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Abstract: Problem statement: Patients on chronic opioid therapy are monitoeddtect illicit drug use

in order to deter diversion of their prescriptiguiaids and to ensure medication adherence. Thectli
potential of opioid drugs and their similar bindisges in the brain may make them potential gateway
drugs for each other. Recent reports indicatedkgtodone has a high probability of leading to rerese
due to heroin’s similar effects and lower cost.sTtiudy explores the correlations between herous@b
prescription opioids and illicit drugs using urigagexcretion data from pain patient&pproach: This
retrospective analysis was conducted using a dsgatf148,200 urine samples from pain patientsnduri
routine drug screening at Millennium Laboratorietvieen 2008 and 2010. Samples were tested for the
presence of the heroin metabolite, 6-acetylmorphi®&M). All samples were analyzed and were
quantified using LC-MS-MS. Microsdft Excel 2007 and OriginPfo 8.1 were used to calculate
percentages and ratios relating heroin use to @pieédications and illicit drugRResults: Of the 446
samples positive for 6-AM, methadone was concortiitansed most frequently (26.7%) followed by
cocaine (25.6%), oxycodone (24.2%), hydrocodoned@®, marijuana (11.6%), buprenorphine (4.9%) and
methamphetamine (4.7%). The high percentage ofarnitant methadone is expected because a portion of
patients were likely to be on methadone maintenéimegpy for heroin withdrawal. Patients on oxyawelo
were twice as likely to test positive for 6-AM thahose on hydrocodone(0.28% versus 0.14%).
Conclusions/Recommendations; Our results indicate that patients on methadoneldhse most closely
monitored for heroin abuse due to their high prépor of concomitant use. The proportions of
concomitant use were similar between oxycodone @whine and were both considerably higher than
marijuana, a purported gateway drug for heroin.sTéiudy suggests that oxycodone may be highly
correlated with heroin use. Urine samples mustdsessed in the full clinical context.

Key words: Urine drug testing, opioids illicit drugs, buprepbime, xycodone, opioid medications, illicit
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INTRODUCTION Manchikantiet al., 2006a; Manchikan#t al., 2006b;

Manchikanti et al., 2005). This has been further

Patients on chronic opioid therapy for validated by reports from laboratories testing this
treatment of pain have a high incidence ofpopulation (Coneet al., 2008; Mikel et al.,
illicit drug use (Manchikanti et al., 2004; 2009; Pescest al., 2010a; Pescet al., 2010b).
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Fig. 1: Metabolism of Heroin

The addictive potential of opioid drugs and thémikar ~ half-life of heroin (t,=~3 min) (Topix Local News,
binding sites in the brain may make them potentiaR010); therefore, its surrogate marker, 6-AM, f ~22
gateway drugs for other opioid prescription drugsl a min) is used (Inturrisét al., 1984). Although 6-AM is
illicit drugs in the same way that marijuana issidered ~ Used, it also has a relatively small window of déten
a possible gateway drug (Lynsketyal., 2003). and is only detected if heroin use is recent. Beeaf
Providers are constantly challenged with the tfsk this, a high concentration of morphine along with 6
providing adequate analgesia in the presence iottill AM in the urine is the standard indicator of heroin
substance abuse and aberrant drug-taking behaviok§e. However, the interpretation of urine drugitest
(Todd, 2005). These providers' concerns includefor heroin has become even more difficult due to
harmful effects from the illicit substance; synstigi or ~ fecent observations of 6-AM in the absence of
antagonistic drug-drug interactions between thevidpi mMorphine (Crews et al., 2009). This unusual
and illicit substance; and misuse of prescribedidpifor ~ Observation contradicts notices in the Federal &tegi
pain while under the influence of the illicit sulste. Which suggest that a positive 6-AM result cannot
Other concerns include diversion for purposes tihge occur without a positive morphine result (Departmen
and distributing (American Academy of Pain Medigine Of Transportation, 2010).
2001). This study was conducted on a population of pain
This diversion may be responsible for funding patients to determine the relationship between ihero
illicit drug purchases by prescription drug seekersuse and opioid medication use. Other illicit drugse
which contributes to the increasing number ofélso assessed to provide insight into correlatioith
prescription drug deaths (National Prescription goru drug addiction.
Threat Assessment, 2009). As prescribers of
controlled substances, treating providers have a MATERIALSAND METHODS
responsibility to monitor those patients to estsibli
adherence and identify those who are at risk for  This retrospective analysis was conducted on a
diversion and use of illicit drugs (Manchikamtial.,  database of 148,200 urine samples from pain patient
2004; 2006a; 2006b; 2005; Conet al., 2008; during routine drug screening at Millennium
National Prescription Drug Threat Assessment, 2009t aboratories between 2008 and 2010 that were tested
Chouet al., 2009). for the presence of the heroin metabolite. All gtddta
One of the illicit drugs of choice is heroin besau were de-identified and IRB-exempt status was gchnte
of its euphoric properties. Oxycodone is also usgd by the University of California, San Diego Human
drug abusers because of its similar euphoric ptigser Research Protection Program. The study dataset
Recent reports indicate that oxycodone has a highcluded a study-specific patient identificationnmher,
probability of leading to heroin use due to hersin’ specimen identification number and concentratiohs o
similar effects and lower cost (Topix Local News, heroin metabolite, 6-AM, morphine, methamphetamine,
2010). methadone, buprenorphine, marijuana, oxycodone and
Laboratories monitoring pain patients for illicit hydrocodone. All samples were analyzed and were
drug use measure the heroin metabolite, 6guantified using LC-MS-MS (Mikeét al., 2009; Pesce
acetylmorphine (6-AM). Heroin (3,6-diacetylmorphjne €t al., 2010a; Crewst al., 2009). The lower limit of
metabolism first involves deacetylation to 6-AM whi  quantitation for 6-AM was 10 ng mt Concentrations
is then converted to morphine (Fig. 1). Heroin isse at or above this values were considered positive.
difficult to detect from urine samples due to thers  Similarly, values above the lower limit of quantite
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were also used to define the other medicationseagyb heroin metabolite, methadone was concomitantly
present. These were: 100 ng rﬁ_for methadone and used most frequently (26.7%) followed by cocaine
methamphetamine; 50ng m L for morphine, (25.6%), oxycodone (24.2%), hydrocodone (16.4%),
hydrocodone and oxyg:odone; 15 ng r’n_tor marijuana  marijuana (11.6%), buprenorphine (4.9%) and
(THC); and 10 ng m T for buprenorphine. Microsdft methamphetamine (4.7%). A considerably higher
Excel 2007 and OriginPfo8.1 were used to determine roportion of concomitant oxycodone and  herain
percentages and ratios relating heroin use to othéarse was seen as compared to other opiaidsh

opiate medications and illicit drugs. Regressioalysis
was conducted to determine the relationship betweeft® hydrocodone, - fentanyl and  propoxyEh

morphine and heroin concentrations in the urine.
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Table 1 summarizes the observed cases. The 441}
observed cases of the 148,200 specimens testexdtadi
a prevalence of 0.3%. Of these cases, 350 sulijadts
one heroin metabolite positive test, 39 had twisfe?
had four tests and 1 had six visits. The subjeth @i
tests was prescribed oxycodone but only testedip®si 000 Pz Tworrs oz | mor T o omico Tarosoos | aoes | oo
one time. The first data row of Table 1 lists thenber b 281 (199 [181 [102 1078 [0.52 (028 [ 014 [ 0.14 [ 011
of cases positive for each drug including the heroi
metabolite. The most prevalent drugs wereFig. 2:Concomitant use of heroin with other drugs.
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hydrocodone followed by oxycodone and morphine. Observations of the heroin metabolite (6-AM)
These values were used to calculate the correlation ~ With cocaine metabolite (COCN),
with heroin use. The second data row lists the rermb methamphetamine ~ (METAMP),  morphine

(MORPH), methadone (METD), buprenorphine
(BUP), marijuana metabolite (THC), oxycodone
(OXYCO), hydrocodone (HYDROCO),
propoxyphene (PROPX) and fentanyl (FEN) are
expressed as the percentage of total cases for
each drug

of times the heroin metabolite was found with the
drug. These data are plotted as a histogram (Figs2

the percentage of heroin positive subjects who also
have measureable levels of other opiate medications
and illicit drugs. The percentages reported represe

the percent of 6-AM positive cases from the total
number of positive cases from each medication. Note i«
the higher proportion of concomitant use of heroin
with oxycodone as compared to hydrocodone and. ..
fentanyl. Higher proportions of morphine positive
cases are due to the metabolism of heroin to moephi =
Patients on oxycodone were twice as likely to test ‘
positive for heroin as those on hydrocodone (0.28%é ;00
versus 0.14%). Cocaine was the most highly e«

correlated with heroin use (20 times more likelgrth 2 Nonpine | itdons | G52
hydrocodone) followed by methamphetamine (14

times more likely), methadone (7.2 times more kel  Fig. 3: Frequency of concomitant drug use in theine

70.00

- Marjuana .
one | Hydrocodone mﬂéu "2 Buprenorphine

Methamph | Fengangt p
iite etamine
1637 11.66 493 471 269 135

buprenorphine (5.6 times more likely) and marijuana user population. Observations of the cocaine
(3.7 times more likely). metabolite (COCN), methamphetamine
The correlation of heroin positive cases with (METAMP), morphine (MORPH), methadone
selected medications is presented in Fig. 3 and the (METD), buprenorphine (BUP), marijuana
histogram shows the frequency of concomitant use in metabolite  (THC), oxycodone (OXYCO),
the heroin user population for each drug. Positive hydrocodone (HYDROCO), propoxyphene
morphine cases only represent 90% of total heroin (PROPX) and fentanyl (FEN) are expressed as
positive cases. Of the 446 samples positive for the percentage of total 6-AM positive cases
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Table 1: Number of positive drug cases

Population data 6-AM  Morphine Methadone Cocaine OxycodoneHydrocodone THC Buprenorphine Methamp- Fentanyl Propoxyphene
metabolite hetamine

number positive 446 22279 11640 4060 38701 53430 9951 2838 1056 77109 4326

for drug

number positive 446 404 119 114 108 73 52 22 21 12 6

also positivefor 6-AM

with other studies that the pain population hasghdr
. prevalence of illicit drug use (Manchikamtial., 2004;
2006a; 2006b; 2005; Comt al., 2008) The proportion
. of oxycodone used concomitantly with heroin was
u twice as large as that of hydrocodone. The incideafc
3 - abusing prescription oxycodone prior to heroin &hiss
supported by national reports (Siegahl., 2000; Hart,
2002; Callahan, 2002; Information bulletin: OxyGaont
2] diversion and abuse, 2001; Hunt, 2002). Although ou
data does not prove that oxycodone is a gateway, dru
14 u it is consistent with the current thinking of theug
Enforcement Administration (DEA). According to the
: : 1 : : DEA, while cocaine and heroin continue to be the
0.0 0.2 04 0.6 0.8 1.0 primary drugs of abuse in Massachusetts, “OxyContin
(Morphine), mg ml™! remains extremely popular and has been seen as a
‘gateway drug’ to heroin use”. An alternative that

Fig. 4:Percent frequency of heroin positive cages Should be considered is the possibility that former

morphine concentration. A positive correlation N€roin or opiate addicts will seek out more potimigs

is observed between 6-AM positive cases and" the _op|0|d class. This would also e_xplaln the

morphine concentration (y=3.52x+1.19) At correlations observe_zd and suggests a link between

higher concentrations of morphine, the chance§Xycodone and heroin.

of detecting 6-AM increase as expected Some subje_cts in these reports had stated that the

reason for heroin use after oxycodone abuse was the
. , .. heroin was more accessible and cheaper than
Ninety per_cent of the_ heroin cases were also pesil oxycodone (Siegadt al., 2000). Heroin is metabolized
for morphine. Detection of 6-AM was expected 10 mqrmhine and works on the opioid receptor sintiia
follow the concentra_\tlon of excreted morphlne. Fegd  oiher opioids (Trescotet al., 2008). The high
shows the correlation of the detection of 6-AM andcorrelation in use between oxycodone and heroindvou
morphine concentration. Regression analysis yielled pe supported by its structural and chemical progert
positive linear relationship between the frequewfy Although high correlations of methadone with heroin
heroin positive cases and morphine concentratioat; t were observed, we do not believe that these are
is, the greater the concentration of morphinegiieater ~methadone maintenance patients. Several facts argue
the frequency of observed heroin cases. This pesvid against this hypothesis. First, our laboratory egnain
evidence that the finding of 6-AM followed the phyS|c_|ar_15 and not methadone clinics. Methadone
pharmacokinetics of heroin metabolism. prescriptions for V\.nt.hdrawal treatment ne.eds“ to be
prescribed by physicians who are certified in dlitsic

that is also certified for this type of treatmemhese

methadone clinics are government funded operations
. and use different urine drug testing agencies. ®&co

, ) -~ Y ®lethadone is commonly used to treat chronic pain in
United States is 0.1% for individuals 35 and olderhe s due to the following three reasons: (a)

(United States. General Accounting Office, 2004)eT \jethadone is more potent than most opioids (Bruera
pain population on chronic opioid therapy is mostlyand Sweeney, 2002). In the setting of chronic pain,
older individuals and it is appropriate to comptivese  patients have built tolerance to other opioids eegire
groups (Manchikantet al., 2006b). The 446 observed higher doses and number of tablets. For this reason
cases of the 148,200 specimens tested indicate gatients are converted over to methadone. (b)
prevalence of 0.3%, a rate three times higher than Neuropathic pain occurs in the setting of chronic
general population. These observations are consistenociceptive pain through the activation of the NMDA

8
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receptor (Trescott al., 2008). Methadone has more Cone, E.J., Y.H. Caplan, D.L. Black, T. Robert d&hd
affinity to the NMDA receptor than any other opioid Moser, 2008. Urine drug testing of chronic pain
(28-30). For this reason it is commonly used feating patients: licit And illicit drug patterns. J. Anal.

a mixture of nociceptive and neuropathic pain. . . ;
Clinicians may either change the regimen from theC Tox;:ol.c,:3l\2/|._|f3’|0-854f. P'\é”D' 1R9?/?/7501 4 C.<tV
other opioid (i.e., morphine) or add it onto thdnest ~CT€WS, B., C. Mikel, S. Latyshev, R. West and C.swe

regimen (i.e., morphine plus methadone). (c)Fintby et al., 2009. 6-Acetylmorphine detected in the
cost of the medication can be a burden for anyribro absence of morphine in pain management patients.
condition including chronic pain. Methadone is Ther. Drug Monit., 31: 749-752. PMID: 19745789
inexpensive compared to other long-acting opioiid a Department of Transportation, 2010. Procedures for
is most often prescribed for patients who have no transportation workplace drug and alcohol testing
insurance coverage (Watanabe al., 1996) Patients programs. Open Regs. Com

positive for these agents should be more closelyjait A, 2002. Savannah arrest shows problem of
monitored for heroin use than those patients usthgr prescription pill abuse. Savannah Morning News.

opiate medications. The positive correlation betwee#_|unt D., 2002. Pulse Check: National Trends indru
i , D., . :

morphine and the heroin metabolite is expected . .
: Abuse. 1st Edn., Diane Pub Co, USA., ISBN-10:
h t and thus, ts th ' ' ’

eroin use was more recent an us, supports the 075671186X, pp: 69.

validity of the study. Information bulletin: OxyContin diversion and abuse
2001. United States Department of Justice:
National Drug Intelligence Center. Publication No.
2001-L0424-001.

The higher prevalence of heroin abuse in thi§nrrisi C.E., M.B. Max, K.M. Foley, M. Schultznd
population supports the need for monitoring pain S.U. Shinet al., 1984. The pharmacokinetics of

patients for illicit drug abuse. The sub-populatioh heroin in patients with chronic pain. N. Engl. J.
those testing positive for methadone and bupreriogeph Med., 310: 1213-1217. DOI:
should be closely monitored as well. Patients on  10.1056/NEJM198405103101902

oxycodone therapy were twice as likely to[ynskey, M.T., A.C. Heath, K.K. Bucholz, W.S.
concomitantly use heroin as hydrocodone. These Sjutske and P.A. Maddestal., 2003. Escalation of
observations need to be further explored to conside  drug use in early-onset cannabis users Vs co-twin

oxycodone as a gateway drug for heroin. Urine drug  controls. JAMA, 289:  427-433. DOI:

CONCLUSION

testing is one measure of monitoring for opioid use 10.1001/jama.289.4.427
the setting of chronic pain and its results must bevanchikanti L., K.A. Cash, K.S. Damron, R.
assessed in the full clinical context. Manchukonda and V. Pampatt al., 2006a.
Controlled substance abuse and illicit drug use in
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