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Abstract

Introduction: The illicit opioid supply in the U.S. is increasingly adulterated with fentanyl. As
such, persons with opioid use disorder (OUD) may be regularly exposed to fentanyl, however, the
pharmacokinetics of repeated fentanyl exposure are not well understood. The current study aimed
to quantify renal clearance of fentanyl in OUD patients presenting to residential treatment.

Methods: Participants (N=12) who presented to a 28-day residential treatment program were
enrolled if they tested positive for fentanyl at intake. Urine samples were collected every 2-3 days
and were quantitatively tested for fentanyl, norfentanyl, and creatinine via liquid chromatography
mass spectrometry (LC-MS). Fentanyl clearance was defined as the time since last illicit opioid
use and the median time between last positive and first negative fentanyl urine screen.

Results: Participants had a mean and standard deviation (SD) age of 28.9 (11.0), were 67% male,
and 83% white. The mean (SD) time for fentanyl and norfentanyl clearance was 7.3 (4.9) and 13.3
(6.9) days, respectively. One participant continued to test positive for fentanyl for 19 days and
norfentanyl for 26 days following their last use, and left treatment without testing negative for
norfentanyl.

Conclusion: Fentanyl clearance in persons with OUD is considerably longer than the typical 2-4
day clearance of other short-acting opioids. The findings of this study might explain recent reports
of difficulty in buprenorphine inductions for persons who use fentanyl, and point to a need to
better understand the pharmacokinetics of fentanyl in the context of opioid withdrawal in persons
who regularly use fentanyl.
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1.

2.

Introduction

Much of the illicit opioid supply in the U.S. is adulterated with fentanyl or fentanyl
analogues, leading to a recent surge in fentanyl-related overdose deaths (Green and Gilbert,
2016; Macmadu et al., 2017; Jones et al., 2018). Fentanyl is now sold on the black market
both as a stand-alone drug and mixed with heroin or other drugs, often unbeknownst to the
buyer (Green and Gilbert, 2016; Cicero et al., 2017). There is considerable variability in the
incidence of fentanyl adulteration in the illicit drug supply and the concentration of fentanyl
between batches of fentanyl-cut heroin, which increases overdose risks for persons who use
illicit opioids (Carroll et al., 2017). Likewise, many persons presenting to treatment with
opioid use disorder (OUD) test positive for fentanyl at intake (Hayashi et al., 2018; Ochalek
etal., 2019). Although illicit fentanyl use is not new, the number of individuals currently
being exposed to fentanyl is unprecedented, and there is little research on the treatment
implications of this phenomenon.

Fentanyl is highly lipophilic, allowing for fast diffusion between blood plasma and the
central nervous system (Henthorn et al., 1999; Lotsch et al., 2013). In persons who use
fentanyl regularly, this high lipophilicity can allow fentanyl to be sequestered in adipocytes
or other tissue (Comer and Cahill, 2019), similar to persons who use marijuana regularly and
experience protracted renal clearance of tetrahydrocannabinol (THC). Previous
pharmacokinetic studies of fentanyl have relied on single dose administration or a few doses
over a relatively short period of time (usually same day), and have reported half-lives
ranging from 1.5-7 hours and 1.5-6 hours for intranasal (IN) and intravenous (IV) fentanyl,
respectively (Mather, 1983; Lotsch et al., 2013). The pharmacokinetics of repeated IV and
IN fentanyl administration have not been examined, likely because 1V fentanyl is generally
used to provide acute analgesia and fentanyl was not dominant in the illicit opioid drug
supply until the last few years. However, persons who use illicit opioids have reported that
daily fentanyl use has unintended consequences, such as unanticipated buprenorphine
precipitated withdrawal (Silverstein et al., 2019). The current study quantified the potential
long-term clearance of fentanyl in persons presenting to residential treatment for OUD. We
hypothesized that fentanyl clearance would take longer than the standard 2—4 day clearance
of other short-acting opioids.

Methods

2.1 Study Design

Participants from a 28-day closed residential addiction treatment program were enrolled if
they: (1) were 18 or older, (2) were physically dependent on opioids, and (3) tested positive
for fentanyl at intake based on a semi-quantitative urine fentanyl screen. Patients underwent
an initial screen for eligibility that included questions about demographics and drug use
history. Participants then provided urine samples every 2—3 days that were quantitatively
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tested for fentanyl, the metabolite norfentanyl, and creatinine via liquid chromatography
mass spectrometry (LC-MS) (Huynh et al., 2005). The range for fentanyl and norfentanyl
quantification was 0.5-500ng/mL and 0.5-200ng/mL, respectively. Qualitative tests with a
2ng/mL cutoff were also performed for common fentanyl analogues, namely acetyl fentanyl,
acetyl norfentanyl, acrylfentanyl, carfentanil, furanyl fentanyl, and fluoroisobutyryrl/
fluorobutyrl fentanyl. Previous studies have found that fentanyl is primarily excreted as
metabolites such as norfentanyl, and only ~10% of the drug is unchanged in urinary
excretion (Mather, 1983). All participants provided informed consent, and the Johns
Hopkins University Institutional Review Board approved this study.

2.2 Data Analyses

Renal fentanyl clearance was examined by quantifying the time elapsed since last use
(usually the day before or the day of treatment entry) and: (1) time until the last fentanyl and
norfentanyl positive urine drug screen, (2) time until the first fentanyl and norfentanyl
negative urine screen, and (3) the median between last positive and first negative urine
screen, which might be most indicative of renal fentanyl clearance given the 2-3 day gap
between sample collection. Data were creatinine-adjusted to control for varying levels of
urine concentration, and presented as nanograms of fentanyl/norfentanyl per milligram of
creatinine. For data presented in Figure 1, days with no urine screens were imputed within
each individual based on a decay function for initial clearance and linear function for
protracted clearance, consistent with trends observed in the data. Descriptive analyses on
participant characteristics and renal fentanyl and norfentatnyl clearance were performed
using SPSS (IBM, Armonk, NY).

3. Results

Fourteen participants provided at least one urine sample and two left treatment against
medical advice, leaving N=12. Participants had a mean and standard deviation (SD) age of
28.9 (11.0), body mass index of 25.3 (3.8), were 67% male and 83% white (Table 1). All
participants tested positive for fentanyl and norfentanyl at initial testing. Two participants
also tested positive for acetyl norfentanyl and one participant tested positive for
fluoroisobutyrl/fluorobutyrl fentanyl. At 2—-3 days following last self-reported opioid use,
50% of participants continued to test at the maximum level of norfentanyl assessed by LC-
MS (>200ng/mL). The mean (SD) days between last positive and first negative fentanyl and
norfentanyl screen was 7.3 (4.9) and 13.3 (6.9), respectively. Men and women did not differ
in mean (SD) fentanyl elimination [7.3 (5.8) vs 7.5 (3.0), respectively] or norfentanyl
elimination [13.8 (7.7) vs 12.1 (5.9), respectively]. One participant continued to test positive
for fentanyl for 19 days and norfentanyl for 26 days following their last use, and left
treatment without testing negative for norfentanyl. Mean creatinine adjusted fentanyl and
norfentanyl clearance is depicted in Figure 1.
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4. Discussion

4.1 Physiological Considerations

The mean renal clearance time for fentanyl in OUD patients presenting to residential
treatment was highly variable, yet consistently longer than the 2—4 day clearance of other
short-acting opioids. Given that the majority of fentanyl clearance happens via fentanyl
metabolites (Mather, 1983), the results of this study suggest that mean clearance is
approximately two weeks, but might take four weeks or longer in some persons who use
fentanyl regularly. Fentanyl is highly lipophilic and can be stored in adipocytes (Roy and
Flynn, 1988; Poyhid and Seppéld, 1994), which likely accounts for the protracted clearance
observed in this study. There is very little information available on the pharmacokinetic and
pharmacodynamic properties of norfentanyl, but it is likely less lipophilic than fentanyl
(Smith et al., 2018) given that norfentanyl loses a long carbon chain during fentanyl
metabolization (National Center for Biotechnology Information, 2020). It is also unclear
whether norfetnanyl acts on the mu-opioid receptor and what effect that might have on
analgesic and euphorigenic outcomes.

Fentanyl was initially developed as an analgesic for acute pain treatment (Comer and Cahill,
2019), and not as an opioid that would be used repeatedly over longer periods of time. The
transdermal fentanyl patch is an exception (Nelson and Schwaner, 2009), and while there are
published data demonstrating that long-term fentanyl exposure results in high levels of
fentanyl and norfentayl in urine (often higher levels than reported in overdose cases), and
that urine concentrations of fentanyl and norfentanyl are highly variable between individuals
on the same transdermal dose (Poklis and Backer, 2004), studies examining transdermal
fentanyl clearance have focused on relatively short administration times (1-15 days) and a
narrow window to collect clearance data (e.g. 72 hours) (Varvel et al., 1989; Portenoy et al.,
1993). There are no published data, to our knowledge, regarding long-term fentanyl
clearance in chronic pain patients who use long-term transdermal fentanyl therapy. Likewise,
there are no published data, to our knowledge, on the degree to which low levels of fentanyl
and norfentanyl might continue to exert meaningful effects for days or weeks since last use
in persons with OUD who use fentanyl regularly. Nevertheless, the protracted renal
clearance of high levels of fentanyl over the first 3—4 days since last use (see Figure 1), and
low levels of fentanyl over the following days and weeks, is fundamentally different than the
clearance patterns observed with other short-acting opioids, such as morphine and
oxycodone (Pdyhid and Seppéld, 1994).

4.2 Treatment Considerations

These findings have several implications for OUD treatment. There have been recent reports
of difficulties with buprenorphine inductions for patients who regularly use fentanyl (Bisaga,
2019), including buprenorphine-precipitated withdrawal during standard buprenorphine
induction procedures (Silverstein et al., 2019). Protracted fentanyl clearance likely
contributes to this phenomenon, and may require extended periods of opioid abstinence prior
to buprenorphine induction, which could be challenging for new patients. It is also possible
that fentanyl affects longer-term buprenorphine outcomes, as a recent study reported that
those testing positive versus negative for fentanyl had lower opioid abstinence and
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marginally lower retention after six months of buprenorphine treatment (Wakeman et al.,
2019). Protracted fentanyl clearance might also extend opioid withdrawal and post-
withdrawal sequalae, changing the length and trajectory of acute care for persons undergoing
supervised withdrawal. Likewise, induction onto oral or extended-release naltrexone might
result in precipitated withdrawal or adverse events that would not be experienced by persons
using other opioids. Finally, there are possible legal implications if a person tested positive
for fentanyl for weeks after their last use, and was considered to have more recent use (and
then be in violation of probation or could lose employment opportunities due to such a
positive drug screen).

4.3 Limitations

This study is limited by the small sample size and gap in time between urine sample
collection. We did not collect blood samples to compare plasma to urine fentanyl and
norfentanyl concentrations; previous studies have demonstrated that the cytochrome P450
family of genes (specifically CYP3A5*3) affects plasma levels of fentanyl but not urinary
excretion in persons exposed to fentanyl for surgery (Tanaka et al., 2014). The current study
points to an urgent need to better understand the pharmacokinetics of fentanyl elimination in
persons with OUD, as well as the treatment implications for OUD patients experiencing
protracted fentanyl clearance.

5. Conclusion

Fentanyl clearance may take several weeks for persons with OUD who are exposed to
fentanyl on a daily basis. Fentanyl will likely continue to be prevalent in the illicit opioid
supply due to black market economics (Frank and Pollack, 2017), and treatment providers
should be aware that clearance of fentanyl is fundamentally different than other opioids and
can have serious negative implications during early OUD treatment. Improved treatment
strategies for persons with OUD should account for the unique pharmacokinetics of fentanyl
in persons who use fentanyl regularly.
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Highlights
. Many persons with opioid use disorder (OUD) are exposed to fentanyl daily.
. Fentanyl clearance was examined in OUD patients in residential treatment.
. Mean fentanyl clearance was 2 weeks, with a range of 4-26 days.
. Protracted fentanyl clearance might affect withdrawal and medications for

OuD.
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Figure 1.
Mean time course for fentanyl and norfentanyl positive urine drug screens since day of last

opioid use. Data is creatinine-adjusted and presented as nanogram of fentanyl/norfentanyl
per milligram of creatinine. Data for participants who left against medical advice were
censored following their last fentanyl positive test. Days with no urine screens were imputed
for each individual based on a decay function for initial clearance and linear function for
protracted clearance, consistent with trends observed in the data. The length of fentanyl and
norfentanyl lines represents the longest time observed for positive urine screens since day of
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last use, which was 19 and 26 days, respectively. Error bars represent 95% confidence
intervals.
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Table 1.

Participant Characteristics

Age M(SD) 28.9(11.0)

Sex (% Male) 67%

Race (% White) 83%

Body Mass Index M(SD) 25.3(3.8)

Eentanyl Clearance

Days until Last Positive Urine Screen M(SD) 594.7)

Days until First Negative Urine Screen M(SD) 8.8 (4.8)

Median Split between Last Positive and First Negative Urine Screen M(SD) | 7.3 (4.9)

Norfentanyl Clearance

Days until Last Positive Urine Screen M(SD) 11.8(6.9)

Days until First Negative Urine Screen M(SD) 14.7 (7.1)

Median Split between Last Positive and First Negative Urine Screen M(SD) | 13.3 (6.9)

Page 11

Demographics and fentanyl-clearance characteristics for study participants. Data analyses included the number of days from last opioid use until
the last fentanyl and norfentanyl positive urine screen, number of days from last opioid use until the first fentanyl and norfentanyl negative urine
screen, and the median between last positive and first negative urine screens, as this was likely to be the most representative of renal fentanyl

clearance. M = Mean, SD = Standard deviation.
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