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Abstract

Background: Suboxone (buprenorphine-naloxone combination drug) is prescribed for opioid use disorders (OUD)
treatment. Naloxone (in suboxone) acts an antagonist to dissuade drug overdose. Medication compliance is key to
OUD treatment. While there are several methodologies to assess compliance for buprenorphine, little has been studied
regarding naloxone compliance monitoring issues. Our study sheds more light into the role of naloxone and nor-
naloxone in suboxone compliance monitoring and emphasizes the value of combined analysis of urine buprenorphine,
norbuprenorphine, naloxone, and nor-naloxone, in medication compliance of OUD patients in suboxone medication-
assisted treatment (MAT).

Method: UPLC-MS-MS was utilized to concurrently assess urinary buprenorphine, nor-buprenorphine, naloxone
and nor-naloxone levels (limit of quantitation 0.1 ng/mL). Urine concentrations of these analytes were assessed in
3123 patients being treated for OUD employing suboxone MAT.

Results: Compliant patient intake of suboxone resulted in production of characteristic parent drug and metabolite
patterns. In suboxone-prescribed patients, presence of buprenorphine and nor-buprenorphine (in an appropriate
concentration ratio), and absence of naloxone and/or nor-naloxone, was indicative of non-compliance. Presence of
buprenorphine and naloxone, in the absence of nor-buprenorphine and nor-naloxone, was also consistent with non-
compliance.

Conclusions: Study demonstrated that naloxone sublingual absorption leads to nor-naloxone detection (above
clinical cut-off levels). Presence of nor-naloxone in test results depicts a confirmation of naloxone absorption/
metabolism and renal excretion, hence can be used as an additional marker in suboxone compliance monitoring
programs where drug adherence is an issue. We postulate that combined analysis of urinary buprenorphine,
nor-buprenorphine, naloxone, and nor-naloxone, has clinical utility towards medication compliance assessments.
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Introduction

Opioid Use Disorder (OUD) is currently a major global concern,
with significant negative public health implications, and a large
financial burden. The annual estimated cost of general medication
noncompliance in the United States is $100-290 Billion [1]. Various
strategies and monitoring programs are employed by the healthcare
providers to ensure patient medication compliance during
medication assisted treatment (MAT) of OUD. Routine urine
compliance drug monitoring (CDM) uses UPLC-MS-MS, which is
a highly sensitive and specific analytic method, considered to be the
gold standard for screening and quantitation of drug analytes, and
assessment of drug compliance [2,3]. Scheduled and random drug
testing methods have helped with decreasing the risk of medication
non-compliance [4-8].

Studies have shown that suboxone MAT programs can be
more effective, with respect to drug adherence, than other types
of OUD treatments, such as methadone, tramadol or naltrexone,
in part due to lower incidences of adverse drug reactions and
side effects [9-12].

Buprenorphine is a semisynthetic opioid, and is a derivative of
thebaine, a naturally occurring opium alkaloid of Papaver somniferum
[13]. Buprenorphine (as a single or combination drug) for OUD
treatment, was introduced in the US market in 2002 [14,15]. In
Suboxone (with fixed buprenorphine to naloxone ratio of 4:1),
buprenorphine acts as a partial opioid mu-receptor agonist, producing

less euphoric and opioid effects but still having strong binding affinity
for the receptor, which helps with the prevention of withdrawal
symptoms in affected patients. Naloxone is a complete antagonist
of the opioid mu-receptor, binding strongly to this receptor, and
displacing complete agonists from the receptor [16,17]. Suboxone is
more prevalent in usage, as compared to buprenorphine-only drug
treatment, due in large measure to naloxone’s antagonist opioid effect,
which renders Suboxone less desirable for intravenous or intranasal
drugabusers [13,18]. Suboxone injections can lead to opioid withdrawal
precipitation, due to significant naloxone absorption, thus deterring
the drug’s abuse via the parenteral route. Sublingual Suboxone has
been considered a relatively safe drug for use in pregnant females with
OUD, in part due to significant first-pass liver metabolism, and lower
bioavailability of naloxone [19]. However, the extremely limited data
on sublingual naloxone exposure in pregnancy are not sufficient to
definitively evaluate a drug-associated risk.

The above-mentioned conclusions were made based on prior
publications, indicating that low naloxone bioavailability in sublingual
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or oral forms, and thus not likely negatively impacting buprenorphine’s
effect and metabolism [20,21]. Studies suggest that pregnant women
taking Suboxone, transition to buprenorphine monotherapy, in part
due to the possibility of naloxone induced opioid withdrawal syndrome,
not only affecting mother, but also the fetus [22,23]. According to Laslo
et al. [24], there are not enough data available to recommend safe use
of Suboxone during pregnancy. Although Jumah et al. [25] reported
no harmful side effects due to combo drug ingestion, they stated that
a larger set of data need to be assessed to recommend use of Suboxone
during pregnancy. Wiegand et al. [26] showed that naloxone and its
metabolites are transferred to the fetus, supporting the above-noted
pregnancy precautions.

Strickland and Burson [27], in their clinical study for suboxone
compliance monitoring, reported that sublingual absorption of
naloxone is significantly higher, as compared to data from previous
investigators. In the similar context of compliance drug monitoring
of suboxone, recent studies have also investigated the advantage of
using buprenorphine to norbuprenorphine ratios [28,29]. Hiekman et
al. [30] and Warrington et al. [31] not only note the use of urinary
concentrations of buprenorphine, nor-buprenorphine, and naloxone,
as indicators of Suboxone medication compliance, but also relay the
importance of detecting naloxone levels in the patient samples that are
prescribed suboxone combination drug.

Since it is becoming increasingly important to assess metabolites of
the parent drugs for compliance drug monitoring, the goal of this study
was to establish the presence or absence of nor-naloxone (naloxone
metabolite) as an additional verification of suboxone compliance,
and to investigate the utility of concurrent measurement of urine
concentrations of buprenorphine, nor-buprenorphine, naloxone, and
nor-naloxone, in assessing medication compliance in OUD patients
being treated with Suboxone MAT.

Method

The AIT Labs Laboratory Information System (LIS) was queried for
patients with OUD, undergoing Suboxone-based MAT. We analyzed
3123 samples from patients on Suboxone treatment. All urine
samples were obtained from appropriately licensed Clinicians,
and all testing was medically indicated for confirmatory urine
UPLC-MS-MS drug testing. All samples were analyzed for “sample
validity”, and all samples were deemed satisfactory for further
confirmatory analysis.

Materials

Certified standards solutions were obtained from manufacturers
(Cerilliant Round Rock, TX; Cayman Chemical Ann Arbor, MI).
B-glucuronidase enzyme was purchased from ChemSci Technologies
Inc Belvidere, IL.

Instruments and conditions

Confirmatory urine drug analysis was performed using ultra
performance liquid chromatography electrospray ionization
tandem mass spectrometry (UPLC-ESI-MS-MS). A Waters Acquity
UPLC chromatography unit was coupled with a XEVO TQD triple
quadrupole mass spectrometer (Waters Corp, Milford, MA, USA),
the latter operated in ESI-positive ionization mode. Chromatographic
separations were performed using (A) 0.1% formic acid and 10 mM
ammonium formate in ultrapure (18.2 MegOhm) water (Thermo

Scientific, Barnstead E-pure Ultrapure Water Purification System,
Waltham, MA) and (B) 0.1% formic acid in LCMS grade acetonitrile
(Fisher Scientific, Waltham, MA) under linear gradient conditions
(A:B 100:0 to 10:90, over 7 min, with a flow rate 0.5 mL/min). Limits of
quantitation for all analytes were 0.1 ng/mL, with a maximum reporting
limit of 5000 ng/mL. Quantitative and qualitative ion transitions
were analyzed, validated, and reported on the basis of retention time
(0.03 minutes tolerance with respect to QC and internal standards),
calculated concentration (area under peak curve), peak morphology
and symmetry, and quantitative-to-qualitative ion area ratios and
peak alignment criteria (Figure 1). Total analyte concentrations were
measured after pretreating the sample aliquots with beta-glucuronidase
to cleave the drug-glucuronide conjugates (produced via liver
metabolism) and sample cleanup via a Solid Phase Extraction (SPE)
process. Specific gravity, urine creatinine concentration, and pH were
analyzed to assess sample validity via a chemical analyzer (Carolina
Liquid Chemistry CLC 6410 chemical analyzer, Carolina, Greensboro,
North Carolina).

Sample preparation

In a 2 mL microcentrifuge tube, 500 uL of sample urine and 500
uL B-glucuronidase were added, this mixture was incubated at 50°C
for 60 minutes. Thereafter, 1 ml of sample was loaded onto a C18 SPE
filter plate (Phenomenex, Torrance, CA), preconditioned with 500 ul
each of methanol and UP Water, consecutively). Samples were washed
(methanol:water, 5:95), then eluted with 500 ul (acetonitrile:water,
75:25). Samples were evaporated (TurboVap®© LV, Biotage, Charlotte,
NC), reconstituted with 500 ul UPLC Mobile A Buffer (see above), and
were transferred to 96-deep-well (2mL/well) plates for UPLC-MS-MS
analysis.

Data analysis

All statistical analysis was performed using Microsoft excel. While
collating patient test results, no patient identifying data was accessed
(including patient’s medical history, age, gender, dosage, etc.).

Results

In a three-month period, we identified 3123 patients that were
prescribed suboxone (buprenorphine-naloxone combination drug).

The limit of quantitation (LOQ) in our study for buprenorphine,
norbuprenorphine, naloxone and nor-naloxone was 0.1 ng/mL
(established on the basis of specificity and sensitivity data of validation
study). The clinical cutoff set for all these above-mentioned compounds
was 10 ng/mL.

We detected buprenorphine and nor buprenorphine concentrations
ranging from 0 to 19,120 ng/ml, with an average of 746.98 ng/mL
and 727.30 ng/mL, respectively. Similarly, we detected naloxone that
ranged from 0 to 14450 ng/mL with an average naloxone level 734.66
ng/mL. Lastly, we detected nor-naloxone ranging from 0 to 341.1 ng/
mL with an average of 40.46 ng/mL.

Our data depict a very close ratio for buprenorphine and
norbuprenorphine levels and a similar ratio seen for buprenorphine
with naloxone levels (Table 1).

Percent compliance rate was deduced as 85.5%, with 451 patients
depicting no detection for naloxone and/or nor-naloxone thus
suggesting incompliance.
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Figure 1: Representative ion chromatograms and corresponding structures of the analytes detected via UPLC-ESI-MS/MS for this study. Nor-naloxone

Total sample count, N = 3123 levels (ng/mL)

Total patients incompliant (or possibly

0,
on mono-drug) 451 (14.44%)

746.98

Total patients compliant 2672 (85.55%) 727.3

Average Buprenorphine, Average Norbuprenorphine

Average Nor-
naloxone levels
(ng/mL)

Average Naloxone

levels (ng/mL) levels (ng/mL)

941.56 Not detected

844.75 734.66 40.46

Table 1: Urinary concentrations detected in patients prescribed combination (buprenorphine-naloxone) drugs.

Discussion

Due to the common notion, based on previous studies, that
naloxone absorption is very low with sublingual form of ingestions,
suboxone compliance has been based entirely on buprenorphine
and nor buprenorphine ratios and therefore, naloxone levels and
nor-naloxone levels in patient urine drug tests have not been much
considered as an assessment tool for drug adherence and compliance
verification.

While there are previously published studies thathave demonstrated
not only detectable levels of naloxone in urine, but also suggest usage
of naloxone concentrations to be considered for drug adherence
assessments [27-31]. To the best of our knowledge, this is the first study
that not only utilizes naloxone concentrations to verify compliance, but
also employs nor-naloxone (naloxone metabolite) levels as an additional
marker in a compliance monitoring program for suboxone MAT, where
drug compliance and adherence are common issues.

In 0.9% of patient samples (data not shown), the presence
of buprenorphine and naloxone with the absence of metabolites
(norbuprenorphine and nor-naloxone) suggested spiking of urine to
simulate drug compliance. However, even in patient samples where
high parent drug concentrations were seen, the presence (even below the
clinical cut-off of 10 ng/mL and above 0.1 ng/mL LOQ) of metabolites
suggests drug compliance. This assessment is in concordance with
previous reports [32].

This study, however, also depicts a wide range of naloxone and
nor-naloxone levels (from 0 to 14,440 ng/mL for naloxone and 0 to
314 ng/mL for nor-naloxone. Noteworthy, is the average nor-naloxone
concentration at 40 ng/mL, which is four times above the set clinical
cutoff. The wide variations in the concentration ranges can be attributed

to variation in patient metabolism (including food and water intake
rate, excretion rate, renal functions, and genetics).

The main goal of this study was to show that sublingual absorption
of naloxone can be high enough (much above the clinical cutoft) to
metabolize to nor-naloxone, which based on our protocol, shows
average concentration higher than the clinical cut-off as well. Hence,
the presence or the absence of nor-naloxone in patient test results can
aid in additional confirmation of drug adherence and compliance.

Conclusion

Our study also emphasizes the clinical utility of combined analysis
of urine buprenorphine, nor-buprenorphine, naloxone, and nor-
naloxone, in assisting suboxone MAT clinics with their compliance
drug monitoring programs.

Despite the insight into the importance of testing the metabolites
for compliance drug monitoring, our study suffers from some
limitations. The data generated from urine drug testing is only meant
for compliance drug monitoring, and therefore a correlation of dosage
with respect to naloxone and nor-naloxone urinary concentrations
cannot be made. We did not have access to patient’s clinical history,
nor do we know the clinical outcome. As a future endeavor, the clinical
history (including rate of compliance, duration of treatment) of the
patient will be tracked to generate a more comprehensive dataset to
further corroborate the clinical utility of the conducted study.

Clinical application

Mostlabs test for buprenorphine and metabolite nor buprenorphine
to ensure the buprenorphine absorption in the patient groups (who
are on mono or combination drug therapy) but there are no studies
and research available or published thus far, that provide a similar
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additional verification for naloxone absorption. To the best of our
knowledge, this is the first study that provides an insight on naloxone
and nor-naloxone detection (upon combination drug ingestion), thus
helping in the compliance drug monitoring of combination drug
treatment and adherence for pain management, rehabilitation, and
addiction patients.

Conflict of Interest

Authors declare no conflict of interest.

References

1.

Cutler RL, Fernandez-Llimos F, Frommer M, Benrimoj C, Garcia-Cardenas V
(2018) Economic impact of medication non-adherence by disease groups: a
systematic review. BMJ open 8: e016982.

Tuzimski T, Petruczynik A (2020) Review of chromatographic methods coupled
with modern detection techniques applied in the therapeutic drugs monitoring
(TDM). Mol 25: 4026.

Maurer HH (2021) Hyphenated high-resolution mass spectrometry—the “all-
in-one” device in analytical toxicology? Anal Bioanal Chem 413: 2303-2309.

Morrow JB, Ropero-Miller JD, Catlin ML, Winokur AD, Cadwallader AB, et al.
(2019) The opioid epidemic: moving toward an integrated, holisitic analytical
response J Anal Toxicol 43:1-9.

Mintzer IL, Eisenberg M, Terra M, MacVane C, Himmelstein DU, et al. (2007)
Treating opioid addiction with buprenorphine-naloxone in community-based
primary care settings. Ann Fam Med 5: 146-150.

Hull MJ, Bierer MF, Griggs DA, Long WH, Nixon AL, et al. (2008) Urinary
buprenorphine concentrations in patients treated with suboxone as determined
by liquid chromatography-mass spectrometry and CEDIA immunoassay. J Anal
Toxicol 32: 516-521.

Peppin JF, Passik SD, Couto JE, Fine PG, Christo PJ, et al. (2012)
Recommendations for urine drug monitoring as a component of opioid therapy
in the treatment of chronic pain. Pain Med 13:886-896.

Melanson SE, Ptolemy AS, Wasan AD (2013) Optimizing urine drug testing for
monitoring medication compliance in pain management. Pain Med 14: 1813-1820.

Bell J, Byron G, Gibson A, Morris A (2004) A pilot study of buprenorphine—
naloxone combination tablet (Suboxone®) in treatment of opioid dependence.
Drug and Alcohol Rev 23: 311-317.

10. Chawla JM, Pal H, Pal R, Jain R, Schooer N, et al. (2013) Comparison of

efficacy between buprenorphine and tramadol in the detoxification of opioid
(heroin)-dependent subjects J Opioid Manage 9: 35-41.

11. Koehl JL, Zimmerman DE, Bridgeman PJ (2019) Medications for management

of opioid use disorder. Am J Health Syst Pharm 76: 1097-1103.

12. Bart G (2008) Maintenance medication for opiate addiction: the foundation of

recovery. J Addict Dis 31: 207-225.

13. Chen KY, Chen L, Mao J (2014) Buprenorphine—naloxone therapy in pain

14. Pani

management. Anesthesiology 120: 1262-1274.

PP, Maremmani |, Pirastu R, Tagliamonte A, Gess GL (2000)
Buprenorphine: a controlled clinical trial in the treatment of opioid dependence.
Drug Alcohol Depend 60: 39-50.

15.
16.

20.

2

=

22.

23.
24,

25.

26.

2

BN

28.

29.

30.

3

=

32.

Drug addiction treatment act of 2000.

Orman JS, Keating GM (2009) Buprenorphine/Naloxone: A review of its use in
the treatment of opioid dependence. Drugs 69: 577-607.

. Donaher PA, Welsh C (2006) Managing opioid addiction with buprenorphine.

Am Fam Physician 73: 1573-1578.

.Mammen K, Bell J (2009) The clinical efficacy and abuse potential of

combination buprenorphine—naloxone in the treatment of opioid dependence.
Expert Opin Pharmacother 10: 2537-2544.

.Dooley J, Gerber-Finn L, Antone |, Guilfoyle J, Blakelock B, et al. (2016)

Buprenorphine-naloxone use in pregnancy for treatment of opioid dependence:
retrospective cohort study of 30 patients. Can Fam Physician 62: e194-e200.

Mauger S, Fraser R, Gill K (2014) Utilizing buprenorphine-naloxone to treat illicit
and prescription-opioid dependence. Neuropsychiatr Dis Treat 10: 587-598.

.Lynn RR, Galinkin JL (2018) Naloxone dosage for opiod reversal: current

evidence and clinical implications. Ther Adv Drug Saf 9: 63-88.

Rockville MD (2004) Center for Substance Abuse Treatment. Clinical
Guidelines for the Use of Buprenorphine in the Treatment of Opioid Addiction.
Substance Abuse and Mental Health Services Administration (US). Treatment
Improvement Protocol (TIP) Series, No. 40. Pharmacology.

(2017) Opioid use and opioid use disorder in pregnancy. ACOG 11.

Laslo J, Brunner J-M , Burns D, Butler E , Cunningham A, et al. (2017) An
overview of available drugs for management of opioid abuse during pregnancy.
Matern Health Neonatol Perinatol 3: 4.

Jumah NA (2016) Rural, pregnant, and opioid dependent: A systematic review.
Subst Abuse: ResTtreatment 10: 35-41.

Wiegand SL, Swortwood MJ, Huestis MA, Thorp J, Jones HE, et al. (2016)
Naloxone and metabolites quantification in cord blood of prenatally exposed
newborns and correlations with maternal concentrations. Amer J Perinatol
Report 6: €385-e390.

. Strickland DM, Burson JK (2018) Sublingual absorption of naloxone in a large

clinical population. J Drug Metab Toxicol 9: 2.

Accurso AJ, Lee JD, McNeely J (2017). High prevalence of urine tampering
in an office-based opioid treatment practice detected by evaluating the
norbuprenorphine to buprenorphine ratio. J Subst Abuse Treat 83: 62—67.

Suzuki J, Zinser J, Issa M, Rodriguez C (2017) Quantitative testing of
buprenorphine and norbuprenorphine to identify urine sample spiking during
office-based opioid treatment. Subst Abuse 38: 504-507.

Hiekman P, Hakkinen M, Gergov M, Ojanpera | (2014) Urine naloxone
concentration at different phases of buprenorphine maintenance treatment.
Drug Test Anal 6: 220-225.

. Warrington JS, Booth K, Warrington GS, Francis-Fath S (2020) Use of urinary

naloxone levels in a single provider practice: a case study. Addict Sci Clin
Pract 15: 3.

Sobolesky PM, Smith BE, Pesce AJ, Fitzgerald RL (2018) Interpretation of
pain management testing results using case examples. J App Lab Med 2:
610-621.

J Pain Relief, an open access journal
ISSN: 2167-0846

Volume 10 - Issue 8 + 1000393


https://doi.org/10.1136/bmjopen-2017-016982
https://doi.org/10.1136/bmjopen-2017-016982
https://doi.org/10.1136/bmjopen-2017-016982
https://doi.org/10.3390/molecules25174026
https://doi.org/10.3390/molecules25174026
https://doi.org/10.3390/molecules25174026
http://dx.doi.org/10.1007/s00216-020-03064-y
http://dx.doi.org/10.1007/s00216-020-03064-y
https://doi.org/10.1093/jat/bky049
https://doi.org/10.1093/jat/bky049
https://doi.org/10.1093/jat/bky049
https://dx.doi.org/10.1370%2Fafm.665
https://dx.doi.org/10.1370%2Fafm.665
https://dx.doi.org/10.1370%2Fafm.665
https://doi.org/10.1093/jat/32.7.516
https://doi.org/10.1093/jat/32.7.516
https://doi.org/10.1093/jat/32.7.516
https://doi.org/10.1093/jat/32.7.516
https://doi.org/10.1111/j.1526-4637.2012.01414.x
https://doi.org/10.1111/j.1526-4637.2012.01414.x
https://doi.org/10.1111/j.1526-4637.2012.01414.x
https://doi.org/10.1111/pme.12207
https://doi.org/10.1111/pme.12207
https://doi.org/10.1080/09595230412331289473
https://doi.org/10.1080/09595230412331289473
https://doi.org/10.1080/09595230412331289473
https://doi.org/10.5055/jom.2013.0145
https://doi.org/10.5055/jom.2013.0145
https://doi.org/10.5055/jom.2013.0145
https://www.unboundmedicine.com/medline/citation/31361869/Medications_for_management_of_opioid_use_disorder_
https://www.unboundmedicine.com/medline/citation/31361869/Medications_for_management_of_opioid_use_disorder_
https://doi.org/10.1080/10550887.2012.694598
https://doi.org/10.1080/10550887.2012.694598
https://doi.org/10.1097/aln.0000000000000170
https://doi.org/10.1097/aln.0000000000000170
https://doi.org/10.1016/s0376-8716(99)00140-4
https://doi.org/10.1016/s0376-8716(99)00140-4
https://doi.org/10.1016/s0376-8716(99)00140-4
https://asprtracie.hhs.gov/technical-resources/resource/6764/drug-addiction-treatment-act-of-2000-data-2000
https://doi.org/10.2165/00003495-200969050-00006https:/link.springer.com/journal/40265
https://doi.org/10.2165/00003495-200969050-00006https:/link.springer.com/journal/40265
https://www.aafp.org/afp/2006/0501/p1573.html
https://www.aafp.org/afp/2006/0501/p1573.html
https://doi.org/10.1517/14656560903213405
https://doi.org/10.1517/14656560903213405
https://doi.org/10.1517/14656560903213405
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4830675/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4830675/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4830675/
https://doi.org/10.2147/ndt.s39692
https://doi.org/10.2147/ndt.s39692
https://doi.org/10.1177/2042098617744161
https://doi.org/10.1177/2042098617744161
https://www.ncbi.nlm.nih.gov/books/NBK64245/
https://www.ncbi.nlm.nih.gov/books/NBK64245/
https://www.ncbi.nlm.nih.gov/books/NBK64245/
https://www.ncbi.nlm.nih.gov/books/NBK64245/
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2017/08/opioid-use-and-opioid-use-disorder-in-pregnancy
https://dx.doi.org/10.1186%2Fs40748-017-0044-2
https://dx.doi.org/10.1186%2Fs40748-017-0044-2
https://dx.doi.org/10.1186%2Fs40748-017-0044-2
https://dx.doi.org/10.4137%2FSART.S34547
https://dx.doi.org/10.4137%2FSART.S34547
https://doi.org/10.1055/s-0036-1593993
https://doi.org/10.1055/s-0036-1593993
https://doi.org/10.1055/s-0036-1593993
https://doi.org/10.1055/s-0036-1593993
https://doi.org/10.4172/2157-7609.1000240
https://doi.org/10.4172/2157-7609.1000240
https://doi.org/10.1016/j.jsat.2017.10.002
https://doi.org/10.1016/j.jsat.2017.10.002
https://doi.org/10.1016/j.jsat.2017.10.002
https://doi.org/10.1080/08897077.2017.1356796
https://doi.org/10.1080/08897077.2017.1356796
https://doi.org/10.1080/08897077.2017.1356796
https://doi.org/10.1002/dta.1464
https://doi.org/10.1002/dta.1464
https://doi.org/10.1002/dta.1464
https://ascpjournal.biomedcentral.com/articles/10.1186/s13722-020-0178-9
https://ascpjournal.biomedcentral.com/articles/10.1186/s13722-020-0178-9
https://ascpjournal.biomedcentral.com/articles/10.1186/s13722-020-0178-9
https://doi.org/10.1373/jalm.2017.024786
https://doi.org/10.1373/jalm.2017.024786
https://doi.org/10.1373/jalm.2017.024786

	Title
	Corresponding author
	Abstract

