
available at the same per-milligram price as liquid doxepin,
spending would have been reduced by $73.9 million (98%).

Discussion | Despite generic competition, low-dose doxepin
tablets approved for insomnia have substantially higher prices
and fewer 30-day prescriptions than similar doses of cap-
sules or liquid doxepin, which can be used off-label to treat in-
somnia. This repurposed drug market failure may explain why
low-dose doxepin is used less frequently than many other in-
somnia medications. Liquid doxepin may be a viable, less-
expensive alternative, assuming patients are able to manage
syringes to achieve the same low doses; alternatively, research-
ers could study whether the 10-mg capsules are effective for
insomnia without anticholinergic adverse events. Study limi-
tations include an inability to measure patient out-of-pocket
costs or manufacturer rebates or to identify what percentage
of doxepin liquid or 10-mg capsules were used for insomnia
or depression. Additionally, fills rather than actual use were
measured.

Well-intentioned repurposing of generic medications like
doxepin can be hindered if the repurposing requires doses that
are not interchangeable with original versions, allowing manu-
facturers to set high prices for the new version, which can limit
patient access.
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UV Stabilizer BTMPS in the Illicit Fentanyl Supply
in 9 US Locations
Bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate (BTMPS) be-
longs to a class of molecules called hindered amine light sta-
bilizers that are used in plastics manufacturing and as adhe-
sives or sealants.1 BTMPS has not been studied in humans or

approved for human con-
sumption, but animal stud-
ies have revealed cardiotox-

icity, ocular damage, sudden death, other adverse health
effects, and nicotinic antagonist effects.2,3 In this study, we

Table. US National Doxepin Spending and Use, 2023

Formulation

Total No. of
annual 30-day
supplies

Percentage of
30-day supplies

Annual retail
spending, $
(millions)a

Percentage of
spending

Price
(retail spending
per 30-day
supply), $a

Low-dose tablets,
brand name

3019 0.1 1.6 1.6 526

Low-dose tablets,
generic

292 925 11.2 73.8 74.5 252

Liquidb 317 585 12.1 2.1 2.1 7

10-mg capsules 2 003 240 76.6 21.6 21.8 11

a Retail spending is the sum of
consumer out-of-pocket and insurer
spending prior to drug rebates.

b To calculate 30-day use and retail
spending for liquid doxepin, a mean
daily use of 6 mg (the highest dose
for insomnia) was assumed. This dose
was chosen because liquid doxepin is
commonly substituted for Silenor for
the treatment of insomnia.
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characterize BTMPS’s introduction to the illicit fentanyl sup-
ply in 9 US locations.

Methods | Samples were obtained from 9 community-based
drug-checking programs within a national network of 12 pro-
grams (2 had <5 samples during study window and 1 declined
to participate). Small amounts of actual drug product were
obtained from participants voluntarily bringing in products
expected to contain “fentanyl,” “dope,” or “tranq-dope” to
drug-checking programs in Los Angeles, California, and
Philadelphia, Pennsylvania. Trace residues from a wipe of
used paraphernalia were obtained from sites in 2 California
counties (Alameda and San Luis Obispo), Delaware,
Maryland, Nevada, Washington, and Puerto Rico. Data were
collected from June 1, 2024, to September 30, 2024, except
for Los Angeles, where collection continued until October 15,
2024. Research activities in Philadelphia and Puerto Rico
were approved by the WIRB-Copernicus Group; verbal
informed consent was obtained. Los Angeles activities were
determined by UCLA’s institutional review board (IRB) to be
public health surveillance and not subject to IRB oversight.
Testing paraphernalia did not meet the definition of human
subjects research.

Samples were sent to the National Institute of Standards and
Technology and tested with direct analysis in real-time mass
spectrometry (DART-MS) and quantitative liquid chromatog-
raphy tandem mass spectrometry (LC/MS).4 Samples qualita-
tively tested with DART-MS were compared against a library of
more than 1300 compounds including drugs, cutting agents, and
adulterants. Quantitative analysis using LC-MS/MS were re-
ported as percentage by mass. The LC/MS quantitation panel
included compounds across several classes: fentanyl and fluo-
rofentanyl, fentanyl precursors, α2 agonists, other common il-
licit drugs, and adulterants. Samples below the limit of quan-
titation were approximated and imputed to be 0.1%. Full sample

collection and measurement information is available in the eAp-
pendix in Supplement 1. We calculated descriptive statistics and
conducted 2-tailed t tests (α = .05) to compare sample charac-
teristics by BTMPS status using R version 4.4.1.

Results | There were 284 drug product samples tested in
Los Angeles and Philadelphia. Of these, 98 (35%) contained
BTMPS. In Los Angeles, the proportion of detected BTMPS
per month increased from 0% in June to 56% in September
and 50% in October. In Philadelphia, it was more stable, with
25% in June and 32% in September (Figure). BTMPS was
identified in 13% of 486 trace residue samples from all addi-
tional locations combined, increasing from 3% in June to 32%
in September.

Of 98 samples containing BTMPS, the mean percentage by
mass was 8.6%, ranging from less than 0.1% to 56%. Mean per-
centage of fentanyl by mass was significantly lower in samples
that contained BTMPS (3.1% vs 8.7% in samples without
BTMPS; P < .001), as was percentage of fluorofentanyl, xyla-
zine, 4-anilino-N-phenethylpiperidine (4-ANPP), and lido-
caine (Table). The mean ratio of BTMPS to fentanyl was 7.4
(range, 0.02-197). Most samples (n = 62 [63%]) had more
BTMPS than fentanyl by mass, with 8 having no detectable fen-
tanyl and 14 having more BTMPS by a factor of 10 or greater.

Discussion | In 9 geographically diverse US locations, BTMPS was
detected in drug product and residue samples over 4 months.
The amount of BTMPS in available samples typically ex-
ceeded the amount of fentanyl, sometimes by orders of mag-
nitude. This is concerning given lethality and health risks in
animal studies.2,5

The high ratios of BTMPS to fentanyl may indicate a change
in synthesis methods, possibly to stabilize a precursor such
as 4-ANPP, which is susceptible to thermal and oxidative
degradation.6 BTMPS also might have been added for dilution.

Figure. Percentages of Samples Sold as Fentanyl That Contained BTMPS
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Other sites (pooled) (n = 486)C

Drug product samples from community sites in Los Angeles, California
(n = 188), and Philadelphia, Pennsylvania (n = 96), were quantitatively tested.
Drug paraphernalia and residue samples (n = 486) from all other sites
(Delaware, Maryland, Nevada, Puerto Rico, Washington, and additional cities in
California) were qualitatively tested. Data in Los Angeles were collected from
June 1, 2024, to October 17, 2024. Data from all other sites were collected from

June 1, 2024, to September 30, 2024. Bar graphs show percentage of samples
identified with bis(2,2,6,6-tetramethyl-4-piperidyl) (BTMPS), by month and
site, of either all drug product samples sold as fentanyl or all paraphernalia/
residue samples with fentanyl detected, labeled with counts of samples
containing BTMPS by month and site.
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Ultimately, the reason for the introduction of BTMPS in fen-
tanyl is unknown.

Study limitations include convenience sampling, a short
study window, ability to quantify limited compounds, and pos-
sibility that paraphernalia used repeatedly could contain resi-
due from multiple products. As drug-checking programs are not
widely available and other surveillance methods do not screen
for BTMPS, monitoring this compound may prove challeng-
ing. Research should explore the role of BTMPS in the illicit fen-
tanyl supply, the extent of adulteration regionally, whether its
inclusion is sustained, and health effects in humans.
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Table. Mean Quantitative Results of Liquid Chromatography Mass Spectrometry on Samples of Drug Products
Sold as Fentanyl, Stratified by Presence of BTMPS, June-October 2024

Substance

Mean % (range) [No.] [N = 284]

P valueaSamples with BTMPS Samples without BTMPS
BTMPS 8.6 (0.1-55.7) [n = 98]

Fentanyl 3.1 (0.1-16.5) [n = 92] 8.7 (0.1-48) [n = 180] <.001

Fluorofentanyl 0.7 (0.1-5.9) [n = 25] 4.3 (0.1-25.6) [n = 38] .001

4-ANPP 0.8 (0.1-5.8) [n = 65] 2.7 (0.1-28.6) [n = 129] <.001

Phenethyl 4-ANPP 0.1 (0.1-0.2) [n = 14] 0.3 (0.1-5.4) [n = 40] .28

Heroin 4.1 (0.4-6.8) [n = 3]

Xylazine 1.1 (0.1-16) [n = 34] 6.2 (0.1-41.6) [n = 52] .002

Medetomidine 3.1 (0.3-6.1) [n = 19] 2.8 (0.6-7.3) [n = 43] .55

Methamphetamine 2.1 (0.1-5.8) [n = 8] 30.8 (0.1-81.9) [n = 3] .55

Cocaine 5.6 (0.1-23) [n = 7] 2 (0.1-9.3) [n = 5] .37

Lidocaine 3.7 (0.1-35.9) [n = 83] 12.2 (0.1-47.8) [n = 85] <.001

Tetracaine 10.7 (0.1-21.1) [n = 17] 13.9 (0.1-65.4) [n = 37] .25

Abbreviations: 4-ANPP,
4-anilino-N-phenethylpiperidine;
BTMPS, bis(2,2,6,6-tetramethyl-4-
piperidyl).
a By 2-tailed t test.
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COMMENT & RESPONSE

AI IN MEDICINE

Regulation of Artificial Intelligence in Health Care
and Biomedicine
To the Editor A recent Special Communication provided a de-
tailed, succinct discussion on the regulatory challenges pre-
sented by the increasing use of artificial intelligence (AI) in
health care.1 However, we are compelled to point out the criti-
cal need for patient and caregiver involvement in creating safe-
guards for technologies that will ultimately affect the quality
of care they receive.

Increased inclusion of patients and caregivers in conver-
sations regarding oversight of these technologies is neces-
sary to help regulators navigate the complex ethical and so-
ciotechnical challenges that may arise throughout the AI life
cycle, such as effects on data privacy, interpersonal relation-
ships, and patient autonomy. However, meaningful patient en-
gagement in the age of AI requires us to look beyond conven-
tional structures. Processes for including these voices should
ultimately reflect the diversity of the patients and caregivers
who will be affected by their outputs, with purposeful con-
sideration of making participation accessible to all. Current pa-
tient engagement practices often involve individuals who do
not represent those who have substantial comorbidities or are
most affected by health disparities. Inclusion of these per-

spectives will allow decision-makers to better understand how
to navigate challenges related to fairness, as these technolo-
gies progress from development into real-world use.2 The risk
of inadvertently exacerbating health disparities with AI is a con-
cern, with past examples including perpetuation of harmful
narratives in large language models3 and misallocation of health
resources arising from the use of racially biased clinical deci-
sion support tools.4

In brief, AI ushers in a fundamental shift in health care that
necessitates new frameworks for patient engagement. Conse-
quently, solutions to the challenges posed by AI cannot come
solely from developers, clinicians, or regulators; they must in-
volve patients and caregivers as equal partners. We are en-
couraged by the increased focus on health disparities and pa-
tient values in the research community, which has increased
awareness of how medical products, including software, may
inadvertently contribute to inequitable health outcomes.5 At
this important stage in the development of regulatory ap-
proaches for these AI technologies, diverse perspectives and
genuine opportunities for engagement will be key in reduc-
ing the risk of harm and improving health outcomes.
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In Reply The US Food and Drug Administration (FDA) is com-
mitted to including patient perspectives in the development
and evaluation of all medical products, and AI- and machine
learning–enabled products are no different. We thank
Mr Jaiswal and colleagues for highlighting the importance of
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