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Twenty years ago, there was a shift in pain 
management, and it became more common 
to prescribe opioids for chronic pain. Initially, 
physicians were misinformed that addiction to these 
medications was highly unlikely in a clinical setting, 
causing a shift towards prescribing opioids as the 
drug class of choice to treat moderate-to-severe 
pain. At the time, the addictive properties of opioids 
and their lack of proven effectiveness for treating 
chronic pain were not fully recognized.

Today, drug overdose deaths involving opioids 
continue to increase in the US. Each day, more than 
650,000 opioids are dispensed in the country, and 
nearly 4,000 people consume a prescription opioid 
for non-medical use, leading to 78 deaths from an 
opioid-related overdose.1 In 2015, the number of 
opioids prescribed was enough for every American 
to be medicated around-the-clock for three weeks.2 
The scale of the opioid epidemic has reached 
an all-hands-on-deck urgency, requiring many 
“hands” to partner together, including those from 
patient advocacy groups, academic research, drug 
companies, the legislative branch, and regulatory 
agencies. 

Many companies have invested heavily in developing 
abuse-deterrent opioid drugs to minimize the abuse 
and addiction that is currently prevalent. The FDA 
has taken efforts to provide more rigorous industry 
guidelines on the approval of opioid pain drugs, 
but this is not without hurdles and controversies, 
as evident from an FDA meeting in October 2018. 
Recently, an FDA advisory committee voted in favor 
of a sufentanil quick-dissolving tablet, which has 
shown in trials to be an important non-invasive 
acute pain management option, with potential to 
significantly improve the current standard of care. 
However, some of the FDA committee expressed 
concern about allowing an opioid as potent and 
potentially lethal as this one – with 5–10 times 
greater potency than fentanyl – onto the market, 
given the risk to the public for further opioid abuse. 
From an outside perspective, there appears to still 
be a disconnect within the organization on the 
stringency of guidelines for approving opioids. 

The FDA shoulders a heavy responsibility to address 
public health concerns. Table 1 summarizes an 
abbreviated “action plan” on how the agency plans 
to tackle the epidemic while keeping patient access 
to needed pain relief in consideration.1
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1. Winiecki S (2016) Understanding Abuse Deterrent Opioids. Available from: https://www.fda.gov/downloads/aboutfda/
workingatfda/fellowshipinternshipgraduatefacultyprograms/pharmacystudentexperientialprogramcder/ucm532123.pdf 
[Accessed 15 October 2018]. 
2. CDC Vital Signs (2017). Opioid Prescribing. Available from: https://www.cdc.gov/vitalsigns/opioids/infographic.html 
[Accessed 15 October 2018].
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The opioid epidemic consists of both abuse and 
misuse of prescription opioids. The differentiating 
factor between the two hinges on whether the use 
is therapeutic or not, as defined below:

Abuse – intentional, non-therapeutic use of a drug 
product or substance, even once, to achieve a 
desirable psychological or physiological effect

Misuse – intentional therapeutic use of a drug 
product in an inappropriate way, and specifically 
excludes the definition of abuse. 

The misuse behavior is difficult to track, and it is 
not something that can be prevented or deterred 
through product development. Correcting misuse of 
opioids would require a different approach, such as 
education or training of patients, medical staff, and 
caretakers.

In this analysis, we are focusing on the abuse aspect 
of the opioid epidemic, with an emphasis on the 
current development landscape of abuse-deterrent 
opioid formulations. We are also focusing on the 
current development landscape of pain treatments 
that are complete alternatives to opioids altogether.

Table 1: The FDA’s action plan on reversing the opioids epidemic

Source: Winiecki S (2016) Understanding Abuse Deterrent Opioids.  
Available from: https://www.fda.gov/downloads/aboutfda/workingatfda/fellowshipinternshipgraduatefacultyprograms/

pharmacystudentexperientialprogramcder/ucm532123.pdf [Accessed 15 October 2018].

Plan Action

Advisory committees Expand the use and advice from external experts

IR labeling Develop warnings and safety information

Post-market Better evidence on the serious risks of misuse and abuse with long-term use

REMS Update and increase number of prescribers who receive training on pain 
management and safe prescribing

Abuse deterrent Spur innovation and generic abuse-deterrent formulations and product 
development

Supporting treatment Access to overdose treatment, safer prescribing, new classes of pain medicine

Risk-benefit Reassess risk-benefit framework and incorporate broader public health impact
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In November 2017, the US FDA released the final 
guidance on abuse deterrence of generic opioid 
drug products.3 This guidance serves as the current 
thinking of the FDA on the development of generic 
opioids with abuse-deterrent properties. Within, it 
included recommended studies leading to potential 
ANDA applications for abuse-deterrent labeling. A 
number of pre-market and post-market studies are 
required to demonstrate effective abuse deterrence 
in line with the FDA’s definition. The pre-market 
studies include laboratory manipulation and 
extraction, pharmacokinetic (PK) studies, and clinical 
abuse potential studies. The product would be 
subjected to cutters, grinders, temperature variance, 
and extraction with solvents like water, vinegar, and 
ethanol. Data on physical/chemical characteristics 
like particle size distribution and liquid extraction are 
evaluated for potential in various routes of abuse, for 
example, snorting, smoking, and injection. The PK of 
manipulated and intact formulations is compared, 
which allows for insights on the bioequivalence and 
products’ abuse potential. The study population 
usually involves healthy, opioid-experienced, 
recreational drug users. The main goal of the clinical 
studies is to evaluate abuse potential compared 
to a positive control. These are often referred to as 
Human Abuse Liability (HAL) studies. The role of the 
post-market studies is to measure the real-world 
impact of the proposed abuse-deterrent opioids; 
whether they result in meaningful reduction in 
abuse, misuse, and adverse events (addiction, 
overdose, death).

Development of abuse-deterrent 
opioids 
Drug companies set out to reformulate generic 
opioids because these pain therapies have already 
proven their efficacy in a large, real-world setting. 
The abuse-deterrent formulation technology 
is expected to meaningfully deter abuse by 
making drugs more difficult to tamper with, or 
less rewarding. The most common routes of 
abuse are crushing or dissolving the product for 
snorting or injection, respectively. The science of 
abuse deterrence is rapidly evolving to adapt to 
varying abuse patterns. It is important to note the 
distinction between abuse-deterrent and abuse-
proof, because one of the most common routes of 
opioid abuse is swallowing. Therefore, abuse can still 
occur with abuse-deterrent opioids. 

Current landscape of approved ADFs
We have previously analyzed the buzzing 
development of abuse-deterrent opioids, in January 
20154, and the paper concluded with highlights 
on promising late-stage leads. Table 2 presents a 
snapshot comparing their status between then and 
now. 

Abuse-deterrent opioid formulations (ADFs)

3. US Department of Health and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research (CDER) (2017) General 
Principles for Evaluating the Abuse Deterrence of Generic Solid Oral Opioid Drug Products: Guidance for Industry. Available from: https://www.fda.gov/
downloads/Drugs/.../Guidances/UCM492172.pdf [Accessed 15 October 2018].
4. Chen H (2015) How Pharma Copes With The Pain of Developing Abuse-deterrent Opioids. Available from: https://pharmaintelligence.informa.com/
resources/product-content/how-pharma-copes-with-the-pain-of-developing-abuse-deterrent-opioid [Accessed 15 October 2018].
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Purdue’s Hysingla ER (hydrocodone bitartrate) and 
Pernix’s Zohydro (abuse-deterrent hydrocodone 
bitartrate) were launched within a year of their pre-
registration status in 2015. However, Teva’s Vantrela 
(hydrocodone bitartrate) suffered the fate of being 
“benched” since the company is no longer pursuing 
commercial opportunities with it. Several other 
Phase III assets from 2015 have since advanced 
to pre-registration, registration, or launched status. 
Elite’s ELI-201, however, did not advance. This 
twice-daily formulation of oxycodone + naltrexone 
fixed-dose combination reached Phase III status in 
December 2014, but currently shows up as “early 
development” on Elite Pharmaceuticals’ pipeline. 

Elite’s other compound, ELI-202, no longer appears 
on the company’s pipeline. Out of the 10 drugs in 
Table 2, 60% of the compounds advanced onto the 
next development phase (excluding Vantrela), and 
only half of the drugs are now commercialized. This 
lackluster report card reflects the regulatory and 
commercial challenges facing the abuse-deterrent 
opioid market.

Between 2010–16, much effort was invested in the 
development of abuse-deterrent opioids. In 2010, 
Purdue introduced the first abuse-deterrent opioid 
in the US market, a newly formulated OxyContin 
(oxycodone) utilizing proprietary INTAC technology 

Table 2: Comparison of late-stage abuse-deterrent opioids: January 2015 and current statuses

Source: Pharmaprojects®, October 2018

Drug Originator/ 
licensee

Status in 
Jan 2015 Current status Market outlook

Hysingla 
ER Purdue Pre-

registration Launched This is the 3rd opioid approved by the FDA, in 
November 2014

Vantrela Teva Pre-
registration Ceased

FDA approval received in January 2017, but 
Teva is no longer pursuing its commercial 
opportunities as of February 2018

Zohydro 
ER (abuse 
deterrent)

Pernix Pre-
registration Launched

Originator Zogenix licensed it to Pernix in 2015, 
launched in May 2015. Pernix reported $18m 
in first 9 months of 2017

Xtampza 
ER

Collegium 
Pharmaceutical Phase III Launched

Generated $28.1m in 2017 with growing 
prescriptions, hoping to compete with 
OxyContin

Troxyca ER Pfizer Phase III Registered First approval (US FDA) in 2016, not yet 
launched

Eli-201 Elite Phase III Phase III
Phase III trial completed in December 2014, 
results unpublished; Elite has re-categorized 
this program under Early Development

Eli-202 Elite Phase III No development 
reported No longer appears on Elite’s pipeline

Eli-200 Elite Phase III Pre-registration Reformulated naltrexone/oxycodone

Arymo Egalet Phase III Launched Approved in January 2017, abuse-deterrence 
claim tentative

Belbuca BioDelivery 
Sciences Phase III Launched

Endo received FDA approval in 2015 without 
abuse-deterrence claims, but returned rights 
to BioDelivery after $40m impairment charge
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from Grünenthal. This marked the beginning of the 
race in abuse-deterrent opioid formulations, with 
the hopes of discovering the next big blockbuster 
painkiller. Within a few years, the promise of ADF 
opioids seemed to dwindle with disappointing 
market returns. One of the major hurdles is getting 
traction with payers, because abuse-deterrent 
technology comes with a hefty price tag relative to 
the standard of care. 

Since 2010, the US FDA has approved at least 12 
drugs with abuse-deterrent characteristics, but not 
all of them are available on the US market (Table 
3). Teva’s Vantrela received approval in 2017, but 
in February 2018, they announced that there is 
no plan to commercialize the drug. KemPharm’s 
Apadaz (acetaminophen + benzhydrocodone) 
received FDA approval in February 2018, but it was 
without the abuse-deterrent labeling. It was labeled 
as a Schedule CII controlled product (products 
considered to have a high potential for abuse). Just 
recently, on October 30, 2018, KemPharm inked 
a sweet deal with KVK Tech, Inc to commercialize 
Apadaz, with $3.4m in pre-launch payments and 
up to $53m in milestones tied to specific net sales 
levels. Endo’s Opana ER (oxymorphone) is another 
example. This crush-resistant formulation was 
launched in 2012, but it never received FDA labeling 
for its abuse-deterrence claim, and this product 
was withdrawn from the market in 2017 due to 
intravenous abuse concerns. Purdue’s Targiniq 
ER (oxycodone + naloxone) has been “benched” 
since its approval in 2014, as Purdue continues to 
keep its eyes on the market trends. Pfizer’s Troxyca 
(oxycodone + naltrexone) is in a similar boat since 
its approval with an abuse-deterrent label in 2016. 
A recent publication by Scrip – Abuse-Deterrent 
Opioids: Where Are They Now?5 – focused on the 
disappointments and road blocks on investment 
returns for many drug developers in this area. 

Compared to the compounds discussed above, 
Purdue’s OxyContin had an exceptional journey. The 
company acted quickly to protect its share of the 
pain market with OxyContin. It voluntarily pulled its 
original OxyContin ER off the shelves and replaced 
it with a new abuse-deterrent formulation, while 
keeping the same name with extended patent life. 
At that time, the absence of generic extended-
release oxycodone gave Purdue a huge commercial 
advantage during this “hard switch” period. The 
new OxyContin ER received FDA labeling for abuse-
deterrent claims in 2013, with IP protection through 
2030.

One near miss that is worth mentioning here is 
Remoxy ER (oxycodone extended-release) from Pain 
Therapeutics. This product was in registration with 
the US FDA as a new abuse-deterrent formulation 
of oxycodone. Its NDA packet contained extensive 
clinical studies establishing its efficacy and abuse-
deterrent profile. In July 2018, Pharmaceutical 
Manufacturing Research Services (PMRS) urged 
the FDA to block the approval of Remoxy ER. PMRS 
argued that the abuse-deterrent designs in opioids 
should only be approved when there is a meaningful 
demonstration with the defined legal standards, 
rather than just the methods offered in the FDA’s 
guidance document. This came after the FDA had 
declined to approve PMRS’ NDA for a new oxycodone 
due to insufficient evidence of its abuse-deterrent 
properties. PMRS had also petitioned against the 
approval of Inspirion’s RoxyBond in 2017, albeit 
unsuccessfully. In fact, PMRS pointed the accusative 
finger at the FDA as one of the culprits behind the 
opioid epidemic, due to the many approved opioids 
in its recent history. With the rising attention on the 
opioid crisis, the FDA was put in the hot seat and 
soon nixed Remoxy ER’s approval in August 2018. 
Pain Therapeutics has contested the FDA’s decision, 
and they have agreed to meet and discuss this 
matter on January 31, 2019.

5. Merrill J (2018) Abuse-Deterrent Opioids: Where Are They Now? Available from: https://scrip.pharmaintelligence.informa.com/SC100593/
AbuseDeterrent-Opioids-Where-Are-They-Now [Accessed 1 October 2018].
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Abuse-deterrent categories and  
how they work
The most common abuse-deterrent methodology 
among the approved ADFs tends to fall in the 
physical/chemical barriers category (Tables 3, 4). 
The products typically form a viscous gel when 
crushed or tampered with, which makes them 
unamenable to being snorted or injected. Pfizer’s 

Troxyca and Embeda (morphine + naltrexone) both 
utilized the technology of a sequestered antagonist, 
naltrexone. Naltrexone is often used for addiction 
treatment, and when it is “built-in” to the ADF, it 
remains sequestered when taken as directed. Abuse 
is discouraged when the product is tampered with, 
and naltrexone is released, abating any associated 
euphoria. Purdue’s Targiniq ER uses the same tactic, 
but with the opioid antagonist naloxone instead.

Table 3: US FDA-approved abuse-deterrent opioid formulations and the types of abuse-deterrent 
technology categories

Source: Pharmaprojects®, September 2018

Drug name  Originator/licensee  FDA approval  First launch (US)  ADF category 

Apadaz  KemPharm  2018  Not launched  Prodrug 

Vantrela ER  Teva  2017  Ceased  Physical/chemical barriers 

ARYMO ER  Egalet  2017  2017  Physical/chemical barriers 

RoxyBond  Inspirion/Daiichi 
Sankyo  2017  Not launched  Physical/chemical barriers 

Xtampza ER  Collegium  2016  2016  Physical/chemical barriers 

Troxyca ER  Pfizer  2016  Not launched  Agonist/antagonist combo 

Hysingla ER  Purdue  2015  2015  Physical/chemical barriers 

MorphaBond ER  Inspirion/Daiichi 
Sankyo  2015  2017  Physical/chemical barriers 

Zohydro ER 
(abuse deterrent)  Pernix  2015  2015  Physical/chemical barriers 

Targiniq ER  Purdue  2014  Not launched  Agonist/antagonist combo 

Embeda  Pfizer  2014  2014  Agonist/antagonist combo 

Zohydro ER  Pernix  2013  2014  Physical/chemical barriers 

OxyContin  Purdue  2013  2013  Physical/chemical barriers 

Acurox  Acura/Eaglet  2011  2012  Physical/chemical barriers 
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As of October 2018, there are 205 industry-
sponsored clinical trials involving abuse-deterrent 
formulations of opioids; this includes both pipeline 
and approved drugs. Out of 205 trials, 177 trials 
were completed. Not all completed trials have 
published results in the public domain. Since 2007, 
26 trials have reported a positive outcome, and 
only one trial did not meet its primary endpoint. 

Table 5 captures a snapshot of the primary drugs in 
the trials that reported success. About half of the 
ADF opioids in Table 5 were approved by the FDA; 
three of the remaining pipeline drugs have already 
reached pre-registration status, and one is in Phase 
III development. These four drugs in Table 5 are the 
promising contenders for the ADF market.

Table 4: Abuse-deterrent categories and their applications in the development of ADFs

Source: Winiecki S (2016) Understanding Abuse Deterrent Opioids.  
Available from: https://www.fda.gov/downloads/aboutfda/workingatfda/fellowshipinternshipgraduatefacultyprograms/

pharmacystudentexperientialprogramcder/ucm532123.pdf [Accessed 15 October 2018].

ADF category How does it work

Physical/chemical barriers Prevent chewing, crushing, cutting, grating, or grinding; can include chemical 
barriers like gelling agents, making the product difficult to dissolve or manipulate

Agonist/antagonist combo Release sequestered antagonist upon physical tampering, which reduces or 
abates euphoria associated with abuse

Aversion Produce unpleasant effect upon physical manipulation, eg nasal irritant

Delivery system Drug delivery designed to resist abuse, eg sustained-release depots

NMEs and prodrugs Designed with differentiating receptor binding profile, requires enzymatic 
activation or CNS penetration to release active drug
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Industry sponsors of Phase I–IV trials 
with opioids in active development
While pain treatment remains a prolific research 
area in terms of its commercial development and 
clinical trials activity, when it comes to opioids, 
the sponsorship from smaller specialty or mid-

sized drug companies far exceeds that of the Top 
206 pharmaceutical companies. This dynamic is 
the same whether we are looking at all industry-
sponsored trials of opioids or just at trials of ADFs 
(Figures 1 and 2).

Table 5: Primary drugs and their sponsors in trials that reported positive outcomes 

Source: Trialtrove®, October 2018

Drug Brand Company Development 
status Trials

hydrocodone bitartrate Hysingla ER Purdue Launched 3

oxycodone + naltrexone Troxyca ER Pfizer Launched 2

morphine + naltrexone Embeda Pfizer Launched 1

oxycodone Xtampza ER Collegium Pharmaceuticals Launched 1

oxycodone + naloxone Targiniq ER Purdue Launched 1

acetaminophen + benzhydrocodone Apadaz KemPharm Registered 1

NKTR-181 loxicodegol Loxicodegol Nektar Therapeutics Pre-registration 4

oxycodone, long-acting Remoxy ER Pain Therapeutics/Durect/Pfizer Pre-registration 3

oxycodone + naltrexone SequestOx Elite Pharmaceuticals Pre-registration 2

oxycodone, CR EGP114 Egalet Phase III 1

acetaminophen + hydrocodone Vycavert Acura Pharmaceuticals Phase II 1

alfentanil OX-51 Orexo Phase II 1

hydrocodone bitartrate Vantrela ER Teva Ceased 3

oxycodone + niacin Acurox Acura Pharmaceuticals/Pfizer Ceased 2

6. The Industry, Top 20 Pharma category comprises the Top 20 industry sponsors according to the Scrip 100 League Table, which ranks pharma 
companies by drug sales. The Scrip 100 rankings and Industry, Top 20 Pharma are reviewed and updated once a year.
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Figure 1: Industry sponsors invested in clinical development of pain therapies

Source: Trialtrove®, October 2018
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Figure 2: Top sponsors of all clinical trials with ADFs (pipeline and approved opioids)

Source: Trialtrove®, October 2018
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Pfizer and Purdue tied as the leading sponsors 
in clinical development of ADFs, and we also see 
others following closely behind. Figure 2 considers 
all phases and statuses of clinical trials in ADFs; 
however, when we filter the data to look at just 
ongoing and planned trials, the ranking of sponsors 
becomes quite different, as shown in Figure 3. Most 
of Pfizer’s and Purdue’s clinical trials had been 
completed and led to successful launches of several 
ADFs currently on the market. Therefore, they have 
already taken a substantial share of the pain market. 
Acura and Egalet had equal trial activities (19 trials), 
and their investment led to each of their launched 
products, Acurox (oxycodone + niacin) and Arymo 

(morphine sulphate), respectively. Interestingly, 
although Inspiron scored on the tail end of the 
sponsor ranking, it had launched MorphaBond 
(morphine sulfate) in 2015 and had registered a new 
immediate-release of oxycodone in 2017.

The current active trials are shared between Egalet, 
KemPharm, Sun Pharma, and Teva (Figure 3). 
Although we see Teva ranked within the top 10 
sponsors in Figure 2, we discussed earlier how its 
product Vantrela was not commercialized after 
FDA approval. KemPharm was finally able to move 
forward towards commercializing Apadaz after 
signing a deal with KVK Tech.

Source: Trialtrove®, October 2018

Figure 3: Sponsors of ongoing and planned trials with ADFs
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Overall, clinical trials activity (status) in Figure 2 
reflects a relatively mature landscape, as most of 
the trials are completed, and only a small fraction of 
the trials are still ongoing or planned. Figure 4 shows 
the global status of the 40 ADF drugs in active 

development. There are nearly as many launched 
drugs as those in preclinical status. There is almost 
a one to one split between early-phase (preclinical–
Phase II) and late-phase (Phase III–launched) 
developments.

Source: Pharmaprojects®, October 2018

Figure 4: Global status of abuse-deterrent opioid formulation drugs, from preclinical through launched
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Clinical trials by country
Analysis of the geographic distribution of clinical 
trials clearly demonstrates that the US has a 
remarkable lead in the development of ADFs 
(Figure 5). While a very small number of trials are 
conducted in a diverse mixture of regions across 
the globe, the number of trial activities in these 
countries is like a drop in a bucket compared to the 
US. Clearly the US is at the forefront of the opioid 

epidemic battle, considering that approximately 
80% of the global opioid supply is consumed within 
the country. Prescription opioid abuse has also been 
rising in Canada, Australia, China, and Europe. In 
time, we may see an increase in trial activity outside 
the US, as more countries chip in their efforts to curb 
the crisis and prevent it from reaching pandemic 
level.

Figure 5: Geographic distribution of clinical trials with ADFs

Source: Trialtrove®, October 2018

United States

Canada

China

United Kingdom

Australia

Belgium

Finland

France

Puerto Rico

Czech Republic

Denmark

Hungary

Japan

Lithuania

Poland

Romania

Russia

Spain

113

0 20 40 60 80 100 120

Number of trials

Tr
ia

ls
 b

y 
co

un
tr

y

9

4

4

3

2

2

2

2

1

1

1

1

1

1

1

1

1



December 2018 / 15© Informa UK Ltd 2018 (Unauthorized photocopying prohibited.)

Figure 6: Comparison of delivery technologies used in abuse-deterrent opioid formulations

Source: Trialtrove®, October 2018
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What’s coming up in the pipeline?
Previously, we have extensively analyzed the 
landscape of approved ADFs. Figure 7 summarizes 
the top primary drugs that are currently in Phase 
I–III clinical development. The distribution of trials 
by phase in this chart clearly shows that most of the 
trials are in Phase I or III, and there is little presence 
of Phase II trials. This observation of accelerated 
advancement is likely due to the fact that ADFs 
are largely reformulations of approved or generic 
opioids. The Phase I trials serve the purpose of 
establishing bioequivalence and pharmacokinetics 
that are at least equal to the approved reference 

opioid. Once the abuse-deterrent formulation 
demonstrates equal efficacy and pharmacokinetic 
profile to that of the reference drug, the subsequent 
development is often advanced directly from Phase 
I to Phase III status. This accelerated development 
shows a comparable pattern to what has been 
observed for the development of biosimilars. When 
we slice the data on industry sponsors of these 
pipeline ADFs as shown in Figure 8, several of them 
are familiar players as the top sponsors of all opioid 
trials (Figure 2), as well as the sponsors of ongoing 
Phase I–III trials (Figure 3), though with slight 
variation in their rankings.

Figure 7: Clinical trials of Phase I–III ADF drugs, by phase

Source: Trialtrove®, October 2018
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hydromorphone (Flamel)

Phase I Phase II Phase III
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Table 6: Ongoing and planned clinical trials of pipeline ADFs in commercial development

Source: Trialtrove®, October 2018

Currently, there are 12 ongoing and planned 
trials of industry-sponsored pipeline ADFs. Table 6 
displays a summary of these trials, including their 
development phase, sponsor, and primary drug. 
Unsurprisingly, there are no Phase II trials here; all 

are either early Phase I PK studies or late-phase 
efficacy trials. In time, the outcomes from these 
trials might offer interesting insights on the outlook 
of abuse-deterrent opioid formulations.

Primary tested drug Trial phase Trial status Sponsor
hydrocodone (APAP-free) I  Planned  KemPharm 
hydrocodone bitartrate ER (Zogenix)  I  Planned  Pernix Therapeutics 
hydrocodone IR + acetaminophen I  Planned  Egalet 
oxycodone CR I  Planned  Egalet 
oxymorphone I  Planned  Collegium Pharmaceutical 
SDN-021  I  Open  Sun Pharma Advanced Research 
TEV-90105  I  Open  Teva 
TV-46139  I  Planned  Teva 
acetaminophen/hydrocodone III  Planned  Acura Pharmaceuticals 
Hydromorphone ER prodrug III  Planned  KemPharm 

levorphanol III  Planned  Relmada Therapeutics 
{TheraQuest Biosciences}

SDN-021  III  Planned  Sun Pharma Advanced Research 

Figure 8: Companies with clinical trials in pipeline (unapproved) ADFs

Source: Trialtrove®, October 2018
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Next steps for ADFs
Clearly the US is taking on the opioid crisis in a 
serious manner. Soon after the FDA’s release of the 
official guidance on the development of abuse-
deterrent formulations of generic opioid drug 
products in November 2017, the agency included 
additional revised product-specific guidance 
for generic ADFs, in July 2018. This later release 
recommended in vivo and in vitro studies to 
evaluate the efficacy of ADFs. The follow-up action 
by the FDA speaks to the continued support to 
develop generic versions of the approved ADFs. 

However, the recent approval of AcelRx’s Dsuvia 
(sufentanil), a sublingual nanotab formulation 
for the treatment of moderate-to-severe acute 
pain, met with criticisms within the committee as 
well as from a Massachusetts lawmaker. There 
is great concern about releasing an opioid that is 
5–10 times stronger than fentanyl to the public, 
when fentanyl has been one of the leading causes 
of opioid overdose fatalities. The risk of diversion 
was also worrisome as drug access may be 
available to someone without a prescription. The 
FDA’s commissioner, Scott Gottlieb, released a 
statement on November 2, 20187 defending the 
approval of Dsuvia, in which he also addressed the 
concerns regarding the FDA’s future regulatory 
decisions on new opioids. He argued that Dsuvia is 
a powerful drug that meets the unique needs of the 
battlefield, and it also has application in situations 
where patients may not be able to swallow oral 
medication, or where access to intravenous pain 
relief is not available. Considering the context of 
the opioid abuse epidemic, the use of Dsuvia is 
tightly restricted to certified, medically supervised 
healthcare settings. This highly debated approval 
certainly caused the FDA to evaluate how the Risk 
Evaluation and Mitigation Strategy (REMS) impacts 

regulatory decisions on new opioids, while carefully 
balancing these grave risks against patient needs.

Strategies of non-opioid drug 
development
There are many non-opioid pain medications that 
are available over the counter, such as ibuprofen, 
acetaminophen, and aspirin, with some patients 
finding that these are all they need for pain 
relief. Some people even find relief with non-drug 
therapies that can be used alone or in combination 
with medications, such as acupuncture, physical 
therapy, or exercise. In a study published by the 
Journal of the American Medical Association, 
it was sought to establish whether prescribed 
opioids are appropriate for the treatment of acute 
pain in four groups of participants with mild to 
severe pain.8 Three groups took opioids (either 
hydrocodone, codeine, or oxycodone) with 300mg 
of acetaminophen, and another group took 400mg 
of ibuprofen with 1,000mg of acetaminophen. 
Although the opioids group showed positive levels of 
pain relief, they were no better than the ibuprofen 
and acetaminophen combined. 

However, some people find no relief with these over-
the-counter options, thus there are also many non-
opioid options available by prescription. Given the 
fact that opioids are so addictive, the goal is to limit 
the amount of opioid necessary to improve pain 
control. In fact, given that most acute and chronic 
pain is thought to be complex and multifactorial, it 
is believed that a multimodal analgesic approach is 
ideal for management. But while people do pursue 
these pain strategies to avoid the opioid-related 
addictive and abuse potential, non-opioids are 
not always effective and are also not without side 
effects.

7. FDA (2018) Statement from FDA Commissioner Scott Gottlieb, M.D., on agency’s approval of Dsuvia and the FDA’s future consideration of new opioids. 
Available from: https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm624968.htm [Accessed 21 November 2018].
8. Chang et al. (2017) Effect of a Single Dose of Oral Opioid and Nonopioid Analgesics on Acute Extremity Pain in the Emergency Department: A 
Randomized Clinical Trial. JAMA. Available from: https://jamanetwork.com/journals/jama/fullarticle/2661581 [Accessed 5 December 2018].
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Table 7: Common non-opioid medicines prescribed for acute and chronic pain

Source: Tennant, 2018; McKnight, 2013

Therapeutic 
Class Name Mechanism Type of Pain Side effects

weak NSAID

Acetominophen 
(high dose)

Possibly 
Cyclooxygenase-3 post-operative liver toxicity

Acetominophen-
IV (Ofirmev)

Possibly 
Cyclooxygenase-3 post-operative liver toxicity

NSAID 

Celecoxib 
(Celebrex)

Cyclooxygenase-2 
Inhibitor chronic pain some bleeding, dizziness, renal 

toxicity

Diclofenac-
Topical (Voltaren)

Cyclooxygenase 
Inhibitor

chronic pain; osteoarthritis, 
musculoskeletal nausea, stomach problems

Ibuprofen- IV 
(Caldolor)

Cyclooxygenase 
Inhibitor post-operative stomach ulcers, bleeding, renal 

toxicity

Ketorolac, Toradol Cyclooxygenase 
Inhibitor post-operative stomach ulcers, bleeding, drowsiness

Meloxicam 
(Mobic)

Cyclooxygenase-2 
Inhibitor chronic pain some bleeding, dizziness, renal 

toxicity

Muscle relaxant
Baclofen (Lioesal) GABA B receptor agonist fibromyalgia, low back pain drowsiness, dizziness, low blood 

pressure

Carisoprodol 
(Soma)

Nicotinic receptor 
antagonist fibromyalgia, low back pain drowsiness, dizziness, agitation, 

tremor

Antidepressant

Amitriptyline 
(Elavil)

Serotonin and 
norepinephrine reuptake 
inhibitor (SNRI)

chronic pain; neuropathic pain, low back 
pain, fibromyalgia drowsiness, dizziness, seizures

Desipramine 
(Norpramin)

Norepinephrine reuptake 
inhibitor

chronic pain; neuropathic pain, low back 
pain, fibromyalgia

dizziness, drowsiness, suicidal 
thoughts

Duloxetine 
(Cymbalta)

Serotonin and 
norepinephrine reuptake 
inhibitor (SNRI)

chronic pain; neuropathic pain/
musculoskeletal

weight gain, high blood pressure, 
suicidal thoughts

Nortriptyline 
(Pamelor)

Norepinephrine reuptake 
inhibitor

chronic pain; neuropathic pain, low back 
pain, fibromyalgia

fast heart rate, blurred vision, 
dizziness

Venlafaxine 
(Effexor)

Serotonin and 
norepinephrine reuptake 
inhibitor (SNRI)

chronic pain; neuropathic pain/
musculoskeletal

drowsiness, dizziness, high blood 
pressure, hallucinations

Anti-epileptic

Gabapentin 
(Neurontin)

Calcium channel 
antagonist chronic pain; neuropathic pain involuntary eye movement, 

uncoordinated, dizziness, drowsiness

Pregabalin 
(Lyrica)

Calcium channel 
antagonist chronic pain; neuropathic pain drowsiness, dizziness, nausea, 

seizure, suicidal thoughts

Anti-
inflammatory

Dexamethasone 
(DexPak) Corticosteroid agonist

chronic pain; anti-inflammatory, 
migraine, low back pain, osteoarthritis, 
rheumatoid arthritis

weight gain, high blood pressure

Prednisolone 
(Prelone) Corticosteroid agonist

chronic pain; anti-inflammatory, 
migraine, low back pain, osteoarthritis, 
rheumatoid arthritis

weight gain, high blood pressure

Prednisone 
(Deltasone) Corticosteroid agonist

chronic pain; anti-inflammatory, 
migraine, low back pain, osteoarthritis, 
rheumatoid arthritis

weight gain, high blood pressure

Analgesic
Bupivacaine Sodium channel 

antagonist post-operative nausea, vomiting, dizziness, anxiety, 
blurred vision

Lidocaine Patch 
(Lidoderm)

Voltage gated sodium 
channel antagonist

diabetic neuropathy, lowback pain, 
fibromyalgia

high blood pressure, dizziness, 
nausea

Anti-migraine Imitrex 
(sumatriptan)

serotonin receptor 
agonists migraine dizziness, not used in people with 

heart disease
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Table 7 provides a listing of the common non-opioid 
pain medications, by therapeutic class, mechanism, 
type of pain treatment, and side effects.9,10 The 
non-steroidal anti-inflammatory drug (NSAID) 
options can be hepatotoxic in patients at prescribed 
dosages, and even at lower dosages in patients 
with chronic alcohol use or liver disease. They may 
also cause gastrointestinal bleeding or perforation, 
increase renal risks at higher dosages, or even 
increase risk of myocardial infarction or stroke with 
longer use or high dosage. Anticonvulsants can 
cause sedation, dizziness, ataxia, and may also 
have abuse potential. Select antidepressants, for 
example tricyclics, are relatively contraindicated in 
severe cardiac disease, particularly in conduction 

disturbances. Dosing at bedtime is recommended 
due to their sedating effects. Topical agents 
generally provide fewer risks, and some guidelines 
recommend topical NSAIDs for localized pain over 
oral NSAIDs in patients above 75 years of age, 
to avoid systemic risks of the oral formulations. 
However, some people find no relief with these 
methods, and stronger pain therapy is still required 
for them, which has led to a push by companies to 
find newer and stronger non-opioid treatments.

There are currently 175 non-opioid drugs in 
development for nociceptive or neuropathic pain, as 
shown in Figure 9. 

9. Tennant F (2018) Medications for Chronic Pain. Available from: https://www.practicalpainmanagement.com/patient/treatments/medications/
medications-chronic-pain [Accessed 15 October 2018].
10. McKnight L (2013) Pain Management: Non-Opioid Medications. Pharmacy Times. Available from: https://www.pharmacytimes.com/publications/
health-system-edition/2013/july2013/pain-management-non-opioid-medications [Accessed 15 October 2018].

Figure 9: Number of non-opioids in development for pain, by phase

Source: Pharmaprojects®, October 2018
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The majority of these drugs (close to 80) are at 
Phase II of development. For those six drugs that are 
in the pre-registration phase and may be registered 
soon, three are injectables, two are surgical 
implants, and one is an oral drug. The oral drug, 
Daiichi Sankyo’s mirogabalin, is a calcium channel 
antagonist to treat diabetic neuropathy. While 
showing comparable efficacy to pregabalin, the drug 
did not display any safety issues during 3.5 months 
of treatment, which could be an improvement 
over pregabalin. The other pre-registration drugs 
are all reformulations of already approved drugs: 
dexamethasone, ibuprofen, meloxicam, and 
bupivacaine. Four out of the five are intended for 
longer-term pain relief following surgery, with the 
hope to prolong analgesia and avoid the need for 
opioids during recovery. The most innovative is that 
by Innocoll, which is a biodegradable, bupivacaine 
collagen sponge implanted during surgery, and 

extends the release of the drug from one day to 
14 days. Studies showed that subjects reported 
significantly less pain and used significantly less 
total opioid analgesia in all time points measured. 
In addition, it is the first long-acting, opioid-sparing, 
local analgesic to meet primary endpoints of Phase 
III clinical trials in hernia repair, a highly painful and 
commonly performed surgery.

Figure 10 shows the mechanisms of action (MoA) of 
non-opioids currently being investigated in clinical 
development. The list includes mechanisms in 
which there are two or more drugs being pursued, 
although there are additional mechanisms with 
one drug each. The top two mechanisms with the 
most drugs in development are sodium channel 
antagonists with 28 drugs, and cyclooxygenase 
inhibitors with 25 drugs. 

Figure 10: Mechanisms of action (MOA) of non-opioid drugs in development (≥2 drugs/MoA)

Source: Pharmaprojects®, October 2018
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There are already many approved sodium channel 
antagonists, such as lidocaine and bupivacaine, 
all of which are typically delivered through an 
injectable or topical administration and target the 
sodium channel protein type 10 subunit alpha, also 
called Nav1.8. Of the sodium channel antagonists 
in development, there are some reformulations 
of Nav1.8 inhibitors, but the majority are Nav1.7 
inhibitors. Given the fact that many Nav1.7 drug 
development programs have been underway for 
several years, success has been limited. However, 
five of those still in active development have 
successfully met their primary endpoints in trials. 
Three of these are orally delivered and at Phase II of 
development; Biogen’s vixotrigine, Vertex’s VX-150, 
and Newron’s ralfinamide. Vixotrigine was expected 
to begin Phase III trials by the end of 2018, but was 
recently delayed to mid-2020, exemplifying that 
Nav1.7 continues to be a challenging target.

The cyclooxygenase inhibitor class contains many 
approved drugs available both by prescription as 
well as over the counter. The prescription drugs are 
typically topical or injectables using a higher dose 
of drug compared to what is available over the 
counter. Seven of the 25 drugs have been run in 
trials in which the primary outcome was met. Three 
of these drugs are delivered orally, three topically, 
and one by injection. The benefit of most of these 

drugs is to decrease post-operative pain following 
surgeries, minimizing the need for opioids. The most 
imminent to receive approval is Heron Therapeutics’ 
HTX-011, for which an NDA has been filed for the 
injectable form, and fast track status has been 
assigned for the topical formulation. 

The third MoA targeted for analgesia which warrants 
discussion, given the proliferation of cannabis-
based medical facilities popping up across the US, 
is the cannabinoid (CB) receptor agonists. There is 
only one drug of this type specifically approved to 
treat pain, GW Pharmaceuticals’ Sativex, a CB1-
specific receptor agonist. It is hypothesized that 
agonists specific to the CB2 receptor may be free 
of psychoactive effects, perhaps allowing for more 
effective dosing. Currently there are nine CB receptor 
agonists in development for pain, four of which 
are specific to CB2. The furthest advanced is Arena 
Pharmaceuticals’ olorinab, which has shown positive 
efficacy in a Phase II trial. Time will tell whether 
the CB2-specific agonists are more effective at pain 
relief than Sativex.

Of all the current drugs in development for either 
nociceptive pain or neuropathic pain, 842 trials have 
been conducted in pain, and the breakdown of their 
status is shown in Figure 11. 

Figure 11: Status and number of trials with non-opioids in development

Source: Trialtrove®, October 2018
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Of all the 578 completed trials, 112 were successful 
in meeting their primary endpoint, and 25 trials did 
not meet their primary endpoint. Results in 103 trials 
were either not published or indeterminate as to 
meeting or not meeting their primary endpoint. The 

remaining trials did not meet Trialtrove criteria for 
outcome indexing (Phase I with no efficacy data or 
an academic-sponsored study completed prior to 
2017). The top drugs included in the 112 successful 
trials are shown in Figure 12. 

Number of trials

Figure 12: Number of successful trials with top 24 non-opioids 

Source: Trialtrove®, October 2018
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The top drug currently in development for pain with 
the most successful trials is tanezumab, Pfizer and 
Eli Lilly’s disease-modifying recombinant humanized 
monoclonal antibody (Mab) targeting nerve growth 
factor. The drug is in Phase III for different kinds of 
pain, including joint pain in osteoarthritis and cancer 
pain, and a new drug application is expected for 
2019. Canakinumab is an MAb against interleukin-
1ß being developed by Novartis, that has been 
launched in multiple diseases, thus the reason for 
its culminated success in trials, but is only at Phase 
II for pain. In third is HTX-011, a formulation of 
bupivacaine and meloxicam under development by 
Heron Therapeutics to extend post-operative pain 

relief, which is at pre-registration phase. There are 
two botulinum toxins in the top eight, which inhibit 
acetylcholine release. These are both launched in 
multiple diseases mostly targeting muscle function, 
but both are also in Phase III for pain.

To compete with opioid analgesics in treating long-
term, chronic pain, it is important that the drug 
is delivered orally. The breakdown of the drugs in 
development by route of delivery is shown in Figure 
13. The majority are delivered orally, followed by 
injectable and topical administration, then a small 
percentage are inhaled, ophthalmological, or 
implanted.

Figure 13: Non-opioids in development, by route of administration

Source: Pharmaprojects®, October 2018
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Of the 78 oral drugs in development, 22 have been 
investigated in trials in which the primary endpoint 
for pain was successfully met. Table 8 lists those 
drugs, their global status, sponsor, MOA, and the 
number of successful trial(s) conducted with each. 
The furthest advanced is mirogabalin at pre-
registration, with approval expected in 2019. 18 out 
of the 22 are at Phase II of development, and six 
of these drugs have successfully met their primary 
endpoint in more than one trial. Three out of these 
six targets are Nav1.7 antagonists, which gives life 
to this target that has yet to produce a painkiller. 
It is difficult to predict which of the total 22 drugs 
may directly compete with an opioid drug in the 
future, but at the very least, they will provide some 
competition to deter opioid usage. 

Based on this analysis of non-opioid drug 
development to date, there does not seem to be 
a blockbuster oral pain drug in the near future 
that will directly compete with current opioids. 
Effective pain relief is being pursued using a variety 
of different strategies. One such strategy is to delay 
pain following surgery using a range of methods to 

decrease opioid usage on recovery. Reformulations 
of current approved drugs are modified to be used 
topically or implanted during surgery. The hope 
is that relief from pain is sustained long enough 
so that the patient is further recovered, so as to 
not require an opioid. Another strategy is to target 
different subunits of already established targets, in 
order to increase specificity for pain. For example, 
targeting inhibition of Nav1.7 of the voltage-gated 
sodium channel as opposed to Nav1.8, thus aiming 
to increase specificity of pain relief and deter 
the non-pain effects. Targeting CB2 receptors as 
opposed to CB1 aims to allow increased dosage 
of CB agonists to provide increased pain relief. 
Novel, first-in-class targets in which no drugs have 
been approved in pain are also being pursued, for 
example, nerve growth factor antagonists. There is 
also an effort to create antagonists to receptors that 
traditionally are agonists. For example, capsaicins 
are an approved drug class that act as agonists to 
vanilloid receptor 1. We are now seeing antagonists 
to this receptor, for example Neomed Institute’s 
NEO-6860, which has shown success in two trials to 
date and is currently at Phase II.
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Table 8: Oral non-opioids in development for pain with successful trial results

Source: Pharmaprojects®, Trialtrove®, October 2018

Global Status Drug Name Successful 
Trial Number Sponsor Mechanism Of Action

Pre-registration mirogabalin 5 Daiichi Sankyo Calcium channel antagonist

Phase II Clinical 
Trial

gefapixant, Merck 
Sharp & Dohme Corp 2 Afferent 

Pharmaceuticals Purinoreceptor P2X3 antagonist

NEO-6860 2 NEOMED Institute Vanilloid receptor 1 antagonist
olodanrigan 2 Novartis Angiotensin II 2 antagonist

ralfinamide 2 Newron

Voltage-gated sodium channel 
antagonist; Calcium channel 
antagonist; Substance P release 
inhibitor; Calcium channel agonist

vixotrigine 2
Biogen/
Convergence 
Pharmaceuticals

Voltage-gated sodium channel 
antagonist

VX-150 2 Vertex 
Pharmaceuticals

Voltage-gated sodium channel 
antagonist

CR-4056 1 Rottapharm Biotech Imidazoline I2 receptor agonist
DA-9801 1 Dong-A ST Nerve growth factor agonist
dronabinol, 
IntelGenx-2 1 IntelGenx/Tetra Bio-

Pharma Cannabinoid receptor agonist

E-52862 1
Esteve/
Mundipharma/
Purdue Pharma

Sigma 1 receptor antagonist

funapide 1 Xenon 
Pharmaceuticals Sodium channel antagonist

grapiprant 1 AskAt/Raqualia Prostaglandin EP4 receptor 
antagonist

GRC-17536 1 Glenmark TRPA1 antagonist
ketamine, IX 
Biopharma 1 iX Biopharma NMDA receptor antagonist

NYX-2925 1 Aptinyx Unidentified pharmacological activity

olorinab 1 Arena 
Pharmaceuticals Cannabinoid CB2 receptor agonist

PL-37 1 Pharmaleads
Aminopeptidase microsomal 
inhibitor; Membrane metallo 
endopeptidase inhibitor

VVZ-149 1 Vivozon
Glycine transporter 2 inhibitor; 5 
Hydroxytryptamine 2A receptor 
antagonist

Phase I Clinical 
Trial

dexmedetomidine 
(sublingual), Orion 
Pharma

1 Recro Pharma Alpha 2 adrenoreceptor agonist

NFX-88 1 Neurofix Unidentified pharmacological activity
SAGE-718 1 Sage Therapeutics NMDA agonist



December 2018 / 27© Informa UK Ltd 2018 (Unauthorized photocopying prohibited.)

Despite hurdles from payers and the continuing 
challenge in finding the appropriate balance 
between patient access and rising abuse, the 
journey to battle the opioid epidemic continues. 
The development of abuse-deterrent opioids, non-
euphoric opioids, and non-opioids that provide 
effective pain relief is just part of a complex matrix 
that aims to combat the opioid epidemic. The 
federal US government is also involved, and at the 
end of October 2018, President Trump signed a bill 

that included content for promoting research to 
find new drugs for pain management that won’t be 
addictive. The road to battle the opioid addiction 
crisis was thought to be a race at the start, but it 
has proven to be a path with unexpected detours. 
The solution that truly deters abuse is still out 
there, but it will require a skillful navigation through 
the complex dynamic of evolving abuse patterns, 
regulatory changes, innovative drug development, 
and promising commercial returns for companies.
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