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Abstract

Weekly and monthly CAM2038 (Brixadi®) extended-release subcu-
taneous buprenorphine (XR bup) has been available in Europe and
Australia for several years and was approved by the Food and Drug
Administration in May 2023. Little is known about the clinical ex-
perience of patients and providers using this new medication during
prenatal care. Two cases of pregnant persons with opioid use disorder
receiving weekly XR bup in an ongoing randomized multi-site out-
patient clinical trial are presented along with a brief review of the
pharmacology and literature on XR bup formulations. The cases in
pregnancy illustrate how treatment with the weekly formulation is
initiated including how to make dose adjustments, which may be nec-
essary given the longer half-life; it takes 1 month to achieve steady
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state. Injection site pain with medication administration was time lim-
ited and managed readily. Other injection site reactions experienced
included subcutaneous erythema and induration that was delayed in
onset and typically mild, resolving with minimal intervention. Deliv-
ery management and breastfeeding recommendations while on week-
ly XR bup were not different compared to sublingual buprenorphine
(SL bup). Weekly XR bup is a new treatment for opioid use disorder
that may be used in the obstetric population. Obstetric and addiction
medicine clinicians should be aware of this new formulation as its use
is expected to increase.

Keywords: Opioid use disorder; Extended-release buprenorphine;
Pregnancy; Postpartum

Introduction

In the United States, drug overdose is a leading cause of ma-
ternal mortality with drug-related maternal deaths increasing
by 190% between 2010 and 2019 [1, 2]. To date, sublingual
buprenorphine (SL bup) and oral methadone are considered
standards of care for perinatal opioid use disorder (OUD);
however, there is a lower risk of adverse neonatal outcomes
for people using buprenorphine compared to methadone dur-
ing pregnancy [3]. There are a myriad of barriers to accessing
and continuing these morbidity and mortality reducing treat-
ments. Some barriers include stigma, transportation, concerns
for diversion/misuse and unintended pediatric exposures, in-
carceration, legal repercussions and inadequate pharmacy and
health care system medication access, and problems tolerating
sublingual medications that can worsen pregnancy-associated
nausea and olfactory sensitivity [4-6]. Additional treatment
options are imperative for pregnant and parenting persons
with OUD, especially options that do not require daily dosing
because missed doses can result in subtherapeutic medication
concentrations that increase risk for craving, withdrawal and
return to use. This is particularly important during pregnancy
when physiological changes can further decrease medication
blood levels [6-8]. Extended-release subcutaneous buprenor-
phine (XR bup) injections that provide steady continuous bu-
prenorphine exposure may help address some of these chal-
lenges and improve maternal and neonatal outcomes among
those interested in injectable medications.
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Figure 1. Buprenorphine concentrations over time after weekly and monthly XR-buprenorphine administration. Data displayed
are means with standard deviations (SDs) in one direction and staggered to the side of the mean value when needed to preserve
figure clarity. (a, b) Buprenorphine (Bup) concentrations (ng/mL) over the first 24 h and 7 days, respectively, after administration
of weekly XR-bup. (c, d) Bup concentrations over the first 24 h and 28 days, respectively, after administration of monthly XR-bup.
CAM2038 Investigators Brochure. Braeburn Inc. Edition 17. April 5, 2023.

In May 2023, the Food and Drug Administration (FDA) ap-
proved weekly and monthly XR bup CAM2038 (trade name in
USA is Brixadi® and outside the USA is Buvidal®) for OUD
treatment. This medication has been available in Europe and
Australia for several years but was delayed in the USA due in
part to another XR monthly buprenorphine formulation (RBP-
6000, Sublocade®) receiving approval first and having market
exclusivity. Both monthly formulations and the weekly formula-
tion are allowed to be prescribed in pregnancy and during breast-
feeding although the FDA labeling does not provide a specific
indication for use in pregnant persons and during breastfeeding.

The FDA determined CAM2038 was safe and efficacious
based upon phase 2 and phase 3 studies in non-pregnant adults
[9, 10]. A subsequent open-label outpatient observational mul-
ti-site study demonstrated high retention at 48 weeks (73.6%)
with 68% of participants rating XR bup as better than their pre-
vious experience with SL bup [11]. A recent randomized con-
trolled trial (RCT) in emergency departments demonstrated
that the weekly formulation as well as SL bup could be started
among non-pregnant persons using fentanyl with infrequent
reports of precipitated withdrawal [12].

With CAM2038 now available for use in the USA since
September 2023, it is expected that obstetric populations may
be interested in this treatment. Thus, this paper: 1) reviews the
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indications, dose options, relevant solvents, general use and
pharmacology of CAM2038; 2) briefly reviews RBP-6000
pregnancy studies; and 3) provides two cases of the use of
weekly CAM2038 in pregnancy with a subsequent discussion
to help providers learn about this new medication option.
CAM2038 comes in two different subcutaneous formula-
tions both indicated for treatment of moderate-severe OUD.
Its FDA Risk Evaluation and Mitigation Strategy (REMS)
requires the medication never to be in the hands of the pa-
tient because self-administration into a vein or artery may be
life-threatening. If medication enters the bloodstream, it could
cause thrombosis or an embolism. The medication is stored at
room temperature. The weekly formulation has doses of 8, 16,
24 and 32 mg, which approximates < 6, 8 - 10, 12 - 16, and
18 - 24 mg daily doses of SL bup, respectively (for review of
plasma level comparisons between SL and all XR bup formu-
lations, see Coe et al [13]). The peak maximum bup concen-
tration occurs within 24 h and slowly declines over the week
(Fig. la, b). The terminal plasma elimination half-life is 3 - 5
days. Figure 2 shows how the concentration of weekly XR bup
accumulates compared to daily SL bup. Weekly XR bup can
be initiated on the first day of treatment. A single injection can
be administered subcutaneously after a single SL bup dose to
ensure tolerability (e.g., no precipitated withdrawal). Injec-
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Figure 2. Linear plasma buprenorphine (bup) concentration time curve over 24 h after single dose administration of weekly
XR-bup 24 mg and sublingual bup 16 mg. Data displayed are means and standard deviations in one direction to preserve figure
clarity. CAM2038 Investigators Brochure. Braeburn Inc. Edition 17. April 5, 2023.

tion sites include the upper arm, abdomen, buttock, and thigh,
but the upper arm site should be used only after steady-state
has been achieved (i.e., 4 weekly doses) because this site is
associated with 10% lower plasma levels than the other sites
[14]. Low dose ethanol is the solvent in weekly CAM2038.
Specifically, ethanol doses are 15, 31, 46 and 61 mg in the 8,
16, 24, and 32 mg XR bup doses, respectively. One standard
drink contains 14 g of ethanol. Thus, a pregnant person re-
ceiving the highest weekly XR bup dose would be exposed
to a fraction of 1 standard drink over the entire course of the
pregnancy. While there is no safe amount of ethanol in preg-
nancy, the Medication treatment for opioid use disorder in ex-
pectant mothers (MOMS) study is being conducted under an
FDA investigational drug application, and FDA required use of
weekly CAM2038 during pregnancy and when breastfeeding
rather than the monthly product that contains the solvent, N-
methyl-2-pyrrolidone (NMP) [15].

The monthly formulation of CAM2038 comes in 64, 96,
and 128 mg doses approximating 8 - 10, 12 - 16, and 18 - 24 mg
of daily SL bup, respectively and is intended for those already
stable on buprenorphine. Peak concentration occurs within 6
- 8 h and slowly declines over the month (Fig. 1c, d). The ap-
parent terminal plasma half-life is 19 - 26 days. Steady state is
achieved after 4 months of treatment. Monthly XR CAM2038
doses contain NMP, which is also in monthly RBP-6000, and
many other pharmaceuticals [16]. RBP-6000 FDA labeling
states that 100 mg and 300 mg doses contain 278 and 833 mg
of NMP, respectively, and that in preclinical studies, NMP can
produce preimplantation losses, delayed ossification, develop-
mental delays and reduced cognitive function such that preg-
nant persons should be advised of the potential risk to a fetus.
Monthly CAM2038 contains NMP doses ranging from 57 to
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115 mg per injection with lower amounts in the lower doses.
Neither monthly (nor weekly) XR formulation is contraindi-
cated in pregnancy or while breastfeeding. We are not aware of
teratogenic effects caused by XR bup formulations in humans
although there are limited data. Thus, clinicians are advised to
use shared decision making and balance the relative risks and
benefits of treatment with the various XR and SL formulations
and alternatives (e.g., methadone, no medication, etc.) based
on each patients’ history and treatment needs.

The use of RBP-6000 in pregnancy was investigated in an
open-label trial that stopped early after the first three patients
reported feeling euphoric over days 1 - 3 followed by reports
of withdrawal from days 6 - 10 and requests for supplemen-
tal buprenorphine over days 7 - 28 [17]. A case report also
describes two individuals with unplanned pregnancies who
experienced first trimester RBP-6000 exposure after which
they declined further XR bup and SL bup [18]. Both individu-
als had buprenorphine and/or norbuprenorphine detectable in
their urine at delivery highlighting its long apparent terminal
plasma half-life of 43 - 60 days per FDA labeling.

We now report on two cases from an ongoing multi-site
pragmatic open-label two-arm clinical trial titled MOMS that
enrolled pregnant persons aged 18 - 41 years old with opioid
use disorder and a single fetus pregnancy at an estimated gesta-
tion age of 6 - 30 weeks at time of randomization [15]. Partici-
pants were randomized to either SL bup with/without naloxone
or to XR bup throughout pregnancy and 12 months postpar-
tum. For individuals not already on bup, the protocol required
a single dose of 4 mg SL bup followed by a single weekly 16
mg XR bup injection. Due in part to time required for screen-
ing and informed consent, most pregnant persons were receiv-
ing SL bup at the time of randomization. Their starting XR
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bup dose approximated their current total daily SL dose. The 8
mg weekly injection was used between the scheduled weekly
doses to increase the dose if needed (e.g., to mitigate opioid
craving and/or withdrawal symptoms). After delivery, postpar-
tum individuals receiving XR bup who were not breastfeeding
could elect to transfer to monthly CAM?2038. These cases were
chosen to highlight common topics discussed during study im-
plementation.

Case Reports

Case 1

A 30-year-old gravida 3 para 1011 with OUD (severe, heroin,
IV route), stimulant use disorder (severe, methamphetamine,
IV route, in remission), major depressive disorder and sleep
difficulties presented at 25 weeks of gestation maintained on
SL bup 8 mg twice daily with no non-prescribed opioid use
for 8§ months. Also, she was taking oral quetiapine 100 mg
nightly for sleep, venlafaxine XR 150 mg daily for depression,
clonidine 0.1 mg thrice daily as needed for opioid withdrawal
symptoms, cyclobenzaprine 5 mg thrice daily as needed for
opioid withdrawal symptoms, cetirizine 10 mg daily as needed
for allergic rhinitis and a prenatal vitamin daily.

She received XR bup 24 mg at her first study visit to ap-
proximate her current dose of 16 mg SL bup daily and stopped
all SL bup. Three days after this XR dose, the patient report-
ed mild fatigue, body aches, chills, sweating and hot flashes
that were treated as opioid withdrawal with a supplemental
weekly XR bup 8 mg dose per study protocol. These symp-
toms decreased in severity after this supplemental dose but
reemerged about a day prior to the regularly scheduled weekly
dose. The clinician and patient decided to continue the weekly
scheduled dose of XR bup 24 mg (alternative option was to
increase the weekly scheduled dose to XR bup 32 mg). The cli-
nician explained that the weekly buprenorphine doses “stack
up” on each other until steady state buprenorphine levels are
achieved after about a month. The patient was provided time
to ask questions, was involved in individual and group therapy
and received peer recovery support services while living in
supportive recovery housing. For the next 3 weeks, an 8§ mg
weekly XR bup booster was administered, and the patient re-
ported gradual and consistent improvement in her withdrawal
symptoms. No further booster doses were needed after the fifth
weekly XR bup 24 mg dose. At no point in her care did the
participant report relapse, significant cravings, or a desire to
increase her standing 24 mg weekly dose. She subsequently
delivered a term healthy infant (3,780 g, 1- and 5-min Apgars
of 7 and 9, respectively) at 39+1 weeks by vaginal delivery
with an epidural with no complications. Infant was formula
fed and monitored for 7 days in a specialized unit for neonatal
withdrawal. Modified Finnegan scoring showed a peak 24-h
average score of 11.1 on day 5 and was 10.1 on day 6, the day
prior to discharge. No treatment outside therapeutic handling
and provision of a low stimulation environment was initiated
to treat the infant’s withdrawal symptoms. Mom elected to
continue weekly 24 mg XR bup.
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Case 2

A 35-year-old gravida 2 para 0101 pregnant person with se-
vere OUD, chronic hypertension, and history of prior cesar-
ean delivery presented to an affiliated hospital for medically
managed withdrawal from intranasal heroin during the early
second trimester. Her drug of choice was oxymorphone, but
she had primarily been using heroin prior to her admission.
Her initial goal was to undergo medication assisted withdrawal
but after education on treatment options she opted for agonist
treatment and was initiated onto SL bup. She was discharged
on 12 mg SL bup and enrolled at 18 weeks into an outpatient-
based OUD treatment program for pregnant people. In this
program, she obtained both prenatal care and substance use
disorder treatment including buprenorphine MOUD, mental
health assessments and medication, peer support, as well as
group and individual therapy. She was offered enrollment in
the MOMS trial and randomized to XR bup. She expressed
concern about potential discomfort with the injection but was
looking forward to not taking medication daily. She received
her first study injection at 24 weeks. At her return visits, she
described preferring XR bup to SL bup due to better control of
cravings and decreased ability to overuse or misuse the medi-
cation. However, she complained of moderate stinging, throb-
bing pain with administration of each XR injection that lasted
for 5 - 10 min during and post injection. Topical lidocaine 4%
cream was applied to the injection site 15 min prior to XR bup
administration, which helped to diminish the discomfort with
injection. Six weeks after the first XR bup dose was given,
there were delayed site reactions at seven previous injection
sites which consisted of itching, erythema, and up to 2 cm of
induration with no evidence of systemic reactions (e.g., no fe-
ver, lymphadenopathy). Her site reactions were primarily on
her abdomen and thighs despite having received injections in
all available sites during the study. These were managed with
hydrocortisone cream 1% applied topically to affected areas
and resolved completely within 2 - 6 weeks. She delivered at
35.6 weeks gestational age by repeat cesarean section due to
severe preeclampsia and breech position. Apgars were 7 and 8
at 1 and 5 min, respectively, and baby weighed 2,175 g. Baby
was admitted to the neonatal intensive care unit (NICU) for
management of respiratory distress due to prematurity and was
transferred to pediatric hospitalist team at day 3. At day of life
(DOL) 3, baby was diagnosed with neonatal abstinence syn-
drome (NAS) for elevated Finnegan scores of 8 (twice) and
given one dose of prn morphine. On DOL 4, baby was given
additional prn dose of morphine for elevated Finnegan score.
On DOL 5, baby was started on scheduled oral morphine for
Finnegan scores of 6 - 11 overnight. Baby was maintained on
oral morphine of 0.03 mg/kg every 3 h for 24 h and then ta-
pered daily by 10%. Morphine dosing was stopped on DOL 11
and discharged on DOL 12. Our patient’s initial plan was to
formula feed baby but after support from the lactation special-
ist she was able to pump and successfully give baby expressed
breast milk as well as formula.

Operative and postoperative pain were managed using
standard OUD anesthesia protocols. The last delayed site reac-
tion occurred 2 days after delivery and resolved after 3 weeks.
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She continued study XR bup until completing the study at 12
months postpartum. The participant had no additional injection
site reactions and continued to voice a preference for the injec-
tion. She had no return to use of illicit opioids during preg-
nancy or in the 12 months postpartum. After study completion,
she transitioned to RBP-6000, since CAM?2038 was not clini-
cally available.

Discussion

Our study adds to the growing case reports of XR bup among
pregnant and postpartum individuals and aims to educate cli-
nicians who may care for pregnant patients and their infants
about the use and impact of CAM2038, particularly the weekly
formulation. The MOMS study has completed enrollment and
the last participant will finish the study in late November of
2024, with primary outcome data available in 2025. Neurode-
velopmental outcomes from the first 2 years of the babies ex-
posed to XR bup will be available later.

We acknowledge the limitations of presenting only two
cases from this study who both started treatment after the first
trimester. Specifically, we cannot draw broad conclusions
about CAM2038 on outcomes such as overall safety, terato-
genicity risk, or neonatal opioid withdrawal syndrome; how-
ever, there were no planned interim analyses for this ongoing
trial. The lessons that we can share so far from our patients, cli-
nicians and study teams include the importance of explaining
the pharmacology of the XR medication using words and pic-
tures (Fig. 2) in lay terms, including possible subjective differ-
ences that patients who are already familiar with SL bup may
experience. Patients should be reassured that doses can still
be titrated upwards using additional 8 mg weekly CAM2038
injections and that reaching their optimal dose may take time.
We encourage providers to allow patients to choose the injec-
tion site but remember to rotate the injection sites and wait §
weeks before returning to the same site. The gravid abdomen
is an acceptable injection site, but injections in the arms should
not occur until after a month of weekly dosing. For those with
a fear of needles, it is important to explain that the needle is
short (1/2 inch), thin (23-gauge) and the amount of fluid (< 1
cc) injected under the skin is small. These strategies have been
helpful for educating and alleviating concerns among some
patients who may be familiar with other XR OUD medica-
tions that are larger volume with larger needles (e.g., depot
naltrexone).

Our study sites all provided collaborative multidiscipli-
nary care and involved obstetricians with experience and com-
fort treating pregnant persons with OUD with buprenorphine
[19]. Given the ongoing opioid epidemic, treatment need, and
removal of the federal requirement for a waiver to prescribe
buprenorphine for OUD, we anticipate that non-addiction
medicine boarded obstetricians and other clinicians (e.g., lac-
tation consultants) will be increasingly called upon to provide
best practice treatment in this patient population (e.g., become
knowledgeable about OUD treatment as well as breastfeeding
recommendations in the setting of substance use, substance
use disorder, and medication treatments) such that ongoing
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education is critical [20]. In addition, education on how XR
bup is appropriately obtained (e.g., via FDA REMS-certified
specialty pharmacy), logged when received and administered
(e.g., recording of each dose received, date of receipt and ad-
ministration, expiration date, lot number) and stored in a DEA
schedule 3 compliant manner (e.g., CAM2038 doses stored in
a locked room in a locked cabinet at room temperature).

Our clinical teams emphasized the importance of coun-
seling and ancillary services to assist with non-pharmacologic
aspects of OUD treatment. Extinction of behaviors such as
non-prescribed opioid use and complete suppression of in-
trusive cravings for opioids cannot always be adequately ad-
dressed with medication alone and ongoing non-prescribed use
is common in early OUD treatment [21]. This is not an indica-
tion to stop medication treatment.

Injection site reactions reported herein were like those re-
ported in the phase 3 RCT of XR bup among non-pregnant
adults - generally mild-moderate severity and resolving with
minimal medical intervention [9]. The standard protocols for
managing pain during and immediately after delivery for pa-
tients with OUD on buprenorphine and for managing neonatal
opioid withdrawal were employed without needing to change
these protocols to accommodate the XR bup dosing. The de-
cision to only use the weekly XR bup during pregnancy and
while breastfeeding was because it lacked NMP; however, it is
important to note that NMP is rapidly released into the blood
stream after injection and may be present in breastmilk for only
a limited time. Future research could evaluate the pharmacoki-
netic profile of NMP in breastmilk for both monthly XR for-
mulations to determine if pumping breastmilk for a day or two
after injection and disposing of it may be a feasible solution for
breastfeeding individual’s wanting to receive monthly XR bup
but not expose their infants to NMP in breastmilk.

Conclusions

With XR bup now available to clinicians since September
2023, it is worth considering how the new medication may
affect treatment of pregnant and postpartum individuals with
OUD and how it can be incorporated into standard obstetric
practice. The case studies presented here are designed to in-
troduce how to approach using XR bup in the pregnant and
postpartum individual, anticipate side effects, and provide a
framework from which clinicians can feel more comfortable
engaging in shared decision making with patients who are
pregnant and have OUD.

Learning points

The weekly XR bup formulation has several dose options and
dose adjustments can be made using this formulation. When
starting XR bup, it is important to understand and manage pa-
tient expectations, explaining the pharmacology in terms pa-
tients can understand. The lack of daily peak and trough levels
experienced with SL bup may create a different subjective ex-
perience in patients who have previously taken SL bup.
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