated for each immunoassay. True positives (TP) and true negatives (TN) are indicated within each bar. B) Sensitivity and specificity (Y-axis) of the
HS-Roche benzodiazepine immunoassays in clinical specimens. Bar-graphs representing sensitivity (blue) and specificity (orange) are indicated for each immuno-
assay. True positives (TP) and true negatives (TN) are indicated within each bar.
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Fig. 3. Reagent Stability of Commercial High Sensitivity Benzodiazepine Immunoassays.

A) Observed mabs units (Y-axis) for 930 ng/mL lorazepam-glucuronide positive control material were plotted across 53 days (X-axis) for the HS-Thermo benzo-
diazepine assay to monitor reagent stability. Days where re-calibration was required were indicated by a vertical dotted line. The cutoff for a positive result (200 ng/
mL of benzodiazepines) is indicated by a solid red line at 1000 mabs units. B) Observed mabs units (Y-axis) for 930 ng/mL lorazepam-glucuronide positive control
material were plotted across 59 days (X-axis) for the HS-Roche benzodiazepine assay to monitor reagent stability. The cutoff for a positive result (200 ng/mL of

benzodiazepines) is indicated by a solid red line at 1000 mabs units.

Benzodiazepines Plus assay was implemented as a LDT for patient
testing at UCSD Health on August 30th, 2022. To evaluate live testing
performance of the immunoassay LDT, a retrospective analysis of the
screen and confirm testing approach that is implemented at UCSD
Health for benzodiazepines was performed 60 days before and after the
LDT was launched (Fig. 4). The positivity rate of benzodiazepines in
clinical urine specimens at UCSD Health 60 days before the launch of the
HS Benzodiazepine LDT was 9.1% (n 1924) with an LC-MS/MS
confirmation rate of 97.1% (Fig. 4A). In contrast, the positivity rate in
the following 60 days post-launch increased by 2.4%, to 11.5% of the
total number of urine specimens assayed (n = 1968) with an LC-MS/MS
confirmation rate of 99.1% (Fig. 4A). The percentage of immunoassay
positive urine specimens that were found with single benzodiazepines
(blue-bars) versus multiple benzodiazepines (orange-bars) by the LC-
MS/MS confirmation panel is shown in Fig. 4B for before and after the
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LDT launch date. There were no obvious differences in the % of urine
specimens with singly-confirmed benzodiazepines (67.6% vs 63.8%;
before and after) and multiply-confirmed benzodiazepines (32.4% vs
36.2%; before and after). However, by stratifying the data further and
focusing on benzodiazepines that are known to be glucuronidated, there
was more than a 2-fold increase in the % of urine specimens (15.3% vs
33.9%; before and after) with a singly-confirmed benzodiazepine that
was either alprazolam, lorazepam, oxazepam, or temazepam (gray-
bars). In contrast, there was a 1.3% decrease when comparing the % of
urine specimens with a singly-confirmed benzodiazepine that was either
alprazolam, oxazepam, or temazepam (green-bars); 14.7% vs 13.4%;
before and after. Finally, by looking at the % of confirmations that were
identified to contain lorazepam only, a more than 30-fold increase was
observed (0.6% vs 20.5%; before and after) since the launch of the LDT
(p-value: < 0.00001).
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Fig. 4. Retrospective Analysis of Clinical Testing Performance of the HS-Roche benzodiazepine LDT.

A) Positivity rates (Y-axis) of the benzodiazepine screening (Immunoassay) and confirmatory (LC-MS/MS) assays offered at UCSD Health before and after the launch
of the HS-Roche benzodiazepine LDT assay are shown. The number of tests (n) performed for each assay is indicated below each bar on the X-axis, and the percentage
of positive results out of the total number of tests performed is indicated above each bar. B) The positivity rates (Y-axis) of the LC-MS/MS benzodiazepine
confirmation panel are shown for urine specimens with singly-confirmed (blue-bar), multiply-confirmed (orange-bar), singly-confirmed alprazolam/lorazepam/
oxazepam/temazepam (gray-bar), singly-confirmed alprazolam/oxazepam/temazepam (green-bar), and singly-confirmed lorazepam-only (yellow-bar). The number
of positive specimens (n) for each category is indicated below each bar and the total number of specimens tested (n) subjected to confirmatory testing (60 days before
and after LDT implementation) are indicated in bold. Statistical significance comparing the proportions of positive benzodiazepine confirmations with a single
benzodiazepine, multiple benzodiazepines, single benzodiazepine (alprazolam, lorazepam, oxazepam, and temazepam) before and after the HS-Roche benzodiaz-
Epine LDT was implemented was determined by a two proportion Z-test (p-values < 0.00001 are indicated by ****).
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Discussion

The regulation and implementation of LDTs in the clinical laboratory
is essential for the practice of laboratory medicine. Clinical laboratories
generally develop and implement LDTs to meet unmet analytical and/or
clinical needs [17,20]. LDTs have played a critical role at the frontlines
of in vitro diagnostic innovation and are generally implemented when
there are no FDA cleared options. In this study, we demonstrate the
clinical utilization of two LDTs: an immunoassay and one performed by
LC-MS/MS. It is important to note that the LC-MS/MS LDT was essential
for validating the HS-Roche LDT. Without a well-validated LC-MS/MS
assay to provide definitive identification of specific benzodiazepines it
would have been impossible to validate the immunoassay LDT that
incorporated the addition of beta-glucuronidase. Utilization of the LC-
MS/MS LDT was essential in revealing the presence of false negatives
within specimens screened by the FDA cleared Roche Benzodiazepine
Plus assay for each respective cohort; 6 for the cohort used to evaluate
HS-Thermo (Fig. 1A) and 17 for the cohort used to evaluate HS-Roche
(Fig. 1B). Furthermore, the use of quality control material containing
a glucuronidated benzodiazepine was also essential for identifying sta-
bility issues with the HS-Thermo assay. Interestingly, this stability issue
was not observed when testing the non-glucuronidated control material
supplied with the reagent kit.

The concentration of lorazepam-glucuronide in the positive QC was
chosen based on the claimed cross-reactivity of free lorazepam described
in the manufacturer’s product insert of the Roche Benzodiazepines Plus
assay, which is 62% [21]. This corresponds to 600 ng/mL of free lor-
azepam, assuming 100% hydrolysis of the glucuronide and a theoretical
benzodiazepine concentration of 372 ng/mL when taking into account
the cross-reactivity of lorazepam in the assay. During the validation of
the HS-Roche immunoassay, five false negatives were observed. Inter-
estingly, four of these specimens were positive by LC-MS/MS for loraz-
epam with concentrations ranging from 213 to 338 ng/mL and returned
mabs values ranging from 941 to 999 (positive cutoff: 1000 mabs). The
last false negative contained 216 ng/mL of 7-amino-clonazepam (by LC-
MS/MS after hydrolysis), which has a claimed cross-reactivity of 39%
according to the manufacturer’s product insert, and returned a mabs
value of 934. Taking into account these claimed cross-reactivities, it
appears that the immunoassay would return a negative value as the
effective concentration of benzodiazepines in each specimen was
beneath the 200 ng/mL cutoff.

A profound impact was observed when retrospectively evaluating
benzodiazepine LC-MS/MS confirmation data for a period of 60 days
before and after the high sensitivity immunoassay LDT was imple-
mented; there was an observed 34-fold increase (p-value < 0.00001) in
the percentage of positive LC-MS/MS benzodiazepine confirmations that
contained only lorazepam. A statistically significant (p-value <
0.00001) difference was observed in the percentage of positive singly-
confirmed LC-MS/MS benzodiazepines which contained only alprazo-
lam, lorazepam, oxazepam, or temazepam; all excreted in varying pro-
portions as glucuronidated metabolites [6,7,22]. However, this
difference was due to the large increase in the number of specimens
containing only lorazepam, as no significant difference was observed (p-
value: 0.71) when comparing the percentage of positive singly-
confirmed LC-MS/MS benzodiazepine confirmations that contained
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only alprazolam, oxazepam, or temazepam (Fig. 4B). Furthermore, the
percentage of immunoassay-positive specimens that confirmed negative
when analyzed by LC-MS/MS decreased by 2% (2.9% vs 0.9%) following
implementation of the HS-Roche assay; however, this difference was
found to be insignificant (p-value greater than 0.01). It is worth noting
that while a single false positive was observed during the validation of
the HS-Roche immunoassay, it is possible that this specimen contained a
benzodiazepine not included in our targeted LC-MS/MS confirmatory
benzodiazepine panel, such as etizolam or flualprazolam [23,24].

The LDT is a powerful tool in the clinical laboratory that requires
substantial validation and ongoing quality monitoring once imple-
mented. The VALID Act and its impact on clinical laboratories providing
LDTs as part of their testing menus is still being discussed. This study
reinforces the importance of LDTs in laboratory medicine and their role
in meeting unmet clinical needs and providing clinically optimal testing
services for patients. The appropriate level of regulatory oversight can
help ensure clinical validity of LDTs and patient safety; however, over-
regulation comes with more than just additional financial costs but also
increased operational burdens and discourages innovation in a rapidly
evolving field due to technological advancements. The increased regu-
latory requirements outlined in the VALID Act impacts all LDTs and
could potentially discourage clinical laboratories from conducting their
own internal studies to develop an LDT or better characterize assay
performance, as any modifications made may come with an increased
risk of regulatory scrutiny and operational burden. Moving forward, it is
important for laboratory professionals to continually bring forth
compelling arguments which underline the importance of LDTs and the
dangers of overregulation as opposed to appropriate regulation.
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