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Abstract

Objectives: The aim of this study was to compare the
analytical performance of the KIMS (kinetic interaction of
microparticles in solution) immunochemical method with a
validated in-house and a commercial LC-MS/MS method.
Methods: The urine samples of the 100 subjects were
included in the present study. The urine samples were
analysed with Roche DAT immunochemical method based
on KIMS method. In-house LC-MS/MS method was validated
for 58 parameters according to the CLSI C62-A recommen-
dations with the following parameters: matrix effect, lower
limit of quantification (LLOQ), linearity, intra-day and inter-
day precision and accuracy. Eureka Lab Division Drugs of
Abuse kit was used as the commercial LC-MS/MS method.
Results: The immunochemical method had a satisfactory
performance with specificity, sensitivity and accuracy
values above 80 % and met the DRUID recommendation
except benzodiazepines. The sensitivity and specificity of
the immunochemical method were between 97-100 %
and 84-100 %, respectively (except for benzodiazepines).
The bias obtained for THC-COOH, morphine and codeine
parameters were —17.5, 24.6 and 43.6 between two LC-MS/
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MS methods. The commercial method had a tendency to
have a negative bias except for cannabinoids.
Conclusions: The analytical performance of the KIMS-based
urine immunochemical method was found to be satisfactory
for the intended use, except for benzodiazepines. The vali-
dated urine in-house LC-MS/MS method was found to be a
good alternative for confirmation of substance abuse.

Keywords: substance abuse; KIMS method; LC-MS/MS; cut-
off; in-house method

Introduction

Substance use disorder represents a worldwide problem that
negatively affects the individual and society in terms of health,
economic and social life. Various methods and sample types are
used in the diagnosis and follow-up of substance use disorder.
The most commonly used samples in substance analysis are
urine, serum, plasma, oral fluid, hair, nail and meconium [1].
Results might vary depending on the method and sample type.
Immune methods are used as screening methods in sub-
stance analysis, and methods such as liquid chromatography
tandem mass-spectrometry (LC-MS/MS), gas chromatography-
mass spectrometry (GC-MS) are used as confirmation methods
[2]. Immunochemical method provide a baseline result and
obtained results are needed to be confirmed with a specific
technique if necessary. Immunochemical method is the most
widely used screening method for drug analysis due to its ease
of use and automation, low cost and high speed [3, 4]. The
disadvantages of immunological tests are poor specificity,
obtaining qualitative or semi-quantitative results, and false
positive or false negative results due to cross-reactivity [1, 5, 6].
Chromatographic and mass spectrometric methods give reli-
able and accurate quantitative results in the evaluation of
substance abuse due to their high sensitivity and specificity.
Urine, blood and oral fluid are the most preferred spec-
imens for substance analysis [7]. Depending on the purpose of
use, urine or blood sample has many advantages. Urine is the
preferred sample type for workplace testing or medical
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purposes, as it has advantages such as high amount of sub-
stances and metabolite in the urine, large sample quantity,
easy sampling, lower cost analysis, and substance detection in
days to months [8-10]. However, the substance concentra-
tions in the urine are not correlated to the clinical symptoms
and/or degree of impairment [7, 11]. The blood sample is
particularly advantageous in determining the short-term
exposure of the substance abuse, especially in road-side
testing. The substance concentrations in the blood correlate
with clinical symptoms and are unlikely to adulteration. Oral
fluid is becoming more and more used in substance analysis
due to its many advantages. These advantages are that a
positive test result shows short-term exposure of the sub-
stance abuse, having correlation to blood/plasma concentra-
tions and, therefore, to the clinical symptoms and/or degree of
impairment, and providing simple and non-invasive sample
collection [7]. In general, when evaluating these matrices, it is
important to keep in mind that urine has higher drug
metabolite concentrations, but oral fluid and blood have
higher parent drug concentrations [11]. It is also necessary to
know the time of substance use and to decide to use the
appropriate sample type at that time.

In this study, we used the same matrix for substance
screening and confirmation to eliminate the matrix effect,
and we analysed two LC-MS/MS methods in urine, since
urine matrix was used in the immunochemical method. It
was aimed to compare the analytical performance of the
KIMS immunochemical method with a validated in-house
and a commercial LC-MS/MS method.

Materials and methods
Subjects and ethics

The present study was consisted of a total of 100 volunteers who
admitted to the Alcohol and Substance Addiction Treatment and Edu-
cation Center (AMATEM) for treatment. This study was approved by the
Research Ethics Board of Ankara Atatiirk Training and Research Hos-
pital. All volunteers gave a written consent. The authors confirmed in
writing that they have complied with the World Medical Association
Declaration of Helsinki regarding ethical conduct of research involving
human subjects and/or animals.

Inclusion criteria for the study; was to be between the ages of 18-65,
to be diagnosed with substance use disorder according to DSM-5 criteria,
and to be literate. Individuals who were clinically and intellectually
incompetent (e.g., mental retardation, psychosis), diagnosed with smok-
ing or alcohol use disorder other than illegal substances, whose samples
were invalid according to sample integrity tests, who did not meet the
sample collection criteria (e.g., adulteration of the urine before testing, or
insufficient urine sample) were excluded from the study.

Sociodemographic and drug questionnaires data of the volunteers
were obtained. Urine samples were analysed in the laboratory of
AMATEM using Roche Cobas® 6000 plus immunochemical method
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system according to the manufacturer’s instructions. The immuno-
chemical method analyses were done on the same day of urine collec-
tion. After immunochemical method analysis, these samples were
aliquoted for LC-MS/MS analyses, immediately placed in the —80+2 °C
freezer and kept at —80+2 °C until analysis day by LC-MS/MS. The in-
house and the commercial LC-MS/MS analyses were performed with an
ABSCIEX Triple Quad™ 3500 Instrument system in Ankara Yildirim
Beyazit University Central Research Laboratory.

Roche Cobas® DAT immunochemical methods

The measurement principle of the Roche DAT immunochemical method
was KIMS [12]. Reagents, calibration and control materials for the immu-
nochemical method testing were purchased from Roche Diagnostics GmbH
(Roche Diagnostics, 68305 Mannheim, Germany). Calibration and control
studies were performed every working day. The Roche Cobas DAT system
allows a semi-quantitative detection of the substance abuse based on six
point calibration curves. Two quality control (QC) samples were analysed
to check the performances of the system. The calibration curves ranges
were 0-2000 ng/mL for opiates; 0-5000 ng/mL for amphetamine/meth-
amphetamine and cocaine; 0-300 ng/mL for cannabinoids; 0-1000 ng/mL
for benzodiazepines. The measured drugs and metabolites are as follows:
benzodiazepines (nordiazepam), amphetamines (D-methamphetamine),
opiates (morphine), cocaine (benzoylecgonine) and cannabinoids (11-nor-
A THC-9-carboxylic acid, THC-COOH) were screened with the Roche
Cobas® DAT immunochemical methods. The cut-off concentrations of the
amphetamines, cocaine, opiates, benzodiazepines and cannabinoids were
500, 150, 300, 300 and 50 ng/mL, respectively. For detection of opiates, Roche
offers two applications for the KIMS assay: 300 and 2000 ng/mL. 300 ng/mL
was used routinely in the AMATEM and it was used for the confirmation
studies. The results of the immunochemical method were confirmed by the
in-house LC-MS/MS method. Cross reactivity lists for each parameter were
provided by the manufacturer in the performance guide [13].

Eureka lab division drugs of abuse LC-MS/MS method

Eureka lab division drugs of abuse in urine by LC-MS-Code LC74010
(60033 Chiaravalle (AN), Italy) kit was used. ABSCIEX Triple Quad™ 3500
Instrument system was used for the confirmation studies. Eureka lab
division drugs of abuse LC-MS/MS method (commercial method) was
compared with the in-house LC-MS/MS method. The column was RESTEK
LC Columns (50 mm x 2.1 mm, particle size of 5 p) (Bellefonte, PA 16823,
USA) which maintained at 40°C. Multiple reaction monitoring mode
(MRM) was used for the optimization of the parameters. Negative elec-
trospray ionization (ESI-) mode was used for THC-COOH, THC, 11-OH THC
and positive electrospray ionization mode (ESI+) for the other substances.
Ion spray voltage was set at 3500 V, and analysis time was 18 min. Injec-
tion volume was 20 uL. The flow rate was 500 uL min ", The mobile phase
was consist of water:formic acid 100:0.1 (v/v) (component A) and aceto-
nitrile:formic acid 100:0.1 (v/v) (component B). The gradient was: from t=0
to 10 min 90 % A; from t=10 to 15 min a linear gradient from 90 to 10 % A;
from t=15 to 15.5 min a linear gradient from 10 to 90 % A; from t=15.5 to
18 min, 90 % A which was maintained for 2.5 min to re-equilibrate the
system. Multi Quant 3.0.2 and Analyst 1.6.2. were used for the data anal-
ysis. The samples were prepared with a centrifuge for Eppendorf, Thermo
Scientific Micro CL 21R (Waltham, MA 02451, USA).

A total of 23 parameters were detected by commercial LC-MS/MS
method; morphine, amphetamine, pseudoephedrine, methamphetamine,



26 —— Avcioglu et al.: Comparison of immunoassay method and LC-MS/MS methods for substance abuse in urine

3,4-methylenedioxyamphetamine (MDA), tetrahydrocannabinol (THC),
34-methylenedioxy-N-ethylamphetamine = (MDEA), 11-nor-9-carboxy-
A9-tetrahydrocannabinol (THC-COOH), 34-methyl-enedioxy-metham-
phetamine (MDMA), diazepam, oxazepam, lorazepam, midazolam,
clonazepam, flurazepam, 6-monoacetylmorphine (6-MAM), codeine, oxy-
codone, methadone, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine
(EDDP), norbuprenorphine, buprenorphine and ketamine. MS parame-
ters of the substances are given in (Supplementary Table 1). Measurement
range of the commercial method was from 10 to 10,000 ng/mL for opiates,
methadone and metabolites, amphetamines and metabolites and from 1 to
1000 ng/mL for THC and norbuprenorphine metabolite.

In-house LC-MS/MS method

ABSCIEX Triple Quad™ 3500 Instrument system was used for the in-
house LC-MS/MS studies. All chemicals and deuterated internal stan-
dards (I.S.) used in in-house LC-MS/MS method were obtained from
Cerilliant (Round Rock, TX) or Chiron AS (Trondheim, Norway).
Analytical or HPLC grade solvents and chemicals were used. The col-
umn was Thermo Scientific Hypersil gold (100 mm x 2.1 mm, particle
size of 3 u) (Waltham, MA 02451, USA) which was set at 30 °C. Selective
Reaction Monitoring (SRM) was used for the optimization of the pa-
rameters. Ion spray voltage was set at 4500 V, and analysis time was
15 min. The negative electrospray ionization (ESI-) mode was imple-
mented for THC-COOH, THC, 11-OH THC and the positive electrospray
ionization mode (ESI+) for the other substances. The flow rate was
350 uL min~’. The water:formic acid 100:0.1 (v/v) (component A) and
acetonitrile:formic acid 100:0.1 (v/v) (component B) were used for
mobile phase. The gradient was: from t=0 to 1 min 97 % A; from t=1 to
2min, a linear gradient from 97 to 70 % A; from t=2 to 5min 70 % A;
from t=5 to 6 min, a linear gradient from 70 to 5 % A; from t=6 to 13 min
5% A; from t=13 to 13.1 min, a linear gradient from 5 to 97 % A; from
t=13.1 to 15min 97% A which was maintained for 2min to re-
equilibrate the system. Injection volume was 20 uL. Multi Quant 3.0.2
and Analyst 1.6.2 were used for the data analysis. The samples were
prepared with a centrifuge for Eppendorf, Thermo Scientific Micro CL
21R (Waltham, MA 02451, USA).

A total of 58 parameters were detected by in-house LC-MS/MS method;
morphine, methamphetamine, o-PVP, lysergic acid diethylamide (LSD),
4-OH-N-methylamphetamine, buprenorphine, amphetamine, MDA,
JWH-250, MDMA, THC, cocaine, 11-OH THC, benzoylecgonine, diazepam,
oxazepam, ketamine, cathinone, alprazolam, 1-(4-Chlorophenyl)piperazine,
pregabaline, flunitrazepam, lorazepam, phenazepam, Cumyl-Butinaca,
midazolam, JWH-200, pseudoephedrine, clonazepam, Apinaca, cannabi-
diol, 6-MAM, cocaethylene, hydromorphone, codeine, oxymorphone,
piperazine, XLR-11, oxycodone, RCS4, hydrocodone, THC-COOH, EDDP,
methadone, thebaine, phencyclidine, flurazepam, AB-PINACA, JWH-122,
MDEA, AB-CHMINACA, PB-22, AM-2201, gabapentin, MDMB-CHMICA, hero-
in, methylphenidate, and fentanyl. MS parameters of the substances are
given in (Supplementary Table 2).

Calibrator, control and sample preparation for in-house
method

In house LC-MS/MS method was developed and further validated using
drug-free (blank) urine samples from volunteers. All analytes were
prepared in methanol and the concentrations of the stock solutions were
1 mg/mL. Serial dilution was used for the preparation of the solutions for
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calibrators. Different concentrations were achieved in each groups, then
it was added to 100 uL blank urine. The concentrations of the calibrators
of the substance groups were generated following: natural cannabi-
noids (6.25, 12.5, 25, 50, 125 and 250 ng/mL); phencyclidine and synthetic
cannabinoids (0.63, 1.25, 2.5, 6.25, 12.5 and 25 ng/mL); opiates and opioids
(12.5, 50, 125, 250, 500 and 1000 ng/mL); 6-MAM (2.5, 5, 10, 15, 25 and 50 ng/
mL); benzodiazepines, cocaine, amphetamines, methamphetamine/
MDMA (12.5, 50, 125, 250, 500 and 1000 ng/mL); fentanyl (1.25, 5, 12.5, 25, 50
and 100 ng/mL); for pregabalin and gabapentin (62.5, 125, 250, 625, 1250
and 2500 ng/mL).

Serial dilution was implemented for the preparation of the quality
controls (QC). Low and high concentrations of QC were fortified in
100 pL blank urine and obtained following concentrations; benzodiaz-
epines, amphetamines, cocaine, methamphetamine/MDMA (100 and
500 ng/mL); opiates (100 and 300 ng/mL); 6-MAM (10 and 50 ng/mL);
natural cannabinoids (50 and 150 ng/mL); synthetic cannabinoids (10
and 50 ng/mL); other parameters (200 and 1000 ng/mL). The concen-
tration of the ISTD mix solutions (with methanol) was 50 ng/mL. Amber
vials were used for the solution protection at —20 °C.

The raw urine samples were allowed to reach room temperature.
The samples were centrifuged at 4600x rpm for 5 min and the superna-
tant were collected. A mixture solution comprising 500 yL supernatant,
35 uL IS working solution, and 30 uL. NaOH was added. The mixture so-
lutions were chemically hydrolysed for 45 min at 65 °C, 30 uL acetic acid
was added and the mixture solutions were extracted by drug extraction
tube (EqC, Ankara, Turkey). The mixture solutions were vortexed and
centrifuged at 4600x rpm for 5 min. The supernatant phase were poured
into glass vials (1.5 mL, Infochroma, Zug, Switzerland) and measured by
LC-MS/MS.

Calibrator, control and sample preparation for
commercial method

Calibrators, controls and samples were prepared based on the manu-
facturer’s instructions. All calibrators and controls were prepared in
ultrapure water. The urine samples were allowed to reach room tem-
perature. 500 uL sample (calibrator, control or urine sample) added to a
centrifuge tube and spiked with 50 uL Reagent A (chemical hydrolysis
solution for THC), 100 uL Reagent B (enzymatic hydrolysis solution for
opiates) and 50 yL atropine labelled I.S. were added. The samples were
hydrolysed for 1h at 60°C. After cooling to room temperature, the
samples were centrifuged at 14,000x rpm for 5 min and the supernatant
were collected. An Eppendorf tube was filled with 100 uL supernatant
were taken and 100 pL of reagent D was added. This mixture was vor-
texed, filled into vials and analysed by LC-MS/MS system.

Method validation

Method validation studies were performed according to CLSI C62-A
recommendations for bioanalytical based on the following parameters:
linearity, intra-day and inter-day precision, matrix effect, lower limit of
quantification (LLOQ), and accuracy [14-16].

Data analysis

The results obtained by Roche DAT immunochemical methods
were compared with commercial and in-house LC-MS/MS
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methods. Commercial and in-house LC-MS/MS methods were also
compared with each other. The immunochemical method results
which were resulted in positive or negative based on screening
test cut-off levels were confirmed with the results of in-house
LC-MS/MS method. The cut-off limits recommended by European
Guidelines for Workplace Drug Testing in Urine were used for the
confirmation of the immunochemical method results [17]. The
confirmation cut-off concentrations of the amphetamines, cocaine,
opiates, 6-MAM, benzodiazepines and cannabinoids were 200, 100,
300, 10, 100 and 15 ng/mL, respectively [17].

Samples with positive or negative results by immunochemical
method were defined as true positive (TP) or true negative (TN) after
confirmation by LC-MS/MS. Samples measured positive by immuno-
chemical method, but the target drug was not detected at the deter-
mined confirmation cut-offs defined false positive (FP). Samples
measured negative, but the target drug was detected at the assigned
confirmation cut-offs defined false negative (FN). Sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), prev-
alence were calculated and the acceptable performance criteria for
these parameters were evaluated as >80 %, in agreement with the
Driving under the Influence of Drugs, Alcohol and Medicines (DRUID)
and ROSITA, ROSITA-2 projects [18].

Statistical analysis

Descriptive statistics were calculated for the three methods using SPSS
version 22 (Statistical Package for the Social Sciences, Chicago, IL, USA).
Kolmogorov—Smirnov test was used for the distribution of the data. The
correlation analyses were tested by Pearson’s or Spearman correlation
test. A p-value of <0.05 was considered statistically significant. Bland—
Altman analysis, Passing Bablok regression analysis and correlation
coefficients were used to study interchangeability between results from
the commercial and in-house LC-MS/MS methods with in-house LC-MS/
MS as areference. No constant bias between the methods was defined as
when the 95 % confidence interval (CI) of the intercept of the regression
line included zero. Similarly, no proportional bias was defined as when
the 95 % confidence interval for the slope of the regression line included
one. Bland-Altman and Passing and Bablok graphs were plotted using
MedCalc software version 15.8 (MedCalc Software bvba, Ostend,
Belgium). Analytical performance parameters and their confidence
intervals were calculated using a MedCalc diagnostic test evaluation
calculator.
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Results

Analytical performance results of the
immunochemical method

A total of 100 volunteers, 92 males (age between 18 and
60 years) and eight females (age between 20 and 27 years),
were included in the study. Sociodemographic and drug
questionnaire data were given in (Supplementary Table 3).
The analytical performance results of the immuno-
chemical method are given in Table 1. The sensitivity results
of the immunochemical method for amphetamines, cocaine,
opiates and cannabinoids were determined as 100, 100, 97 and
97, respectively. The specificity results of the immunochem-
ical method for amphetamines, cannabinoids, cocaine, ben-
zodiazepines, and opiates were determined as 100, 100, 99, 90,
and 85, respectively. The immunochemical method had a
satisfactory performance with sensitivity, specificity, PPV,
NPV and accuracy values above 80% and met the DRUID
recommendation except benzodiazepines (Table 1).
Sensitivity, specificity and accuracy for amphetamines
were determined as 100 %. For cocaine analysis by immu-
nochemical method, only one FP result was detected and the
specificity of immunochemical method for cocaine was 99 %.
The cocaine (benzoylecgonine) value of the FP sample was
determined as 418 ng/mL by immunochemical method and
determined 82.5 ng/mL by the in-house LC-MS/MS method.
Thus, this level was considered FP because it was lower than
the cut-off limit (<100 ng/mL) of the confirmation method. As
a result of having no TP or FN samples for benzodiazepines,
sensitivity and accuracy could not be calculated. The anal-
ysis of benzodiazepines by immunochemical method was
confirmed by LC-MS/MS and 10 FP results were obtained.
Benzodiazepines were detected in eight of these results by
both LC-MS/MS methods. However, benzodiazepine levels in
these samples were between 10.6 and 24.7 ng/mL and they

Table 1: The results of analytical performance of Roche Cobas® DAT immunochemical method based on in-house LC-MS/MS method.

Amphetamines Cocaine Benzodiazepines Cannabinoids Opiates
TP 24 " 0 38 38
TN 76 88 90 61 52
FP 0 1 10 0 9
FN 0 0 0 1 1
Sensitivity, % (95 % CI) 100 (82.8-100 100 (67.9-100) N/A 97 (84.9-99.9) 97 (86.5-99.9)
Specificity, % (95 % CI) 100 (94.0-100 99 (93.9-99.9) 90 (82.4-95.1) 100 (92.6-100) 85 (73.8-93.0)
Accuracy, % (95 % CI) 99 (94.6-99.9) N/A 99 (94.6-99.9) 90 (82.4-95.1)

Prevalence, % (95 % CI)
PPV, % (95 % CI)
NPV, % (95 % CI)

24 (16.3-33.8
100 (82.8-100
100 (94.0-100

11(5.8-19.2)
92 (59.7-99.6)

)
)
100 (96.4-100)
)
)
) 100 (94.8-100)

0 39 (29.5-49.2)
0(0-30.9) 100 (88.6-100)
100 (94.6-100) 98 (90.2-99.9)

39 (29.4-49.3)
81 (69.7-88.6)
98 (88.2-99.7)

(I, confidence interval; N/A, not applicable.
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were below the cut-off limit of the confirmation method
(100 ng/mL). Oxazepam, diazepam, flunitrazepam and lor-
azepam were determined in these samples by the confir-
mation method.

The cannabinoid analysis by immunochemical method
was confirmed by LC-MS/MS method and only one FN result
was detected. The THC-COOH level in this sample was deter-
mined as 5 ng/mL LC-MS/MS method (confirmation cut-off was
15 ng/mL), respectively. Since this result was below the immu-
nochemical method cut-off limit (50 ng/mL), it was determined
as negative according to the immunochemical method.

The opiate analysis by immunochemical method was
confirmed by LC-MS/MS method and nine FP results were
determined. The morphine levels of the false positive sam-
ples were between 7.82 and 78.02 ng/mL according to in-
house LC-MS/MS method (Supplementary Table 4). Accord-
ing to the drug questionnaire data of two of the nine vol-
unteers with a FP result, it was declared that these
volunteers used heroin 24 h before giving a urine sample. In
the drug questionnaire data of nine volunteers with a FP
result, it was stated that these volunteers used cannabinoids
or used heroin 48h before giving a urine sample. When
2000 ng/mL was used as the cut-off limit, it was determined
that eight of the results obtained as TN and the specificity
would have increased from 85 to 98 % and the sensitivity
would be 98 %. According to the drug questionnaire data of
the volunteer whose one FN result was found in opiate
analysis by immunochemical method, it was stated that the
volunteer used 3.5-4 g of heroin 6-12 h before giving a urine
sample. The opiates result (6-MAM, morphine and codeine
were detected) was found to be positive even when the urine
sample of this volunteer was detected by the commercial
LC-MS/MS method.

Validation of the LC-MS/MS method

The in-house LC-MS/MS method is capable of detecting 58
substance in urine and was fully validated according to the
guidelines of the CLSI C62-A. The validation results are pre-
sented in (Table 2).

The method was determined to be linear at nine levels.
The mean regression coefficients (R of all parameters were
greater than 0.9929. The back calculated concentrations of
the calibration standards, and the CV% of the five replicates
were within +15 % of the nominal concentrations, and the
LLOQ were within +20 %.

Intra-day (CVs variable from 1.4 to 14.4 %) and inter-day
(CVs variable from 3.9 to 14.7 %) reproducibility analyses
were in agreement with the current criteria. The accuracy
were between 85.2 and 118 % (calibrator 3), 79-122 %
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(calibrator 4) and 84.9-114.8 % (calibrator 5). The intra-day
and inter-day precision and accuracy data were within the
required limits.

The matrix effect (ME%), recovery of the extraction
procedure (RE%) and process efficiencies (PE%) were
determined at six levels. The reproducibility was satisfac-
tory and within required limits (the CV was <15 %) for all
substances. The ME%, RE% and PE% were between 78.2 and
128.9 %, 40.7-123.5 % and 38.6-138.9 %, respectively. The RE %
was higher than 50 % (93.1 % of analytes) and below 50 % were
noted for cocaethylene, cocaine, methadone and EDDP.

LLOQ values of the substance group were 12.5 ng/mL for
amphetamine, metamphetamine, cocaine, benzodiazepines
and opiates (2.5 for 6-MAM), 6.25 ng/mL for natural canna-
binoids, 0.63 ng/mL for synthetic cannabinoids, and 62.5 ng/
mL for pregabalin and gabapentin. The precision and accu-
racy results of five repeated measuements at the LLOQ levels
for each substances were satisfactory according to the CLSI
C62-A.

Method comparison of commercial and in-
house LC-MS-MS methods

In our study, 23 and 58 parameters in urine were analysed by
commercial and in-house LC-MS/MS methods, respectively.
Parameters below the detection limit of the methods or
when sufficient number of samples cannot be reached for
comparison or analysed by only one of the methods were not
included in the comparison. The results of the correlation,
Passing-Bablok regression and Bland-Altman analysis of
the parameters THC-COOH, morphine, codeine (amphet-
amine, methamphetamine, MDMA, MDA, pseudoephedrine,
and oxazepam parameters were not included for the com-
parison, n<20) are shown in Tables 3, 4 and 5 and the plots
are shown in Figure 1. The comparison were not evaluated
for the amphetamine, methamphetamine, MDMA, MDA and
oxazepam analysis since only 18, 14, 6, five and five mea-
surements were used for the comparison.

In-house and commercial LC-MS/MS methods were
strongly correlated for the THC-COOH (r; 0.849). Both
methods showed good correlation for morphine and codeine
(r; 0.684 and 0.702, respectively). The correlation between
the two methods for these parameters was highly significant
(p<0.001), see Figure 1.

Based on Passing—Bablok regression data, there were no
significant differences for any of the parameters between
two LC-MS/MS methods (p>0.05). Passing and Bablok anal-
ysis indicated a proportional bias for codeine since the slope
was 0.66 and the 95% CI did not include 1. There was a
constant bias for THC-COOH and the intercept was 23.7. Also
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Table 3: The correlation results of the commercial and in-house LC-MS/
MS methods.

Analytes n r p-Value R?

THC-COOH 43 r=0.849 p<0.001 R?=0.723
Morphine 39 r=0.684 p<0.001 R*=0.594
Codeine 34 r=0.702 p<0.001 R%=0.494

p-Value less than 0.05 were considered significant highlighted in bold.

for morphine a small proportional bias could be seen since
the slope was 0.82 and the 95 % CI was 0.64-0.9, just outside
the limits of including 1, see Figure 1.

The mean differences and the 95 % limit of agreement
data and graphs of Bland—-Altman analysis are presented in
Table 5 and Figure 1. The negative bias was only obtained in
the analysis of THC-COOH. Commercial LC-MS/MS method
showed a constant bias for morphine, THC-COOH and co-
deine of 24.6, —17.5 and 43.6 %, respectively that compared
with in-house LC-MS/MS method.

Two result of THC-COOH outside the 95% CI had the
concentrations of 63 and 144 ng/mL measured by the com-
mercial method and 147 and 345ng/mL by the in-house
method Figure 1. The differences in THC-COOH were evenly
scattered on both sides of the mean. There was a tendency of
higher scatter in the upper concentration range.

Four results of morphine outside the 95 % CI and there
were 6, 10, 22 and 25 times difference between both methods.
The difference between the two methods was close to the
mean for the analysis results obtained around 1500 ng/mL in
the morphine analysis.

In the comparison of the results obtained for 23 pa-
rameters of the commercial and in-house LC-MS-MS
methods, the evaluation was also made using the LOQ limits
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of the methods, and no clinical discrepancy was observed
between the two methods in terms of diagnostic efficacy.

Discussion

The performance characteristics of the KIMS-based urine
immunochemical method used in AMATEM clinics was
evaluated by comparing it with the urine in-house LC-MS/MS
in the present study. The in-house LC-MS/MS method was
implemented for screening a total of 58 substances in urine
and was further validated and applied to substance abuse
analysis of 100 patient samples. The analytical performance
of the screening methods used in the screening of substances
for AMATEM or Probation Service in our country has a
special importance. Since positive results for substance
abuse testing could have medical/legal results, if deemed
appropriate by the clinicians, positive immunochemical
method results should be confirmed using a reference
chromatographic method. The chromatographic methods
are not used routinely in these services because of having
disadvantages such as cost, labour, and practicality.

The KIMS-based urine immunochemical method
exhibited good performance for all parameters that met the
DRUID recommendation (>80 %) except benzodiazepines
(Table 1). The sensitivity could not be calculated owing to
having no TP and FN results. The sensitivity and specificity
results of the immunochemical method except benzodiaze-
pines were between 97-100 % and 83-100 %, respectively.
Since immunochemical method results (except for benzo-
diazepines) are used in conjunction with data from clinical
findings, positive or negative results should be confirmed as
needed.

Table 4: The Passing-Bablok results of the commercial and in-house LC-MS/MS methods.

Analytes n Equation Slope (95 % CI) Intercept (95 % CI) p-Value
THC-COOH 43 y=23.7 + 0.78 x 0.78 (0.59 - 0.99) 23.7 (13.3 - 32.1) 0.560
Morphine 39 y=6.5 + 0.82 x 0.82 (0.64 - 0.9) 6.5 ((-16.8) - 176) 0.130
Codeine 34 y=(-5.4) + 0.66 x 0.66 (0.55 - 0.76) -5.4 ((-38.3) - 63.9) 0.940
Table 5: The Bland-Altman results of the commercial and in-house LC-MS/MS methods.

Analytes n Bias (95 % CI) Lower limit (95 % CI) Upper limit (95 % CI) p-Value
THC-COOH 43 -17.5 ((-31.9) - (-2.9)) —-109 ((—134) — (-84)) 74.6 (49.7 - 99) 0.019
Morphine 39 24.6 ((-0.9) - 50.1) -129 ((-173) — (-85)) 178 (134 - 222) 0.058
Codeine 34 43.6 (18.8 — 68.5) -95.9 ((-138) — (-53.1)) 183 (140 — 226) 0.001

p-Value less than 0.05 were considered significant highlighted in bold.
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Figure 1: Method comparison of in-house LC-MS/MS and commercial LC-MS/MS by using Bland-Altman (1), Passing Bablok (2) and correlation (3) in the

analysis of morphine (A), THC-COOH (B), codeine (C).

Immunochemical methods in drug testing suffer from
interferences with biomolecules, other drugs or metabolites
causing false positive results. Besides false positive results,
adulteration risks are the crucial pitfalls leading to false
negative results. Urine exchange (e.g. urine of a drug-free
person), synthetic urine, urine dilution by drinking so much
water before sampling or commercial adulterants are the
most common adulteration techniques [19]. Substance abuse
testing can be adultered in these ways which may not be
determined by the immunochemical method [20]. Urine
sample integrity analysis is performed to determine the
possible adulteration of samples.

Amphetamine immunochemical methods are generally
interacted with other cross-reacting drugs and substances that
leads to FP results [21]. The structures of amphetamine and
methamphetamines make it difficult to improve specific an-
tibodies. Many drugs such as sympathomimetic, Vicks
VapoInhaler™, H, receptor blocker (ranitidine), antidepres-
sant (fluoxetine, trazodone, bupropion), antiarrhythmic
(mexiletine) have been reported to cause cross-reactions by
the analysis of amphetamine immunochemical method [22,
23]. Since the sensitivity, specificity and accuracy of the KIMS
assay used in our study was evaluated as 100 %, it was deter-
mined that the amphetamine performance of this method was
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quite good. The sensitivity and specificity of six immuno-
chemical methods (ADx, EMIT, AxSYM, KIMS, EMIT N, KIMS X)
were compared by Verstraete and Heyden in detecting am-
phetamines in urine and the results were confirmed by LC-MS/
MS method [24]. The sensitivity for these six methods is be-
tween 93 and 95 % (excluding ADx 100 %). The specificity of the
KIMS assay was found to be 88 % and the specificity of the
other assays were varied between 88 and 100 %. In this study,
we evaluated that FP (n=16) and FN (n=10) results might have
been different from our study because the cut-off value used
for amphetamine in the KIMS method was 500 ng/mL [24]. Lu
and Taylor compared EMIT II and KIMS assays and they re-
ported that the EMIT II assay had slightly better sensitivity in
analysing true amphetamines positives while KIMS had
slightly better specificity. The cut-off limits of the immuno-
chemical methods used in this study were the same with our
study [25].

The sensitivity and specificity of the immunochemical
methods used in cocaine analysis are generally evaluated as
good [26]. Our study aligned with this report that KIMS assay
showed higher sensitivity and the specificity (100 and 99 %)
for the cocaine. Cocaine immunochemical methods generally
have lower cross reactivity since its metabolite benzoylecgo-
nine has low structural similarity to common medications
(commonly used local anaesthetics (e.g., tetracaine, lidocaine,
and procaine)) or illicit drugs [27]. Coca leaves, topical and
ophthalmic use of cocaine can cause false positive cocaine
results in the urine [28]. Mazor et al. reported that each sub-
ject’s urine cocaine assay was positive (level exceeding 300 ng/
mL) by 2h after ingestion of coca tea. Three out of five par-
ticipants’ samples stayed positive at 36 h in the study [29]. Coca
tea consumption is not very common in our country and FP
result is not expected due to this situation. Only one FP result
obtained for cocaine immune analysis in the present study.
The benzoylecgonine concentration of this urine was 82.5 ng/
mL and it was below the cut-off limit of the confirmation limit
(benzoylecgonine 100 ng/mL). Similar to our results, Bertholf
et al. reported that the PPV value of the KIMS assay for cocaine
was 100 % (number of the cases were 27) [30].

The ability of immunochemical methods to detect ben-
zodiazepines is problematic due to variations in the efficacy,
structure, metabolism and elimination of this group of drugs
[31]. One of the most important limitation of immunochemical
methods is the increased incidence of FP and FN results due
to the different immunoreactivity of antibodies developed
against benzodiazepines class drugs with different structural
properties. Therefore, the sensitivity of benzodiazepines
immunochemical methods is high, but the specificity varies.

In our study, the number of FP results was 10 in the
analysis of the benzodiazepines by immunochemical method,
and the specificity of the method was 90 %. The sensitivity
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could not be calculated owing to having no TP and FN ben-
zodiazepines results. The benzodiazepines were lower than
the confirmation cut-off limit in all sample by in-house LC-MS/
MS method, but they were higher than the confirmation cut-
off limit in two samples by commercial LC-MS/MS method.
The benzodiazepines were detected in eight samples by in-
house LC-MS/MS method, but the concentrations were lower
than the confirmation cut-off limit (100 ng/mL).

The metabolite analysis of main substances such as
alprazolam, midazolam, nitrazepam, lorazepam, flurazepam,
clonazepam and phenazepam (hydroxyalprazolam, N-
demethylflunitrazepam, 2-amino-5-nitrobenzophenone etc.)
was not performed. Instead, oxazepam, the end product of
metabolism of the frequently abused benzodiazepines such as
chlordiazepoxide, diazepam, clorazepate, and prazepam, was
analysed. TP results may not have been obtained because only
the oxazepam metabolite was analysed. We evaluated that the
10 FP results might have been obtained because this immu-
nochemical method showed cross-reactivity due to other
benzodiazepines (whose metabolites were not analysed) or
the drugs used by the volunteers (sertraline etc.). On the other
hand, there was no declaration regarding the use of benzo-
diazepines by the volunteers according to the survey results.

The immunochemical methods for benzodiazepines also
suffer from significant false negative results. The nordiazepam
is generally used as a target metabolite for immune methods
in benzodiazepines analysis [32]. However, benzodiazepines
class drugs such as flurazepam, lorazepam, alprazolam, clo-
nazepam and triazolam, which are not metabolized to oxaz-
epam or nordiazepam, may not be detected by this type of
immunochemical methods. False-negative results may be ob-
tained, as an immunochemical method that can detect all
metabolites is currently not available. The reason for the lack
of FN immunochemical method results in this study may be
that only oxazepam metabolite levels were analysed by in-
house LC-MS/MS method.

The number of FN results was one and the number of FP
results was 0 in cannabinoids analysis by immunochemical
method and the sensitivity and the specificity of the method
were 97 and 100 %, respectively in the present study.

The performance of the immunochemical method eval-
uated for THC analysis is successful. For the THC analysis by
immunochemical method, FP results were obtained due to the
interaction with the drugs in the studies, but not in this study
[10]. In the study by Lyons et al., in which the KIMS method
was compared with GC-MS in the cannabinoid analysis, the
FNresult was determined as 190 ng/mL and the number of the
FP result was 2. In our study, the number of FN and FP results
was found to be less, but while the number of samples ana-
lysed in our study was 100 ng/mL, it was 1689 ng/mL in that
study [33]. FN with cannabinoids screening test is mainly
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originate from the use of synthetic cannabinoids that display
psychoactive effects as cannabis when it is binding to endoge-
nous cannabinoid receptors, but have extremely different
structures [10]. Conventional cannabinoid screening immuno-
chemical methods cannot detect synthetic cannabinoids.
Recent immunochemical methods developed for specific syn-
thetic cannabinoids were reported to have good performance
at detecting JWH-018 and UR-144 [10, 34]. However, they are
failed to detect new synthetic cannabinoids due to rapid change
of their chemically structure. Thus, having immunochemical
methods with wide cross-reactivity for synthetic cannabinoids
might be useful in determining these drugs in patient samples.
It is possible to detect new synthetic cannabinoids by LC-MS/
MS, ultra-performance liquid chromatography-electrospray
ionization tandem mass spectrometry (UPLC-MS/MS), nuclear
magnetic resonance (NMR), Fourier transform infrared spec-
troscopy (FTIR) and quadrupole time-of-flight mass spectrom-
etry (QTOF-MS) methodologies. The combined use of these
methods constitutes a set of powerful tools, where structural
elements and several compounds in a mixture can be identi-
fied, the accurate mass of the target analytes and information
on functional groups in the molecule can be obtained [34, 35].

In opiate analysis by immunochemical method, the
number of FN result is one and the number of FP results are
9, and the sensitivity and specificity of the method are 97 and
85 %, similar to the study of Hassan et al. (the number of FN
and FP results were 0 and 9) [36]. False-positive interferences
play an important role in the immunochemical method of
opiates. Use of drugs such as codeine, hydrocodone, fluo-
roquinolone antibiotics, rifampicin, naloxone, and poppy
consumption can give rise to FP test results with opiate
immunochemical method screening [37].

SAMHSA recommends the use of a cut-off level of
2000 ng/mL for opiate immunochemical method screening
tests to prevent false positive results due to consumption of
food containing poppy seeds, which is a common interference
[38]. In case the morphine concentration in the urine exceeds
2000 ng/mL, 6-MAM (cut-off 10 ng/mL) analysis is performed
by immunochemical method in order to differentiate the
morphine elevation due to heroin use and poppy use. In this
study, 6-MAM was not detected in nine patients with FP
results. Apart from 6-MAM, other markers (Thebaine, acet-
ylated-thebaine-4-metabolite glucuronide (ATM4G), etc.) can
also be used [39]. In particular, thebaine substance is
detected in the urine as a result of poppy use, after heroin
use, it is not detected in the urine. However, thebaine was
not detected in any of the patients in our study. It was
evaluated that the FP results were not related to the use of
opium poppy. When 2000 ng/mL is used as the immuno-
chemical method cut-off limit, eight of the FP results
obtained result in TN. In this case, the specificity of the
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method increases from 85 to 98 %. Therefore, it is more
appropriate to prefer 2000 ng/mL as the cut-off limit to in-
crease the specificity of opiate analysis with this method in
AMATEM.

The detection of 6-MAM in samples can play an impor-
tant role in forensic purposes because of being an evident of
recent use of heroin (<8 h). In this study, 6-MAM was not
detected in patients with FP opiate results. It might be
possible that opiates rapidly metabolized to 6-MAM with
only a small amount of this metabolite secreted in urine over
a very short time after drug abuse, the sampling times were
exceed the 6-MAM detection limit. Another aspect might be
related to the opiate dosage of volunteers were below the
detection limit.

In our study, morphine, hydromorphone and codeine
were detected in the urine of the volunteer whose opiate
analysis found FN. Hydromorphone level was determined as
1865 by in-house LC-MS/MS method. In the study conducted
by Davis et al,, hydrocodone, hydromorphone and dihy-
drocodeine were detected in 13 FN results in the opiate
analysis performed with the KIMS method. It has been stated
that false negative results might be due to weak cross-
reactivity with these compounds [40]. In the opiate kit insert
of the Roche-Cobas 6000 analyzer we studied, it was stated
that the hydromorphone cross-reactivity was 21% for the
300 ng/mL cut-off limit [41]. It might be possible that the
obtained FN result may be due to poor cross-reactivity
generated by high levels of hydromorphone, similar to the
study of Davis.

A method comparison study of the commercial LC-MS/
MS method and in-house LC-MS/MS method showed signif-
icant correlation between THC-COOH, morphine, codeine
assays (Tables 3, 4 and 5). The bias obtained for THC-COOH,
morphine and codeine parameters were —17.5, 24.6 and 43.6
between two LC-MS/MS methods. The commercial method
had a tendency to have a negative bias except for cannabi-
noids (Figure 1). The bias were not calculated for the
amphetamine, methamphetamine, MDMA, MDA and oxaz-
epam analysis since only 18, 14, 6, five and five measure-
ments were used for the comparison. The bias for these
parameters might be decreased by increasing the number of
measurements. As a consequence there was an unsatisfac-
tory agreement between both methods, for the analytical
comparison. On the other hand, no clinical discrepancy was
observed between the two methods when it was used for
confirmation of the immunochemical method results.

In general, the advantages of LC-MS/MS consist of
advanced specificity, ability to simultaneously measure
multiple analytes in a large number of biological fluids, the
requirement for small sample volumes for analysis, and
highly flexible due to being suitable for in-house method
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development. Compared to the LC-MS/MS method, immu-
nochemical methods are widely used in clinical practice due
to enhanced sensitivity, easy to analyse with minimal sam-
ple preparation, fast turnaround time. However, they are
susceptible to cross-reactivity by the structurally related
compounds and are not able to measure different analytes
simultaneously. In the analysis with the immunochemical
method,; if there are many substances in the sample, even if
the target substance concentration remains below the
detection limit, the cross-reaction of multiple substances
may result in a false positive target substance. Therefore,
immunochemical methods are basically used for screening,
LC-MS/MS methods are used for confirmation. The LC-MS/
MS methods have some disadvantages such as ion suppres-
sion/enhancement due to matrix effect, potential sources of
inaccuracy due to ionization techniques, absence of stable
isotope labeled internal standards, instrument cost, exper-
tise, training, quality assurance, and lack of standardization
and harmonization [42, 43].

Despite these disadvantages, substance abuse screening
purposes, LC-MS/MS methods are increasingly used in
routine clinical laboratories to obtain multiple analyte
determination with high specificity. There may not be a
clear-cut answer as to whether LC-MS/MS methods should be
used instead of immunoassays as a screening method.
LC-MS/MS methods can be adopted for subtance abuse
screening in the clinical laboratories of the research hospi-
tals. In terms of cost, instrumentation, expertise and training
of staff, highly skilled scientists and technicians, quality
assurance and assay standardization, routine LC-MS/MS
procedure could be hard for all clinical laboratories. It seems
very difficult to adapt the method, especially in hospitals
with a small sample size, since the method is disadvanta-
geous in terms of cost and qualified personnel.

In the present study, the in-house method has many
advantages over the commercial method such as, analysis
time (15min vs. <18 min), sample preparation time, large
number of parameters (n=58>n=23) and cost effective sepa-
ration technique (chemical>enzymatic hydrolysis).

In-house method development is a tough issue that re-
quires more experience than implementing a commercial
method [44]. However, in-house method is easier to trou-
bleshoot, the characteristics of the chromatographic column,
mobile phase and sample preparation are known. On the
other hand, the commercial method is practical for non-
specialists in LC-MS/MS and allow for a faster set up for
validation. Moreover, there is a standardization difficulty
between LC-MS/MS methods, in those analyses for which a
certified reference material is not available and perfor-
mance of the devices is not similar and not all the shown data
should not be relied upon without further study.
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The limitation of the study was that the lack of TP and FN
benzodiazepines results. For this reason the sensitivity could
not be calculated for benzodiazepines. The comparison of
amphetamine, methamphetamine, MDMA, MDA and oxaz-
epam analysis were not evaluated since only 18, 14, 6, five
and five measurements were obtained. More comprehen-
sive studies are needed to analyse benzodiazepine perfor-
mance with large numbers of positive samples.

Conclusions

The analytical performance of the KIMS-based urine
immunochemical method was found to be suitable for the
intended use, except for benzodiazepines. Adopting the cut-
off limit of the immunochemical method as 2000 ng/mL for
opiates, as recommended by SAMHSA, will increase the
specificity of the immunochemical method. The validated in-
house LC-MS/MS method was evaluated to be comprehen-
sive option for confirmation of substance abuse in urine.
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