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Chronic pain remains one of the most ubiquitous 
international healthcare problems.1 Some figures 
estimate that 90 million Americans—nearly one 

third of the population—are affected by chronic pain. This 
number surpasses those affected by diabetes, heart disease, 
and cancer combined.2 

Opioid medications are widely (but not universally) 
believed to have an integral role in treating pain. Though 
controversial, there is considerable evidence to suggest the 
efficacy of opioids in pain management.1,3 Though opioids 
are generally regarded as helpful, the debate about their 
benefits and risks has persisted for many years. Indeed, 
documentation of this debate is recorded as far back as 
300 BC.4 With the recent passing of high profile public 
figures and rising rates of death from opioid overdose, 
opioid misuse/abuse has garnered great media and politi-
cal attention and prompted several features in both print 
and video journalism referencing an “opioid epidemic.”5 
The United Nations office on drugs and crime reports 
that approximately 33 million people worldwide currently 
abuse prescription or non-prescription opioids.

Opioid misuse has been defined as the intentional thera-
peutic use of a prescription opioid analgesic in an inappro-
priate way, excluding events that qualify as abuse. Opioid 
abuse has been defined as the “intentional, non-thera-
peutic use of a prescription opioid analgesic to achieve a 
desirable psychological or physiological effect, for example 
euphoric, sedative, or anxiolytic effects.”6 Common strate-
gies for opioid abuse include taking larger amounts of the 
medication than previously intended orally, crushing the 
pills and insufflating (“snorting”) the resulting powder 
nasally, or dissolving the pills in a solvent and then inject-
ing the medication intravenously. 

Among the several potential strategies to mitigate the 
potential harms of opioid abuse have been proposed, the 
development of abuse deterrent formulations (ADF) of 
opioids has gained recent attention. The FDA has sup-
ported the development of ADFs as a modality to combat 
abuse and misuse of opioids.7 ADFs most commonly con-
tain variables that deter abuse by acting via these improp-
er means of administration; either (a) acting through 
physical barriers that confer resistance to tablet tampering, 
(b) combining the opioid agonist with an antagonist, or 
(c) incorporating an aversive ingredient intended to cause 
discomfort when abused by the nasal route.8

This article will examine the demand, development, and 
potential utility of these agents in pain management, offer-
ing examples of each of several types of ADFs.

PHYSICAL BARRIERS
Physical barriers, as their name states, deter abuse by 

rendering certain improper routes of administration inac-
cessible or difficult for a given product. Typically this 
involves a mechanical or chemical barrier to crushing 
or pulverizing a medication. Oxycodone is a commonly 
abused opioid mediation, and as such has been a target 
for reformulation to attempt to make it more abuse 
deterrent.9,10 One early example was the reformulation of 
Oxycontin (Purdue), which was reformulated with a poly-
mer matrix to provide a physical barrier to breaking and 
crushing. As such, it was approved by the FDA in 2010.  

Nucynta, for example, an FDA approved (2011) extend-
ed release iteration of Tapentadol (Ortho-McNeil-Janssen 
Pharmaceuticals), has formulated a polyethelene oxide 
matrix coating that makes it difficult to be crushed and 
then insufflated.8 Tramadol Extended Release (TheraQuest 
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Biosciences) has a formulation that makes it both crush 
resistant and also difficult to dissolve in alcohol.11

Morphabond ER is also resistant to being crushed, cut 
or dissolved by a solvent when compared to its counter-
part morphine sulfate ER.12 It was FDA approved for use in 
October 2015.

Opana (Oxymorphone, Endo Pharmaceuticals) contains 
a coating made of a polyethylene matrix which makes 
the tablet crush resistant but does not affect its extended 
release properties. When Opana is exposed to a solvent, it 
forms a gel. The viscosity of this gel makes it difficult to be 
drawn into a syringe and therefore dissuades intravenous 
use of the drug.8 Opana was FDA approved in Dec 2011. 
Research in this area remains robust, including a new for-
mulation of an extended release oxycodone, Xtampza ER 
(Collegium Pharmaceuticals). Xtampza consists of capsules 
containing tiny beads of medication. Each of these beads 
contains the drug uniformly dispersed in a tamper-resis-
tant matrix. The beads are made of a hydrophobic, waxy 
material with a high melting point that cannot be drawn 
into a syringe for injection when melted.9,12,13 Xtampza was 
FDA approved in April, 2016.

Hydrocodone is also named as one of the most fre-
quently abused opioid medications.14 Hysingla ER is an 
extended release formulation that is taken once a day and 
offers a coating resistant to crushing or chewing the tab-
let. Furthermore research suggest this medication offers 
abuse deterrent benefits while offering equivalent analgesic 
effects.15,16 Hysingla was FDA approved for distribution in 
November 2014.

CHEMICAL BARRIERS
Other drugs make use of chemical barriers, includ-

ing the addition of opioid antagonists. These antagonist 
compounds may mitigate the desired effect of the opioid 
medication when the drug is misused or abused. They may 
either be sequestered or freely available. When a freely 
available antagonist is used, the ideal antagonist will have 
low bioavailability by the intended route (ex: oral or sub-
lingual) and higher bioavailability through an inappropri-
ate route of administration (ex: intravenous). One such 
compound is naloxone. Naloxone has low oral bioavailabil-
ity and thus has little antagonist activity when used by the 
prescribed sublingual route. However, intravenous abuse 
of the drug will result in higher levels of naloxone that are 
likely to antagonize the abusers intended opioid effects.8  

Suboxone employs buprenorphine as an opioid (partial) 
agonist with naloxone as an antagonist and was approved 
by the FDA in 2003 for the treatment of opioid depen-
dence but is commonly used off-label as a pain medication 
and is widely regarded to be abuse deterrent.17 Embeda, 
approved in August 2009, contains both extended release 

morphine and sequestered naltrexone. Because naltrexone 
has higher oral bioavailability than naloxone, it must be 
sequestered or it may produce opioid antagonist effects 
when used appropriately by the oral route. When swal-
lowed whole as prescribed, the morphine is released over 
an extended period of time and the naltrexone remains 
isolated behind a physical barrier. However, if crushed 
or chewed, the naltrexone embedded in the core of the 
medication is released alongside the morphine, mitigat-
ing its effect.8 Another ADF that utilizes naltrexone is 
OxyNal, a sustained-release capsule containing beads of 
Oxycodone and Naltrexone. When ingested whole, only 
the Oxycodone is absorbed with negligible absorption of 
the Naltrexone. When the capsule is otherwise manipu-
lated, the beads of Naltrexone are released thereby antago-
nizing the desired effects of the opioid agonist.11 Troxyca 
ER also features this oxycodone/naltrexone combination 
and was approved by the FDA in June 2016.

INCORPORATION OF AVERSIVE INGREDIENTS
Other ADF opioids contain agents that will create 

adverse effects when administered improperly. These 
opioids are formulated with an additional agent that is 
expected to be inert when taken as prescribed, but may 
cause an undesired unpleasant effect when abused by a 
non-oral route of administration. This unpleasant effect is 
expected to deter use of these agents by non-oral routes 
such as intravenous injection and insufflation.

Oxaydo (Egalet Corpoartion), combines immediate 
release oxycodone with sodium lauryl sulfate. This com-
pound may irritate the nasal mucosa when abused by the 
nasal route.8,18,19 Research suggests that ADF versions of 
oxycodone can demonstrate very similar oral bioavail-
ability when compared to non-ADF immediate release 
Roxicodone.20  

Regulation and development of abuse deterrent opioids
As opioids have become a topic of increasing interest in 

our society, the Center for Disease Control (CDC) and the 
Food and Drug Administration (FDA) have begun to issue 
guidelines and protocols to help improve the safety of 
opioid medications in our community. The FDA has devel-
oped a study protocol with which pharmaceutical compa-

“The increased availability of  
ADFs may partially ameliorate  
the opioid abuse problem that  

we face, but it will not eliminate  
the problem on its own.”
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nies must comply before bringing a new abuse deterrent 
opioid (ADO) to market (see sidebar). This protocol has 
three pre-market studies that need to be completed prior 
to entering the commercial space. Then a fourth post-
marketing study continues after the medication is available 
to the public.21

The FDA has stated that these studies are designed to 
“meaningfully deter abuse of the medication,” as well as 
to create safer opioid analgesic options for patients. The 
guidelines were set to help prevent or deter the abuse of 
prescription opioid medication. They primarily address 
manipulation of the drug and aim to reduce the street 
value of the medication to the abuser and community (see 
sidebar.)21

CONCLUSIONS AND FUTURE DIRECTIONS
The future of ADFs will likely see more products come to 

market that fall into one of the three categories described 

here, and will likely also witness the proliferation of opioid 
prodrugs. Since the abuse of opioids commonly occurs via 
routes of administration other than the gastrointestinal 
tract, opioid prodrugs may be a useful ADF development 
target would be an opioid prodrug.8 This drug would be 
ingested in an inactive form that would only obtain opioid 
activity when metabolized in the GI tract. If it were abused 
by another route (ex: intravenous or intranasal), it would 
not produce the usual opioid effect. Additionally, if the 
specific metabolic systems required for activation were 
saturable, further biotransformation to active forms may 
not occur above a certain ceiling dose, which may reduce 
euphoria and the risk of respiratory depression in case of 
overdose.11

Another modality currently being developed is that 
of opioids with slower kinetics of CNS entry. NKTR-181 
(Nektar Pharmaceuticals) is a novel opioid agonist that 
enters the central nervous system at a rate 90 percent 
slower than typical opioid medications.9 Using small mol-
ecule delivery technology, NKTR-181 has been shown to 
exhibit lower abuse than oxycodone in preclinical stud-
ies. This slower delivery system also decreases the risk for 
respiratory distress in a rat model, even at the five times 
the equipotent lethal dose of oxycodone.9 As of 2012, this 
formulation has been accepted into an FDA fast-track 
development program but has not yet been  approved by 
the agency. 

Once available, these ADFs must be accepted and used 
by physicians if they are to have a chance at combatting 
opioid abuse. Lower Controlled Substances Act schedul-
ing of these drugs compared to their non-abuse deterrent 
counterparts could make them more available and encour-
age physicians to prescribe them. Moreover, increased 
pressure on insurance companies to include ADFs in their 
formularies without barriers to access (such as high co-pays 
and burdensome designated step through medications) 
may also encourage the use of ADFs.

Regardless of the specific modality of ADF that a physi-
cian seeks to employ, the resourceful abuser will likely 
continue to find ways to circumvent or offset the deter-
rent features of abuse deterrent opioids. The increased 
availability of ADFs may partially ameliorate the opioid 
abuse problem that we face, but it will not eliminate the 
problem on its own. Indeed, no single modality, law, or 
practice mandate is likely to be a panacea for the scourge 
of opioid abuse. 

Access to new, potentially safer opioid medications is 
expected to be a challenge for both patients and physi-
cians.1 Continued vigilance and effort will be required from 
patients, family members, legislators, and payers in order 
to continue to provide compassionate, judicious pain 
management therapies for patients in need of care. n

FDA Study Categories  
for the Abuse  
Deterrent Opioids 
Category 1: Examining in vitro 
manipulation of the medication, 
these studies evaluate the ease 
with which the abuse deterrent 
technology can be bypassed. Possible bypass methods include 
crushing, grinding, or using solvents to separate the opioid 
from the abuse deterrent technology. 

Category 2: Studies at this stage go further and examine the 
in vivo properties of the medication and its abuse deterrent 
mechanism. Often in category 2, there is a comparison of the 
medication’s plasma concentrations before and after manipu-
lation. These data may then be compared to the same mol-
ecule without abuse deterrent technology.

Category 3: These pre-market studies evaluate the clinical 
abuse potential of the novel compound and compare this 
potential to that of similar medications without abuse deter-
rent technology. These studies commonly focus on the likabil-
ity of the investigational drug among abusers.

Category 4: Performed post-market, these studies evaluate 
whether or not the abuse deterrent technology in the medica-
tion has resulted in effective reduction of the abuse, misuse, 
addiction, and overdose rates associated with the medication. 
Presently there is limited data for most products in this cate-
gory and it will take several years before useful data is gathered 
and analyzed.



E X P E R T
O P I N I O N

Gerard DeGregoris III, MD is Director of Education and 
Research at Manhattan Spine and Pain Medicine and 
Clinical Assistant Professor of Anesthesiology at Hofstra 
Northwell School of Medicine.

Steven Mandel MD, PC is Clinical Professor of Neurology at 
Lenox Hill Hospital, Hofstra Northwell School of Medicine.

Steve M. Aydin, DO is Clinical Assistant Professor of 
PMR at Hofstra - Northwell Health School of Medicine 
in Manhasset, NY. He is also Director of Musculoskeletal 
Medicine at Manhattan Spine & Pain Medicine, New York, 
NY.

1.  Schneider JP, Matthews M, Jamison RN. Abuse-deterrent and tamper-resistant opioid formulations. CNS drugs. 2010 
Oct 1;24(10):805-10.
2.  Frymoyer JW, Cats-Baril WL. An overview of the incidences and costs of low back pain. The orthopedic clinics of North 
America. 1991 Apr;22(2):263-71.
3.  Gharibo CG, Khan MF. Chronic Pain Syndromes. Medical Aspects of Disability: A Handbook for the Rehabilitation 
Professional. 2010 Jul 20.
4.  Katz N. Abuse-deterrent opioid formulations: are they a pipe dream?. Current rheumatology reports. 2008 Feb 1;10(1):11-8.
5.  Peralta E. Musician Prince Died Of Accidental Overdose, Says Medical Examiner [Internet]. NPR. NPR; 2016 [cited 
2016Sep20]. Available from: http://www.npr.org/sections/thetwo-way/2016/06/02/480471596/musician-prince-died-
of-opioid-overdose-says-medical-examiner 
6.  Smith SM, Dart RC, Katz NP, Paillard F, Adams EH, Comer SD, Degroot A, Edwards RR, Haddox JD, Jaffe JH, Jones CM. 

Classification and definition of misuse, abuse, and related events in clinical trials: ACTTION systematic review and recom-
mendations. PAIN®. 2013 Nov 30;154(11):2287-96.
7.  Food and Drug Administration, 2013c. FDA statement: Original Opana ERR Relisting Determination.  http://www.fda.
gov/drugs/drugsafety/ucm351357.htm
8.  Alexander L, Mannion RO, Weingarten B, Fanelli RJ, Stiles GL. Development and impact of prescription opioid abuse 
deterrent formulation technologies. Drug and alcohol dependence. 2014 May 1;138:1-6.
9.  Moorman-Li R, Motycka CA, Inge LD, Congdon JM, Hobson S, Pokropski B. A review of abuse-deterrent opioids for 
chronic nonmalignant pain. Pharmacy and Therapeutics. 2012 Jul;37(7):412.
10.  DePriest AZ, Miller K. Oxycodone/naloxone: role in chronic pain management, opioid-induced constipation, and abuse 
deterrence. Pain and therapy. 2014 Jun 1;3(1):1-5.
11.  Webster L. Update on Abuse‐Resistant and Abuse‐Deterrent Approaches to Opioid Formulations. Pain medicine. 2009 
Jul 1;10(S2):S124-33.
12.  Hale ME, Moe D, Bond M, Gasior M, Malamut R. Abuse-deterrent formulations of prescription opioid analgesics in the 
management of chronic noncancer pain. Pain management. 2016 Apr 6(0).
13.  Barlas S. Congress and Federal Agencies Address Opioid Abuse Epidemic, But Will New Initiatives Be Successful?. 
Pharmacy and Therapeutics. 2016 Aug;41(8):488.
14.  Gohil K. Pharmaceutical approval update. Pharmacy and Therapeutics. 2015 Feb;40(2):106.
15.  Bartoli A, Michna E, He E, Wen W. Efficacy and safety of once-daily, extended-release hydrocodone in individuals previously 
receiving hydrocodone/acetaminophen combination therapy for chronic pain. Postgraduate medicine. 2015 Jan 2;127(1):5-12.
16.  Lynch S, Taber L, He E, Shah R. (457) Effectiveness of Hysingla® ER, a once-daily, single-entity, hydrocodone with 
abuse-deterrent properties in treating chronic nonmalignant and nonneuropathic pain in patients with depression and 
anxiety. The Journal of Pain. 2016 Apr 1;17(4):S88-9.
17.  Barry DT, Savant JD, Beitel M, Cutter CJ, Moore BA, Schottenfeld RS, Fiellin DA. Pain and associated substance use 
among opioid dependent individuals seeking office‐based treatment with buprenorphine–naloxone: A needs assessment 
study. The American Journal on Addictions. 2013 May 1;22(3):212-7.
18.  Engel K, Reuter J, Seiler C, Mönting JS, Jakob T, Schempp CM. Anti‐inflammatory effect of pimecrolimus in the sodium 
lauryl sulphate test. Journal of the European Academy of Dermatology and Venereology. 2008 Apr 1;22(4):447-50.
19.  Bulloch M. Abuse-Deterrent Opioids: A Primer for Pharmacists.
20.  Walter C, Knothe C, Lötsch J. Abuse-Deterrent Opioid Formulations: Pharmacokinetic and Pharmacodynamic 
Considerations. Clinical pharmacokinetics. 2015 Dec 30:1-7.
21.  Food and Drug Administration. Guidelines for Industry: Abuse Detternet Opioids – Evaluating and Labeling. Rockville, 
MD. FDA 2015.


