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DISCLAIMER STATEMENT
The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by
individual FDA reviewers. Such conclusions and recommendations do not necessarily represent
the final position of the individual reviewers, nor do they necessarily represent the final position
of the Review Division or Office. The new drug application (NDA) 211802 for oxycodegol for
management of chronic low back pain (CLBP) in adult patients with pain severe enough to
require daily, around-the-clock, long-term opioid treatment and for which alternative options are
inadequate. has been brought to this Advisory Committee in order to gain the Committee’s
insights and opinions, and the background package may not include all issues relevant to the
final regulatory recommendation and instead is intended to focus on issues identified by the
Agency for discussion by the advisory committee. The FDA will not issue a final determination
on the issues at hand until input from the advisory committee process has been considered and all
reviews have been finalized. The final determination may be affected by issues not discussed at
the advisory committee meeting.
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Division Director Memorandum/Division Memorandum

FDA CENTER FOR DRUG EVALUATION AND RESEARCH
DIVISION OF ANESTHESIA, ANALGESIA, AND ADDICTION PRODUCTS

MEMORANDUM

DATE:

December 9, 2019

FROM:

Rigoberto Roca, MD
Acting Director
Division of Anesthesiology, Addiction Medicine, and Pain Medicine
Office of Neuroscience
Office of New Drugs
CDER, FDA

TO:

Chair, Members and Invited Guests
Anesthetic and Analgesic Drug Products Advisory Committee (AADPAC)
Drug Safety and Risk Management Advisory Committee (DSaRM)

RE:

January 14, 2020 AADPAC/DSaRM meeting to discuss NDA 211802,
Oxycodegol

At this joint meeting of AADPAC and DSaRM, we will be discussing an application from
Nektar Therapeutics for NKTR-181 (oxycodegol; mPEG6-oxycodol), a new molecular entity
and novel mu opioid receptor agonist. The proposed indication is for the management of chronic
low back pain (CLBP) in adult patients with pain severe enough to require daily, around-theclock, long-term opioid treatment and for which alternative treatment options are inadequate.
The Applicant’s goal was to develop a selective mu-opioid receptor agonist with analgesic
efficacy and decreased CNS-mediated side effects by altering the kinetics of brain penetration as
the abuse liability of mu-opioid receptor agonists is dependent, in part, on their rapid rate of
entry into the CNS. According to the Applicant, a slower rate of brain entry across the blood
brain barrier and slower mu-opioid receptor activation, compared to other marketed mu-opioid
agonist analgesics, is expected to produce a slower onset of euphoric effects making NKTR-181
less attractive as a drug of abuse when individuals seek a rapid onset of “high”. The
physicochemical properties of NKTR-181 resulting in slower CNS penetration and its lower
binding affinity at the mu-opioid receptor, compared to other full mu-agonists such as
oxycodone, are inherent to the molecule, and the product has not been formulated with any
excipients to impart abuse-deterrent characteristics.
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Opioid analgesic products present unique challenges in clinical practice and public health in that
they provide clinically significant analgesic benefit for which other analgesics are inadequate,
while also carrying serious risks including sedation and respiratory depression. Overdose of an
opioid analgesic can result in death. The abuse of prescription opioids and the associated risks of
opioid use disorder, overdose, and death are currently a major public health crisis in the United
States. We have heard concerns that the approval of new opioid analgesics contributes to the
prescription opioid crisis in the US by increasing the prescribing and availability of these
products in the community. However, we know that the number of opioid prescriptions has been
declining since 2012, even though there have been approvals of new opioid analgesics and
generic versions of older opioid analgesics. 1
Unlike other approved non-opioid analgesic products, most opioid analgesics have no maximum
dose because there is no ceiling effect for analgesia. Further, along the range of doses that have
been used clinically, no particular dose of any opioid has been determined to be a cutoff point
between safe-for-use and unsafe-for-use. The higher the dose, the greater the analgesic effect.
However, it is also true that the higher the dose, the greater the risk for serious adverse events.
Because of the societal harms associated with the over reliance on the use of prescription opioid
analgesics, many aspects of the use of opioid analgesics have come under intense scrutiny.
Among these have been claims that opioids are not effective beyond 12 weeks, because clinical
trials for efficacy do not generally extend beyond 12 weeks. In this case an absence of evidence
has been misinterpreted as evidence of an absence of effect. Additionally, there have been
claims that absolute limits should be placed on the total daily dose of opioids that should be
permitted for the management of pain. As discussed at the June 11 and 12, 2019, joint meeting
of the Drug Safety and Risk Management Advisory Committee and the Anesthetic and Analgesic
Drug Products Advisory Committee, there is a role for opioid analgesics for managing chronic
pain, and there are patient populations who may require higher daily doses, not just at the end of
life, hospice or palliative care, but also for those with debilitating illnesses, such as cancer and
complex neurological and musculoskeletal conditions.
It is important to remember the potential repercussions of well-meaning, but poorly researched
attempts to address the opioid crisis in the U.S. Inadequately treated chronic pain has
consequences. Robust evidence supports that chronic pain itself, regardless of type, is an
important independent risk factor for suicidality, as chronic pain patients are at least twice as
likely to report suicidal behaviors or to complete suicide. 2 In a national sample of Veterans
Health Administration, among patients discontinued from long-term opioid therapy for chronic

1

Chai G, Xu J, Osterhout J, Liberatore MA, Miller KL, Wolff C, Cruz M, Lurie P, Dal Pan G. New Opioid
Analgesic Approvals and Outpatient Utilization of Opioid Analgesics in the United States, 1997 through 2015,
Anesthesiology 2018; 128:953-66.
2
Racine, M. Chronic pain and suicide risk: A comprehensive review. Progress in Neuropsychopharm and
Biological Psychiatry 2018; 87:269-280
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pain, nearly 12% had documented suicidal ideation and suicidal self-directed violence in the year
following discontinuation. 3
NKTR-181 has efficacy and safety data primarily for doses of 100 mg twice daily to 400 mg
twice daily in patients with chronic low back pain, and additional safety data in patients with
other chronic noncancer pain. In general, the effect size from the efficacy study was comparable
to many opioid analgesic studies. The study was an enriched enrollment, randomized
withdrawal, double-blinded, placebo-controlled design. Some have misunderstood the principles
underlying enriched efficacy studies and randomized withdrawal studies. The agency has
published a guidance for industry, Enrichment Strategies for Clinical Trials to Support
Determination of Effectiveness of Human Drugs and Biological Products, included in this
background package, in the section titled, PREDICTIVE ENRICHMENT — IDENTIFYING
MORE-RESPONSIVE PATIENTS. The following points have been excerpted from this
guidance document:
•

•

•

•
•

An initial screening for response — a biomarker measurement (e.g., radiographic
response, reduction of ventricular premature beats (VPBs)), early clinical response, or
full-fledged clinical response— in an open-label pre randomization period can be used to
identify a responder population that would then be randomized in the controlled study.
This approach is of particular value when responders constitute only a small fraction of
the overall population to be treated.
Identifying a responder population (i.e., a subset of the overall population with a larger
than average response to treatment) and studying this population in a clinical trial can
provide two major advantages: (1) increased study efficiency or feasibility and (2) an
enhanced benefit-risk relationship for the patients in the subset compared to the overall
population.
Identification of a population with a high rate of response or a larger response greatly
increases the chance that a study of an effective drug will be able to detect a treatment
effect, if one exists (emphasis added), and allows a study to demonstrate this effect with
a smaller sample size than would be needed for a study in an unselected population.
Active, open screening for empiric responders is particularly advantageous when a
population includes subsets with potentially different responses to interventions that are
not identifiable before treatment based on genetic or other pathophysiologic assessments.
The overall strategy (open trial followed by randomization of responders) is an efficient
way to document effectiveness, but it cannot be used prospectively to identify the
responder population when the drug is used in clinical practice. In some cases, however,
an early response could be used to determine who should stay on the drug, which is
usually how symptomatic treatments are used in practice.

In other words enrichment strategies are useful for improving the efficiency of a clinical trial,
particularly in populations where only a portion respond to the drug. Traditional parallel-arm
designed clinical trials of opioid analgesics in chronic pain conditions regularly have shown high

3

Demidenko MI, et. al., Suicidal ideation and suicidal self-directed violence following clinician-initiated
prescription opioid discontinuation among long-term opioid users, General Hospital Psychiatry 47 (2017) 29–35
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rates of early discontinuations due to either a lack of tolerability or lack of efficacy. By
enriching the population during an open-label run-in, the double-blind period can then determine
whether there is actual efficacy relative to a placebo. Establishing efficacy in an enriched
population will be described in labeling and informs prescribers the medication must be carefully
prescribed to an appropriate population where benefit would outweigh risk.
There has also been criticism of the use of a randomized withdrawal design with opioid
analgesics. The concern has been that withdrawal from an opioid can result in pain as part of a
mild withdrawal syndrome, so the comparison to patients not randomized does not actually test
for efficacy from the original pain condition. However, what these critics have failed to
recognize is that in randomized withdrawal studies of opioid analgesics, subjects randomized to
the withdrawal arm are usually withdrawn over the first two weeks of the double blind period,
but efficacy assessments are made at 12 weeks, well beyond the time of any withdrawal
symptoms. Further, patients are tested with opioid withdrawal scales to detect symptoms of
withdrawal during the study.
As will be discussed, there is one enriched enrollment, randomized withdrawal, efficacy study
that supports a finding of efficacy in patients with chronic low back pain in a novel mu-opioid
agonist analgesic drug product. The following are questions for which we seek your advice. We
appreciate the time that you have taken to assist us and look forward to the meeting.
Discussion Topics
Clinical practice guidelines do not recommend opioids as the initial therapy for chronic low back
and that they should only be used when patients have not responded adequately to nonopioid and
nonpharmacologic therapies. Discuss the acceptability of the Applicant’s proposed indication,
“management of chronic low back pain in adult patients with pain severe enough to require daily,
around-the-clock, long-term opioid treatment and for which alternative treatment options are
inadequate.” Discuss whether the general chronic pain ER/LA opioid analgesic indication would
be more appropriate (i.e., management of pain severe enough to require daily, around-the-clock,
long-term opioid treatment and for which alternative treatment options are inadequate).
The Applicant chose to conduct one pivotal efficacy study. Discuss if the existing data from one
efficacy study and knowledge that Oxycodegol is a full mu opioid agonist, is substantial enough
to support a general chronic pain indication (chronic pain severe enough to require daily, aroundthe-clock, long-term opioid treatment).
Discuss whether adequate data have been submitted to inform the efficacious dose range and, if
not, what additional data may be needed.
Discuss any concerns you may have regarding the safety profile of oxycodegol, including the
potential for liver toxicity. Discuss whether labeling can adequately mitigate the risks related to
hepatic safety (e.g., in a warning statement) and if any additional data are needed to further
inform the risk.
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Considering the data that have been provided addressing the abuse potential of oxycodegol,
discuss any concerns you have regarding the impact of this product, if approved, on public
health.
Discuss if there is adequate evidence of efficacy to outweigh the risks for oxycodegol in the
intended patient population. Discuss whether the benefits outweigh the risks for the proposed
CLBP indication versus the more general ER/LA chronic pain indication. Discuss any additional
data that are needed for this application to be approved.

10 of 173

1 Introduction
NKTR-181 (oxycodegol; mPEG6-oxycodol) is a new molecular entity and novel mu-opioid
receptor agonist developed by Nektar Therapeutics (the Applicant) with the proposed indication
of the management of chronic low back pain (CLBP) in adult patients with pain severe enough to
require daily, around-the-clock, long-term opioid treatment and for which alternative treatment
options are inadequate. NKTR-181 is to be administered at a starting dose of one 100 mg tablet
orally every 12 hours. Individual titration to a dose that provides adequate analgesia and
minimizes adverse reactions should proceed in increments of 100 mg per dose. A maximum
dose of 400 mg every 12 hours (800 mg/day) was evaluated in patients with CLBP in the pivotal
Phase 3 study.
NKTR-181 consists of a 6-alpha-oxycodol morphinan moiety covalently bound to a methylcapped six-unit polyethylene glycol (PEG) polymer at the 6-alpha position. The Applicant
claims NKTR-181 is not a prodrug or a reformulation of an existing opioid and claims that any
chemical or physical attempts to alter NKTR-181 have rendered it inactive as a mu-opioid
receptor agonist. NKTR-181 is manufactured in the form of a phosphate salt at an approximate
1:1 molar basis.
The Applicant’s goal was to design and develop a selective mu-opioid receptor agonist with
analgesic efficacy and decreased CNS-mediated side effects through the alteration of kinetics of
brain penetration as the abuse liability of mu-opioid receptor agonists appears to be dependent, in
part, on their rapid rate of entry into the CNS, whereas analgesic activity appears to be a function
of the CNS exposure alone. According to the Applicant, an opioid with a slower rate of brain
entry across the blood brain barrier and slower mu-opioid receptor activation, compared to other
marketed opioids, is expected to produce a gradual onset of euphoric effects, and thus have a
lower potential of abuse. Physicochemical properties of NKTR-181 resulting in slower CNS
penetration and its lower binding affinity at the mu-opioid receptors, compared to oxycodone,
are inherent to the molecule. Therefore, it is the Applicant’s opinion that NKTR-181 would be
less attractive as a drug of abuse in the case of nonmedical use where the person is looking for a
rapid onset of “high”. The Applicant concluded that investigation of NKTR-181 in a variety of
nonclinical models of pain has demonstrated that it retains opioid analgesic activity, has reduced
rate and extent of brain exposure and reduced abuse liability at analgesic doses, and produces
lower incidence and severity of opioid-induced CNS toxicity relative to oxycodone and other
centrally acting mu-opioid receptor analgesics.
The following summarizes some areas of the NDA for further discussion during the advisory
committee.
1. The currently proposed indication is the management of chronic low back pain (CLBP) in
adult patients with pain severe enough to require daily, around-the-clock, long-term
opioid treatment and for which alternative options are inadequate. As a full mu agonist,
it could be argued that a broader indication is more appropriate for oxycodegol,
“management of pain severe enough to require daily, around-the-clock, long-term opioid
treatment and for which alternative treatment options are inadequate.”
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2. The Applicant was advised to conduct two adequate and well controlled studies in order
to show replicated evidence of efficacy. As the active moiety is a full mu agonist, the
Applicant argued that only one study was necessary to support a finding of efficacy.
3. There is one other randomized controlled trial (randomized clinical trial) in the
oxycodegol program. Study 12-181-04 (Study 04) was a Phase 2, three-week study in
patients with osteoarthritis. The study did not reach its primary endpoint, but had several
limitations which may have contributed to its failure. The Applicant notes that the study
had a lower pain score requirement for enrollment, patients were allowed to use NSAIDs,
enrolled patients titrated to lower doses than in the Phase 3 efficacy study, and the study
was short in duration (three weeks).
4. Study 07 was an adequate and well-controlled study that met its primary endpoint. The
study was a double blind, placebo controlled, enriched, randomized withdrawal study in
patients with chronic low back pain.
a. There were no substantive issues with the conduct of Study 07. The Applicant
showed an average difference of 0.55 points (0-10 scale) between active and
placebo at 12 weeks with a p-value of 0.002. The treatment effect size is
consistent with the effect size for many studies of full mu agonists.
b. The study population for the efficacy trial was intended to be patients with
chronic low back pain who had failed more conservative treatments. In general,
clinical practice guidelines recommend that chronic opioids be reserved for use in
patients with chronic low back pain who are unable to achieve adequate pain
management with nonopioids and nonpharmacological therapies. In the enrolled
population, only 14% of those enrolled had failed a previous non-pharmacologic
treatment such as physical therapy and were only allowed to be using up to 10 mg
of short-acting morphine or other equivalent opioid. However, while not
necessarily a population that had failed non-opioid analgesics, the study was able
to demonstrate efficacy in this population.
c. The flexible dosing scheme allowed a range of 100 to 400 mg twice daily and
approximately half of the patients (52%) titrated up to the maximum dose
permitted (400 mg twice daily) in order to meet the randomization criteria.
There may be a signal for hepatic injury at doses up to 400 mg twice daily. As
opioids generally do not have a ceiling for efficacy, and prescribers may opt to
exceed the labeled dosing range, it is important to know if hepatic injury is a
dose-related event and reflect this information in the labeling. In the overall
development plan there were too few patients who received 600 mg twice daily to
evaluate whether the higher dose would result in a greater frequency of liver
enzyme elevations or more serious liver injury.
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2 Summary of Clinical Context
The Applicant seeks an indication for the long-term management of chronic low back pain
(CLBP) in adult patients with pain severe enough to require daily, around-the clock, long-term
opioid treatment and for which alternative treatment options are inadequate. This indication is
similar to the extended-release/long-acting (ERLA) opioid indication with the exception of
narrowing the indication to CLBP. Chronic pain is a common medical problem that impacts 50
million adults in US (20%) suffer from chronic pain, with ~20 million (8%) suffering from “high
impact” chronic pain, defined as chronic pain that frequently limits life or work activities nearly
a third of the United States (US) population causing disability for some, and commonly leading
individuals to to seek healthcare 4, 5. Most patients seen on an outpatient basis for lower back
pain will not have an underlying condition found (e.g., infection, cancer, fracture etc.) as the
cause of their symptoms 6. These patients will usually be diagnosed with musculoskeletal back
pain. Chronic low back pain (CLBP) is generally defined as back pain lasting longer than 12
Dahlhamer J et al, MMWR 2018 Sep 14;67(36):1001-1006weeks.
The American College of Physicians (ACP) has developed and published guidelines for the
noninvasive treatment of low back pain 7:
•

•

•

Recommendation 1: “Given that most patients with acute or subacute low back pain
improve over time regardless of treatment, clinicians and patients should select
nonpharmacologic treatment with superficial heat (moderate-quality evidence), massage,
acupuncture, or spinal manipulation (low-quality evidence). If pharmacologic treatment is
desired, clinicians and patients should select nonsteroidal anti-inflammatory drugs or skeletal
muscle relaxants (moderate-quality evidence). (Grade: strong recommendation)”
Recommendation 2: “For patients with chronic low back pain, clinicians and patients
should initially select nonpharmacologic treatment with exercise, multidisciplinary
rehabilitation, acupuncture, mindfulness-based stress reduction (moderate-quality) evidence),
tai chi, yoga, motor control exercise, progressive relaxation, electromyography biofeedback,
low-level laser therapy, operant therapy, cognitive behavioral therapy, or spinal manipulation
(low-quality evidence). (Grade: strong recommendation)”
Recommendation 3: “In patients with chronic low back pain who have had an inadequate
response to nonpharmacologic therapy, clinicians and patients should consider
pharmacologic treatment with nonsteroidal anti-inflammatory drugs as first-line therapy, or
tramadol or duloxetine as second-line therapy. Clinicians should only consider opioids as an
option in patients who have failed the aforementioned treatments and only if the potential

4

Dahlhamer J et al, MMWR 2018 Sep 14;67(36):1001-1006.
Shmagel A, Foley R, Ibrahim H. Epidemiology of chronic low back pain in US adults: National Health and
Nutrition Examination Survey 2009-2010. Arthritis Care Res (Hoboken). 2016;68(11):1688-1694.
6
Deyo RA, Weinstein JN. Low Back Pain. N Engl J Med. 2001 Feb 1;344(5):363-70.
7
Qaseem, A., Wilt, T. J., McLean, R. M., & Forciea, M. A. (2017). Noninvasive Treatments for Acute,
Subacute, and Chronic Low Back Pain: A Clinical Practice Guidelines from the American College of Physicians.
Annals of Internal Medicine.
5
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benefits outweigh the risks for individual patients and after a discussion of known risks and
realistic benefits with patients. (Grade: weak recommendation, moderate-quality evidence)”

3 Analysis of Current Treatment Options
As noted above, there are currently no products with an indication limited to managing pain in
chronic low back pain. There is a wide variety of treatment options including several classes of
medications commonly used to treat CLBP. The table below discusses common medication
class options for chronic pain.
Table 1: Available Pharmacologic Treatment Options for Chronic Pain
Product

NSAIDs

Route of
Administration
Oral

Advantages

Antiinflammatory
activity
• No respiratory
depression
• No effect on
gastric emptying
•

Disadvantages

•
•
•
•
•
•
•

No respiratory
depression
• No effect on
gastric emptying
• No effect on
platelet aggregation
•

Acetaminophen Oral

Opioids

Oral
• Effective for severe pain
Transdermal
• With epidural or
Sublingual
intrathecal use, the
Patient Controlled
opioid dose can be
Analgesia (PCA)
reduced.
• Epidural or
intrathecal
•
•
•
•

Increased risk bleeding
due to platelet inhibition
GI hemorrhage
Renal Impairment
Liver impairment
Exacerbation of heart
failure
Poor bone or wound
healing
Cardiovascular
thrombotic events

No anti-inflammatory
activity
• Hepatic failure from
overdose
• Not adequate for severe
pain
•

• Respiratory depression
• Sedation
• Nausea and vomiting
• Constipation
- With epidural/

intrathecal use epidural
hematoma or Abscess
• Abuse and addiction
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4 Summary of Regulatory Activity
This product was developed under IND 109,963. Key communications and regulatory history
during development are summarized below:
• May 8, 2012 - Granted Fast Track Designation for nonclinical findings of potential for
reduced abuse liability
• October 15, 2015 - Breakthrough Designation denied as no evidence of substantial
improvement over existing therapy demonstrated in clinical studies. The submitted human
abuse liability study did not use appropriate dosing to evaluate euphoria.
• December 17, 2013- Type C Meeting
o The results of the failed Phase 2 study in osteoarthritis were discussed. The Division
advised, “in order to obtain an indication for the treatment of chronic pain, you must
provide substantial and convincing evidence of efficacy for NKTR-181, which
generally consists of 2 adequate and well-controlled studies, each in a different
chronic pain population”
• October 19, 2014 End-of-Phase (EOP) 2 Meeting
o Advice given about proposed Phase 3 efficacy trial in CLBP
o FDA advised Applicant to define a patient population for which administration of an
opioid analgesic is an appropriate next step in pain management for chronic low back
pain. Also advised to specify the entry criteria for the study to include patients who
have failed non-opioid analgesic treatments such as NSAIDS and other non-opioid
analgesics.
o FDA advised that in narrow indications, such as the pain of osteoarthritis (OA) or
chronic low back pain (CLBP), two positive studies in the specific condition are
sufficient to determine efficacy for that indication.
• September 11, 2015 Agreed Pediatric Study Plan (PSP)
o Pediatric Review Committee (PeRC) agreed with the plan for a full waiver with a
proposed indication for chronic low back pain.
• October 8, 2017 Type C Meeting
o The sponsor was advised that previous advisory committees have raised concerns
regarding utilizing a patient population for which opioids are not currently
recommended as a mainstay of treatment (i.e., CLBP) and recommended that the
Sponsor thoroughly document that the patient population enrolled is appropriate for
opioid therapy.
o Sponsor raised the possibility of submitting only one efficacy study to support their
proposed application.
• December 13, 2017 Medical Policy Council (MPC) Meeting
o Due to Sponsor’s plan for one efficacy study being unusual for a 505(b)(1)
application, the Division presented this issue to the MPC who provided the following
comments:
 In general, a second study is required for confirmatory evidence of efficacy.
Given what is known about the pharmacology of mu-opioid agonists, there is
no chance of a type 1 error necessitating a need for a second study
 In this case, a second study should not be required to just verify what is
already known about NKTR-181 but to provide answers to what is not yet
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•

known (e.g., its chronic use beyond 12 weeks or use outside of the studied
population)
 There was agreement that this question should be discussed at the future AC
meeting for this product
February 12, 2018 Pre-NDA Meeting
o Sponsor will include a public health impact assessment in their NDA
o Sponsor to include a section that documents adverse events associated with abuse
potential, misuse, and diversion

5 Summary of the Chemistry, Manufacturing, and Controls Data
The Applicant has performed adequate product development studies to justify the selection of the
excipients and to demonstrate their chemical compatibility with the drug substance. The
proposed formulation is not designed to provide abuse deterrence from physical manipulations.
The Category-1 (in vitro manipulation) studies performed by the Applicant indicated that the
tablet can be easily crushed by simply using mortar and pestle into fine powder that can be
snorted. Results also indicate that almost all oxycodegol drug substance can be extracted from
the tablets as the formulation does not contain any gelling or deterring agent. Simulated smoking
studies showed that abuse via smoking route may not be successful due to the degradation of
oxycodegol at high temperatures. The Category-1 chemical and enzymatic studies performed by
the Applicant suggested that the ether bond that links the PEG chain to the morphinan
pharmacophore is resistant to hydrolysis by household chemicals, strong solvents, strong acids
and bases, oxidants, reducing reagents, catalytic reagents and various enzymes (digestive
enzymes as well as animal hepatocytes). These studies indicate that attempts to convert
oxycodegol into oxycodol or oxycodone by chemical or enzymatic hydrolysis may not be very
successful.

6 Summary of Nonclinical Pharmacology/Toxicology Data
The drug product will be supplied as round film coated tablets for oral administration, containing
NKTR-181 phosphate equivalent to 100 or 200 mg of NKTR-181. There are no safety concerns
with the excipients in the formulation. All drug substance and drug product impurities and
degradation products with specifications that exceeded recommended thresholds were adequately
qualified in nonclinical studies conducted in the rat at the proposed levels.
The nonclinical program completed in support of the marketing approval of NKTR-181
consisted of in vitro and in vivo pharmacology, absorption, distribution, metabolism and
excretion studies, as well as a standard battery of toxicology studies with single- and repeat-dose
oral toxicity studies in the mouse, rat, and dog, in vitro and in vivo genetic toxicity studies,
carcinogenicity studies in the transgenic mouse and rat, and reproductive and developmental
toxicity studies in the rat and rabbit. All pivotal toxicology studies were conducted in
compliance with GLP regulations and applicable FDA and ICH guidance documents.
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NKTR-181 showed specific and selective binding at mu-opioid receptor with moderately high
affinity (Ki value of 237 nM) and low binding affinity at other opioid receptors and acted as a
full agonist of mu-opioid receptor in functional assays measuring G-protein dependent signaling
pathways, i.e., cAMP formation in cellular systems. It also acted as a partial agonist for βarrestin recruitment. NKTR-181 showed lower mu-opioid receptor binding affinity than that of
oxycodone and morphine (15-fold and 28-fold less, respectively) and lower functional activity
(i.e., the ability to inhibit the cellular signal transduction) than these opioids. It demonstrated a
low potential for off-target pharmacological activity as there was no significant binding at any
other receptors, ion channels, and monoamine transporters studied.
The effects of NKTR-181, potentially resulting from pegylation of oxycodol, that can reduce the
passive membrane permeability of NKTR-181 and make this compound susceptible to an active
efflux, i.e., outward flow by a transporter permeability glycoprotein (P-gp), were examined in in
vitro and in vivo studies. The effects of orally administered NKTR-181 that may be interpreted
as resulting from a slower rate of movement across the blood-brain barrier (BBB) and slower
activation of the mu-opioid receptors in the brain, compared with conventional opioids, were
observed in nonclinical models of antinociceptive activity. Antinociceptive activity of NKTR181 was characterized in many studies, including the acetic acid-induced writhing model in
mice, and its activity was compared to that of oxycodone and morphine. All three drugs
suppressed writhing behavior in mice and produced a comparable maximal antinociceptive
effect. Potency of NKTR-181 at the time of maximal effect was lower than that of oxycodone
and morphine. NKTR-181 also exhibited a slightly slower onset and longer duration of action
than oxycodone and morphine. Treatment of mice with naloxone after NKTR-181
administration reversed the analgesic activity of NKTR-181 confirming a contribution of the muopioid receptor signaling in its effects.
NKTR-181 was shown to be a substrate of P-gp based on studies in vitro and in the P-gp knockout mice. Available nonclinical data are not sufficient to conclude that the concern regarding
potential of decreased CNS clearance of NKTR-181 in the presence of P-gp inhibitors leading to
increased CNS exposure has been adequately addressed to exclude the possibility of drug-drug
interactions in humans.
Safety pharmacology studies of NKTR-181 included an in vitro assessment of the effects on
hERG potassium channel current, in vivo assessments of cardiovascular effects in dogs,
neurobehavioral assessments in male mice and rats, and an assessment of respiratory function in
male rats; none of the findings in these studies is of concern from a human safety perspective.
NKTR-181, like other opioids, was shown to inhibit the gastrointestinal transit.
Reproductive toxicity studies in rats demonstrated that NKTR-181 was detectable in maternal
plasma and milk, fetal plasma during gestation, and offspring plasma postnatally during
lactation.
NKTR-181 had significantly reduced rate of brain penetration relative to oxycodone in rats.
Concentrations of NKTR-181 in the brain were below its plasma levels; in contrast, brain levels
of oxycodone were above its plasma levels at all sampling times studied in rats. Brain NKTR181 concentrations were also notably less than brain oxycodone or morphine concentrations
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when investigated at equal dose levels in mice. These results are consistent with the reduced
passive membrane permeability of NKTR-181 in comparison with other opioids, likely related to
its physicochemical properties.
The metabolism of NKTR-181 is generally similar in humans and nonclinical species; it is
primarily mediated by CYP3A4 in vitro and produces the morphinan pharmacophore-containing
metabolites and PEG chain metabolites without a pharmacophore. The only unique human
metabolite, noroxycodol-6-glucuronide (M38), was identified at very low level in human urine
but was not detected in human or rat plasma; no additional nonclinical safety studies are
recommended for this or other metabolites. Although plasma exposure to PEG chain metabolites
in humans was qualified in dogs from a safety perspective, their distribution, accumulation, and
clearance of the CNS has not been characterized directly and remains unknown because
radiolabeling of these compounds was considered not feasible. In studies using human brain
homogenate, there was no indication of a potential formation of pharmacologically active and
inactive metabolites of NKTR-181.
NKTR-181 was not mutagenic or clastogenic in a standard battery of genotoxicity studies
including the in vitro bacterial reverse mutation assay, chromosomal aberrations assay in human
lymphocytes, and in vivo rat macronucleus assay under conditions of these studies. No evidence
of carcinogenic potential was identified in carcinogenicity studies in two species.
Overall, the toxicological profile of NKTR-181 in nonclinical species is consistent with the
pharmacology of mu-opioid receptor agonist and no evidence of unmonitorable or irreversible
toxicity was identified. Unlike many pegylated molecules, NKTR-181 has not shown any
evidence of vacuolation of tissues in the histopathology assessments.

7 Summary of Clinical Pharmacology Data
Absorption: Oxycodegol exposure increased with oral doses investigated up to 1200 mg. Peak
plasma concentrations are observed after a median of 2 – 4 hours after oral administration.
Distribution: Oxycodegol binding to human plasma proteins was moderate, ranging from 33 –
45%. Apparent volume of distribution was 115 liters when PK was fit to a two-compartment
model in population PK analysis. In the mass balance study, oxycodegol constituted 50% of
total radioactivity with 36% of radioactivity characterized to be metabolites (M5, M10-M15,
M19-21, M24, M25 and M33). The remaining 14% of plasma radioactivity could not be
characterized most likely due to O-demethylation of the radiolabel.
Metabolism: Oxycodegol is enzymatically metabolized, primarily by CYP3A4, and possibly
other enzymes via N-demethylation, O-demethylation, O-dealkylation, oxidation,
glucuronidation, and partial and full loss of the PEG chain. Twenty-seven metabolites of low
abundance (each <10% of total drug exposure) were identified. Oxycodegol and several
metabolites of its metabolites including oxycodone, oxycodolor 6-alpha-oxycodol, and PEGn=15-oxycodol, are mu-opioid receptor agonists of varying affinity as determined in receptor
binding studies. Oxycodegol, PEGn=1-5-oxycodol, and 6-alpha-oxycodol demonstrated varying
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degrees of analgesic activity in acetic acid writhing test and phenylquinone writhing test in
animals. Plasma levels of oxycodegol, as parent drug, and oxycodol and oxycodone (known
active metabolites), were evaluated in several clinical pharmacology studies despite low
abundance (~<3% of oxycodegol exposure). Peak plasma levels of oxycodegol (9220 ng/mL),
oxycodol (85 ng/mL), and oxycodone (41 ng/mL) were noted approximately 1.5, 3 and 2.5 hours
after oral administration of 1200 mg oxycodegol.
Excretion: Approximately 48% and 38% of orally administered oxycodegol dose was recovered
in urine and feces, respectively. Approximately 17% and 2% of orally dose was excreted
unchanged in urine and feces, respectively.
Renal Impairment: Study 17-181-21 demonstrated that compared to subjects with normal renal
function, NKTR-181 dose-normalized Cmax was 1.52- and 1.40-fold higher, and dosenormalized AUCinf was 1.39- and 1.73-fold higher in patients with moderate or severe renal
impairment, respectively. NKTR-181 exposure in subjects with mild renal impairment and end
stage renal disease undergoing hemodialysis (ESRD-HD) was similar to that of subjects with
normal renal function. Subjects with severe renal impairment or ESRD-HD had higher exposure
to the NKTR-181 and metabolite oxycodol; however, exposure to the metabolite oxycodone was
similar among renal function groups. Approximately 3% of oxycodegol dose was removed
during a standard 4-hour hemodialysis session, indicating that hemodialysis is not an effective
method to clear NKTR-181.
Hepatic Impairment: Study 17-181-18 revealed that subjects with mild, moderate and severe
hepatic impairment did not demonstrate any increase in exposure to oxycodegol, oxycodol or
oxycodone.
CYP3A4 inhibitors: Study 15-181-13 demonstrated an increase in oxycodegol Cmax and AUC
by 1.7- and 3.7-fold when NKTR-181 is administered with strong CYP3A4 inhibitor
itraconazole. Plasma levels of metabolites were not assessed in this study. The concomitant use
of NKTR-181and CYP3A4 inhibitors can increase the plasma concentration of oxycodegol;
however, CYP3A4-mediated metabolism of oxycodegol to oxycodone may also be reduced
significantly. Oxycodone, a known opioid and an active metabolite of oxycodegol, is also
metabolized by CYP3A4 and its metabolism may be significantly decreased in presence of
CYP3A4 inhibitions. The opioid effects could be more pronounced with concomitant use of
NKTR-181 and CYP3A4 inhibitors, particularly when an inhibitor is added after a stable dose of
NKTR-181is achieved.
CYP3A4 inducers: Study 17-181-19 in healthy subjects demonstrated that a strong CYP3A4
inducer, rifampin, decreased NKTR-181 Cmax and AUC by 70% and 80%, respectively.
Decrease in exposure (AUC) of oxycodone and oxycodol was also noted in this study. PBPK
analyses were used to predict the magnitude of effect of a moderate CYP3A4 inducer on
oxycodegol exposure. The model predicted that co-administration of a moderate CYP3A4
inducer (such as efavirenz) may decrease the AUC of oxycodegol by approximately 60%.
P-gp Inhibitors: The Applicant was notified by the Agency regarding concerns around use of
oxycodegol with P-gp inhibitors, particularly with the concern of increased central effects of
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oxycodegol and its metabolites. The Applicant is planning to conduct a drug-drug interaction
study with quinidine to inhibit P-gp.
Food effect: NKTR-181 does not have a significant food-effect.

8 Summary of Division of Applied Regulatory Science, Office of Clinical
Pharmacology Review

FDA requested that Nektar Therapeutics perform studies to evaluate the potential to metabolize
oxycodegol and release oxycodone in vitro. Experiments were recommended including (a)
laboratory conditions for the optimal generation of oxycodol and oxycodone, and (b) conditions
that mimic those of “kitchen chemistry”. The experiments were to report the absolute
concentrations of NKTR-181 and its metabolites, including a calculation of percent conversion
of the parent drug to final products.
Overall the Applicant’s study was adequately designed to answer the questions regarding the
conversion of NKTR-181 to oxycodol and oxycodone. However, there was some missing
information such as use of sterile filtration, concentration of reagents (e.g., hydrogen peroxide,
NKTR-181), possible oral consumption of liver homogenate at end of reaction, and absolute
amounts of parent and metabolites. Despite these omissions, it appears that no reasonable
manipulation of the parent compound or drug product involving the types of manipulations
described in the study can produce amounts of oxycodone or oxycodol at levels likely to be
useful to individuals seeking to manipulate the product to obtain opioids. Homogenized liver
preparations can be shown to produce active species slowly at best and the active species seem to
be unstable in the presence of liver homogenates.

9 Summary of Human Abuse Potential Data
Overall Conclusions:
1. NKTR-181 base and phosphate salt are controlled in Schedule II of the CSA for being a
derivative of oxycodone [see 21 CFR §1308.12 (b) (1) (xiii)]. The Sponsor requested a
Schedule IV designation for the drug substance NKTR-181, however, based upon
examination of information provided under NDA 211802, it is advisable to keep NKTR181 in Schedule II.
2. NKTR-181 has intrinsic activity as a mu-opioid receptor agonist and a number of
metabolites also demonstrate mu-opioid activity. Oxycodone is an important metabolite
of NKTR-181 in humans.
3. The results of human abuse potential (HAP) Study 15-181-15 and the occurrence of
adverse events are indicative of abuse potential in the clinical development program.
NKTR-181 demonstrates an oral abuse potential comparable to oxycodone following
oral administration. Results from Study 15-181-15 indicate that oxycodone, as a
metabolite of NKTR-181, contributes in part to the subjective effects seen following
oral administration of NKTR-181.
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4. There are inadequate data to allow a determination of abuse potential for NKTR-181 via
the intravenous route of administration. The rat is not an appropriate species to test the
drug due to differences in the metabolic profile between rats and humans, and selected
doses in the rat and monkey self-administration studies may not have been high enough
to achieve comparable plasma levels of NKTR-181 and oxycodone to those achieved in
humans receiving a supratherapeutic dose of NKTR-181. The drug substance, NKTR181, has not been examined in an intravenous (I.V.) human abuse potential study. As
such, no information exists regarding a possible dose-response relationship between
intravenously administered NKTR-181 and subjective reinforcing effects (i.e., Drug
Liking).
5. There are inadequate data to assess the potential for abuse of NKTR-181 via intranasal
administration as no intranasal HAP study was conducted.
6. As a pure agonist, NKTR- 181 differs from opioid mu agonist/antagonist mu-partial
agonist drugs such as buprenorphine (Schedule III), pentazocine (Schedule IV), and
butorphanol (Schedule IV). Such drugs have been shown to precipitate withdrawal in
opioid dependent subjects.
7. The plasma concentrations of oxycodone observed at higher oral doses (> 600 mg) of
NKTR-181 contribute to the “liking” of the substance as measured by Drug Liking
scores from Study 15-181-15.
8. Nonclinical studies of NKTR-181 exposure in the mouse brain was substantially less
than plasma levels and less than the CNS exposure of oxycodone. NKTR-181 brain
uptake rates in rats from an in-situ brain perfusion study and from in vivo intravenous
dosing were less than uptake rates of oxycodone. The slower rate of entry of NKTR181 is attributed to the 6-unit PEG chain attached to the morphinan pharmacophore
structure of NKTR-181.
9. NKTR-181 undergoes extensive metabolism primarily via the cytochrome CYP3A4
enzyme system resulting in N-demethylation, O-demethylation, O-dealkylation,
oxidation, glucuronidation, and partial and full loss of the PEG chain. Twenty-seven
metabolites of low abundance (each < 10% of total drug-related exposure) have been
identified in plasma, urine, and feces. No information is available on the rate of entry of
any of these metabolites across the blood-brain barrier with the exception of oxycodone.
The human metabolic profile for NKTR-181 has been determined only for the oral route
of administration. The metabolic profile following intranasal or intravenous
administration of NKTR-181 has not been determined and may differ from the oral
metabolic profile.
Key findings from the two oral human abuse potential (HAP) studies were conducted.
1. Study 12-181-05 evaluated NKTR-181 as an oral solution at doses of 100 mg, 200 mg, and
400 mg compared to 40 mg oxycodone as an oral solution. Supratherapeutic doses were not
evaluated (which is inconsistent with the dosing criteria for human abuse potential studies as
recommended in the January 2017 final guidance for industry, Assessment of Abuse Potential of
Drugs.)
- For Bipolar Drug Liking, all NKTR-181 oral solution doses produced mean maximum
effects (Emax) that were lower than 40 mg oxycodone solution, 57.83 to 62.63 vs. 85.03,
respectively, and only the 400 mg dose of NKTR-181 produced a score higher than
placebo.
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- For Emax of Unipolar High VAS, all doses of NKTR-181 produced mean Emax scores
(13.78 to 23.15) statistically significantly lower than Oxycodone 40 mg (80.00). Only
the NKTR-181 400 mg dose was higher than placebo (8.03) signaling an abuse potential
at this dose.
- For Bipolar Take Drug Again VAS and Bipolar Overall Drug Liking VAS,
Oxycodone 40 mg produced mean Emax values that were not sufficiently
different from placebo to validate these scores for use in this study.
2. Study 12-181-15 utilized supratherapeutic doses (600 mg and 1200 mg) of NKTR-181 for the
assessment of oral abuse potential. The to-be-marketed formulated tablets in doses of 400 mg,
600 mg, and 1200 mg were compared to 40 mg and 60 mg oxycodone HCl.
a. NKTR-181 dose 1200 mg, but not 400 mg or 600 mg, produced subjective
effects (Drug Liking, High, Take Drug Again and Overall Drug Liking)
comparable to that of oral 40 mg oxycodone, while all three doses of NKTR-181
showed some abuse potential above that of placebo.
b. Oral 1200 mg NKTR-181 resulted in a maximum plasma concentration (Cmax)
for oxycodone of 40.8 ng/mL at 2.69 hours compared to Cmax values of 60.4
ng/mL and 89.1 ng/mL, at 1.94 hours and 1.70 hours, respectively for
oxycodone HCl 40 mg and 60 mg doses. The lower oxycodone concentration
for NKTR-181 coupled with similar subjective measures when compared to
oxycodone suggest possible contributions from NKTR-181, oxycodol, or other
metabolites.
3. Adverse events indicative of abuse potential documented in the clinical development
program are supportive of an abuse potential of NKTR-181 similar to oxycodone.
- In Phase 1 studies, euphoric mood and other abuse-related AEs occurred at NKTR-181
doses of 300 mg or higher in up to 25% of subjects. Abuse-related AEs occurred more
commonly following NKTR-181 than following placebo. In subjects in whom time of
onset of euphoric mood was reported, onset occurred 0.3-1.73 hours after drug
administration.
- In Study (15-181-15), euphoric mood occurred in a dose-dependent manner in 17%50% of NKTR-181 treated subjects. In subjects treated with a supratherapeutic 1200 mg
dose of NKTR-181 rates of euphoric mood were similar to oxycodone 40mg and 60mg
(50%) and higher than placebo (3.3%). The Sponsor reports that for euphoric mood the
median time to onset was later following NKTR-181 400 mg treatment compared with
oxycodone 40 mg (1.2 hours versus 0.6 hours, respectively).
- In Phase 2 and 3 studies, rates of abuse-related AEs were lower than in Phase 1 and
HAP studies, likely due to the lower doses being used in these studies.
- The results of the physical dependence evaluations are difficult to interpret because
assessments using the withdrawal scales were conducted outside of the time window
when withdrawal symptoms are most likely to occur. The SMQ for opioid withdrawal
showed rates of 2-6% of withdrawal-related AEs.
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10 Summary of Clinical Efficacy and Safety Data
Summary of Clinical Efficacy and Safety Data
The application is supported by 10 Phase 1 studies, two human abuse potential studies, one
Phase 2 study, one Phase 3 efficacy study, and one Phase 3 open-label safety study.
Table 2: Clinical Efficacy and Safety Trials
Trial
Identifier

12-181-04

141-181-07

141-181-08

Trial Design

Regimen/
schedule

Study Endpoints

Controlled Studies to Support Efficacy and Safety
Phase 2,
Oxycodegol
Change in pain
EERW,
100, 200,
intensity at the end
Double-blind,
300, or 400
of the double-blind
Placebo
mg q12
randomized
Controlled
hours
treatment

Phase 3,
Double-blind,
Placebocontrolled,
EERW

Oxycodegol
100, 200,
300, or 400
mg q12
hours

Phase 3 Study to Support Safety
Multi-center
open-label 52week study

Change in weekly
pain score at end
of double-blind
treatment

Number
of
Subjects

Study
Population

Duration of
Treatment

295

Opioidnaïve with
moderate to
severe pain
due to
osteoarthriti
s of the knee
Opioidnaïve with
moderate to
severe
CLBP

Open-label
titration up to 30
days. Doubleblind
randomized
treatment of 21
days
3-7 week openlabel titration
period. 12week doubleblind
randomized
treatment period

Moderate to
severe
CLBP or
chronic
noncancer
pain

Open-label
titration <3
weeks. 52-week
treatment period

1189

638 (431
rollover
from 14191-07
and 207
De novo)

Phase 1 and Human Abuse Potential Studies
• 10-PXC-01 - 1st in human, single ascending dose (SAD) study to assess the safety,
tolerability, PK/pharmacodynamic profile of Oxycodegol
• 14-181-10 - SAD study to assess the safety, tolerability, max tolerated dose, PK/PD of
Oxycodegol
• 11-PXC-02 - Multiple ascending dose (MAD) study to assess safety, tolerability, PK/PD of
Oxycodegol
• 14-181-11 - MAD study to assess safety, tolerability, PK/PD of Oxycodegol
• 14-181-06 - Open-label (OL) study to assess PK of Oxycodegol and its metabolites,
determine whole blood and plasma concentrations, assess mass balance
• 11-181-03 – OL study to determine the effect of food and safety with oral solution vs.
tablets
• 15-181-14 - OL study to evaluate pharmacokinetic (PK) of different Oxycodegol
formulations
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•
•
•
•
•

16-181-16 - OL study to evaluate PK and safety of 2 prototype formulations of Oxycodegol
15-181-13 - OL study to assess the effect of itraconazole on PK and safety/tolerability
17-191-19 - OL study to assess the effect of rifampin on PK of single dose of Oxycodegol
12-181-05 - Human abuse potential (HAP) study to assess abuse potential, safety, tolerability
of Oxycodegol vs oxycodone and placebo
15-181-15 -HAP study to assess abuse potential, safety, tolerability of Oxycodegol vs
oxycodone and placebo and assess PK/PD
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Study 14-181-07
Efficacy is supported primarily by Study 14-181-07, a Phase 3 double-blind, placebo-controlled
enriched-enrollment, randomized withdrawal study to assess the efficacy, safety, and tolerability
of NKTR-181 in opioid-naïve subjects with moderate to severe chronic low back pain. Subjects
were to have been adults with a clinical diagnosis of moderate to severe, chronic nonneuropathic low back pain, and were to have not been adequately managed with non-opioid
analgesics and for whom opioid analgesics are necessary. Subjects were allowed to have been
taking no more than 10 mg of morphine sulfate equivalents/day of short-acting opioids for the 14
days prior to signing the informed consent. Subjects were to have a screening pain score (i.e.,
weekly main pain score over the last 7 days of the Screening Period) of ≥ 5 and ≤ 9 and Average
Daily Pain of ≥5 and ≤ 9 for at least five of those 7 days.
The study began with an open-label titration period. Patients who were able to titrate effectively
were randomized into the double-blind, placebo-controlled withdrawal study. An effective dose
was defined by tolerable adverse events, a reduction of average daily pain of at least 2 points on
a 0-10 Numeric Rating Scale [NRS]) from the Screening Pain Score, with a pain score no higher
than 4, and use of rescue on no more than 2 of the prior 7 days. It was planned to have
approximately 416 subjects randomized in a 1:1 ratio to receive either NKTR-181 or matching
placebo twice daily for a 13-week double-blind randomized treatment period.
Figure 1: Study Schematic

Source: Protocol page 158

The prespecified primary efficacy endpoint point was change in Weekly Pain Score at the end of
the double-blind Randomized Treatment Period (Week 12) relative to the Baseline Pain Score.
Weekly Pain Score was defined as the mean of Daily Pain Scores over 7 days. There were
numerous secondary endpoints including responder analyses based on at least a 30% and at least
a 50% improvement at Week 12, and analyses of Patients’ Global Impression of Change (PGIC),
change in Weekly Pain Score from the Baseline Pain Score by the week during the double-blind
Randomized Treatment Period, Change in Weekly Pain Score from the Screening Pain Score
over time, average use of rescue medication over time, time to discontinuation regardless of
reason measured from randomization, time to discontinuation due to lack of efficacy measured
from randomization, physical function (Roland Morris Disability Questionnaire), and the
Medical Outcomes Study [MOS] Sleep Scale-Revised.
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Statistical Analysis Plan
The primary efficacy endpoint was analyzed using an analysis of covariance model (ANCOVA),
with treatment group as a fixed effect and the randomization baseline pain score as a covariate.
The primary analysis population included all randomized subjects (ITT).
Missing values were imputed with a multiple imputation method accounting for discontinuation
reasons. The imputation method essentially assigned bad pain scores to apparently bad outcomes
such as adverse events leading to discontinuation. The results from the ANCOVA on 10 imputed
datasets were combined using Rubin’s rule for multiple imputation.
An interim analysis was planned for when approximately 50% of the total randomized subjects
completed the randomized treatment period, to evaluate whether to increase the total sample size
to maintain statistical power. The interim analysis was performed by an Independent Analysis
Center (IAC). Based on the outcome of the interim analysis, the IAC recommended an increase
in the sample size to at least 600 randomized subjects in the randomized treatment period to
increase the statistical power. To account for the sample increase, the final statistical test was
constructed based on a method proposed by Cui, Hung, Wang (1999).
Study Results
Patient Disposition
The open-label titration period had an enrollment of 1190 subjects and 1189 subjects received at
least 1 dose of study drug (see Table 3). A total of 610 subjects entered the double-blind,
randomized treatment period (309 NKTR-181; 301 placebo). Of the 610 subjects who were
randomized, 491 (80.5%) completed the study. The most common reason for discontinuation
from this period was due to adverse events in the NKTR-181 group (8.4%) and withdrawal by
subjects in the placebo (1.9%).
Table 3 Subject Disposition (All Enrolled Subjects)
Number (%) of Subjects
Total
Subjects Enrolled
Subjects With at Least 1 Dose of Study Drug1
Subjects Qualified for Titration
Subjects Who titrated to 100 mg
Subjects Who titrated to 200 mg
Subjects Who titrated to 300 mg
Subjects Who titrated to 400 mg
Subjects Who Were Randomized
Non-responders

1190
1189 (>99.9%)
1190 (100.0%)
136 (11.4%)
199 (16.7%)
231 (19.4%)
624 (52.4%)
610 (51.3%)
254 (43.8%)

Source: Applicant’s Main Study Report page 58, Table 4
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Table 4: Disposition Randomized Subjects
NKTR-181

Placebo

309 (26.0%)

301 (25.3%)

Subjects Who Completed Study
249 (20.9%)
Continuing to Long Term Safety
214 (18.0%)
Not Continuing to Long Term Safety
35 (2.9%)
Subjects Who Discontinued Study
60 (5.0%)
Adverse Event
26 (2.2%)
Opioid Withdrawal
1 (<0.1%)
Physician Decision
1 (<0.1%)
Lost to Follow-Up
8 (0.7%)
Lack of Efficacy
4 (0.3%)
Death
0
Protocol Violation
4 (0.3%)
Study Terminated by Sponsor
0
Withdrawal by Subject
13 (1.1%)
Other
3 (0.3%)
Source: Applicant’s Main Study Report page 58, Table 4

242 (20.3%)
216 (18.2%)
26 (2.2%)
59 (5.0%)
9 (0.8%)
1 (<0.1%)
2 (0.2%)
3 (0.3%)
7 (0.6%)
0
9 (0.8%)
0
23 (1.9%)
5 (0.4%)

Subjects Who Were Randomized

Protocol Violations/Deviations
The Applicant reported that pre-specified important protocol deviations were reported for 298
(25%) subjects. The most common were related to open-label titration errors (8.5%), informed
consent forms (ICF) (6.4%), and study drug administration (5.2%). Among patients randomized,
the rates of violations between placebo and study drug appear balanced and do not indicate an
issue which should have significantly impacted the efficacy study.
Demographic Characteristics
Of the 610 randomized subjects, 58.5% were female and 41.5% were male; the mean age was
51.4 years (range: 20 to 75 years). Four-hundred-one subjects (65.7%) were white, 188 subjects
(30.8 %) were Black/African American, 6 subjects (1%) Asian, 6 subjects (1%) American Indian
or Alaska Native, 2 subjects (0.3%) Native Hawaiian or Other Pacific Islander, and the rest of
the subjects 7 (1.2%) of not reported or multiple race. Forty-two subjects (6.9%) were Hispanic
or Latino, 562 (92.1%) were Not Hispanic or Latino, and 6 subjects (1%) of not reported or
unknown ethnicity. The mean BMI was 30.5 kg/m2. The mean (SD) screening pain score was
6.73 (0.95) and the mean time from the onset of low back pain was 13.2 years (range: 0.5 to 55.3
years). Out of 1190 enrolled subjects, 123 reported prior opioid use. Overall there were no
relevant differences in medical history and medication history between the two groups.
Demographics and baseline characteristics were comparable between the NKTR-181 and placebo
groups. Of the 1189 treated subjects, 58.4% were female and 41.6% were male; the mean age
was 51.0 years (range: 19 to 75 years), two thirds were Caucasian.

Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)
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The Applicant asserts that that population used for the Phase 3 study only included patients for
whom opioid analgesia was necessary and who had failed non-opioid analgesic treatments, such
as NSAIDs and other nonopioid analgesics. The basis for recruitment of subjects included four
principles:
1. Subjects must have had an appropriate clinical diagnosis of moderate to severe CLBP for
a sufficient duration, defined as ≥ 6 months
2. Subjects must have failed to achieve adequate pain relief with more conservative nonopioid analgesics, such that NKTR-181 was not the subject’s first treatment for CLBP
3. Subjects must have had pain intensity scores of an appropriate magnitude to justify
opioid therapy, defined as a baseline score of 5 to 9 on a numerical rating scale
4. Subjects, in the opinion of the investigator, must have been candidates for opioid
treatment.
A total of 1083 (91%) of the 1190 subjects who entered the Open-Label Titration Period were
using a pain medication at the time of consent. Thirty-four percent of subjects were on more
than one pain medication prior to enrollment. The five major categories of these medications
included:
1. Oral non-opioid analgesics such as aspirin, acetaminophen, and NSAIDs
2. Muscle relaxants, such as Robaxin
3. Adjunctive therapies, such as gabapentin
4. Topical analgesics, such as Icy Hot or Voltaren Gel
5. Intermittent, low-dose opioids, such as Percocet
The case report form (CRF) did not capture pharmacological treatments that were discontinued
prior to consent.
Table 5: Number of Prior Therapies Study at Time of Screening, Study 14-181-07
Number of Prior Back Pain Medications

Number (%) of Subjects

1

678 (57.0)

2

298 (25.0)

3

86 (7.2)

>3

21 (1.8)

Source: Response to Day 74 Letter Request for Information, Table 2, page 12
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Table 6: Duration of Prior Analgesic Therapies, Study 14-181-07
Number of Prior Back
Pain Medications

Number of Subjects
with Duration

Mean Duration of Prior Pain
Medication in Years (Standard
Deviation)

Median of Duration of
Prior Pain Medication
in Years

1

678

7.1 (7.3)

4.5

2

298

8.4 (8.7)

5.5

3

86

7.8 (7.4)

5.4

>3

21

8.4 (5.1)

7.7

Source: Response to Day 74 Letter Request for Information, Table 3, page 12

Information about nonpharmacologic therapy was available for 1083 of the subjects and 148 of
those subjects reported using some type on nonpharmacologic therapy prior to enrollment. Of
these 148 subjects, 69 had prior physical therapy, 64 chiropractic treatment, 11 massage therapy,
six electric stimulation therapy (TENS), four acupuncture, and 57 a variety of other therapies.
Concomitant Medications
Use of moderate to strong cytochrome P450 3A4 inhibitors and inducers was prohibited
throughout the study. Neuroleptics were prohibited within 3 months prior to signing the ICF and
throughout the study. Subjects who had been taking up to a maximum of 10 mg MSE/day
opioid-containing medications prior to study start were eligible to participate but use of these
medications was prohibited throughout the study.
The following drugs were allowed as long as their dose remained stable within three months prior
to signing the ICF and throughout the study: selective serotonin reuptake inhibitors, serotoninnorepinephrine reuptake inhibitors, muscle relaxants, mood stabilizers, lithium, monoamine
oxidase inhibitors, benzodiazepines (except baclofen), tricyclic antidepressants, anticonvulsants
(including gabapentinoids), and/or corticosteroids. Also allowed were medications for stable
disease (i.e., diabetes), stable doses of hypnotics or barbiturates, adjuvant analgesics, low-dose
aspirin, antiemetics, medications for constipation, hormonal birth control, topical, optical, or
inhaled/nasal corticosteroids, and medications to treat AEs or exacerbation of existing medical
condition. Prior and concomitant medications were reported at each visit and coded to
Anatomical, Therapeutic, or Chemical (ATC) level and preferred drug name according to the
World Health Organization drug dictionary, and summarized by treatment group, ATC
classification, and preferred drug name.
Rescue Medication Use
During the Screening and open-label Titration periods, 500-mg acetaminophen tablets were
allowed (one to two tablets every 6 hours as needed, not to exceed 3.0 grams/6 tablets per day).
During the first two weeks of the double-blind Randomized Treatment Period, 5 mg
hydrocodone/300 mg acetaminophen tablets were allowed (one tablet every 6 hours as needed
and up to two tablets per day). After the first two weeks of the double-blind Randomized
Treatment Period, one dose (up to 1.0 gram/2 tablets) of acetaminophen per day was permitted.
Subjects who took more than the allowed amount of rescue medication were assessed for
appropriateness of continuation in the study (by the Investigator, in collaboration with Medical
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Monitor). In all instances, when subjects took their first dose of rescue medication in a day, they
were instructed to record their Pain Now and the amount and time of rescue medication.
The use of rescue medication was recorded in an e-diary by subjects and monitored at study
visits based on drug accountability data. The weekly average percentage of subjects who used
rescue for pain during the titration and randomized treatment periods is depicted in Figure 2 for
all randomized subjects in each treatment group based on the e-diary data. However, it should
be noted that the difference observed in the rescue use did not appear solely due to the
randomized treatment as the placebo group used more tablets of rescue medication on average
even during the titration period.

Figure 2: Weekly Percentage of Subjects Who Used Rescue

Source: FDA Reviewer: Feng Li, Ph.D.

Efficacy Results – Primary Endpoint
There was a statistically significant difference between the two treatment groups in weekly
average pain at Week 12 (Table 7). Although the average pain of both groups increased after
randomization, the placebo group increased more. It seems that the average pain of each
treatment group was stabilized after Week 2 and the treatment difference was maintained
roughly through Week 12 (Figure 4). Results from the sensitivity analyses were similar and
consistently in favor of the active treatment (results not shown).
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Table 7 Primary Analysis on Change from Randomization Baseline in Weekly Pain at
Week 12

Statistics
Randomization
baseline

Change from baseline

N
Mean (SD)
Median
Min
Max
LS Mean (SE)
LS Mean vs Placebo
(SE)
95% CI
P-value

NKTR-181
(N=309)

Placebo
(N=301)

309
2.29 (1.08)
2.40
0.0
4.0
0.92 (0.11)
-0.55 (0.16)

301
2.35(1.09)
2.43
0.0
6.6
1.46 (0.11)

(-0.86, -0.23)
0.002

Source: FDA Reviewer: Feng Li, Ph.D and Clinical Study Report Table 14.2.1.1; SE: standard error; LS: least
square mean

Efficacy Results – Secondary and other relevant endpoints
Analyses of results from the secondary endpoints are supportive of the primary analysis. Figure
3 illustrates the cumulative percentage of subjects who achieved various percent of improvement
in pain at Week 12 from screening baseline for each treatment group. The horizontal axis denotes
the percent improvement from baseline whereas the vertical axis the percentage of subjects who
achieved that percent of improvement. For example, the percentage of subjects who had at least
30% improvement from screening baseline was about 72% in the active treatment group and
57% in the placebo group. Subjects who discontinued the study treatment early or who had
missing pain score at Week 12 were considered not achieving any improvement in the
calculation. The separation between the curves of the two treatment is clear. The active
treatment group had consistently higher percent of subjects who achieved a certain percent of
improvement from screening baseline.
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Figure 3: Cumulative Distribution of Percent Improvement from Screening Baseline

Source: FDA Reviewer: Feng Li, Ph.D.

Table 8: Improvement from Screening to Week 12
Improvement from Screening
30%
50%

NKTR-181
(N=309)
72%
58%

Placebo
(N=301)
57%
31%

Source: FDA reviewer: Feng Li

Change in Weekly Pain Score from Randomization Baseline During the Randomized Treatment
Period
The mean weekly pain scores at randomization were similar for those subjects who were
randomized to receive NKTR-181 or placebo as all subjects were receiving study drug. After
randomization mean pain scores for subjects in the placebo group began to increase compared with
the NKTR-181 group as early as Week 1 of withdrawal from NKTR-181. By Week 12 of the
Randomized Treatment Period, the mean weekly pain score was 2.87 for the NKTR-181 group
compared with 3.64 for the placebo group.
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Figure 4: Mean Weekly Pain Score over Time

Source: Study Body Report, Figure 3, page 73

Patient’s Global Impression of Change (PGIC)
The PGIC is a 7-item scale for which subjects rated their change in status since the beginning of
treatment, where 1 represented no change (or condition got worse) and 7 represented “a great
deal better”. Subjects with a response of 6 (“better to definite improvement”) or 7 at the end of
treatment were classified as responders. The responder rate in the NKTR-181 group (51.5%) was
significantly greater (p < 0.0001) than the placebo group (33.2%) at the end of treatment.
Roland-Morris Disability Questionnaire (RMDQ)
The RMDQ is a method of self-rated assessment of physical function in patients with back pain. The
RMDQ was used to quantify the impact of low back pain on a subject’s ability to perform daily
activities, mood, and sleep on a 0 (no disability) to 24 scale (maximum disability). The mean (SD)
baseline score at randomization was 10.2 (5.35) for the NKTR-181 group and 11.0 (5.23) for the
placebo group. Subjects treated with NKTR-181 showed a greater improvement in mean RMDQ
score at Day 43 compared with the placebo group. There were no statistically significant
differences between treatment groups in mean RMDQ scores at Day 1 or Day 85, but the NKTR181 group was numerically better than placebo at Day 85, 6.2 (5.6) for the NKTR-181 group
versus 7.5 (6.4) for the placebo group.
Medical Outcomes Study Sleep Scale-Revised (MOS Sleep-R)
The MOS Sleep-R measures 6 dimensions of sleep, where a high score of sleep
disturbance/somnolence/sleep indices or low score of sleep quantity/adequacy indicated relatively
worse sleep problems. Statistically significant treatment effects were observed at Day 85 (end of
treatment) of NKTR-181 treatment. Of the 6 domains of sleep, subjects in the NKTR-181
showed improvement in mean domain scores compared with the placebo group at Day 85 for the
following four sleep domains: sleep disturbance, sleep problems, sleep adequacy, and hours slept.
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Study 12-181-04
Study 12-181-04 was a multicenter Phase 2 enriched-enrollment, randomized-withdrawal,
double-blind, placebo-controlled, multi-center study to assess the efficacy, tolerability, and
safety of NKTR-181 in opioid-naïve subjects with moderate to severe chronic pain due to
osteoarthritis (OA) of the knee. Patients were initially titrated to an effective and tolerable dose
of NKTR-181 up to 400 mg twice daily and were then randomized in a 1:1 ratio to receive either
NKTR-181 or matching placebo for 21 days. Approximately 320 opioid-naïve8 patients with a
clinical diagnosis of OA in one or both knees were planned for inclusion in the Open-label
Titration Period; the enrollment goal was to achieve at least 200 evaluable patients.
Figure 5: Study Design Schematic Study 04

Source: Summary of Clinical Efficacy, Figure 1, page 10

Key Inclusion Criteria
1. Otherwise healthy men and woman ages 18 and older with normal laboratory studies
2. Clinical diagnosis of OA in one or both knees
3. On a stable regimen of non-opioid OA pain medication (could include NSAIDs)
4. Not experiencing adequate pain relief on current regimen. Patients must self-report their
average daily OA knee pain for previous 7 days as ≥ 4 on a 0-10 NRS
Key Exclusion Criteria
1. Pregnant or lactating
2. Other causes of chronic pain such as rheumatoid arthritis, gout, fibromyalgia etc.

Study Endpoints and Brief Discussion
The primary efficacy endpoint in this study was the mean change in pain intensity due to
osteoarthritis (OA) of the knee from randomization to the end of the double-blind randomized
treatment period. This study failed to meet the primary endpoint. The Applicant explained that
the negative results were due to two main design flaws: allowance of stable background non-

8
Opioid-naïve was defined as not having taken any opioid-containing medications for pain related to OA during the
6 months prior to signing the informed consent form (ICF), not currently taking opioid-containing medications for
any condition, nor having taken opioid-containing medications for more than 7 days for the treatment of conditions
not related to OA (e.g., tooth extraction within 6 months prior to signing the ICF.
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opioid analgesic use during the study and setting a low randomization qualifying pain score
reduction. Entry into the open-label titration phase require a pain score of ≥ 4 on a 10-point
NRS. NKTR-181 was initiated at 100 mg twice daily and titrated to a maximum of 400 mg
twice daily to achieve adequate pain control, defined as at least a 20% pain reduction (daily OA
pain intensity) for 4 out of 5 days (not required to be consecutive days). Due to the less stringent
pain reduction criteria for randomization, the majority (74%) were randomized to the lower two
doses of NKTR-181 (100 mg and 200 mg). Prior to NDA submission, the Division reviewed the
findings for this study and agreed that design flaws may have contributed to the failure of this
study meeting the primary endpoint.

Study 14-181-08
Study 14-181-08 was a Phase 3 multicenter, open-label, 52-week study to evaluate the long term
safety and tolerability of NKTR-181 in subjects with moderate to severe chronic low back pain
or chronic noncancer pain. This study included de novo patients (both opioid naïve and opioid
experienced) and rollovers from the Phase 3 chronic low back pain efficacy study. This study
was not designed to assess efficacy and there was not a pre-specified primary efficacy endpoint.
However, analgesic efficacy was evaluated based on responses to the mBPI-SF 9. The Applicant
found that after completion of the dose-titration period, most subjects achieved a stable dose of
NKTR-181 and maintained a consistent and sustained reduction in mean pain scores while on
this dose throughout the 52-week treatment period (see figure 6). Most subjects did not require
dose increases, after achieving a stable dose, to maintain pain relief over the duration of the
study. There was not much use of rescue medication for breakthrough pain once a stable dose
level of NKTR-181 was achieved.

9

Modified Brief Pain Inventory-Short Form
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Figure 6: Study 14-181-08: Mean Modified Brief Pain Inventory-Short Form Pain Intensity
over Time

Source: Summary of Clinical Efficacy page 69, figure 11

A total of 638 subjects enrolled into this study, most (371 subjects [58.2%]) were titrated to doses
of 300 and 400 mg of NKTR-181. Sixty-nine subjects were titrated to doses of 500 mg and 600
mg. See Table 9 for the breakdown of subject enrollment by dose.
Table 9 Study 14-181-08: Subjects Enrolled by Dose Level
All
Subjects Enrolled

638

NKTR-181 NKTR-181 NKTR-181 NKTR-181 NKTR-181 NKTR-181
100 mg
200 mg
300 mg
400 mg
500 mg
600 mg
65

133

154

217

39

30

Source: Summary of Clinical Efficacy page 64, table 24

Overall, 397 enrolled subjects (62.2%) completed the study. The most common reasons (≥ 4%)
for study treatment discontinuation were withdrawal by subject (11.4%), adverse events (10.5%),
lost to follow-up (5.0%), and protocol violation (4.2%). A small percentage of subjects
discontinued the study due to lack of efficacy (2.2%). It was noted that greater proportions of
subjects in the de novo subgroups discontinued treatment early compared with subjects in the
rollover subgroups (50.7% vs approximately 30%).
Review of Safety
Overall Exposure
A total of 2,175 unique subjects were exposed to oxycodegol. A total of 1,691 patients with
chronic low back pain (CLBP) or other noncancer chronic pain were treated with a least one dose
of oxycodegol in the Phase 2 and Phase 3 controlled and open-label studies. The safety data
were analyzed in different groups or pools. The groups that will be reviewed in this memo are
Pool 1 Randomized population consisting of a total of 823 subjects randomized in the two
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randomized withdrawal studies, 12-181-04 (Phase 2, osteoarthritis) and 14-181-07 (Phase 3,
chronic low back pain). Pool 1 Safety population consists of the 1484 subjects enrolled in
Studies 12-181-04 and 14-181-07 who received at least one dose of study drug during any of the
study periods. Pool 2 reflects the subjects with the longest duration of exposure and consists of
the 638 subjects in the Phase 3 studies; placebo and active-treated subjects in Study 14-181-07
who rolled over into the long term safety study, Study 14-181-08, and subjects enrolled directly
into this study who received at least one dose of study drug (the “safety population”). The safety
data from the Phase 1 pharmacokinetic studies and the human abuse potential studies were also
evaluated.
Table 10: Summary of Safety Pools (Phase 2/3 Studies)
Number of Subjects

Category
Pool/Study

Oxycodegol

Placebo

Total

Number of Randomized Subjects
Pool 1
12-181-04

416

407

823

107

106

213

14-181-07

309

301

610

Number of Subjects in Safety Population
Pool 1a
12-181-04

1484

14-181-07

1189

295

b

Pool 2
14-181-07
14-181-08

638
214

217

431
207

The extent of exposure for subjects in Pool 2, is described in the following table. Of these 638
subjects, 483 (75.7%) completed at least 6 months of treatment and 412 (64.6%) completed 51
weeks.
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Table 11 Summary of Study Treatment Exposure (Pool 2 Analysis Set)
Duration

Oxycodegol (N=638)

<1 week
>=1 week
>=2 weeks

9 (1.4%)
629 (98.6%)
615 (96.4%)

>=3 weeks
>=4 weeks
>=8 weeks

599 (93.9%)
586 (91.8%)
559 (87.6%)

>=12 weeks
>=26 weeks
>=36 weeks
>=48 weeks

539 (84.5%)
483 (75.7%)
446 (69.9%)
414 (64.9%)

>=51 weeks
>=60 weeksa

412 (64.6%)
159 (24.9%)

a. Only rollover subjects who entered Study 14-181-08 after completion of double-blind treatment with NKTR-181
in Study 14-181-07 Source: Summary of Clinical Safety, Table 4, page 21

Deaths
There was one death which occurred during the Study 14-181-07. The subject was a 64-year-old
man with a past medical history significant for chronic low back pain, hypertension,
hypercholesterolemia, chronic pain, depression, and obesity. Concomitant medications included
hydrochlorothiazide, atenolol, simvastatin, and ibuprofen. On April 7, 2016 he initiated
(b) (6)
treatment with NKTR-181 at 100 mg twice a day. On
the Applicant reports that
the patient experienced a cerebrovascular accident based on a report of slurred speech and a
change in behavior prior to being found in asystole by first responders. The subject remained in
asystole during transport and receiving CPR, three rounds of epinephrine, 2 mg of naloxone, 100
mg of sodium bicarbonate, flumazenil and orotracheal intubation. The subject had a transient
return of spontaneous circulation at the hospital but then expired after additional resuscitation
efforts failed. The Investigator recorded the cause of death as cerebrovascular accident unlikely
related to the study drug.
Serious Adverse Events
In the open-label titration phase for Pool 1, Studies 12-181-04 (Phase 2, osteoarthritis) and 14181-07 (Phase 3, chronic low back pain), 11 patients reported 13 SAEs (0.7%). Of these 13
events, 10 had a documented outcome of resolution. In the double-blind treatment phase for
Pool 1, there were 12 serious TEAEs were reported by 11 subjects; five in the treatment group
and six in the placebo group. Of these 12 events, 60% of SAEs in the treatment group and
85.7% of SAEs in the placebo group had a documented outcome of resolution.
During the open-label titration phase, the only SAE reported more than once was atrial
fibrillation. The SAEs leading to discontinuation in this phase were atrial fibrillation,
angioedema, blindness transient, gastrointestinal infection, infective exacerbation of chronic
obstructive airways disease, large intestine perforation, and pneumonia. The SAEs of
angioedema and severe blindness transient were considered by the Investigator to be treatmentrelated.
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Table 12 displays SAEs reported during the double-blind treatment phase. None of the SAEs
were considered to be treatment-related by the Investigator. SAEs that led to discontinuation
were diverticulitis, rib fracture, bacterial infection, and gastroenteritis.
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Table 12 Serious Treatment Emergent Adverse Events in the Double-Blind Treatment
Phase (Pool 1)
Preferred Term, n (%)
Subjects Reporting at Least 1 Serious TEAE

NKTR-181
(N=416)

Placebo
(N=407)

5 (1.2%)

7 (1.7%)

Chest pain

1 (0.2%)

0

Diverticulitis

1 (0.2%)

0

Hypertension

1 (0.2%)

0

Renal failure

1 (0.2%)

0

Rib fracture

1 (0.2%)

0

Bacterial infection

0

1 (0.2%)

Bladder cancer

0

1 (0.2%)

Diverticulum intestinal

0

1 (0.2%)

Dysarthria

0

1 (0.2%)

Gastroenteritis

0

1 (0.2%)

Malignant hypertension

0

1 (0.2%)

Skin abrasion

0

1 (0.2%)

Source: ISS Report Body, Table 49, page 103

In the long-term exposure Pool 2, 37 SAEs were reported for 4.9% (31/638) of subjects. Of
these 37 events, 34 events had a documented outcome of resolution. Gastroenteritis and
pneumonia were the only preferred terms to be reported as serious TEAEs by more than 1
subject (each was reported by 2 subjects). See Table 13 for a list of the SAEs.
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Table 13 Serious Treatment-Emergent Adverse Events (Pool 2 Safety Analysis Set)

(N=638)
31 (4.9%)

(N=214)
11 (5.1%)

(N=217)
8 (3.7%)

De Novo
Opioid
Naïve
(N=73)
4 (5.5%)

Gastroenteritis
Pneumonia
Abdominal pain
Back pain

2 (0.3%)
2 (0.3%)
1 (0.2%)
1 (0.2%)

1 (0.5%)
0
1 (0.5%)
0

0
1 (0.5%)
0
0

0
0
0
0

1 (0.7%)
1 (0.7%)
0
1 (0.7%)

Cellulitis
Cerebral infarction
Cerebrovascular accident
Chronic obstructive
pulmonary disease

1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)

1 (0.5%)
0
1 (0.5%)
0

0
0
0
0

0
0
0
1 (1.4%)

0
1 (0.7%)
0
0

Convulsion

1 (0.2%)

1 (0.5%)

0

0

0

Decubitus ulcer
Deep vein thrombosis
Diarrhea
Diverticulitis
Duodenal ulcer
Duodenitis

1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)

0
0
1 (0.5%)
0
0
0

1 (0.5%)
0
0
0
0
0

0
0
0
0
0
1 (1.4%)

0
1 (0.7%)
0
1 (0.7%)
1 (0.7%)
0

Follicular thyroid cancer

1 (0.2%)

0

0

0

1 (0.7%)

Gastric ulcer
Generalized edema
Goiter
Head injury
Histoplasmosis

1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)

0
0
0
0
1 (0.5%)

0
0
0
1 (0.5%)
0

0
1 (1.4%)
0
0
0

1 (0.7%)
0
1 (0.7%)
0
0

Lung adenocarcinoma
Malignant hypertension
Myocardial infarction
Osteoarthritis
Pancreatitis
Pulmonary fibrosis

1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)

1 (0.5%)
0
0
0
0
0

0
1 (0.5%)
1 (0.5%)
0
0
1 (0.5%)

0
0
0
1 (1.4%)
1 (1.4%)
0

0
0
0
0
0
0

Rectal hemorrhage
Renal failure
Renal mass
Road traffic accident
Subdural hematoma
Syncope

1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)

0
1 (0.5%)
0
0
1 (0.5%)
0

1 (0.5%)
0
0
1 (0.5%)
0
1 (0.5%)

0
0
0
0
0
0

0
0
1 (0.7%)
0
0
0

0
0

0
0

1 (0.7%)
0

Preferred Term, n (%)
Subjects Reporting > 1
Serious TEAE

All

Rollover
NKTR-181

Urinary tract infection
1 (0.2%)
0
Uterine cyst
1 (0.2%)
1 (0.5%)
Source: ISS Report Body, Table 50, page 104-105

Rollover
Placebo

De Novo
Opioid
Experienced
(N=134)
8 (6.0%)
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Dropouts and/or Discontinuations Due to Adverse Effects
The tables below show the most frequently reported TEAEs that lead to treatment
discontinuation in Pool 1. In the open-label titration phase nausea, constipation, somnolence,
vomiting, and dizziness were the most frequently reported TEAEs that led to treatment
discontinuation. In the double-blind phase, constipation was the most frequently reported TEAE
that led to treatment discontinuation, followed by fatigue, nausea, somnolence, vomiting, and
drug withdrawal syndrome.
In Pool 2 there were 89 TEAEs leading to treatment discontinuation in 10% (64/638) of subjects.
Of these events, 71 had a documented outcome of resolution. Table 14 displays the most
frequently reported TEAEs leading to treatment discontinuation. Headache and constipation
were the most frequently reported TEAE here.
Table 14 TEAEs Leading to Discontinuation (≥0.5% for All Subjects) (Pool 2 Safety
Analysis Set)
Preferred Term, n (%)
Subjects Reporting at Least 1
TEAE Leading to Treatment
Constipation

All
(N=638)
64 (10%)*

Rollover
NKTR-181
(N=214)

Rollover
Placebo
(N=217)

De Novo
De Novo Opioid
Opioid Naïve Experienced*
(N=73)
(N=134)

9 (4.2%)

18 (8.3%)

16 (21.9%)

21 (15.7%)*

10 (1.6%)

0

2 (0.9%)

4 (5.5%)

4 (3.0%)

Headache

7 (1.1%)

0

0

1 (1.4%)

6 (4.5%)

Nausea

5 (0.8%)

0

0

3 (4.1%)

2 (1.5%)

Irritability

4 (0.6%)

1 (0.5%)

2 (0.9%)

0

1 (0.7%)

Vomiting

4 (0.6%)

1 (0.5%)

0

2 (2.7%)

1 (0.7%)

Dizziness

3 (0.5%)

1 (0.5%)

0

1 (1.4%)

1 (0.7%)

Hepatic enzyme increased

4 (0.6%)*

0

1 (0.5%)

2 (2.7%)

1 (0.7%)*

Source: ISS Report Body, Table 56, page 108

Treatment Emergent Adverse Events and Adverse Reactions
Common TEAE were reported for 63% (935/1484) of subjects in the open-label phase and in the
double-blind phase, 51% (210/416) of subjects in the NKTR-181 group and 44% (180/407) of
subjects in the placebo group. These are listed in the following tables.
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Table 15 TEAEs Reported by ≥ 2% of
Subjects, Open-Label Titration (Pool 1 Safety
Analysis Set)

Total TEAEs/Subjects
Reporting Preferred
Term
Total Number of TEAEs

Open-Label
NKTR-181
(N=1484)
n (%)
2212

Subjects Reporting at
Least 1 TEAE

935 (63.0%)

Constipation

483 (32.5%)

Nausea

204 (13.7%)

Somnolence

127 (8.6%)

Headache

94 (6.3%)

Dry mouth

79 (5.3%)

Vomiting

77 (5.2%)

Fatigue

Table 16 TEAEs Reported by ≥ 2% of
Subjects, Double-Blind Treatment Phase (Pool
1 Safety Analysis Set)
Total TEAEs/Subjects
Reporting
Preferred Term
Total Number of TEAEs
Subjects Reporting at Least 1
TEAE

NKTR-181
(N=416)

Placebo
(N=407)

n (%)

n (%)

477

383

210 (50.5%) 180 (44.2%)

Nausea

39 (9.4%)

22 (5.4%)

Constipation

36 (8.7%)

12 (2.9%)

Vomiting

17 (4.1%)

Drug withdrawal syndrome

14 (3.4%)

12 (2.9%)

Headache

11 (2.6%)

16 (3.9%)

Nasopharyngitis

11 (2.6%)

12 (2.9%)

Upper respiratory tract
infection

11 (2.6%)

12 (2.9%)

70 (4.7%)

Dizziness

59 (4.0%)

Dizziness

11 (2.6%)

Pruritus

57 (3.8%)

Diarrhea

9 (2.2%)

Diarrhea

39 (2.6%)

Somnolence

9 (2.2%)

2 (0.5%)

Drug withdrawal
syndrome

32 (2.2%)

Dry mouth

9 (2.2%)

1 (0.2%)

7 (1.7%)

1 (0.2%)
22 (5.4%)

Source: Summary of Clinical Safety, Table 8, page 26

Source: Summary of Clinical Safety, Table 7, page 24

In Pool 2, the long-term exposure subjects, TEAEs were reported for 79% (504/638) of subjects
overall. The most commonly reported TEAEs in this group were constipation, nausea, and
headache.
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Table 17 TEAEs Reported by ≥ 3% of All Subjects (Pool 2 Safety Analysis Set)

Total TEAEs/Subjects Reporting
Preferred Term
Total Number of TEAEs
Subjects Reporting at Least 1 TEAE

All
(N=638)
n (%)
2254
504 (79.0%)

Constipation

241 (37.8%)

Nausea

110 (17.2%)

Headache

73 (11.4%)

Upper respiratory tract infection

57 (8.9%)

Somnolence

53 (8.3%)

Vomiting

49 (7.7%)

Urinary tract infection

41 (6.4%)

Drug withdrawal syndrome

39 (6.1%)

Diarrhea

34 (5.3%)

Dry mouth

32 (5.0%)

Arthralgia

30 (4.7%)

Pruritus

29 (4.5%)

Nasopharyngitis

28 (4.4%)

Dizziness

26 (4.1%)

Influenza

25 (3.9%)

Sinusitis

25 (3.9%)

Fatigue

22 (3.4%)

Bronchitis

21 (3.3%)

Insomnia
Source: Summary of Clinical Safety, Table 9, page 27

20 (3.1%)

Laboratory Findings
Laboratory results (e.g., hematology, chemistry, and urinalysis), not including the liver function
tests discussed below were reviewed and overall there were no patterns or trends which would
suggest a safety signal or require additional language in the label.
Hepatic safety considerations
During development the Applicant included additional hepatic safety monitoring consisting of
monitoring liver enzymes with immediate follow-up for an elevation in ALT or AST more than
3x upper limit of normal (ULN) and permanent discontinuation or unscheduled visit(s)
predicated on the level of LFT abnormality. To reduce the risk for elevated liver enzymes,
investigators were informed that “rapid increases in dose exacerbated effects on ALT, but a
starting dose of 100 mg every 12 hours and dose increases occurring only every 4 to 7 days was
a safe titration scheme.” The proposed package insert (PI) recommends dose increases no more
frequently than every 4 days.
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The Summary of Clinical Safety (SCS) and Integrated Summary of Safety (ISS) both contain a
discussion of the Applicant’s assessment of hepatic safety. These summaries indicate that
laboratory analytes related to hepatic safety (e.g. ALT, AST, total bilirubin, alkaline
phosphatase) were pooled and analyzed. These data were subjected to descriptive statistics, shift
tables, and other outlier analyses such as eDISH 10. Individual cases meeting certain
biochemical criteria (i.e. ALT or AST ≥5xULN) or >1 elevations of ALT/AST of ≥3xULN)
underwent a medical review by the Applicant.
The descriptive statistics focusing on measures of central tendency do not suggest a potential for
hepatic injury with oxycodegol. A representative table is shown below:
Table 18 Mean Liver Function Test Results and Change from Baseline in the Open-Label
Titration Phase (Controlled studies/Pool 1)
Open Label NKTR-181
(N=1484)

Category
Mean (SD)
Screening
Baselinea

Mean (SD) End of
Titrationb

Mean (SD) Change
from Baselineb

Alanine Aminotransferase (U/L)

n = 1483
21.1 (13.59)

n = 1372
21.3 (22.79)

n = 1371
0.2 (23.42)

Alkaline Phosphatase (U/L)

n = 1188
75.0 (22.01)
n = 1481
21.5 (12.66)
n = 1482
30.0 (27.00)

n = 1091
74.8 (25.49)
n = 1369
21.7 (13.93)
n = 1336
33.7 (54.31)

n = 1091
-0.4 (16.09)
n = 1366
0.1 (16.14)
n = 1335
4.1 (47.66)

Aspartate Aminotransferase (U/L)
Gamma Glutamyl Transferase
(U/L)
Total Bilirubin (mg/dL)

n = 1472
n = 1359
n = 1354
0.47 (0.228)
0.46 (0.231)
-0.00 (0.182)
a. “Baseline” is screening baseline (i.e., at study start prior to the open-label titration phase).
b. End of titration is the reported value at end of titration period – end of treatment assessment for not randomized
subjects or assessment at randomization visit (Visit 7 for Study 12-181-04 or Visit 10 for Study 14-181-07) for
randomized subjects. For calculation of mean change, subjects must have had assessments at baseline and postbaseline during the open-label titration phase.
Source: ISS, Table 94, page 153/285

However, outlier analyses showed several patients who developed LFT abnormalities during the
open-label phase, as shown in the following table.

10

Evaluation of drug-induced serious hepatotoxicity
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Table 19 Treatment Emergent Liver Function Test Results Out the Normal Range During
Open-Label Titration Phase (Controlled Studies/Pool 1)
Categorya
Alanine Aminotransferase
n

Open Label NKTR-181
(N=1484)
1453

> 2 to <= 3 X ULN

14 (1.0%)

> 3 to <= 5 X ULN

9 (0.6%)

> 5 to <= 8 X ULN

5 (0.3%)

> 8 X ULN

1 (<0.1%)

Alkaline Phosphatase
n
> 2 to <= 3 X ULN

1172
4 (0.3%)

> 3 to <= 5 X ULN

0

> 5 to <= 8 X ULN

0

> 8 X ULN

0

Aspartate Aminotransferase
n

1450

> 2 to <= 3 X ULN

14 (1.0%)

> 3 to <= 5 X ULN

8 (0.6%)

> 5 to <= 8 X ULN

1 (<0.1%)

> 8 X ULN

3 (0.2%)

Direct Bilirubin
n

8

> 1 to <= 2 X ULN

0

> 2 X ULN

0

Total Bilirubin
n
> 1 to <= 2 X ULN
> 2 X ULN

1440
30 (2.1%)
0

Hy's Law
n
Potential Cases

1453
0

a. n = Subjects with measurement at baseline and at least one postbaseline measurement. A subject is counted at
most once in each criterion.
b. Denominator for Hy’s Law cases is the number of subjects with any of the tests presented. To meet Hy’s Law
criteria, subjects were required to have concurrent findings of ALT or AST > 3 X ULN and total bilirubin > 2 X
ULN, and ALP < 2 X ULN in the absence of an alternative etiology (e.g., infection, malignancy, concomitant
medication).
Source: ISS Table 95, page 154

For patients in the controlled studies who continued into the double-blind phase, there was no
imbalance between oxycodegol and placebo with regard to the patients who developed LFT
abnormalities during the double-blind portion of the studies.
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Table 20 Treatment Emergent Liver Function Test Results Outside the Normal Range
During the Double-Blind Treatment Phase (Controlled Studies/Pool 1)
Categorya

NKTR-181
(N=416)

Placebo
(N=407)

Alanine Aminotransferase
N

413

405

> 2 to <= 3 X ULN

3 (0.7%)

2 (0.5%)

> 3 to <= 5 X ULN

0

0

> 5 to <= 8 X ULN

0

0

> 8 X ULN

0

0

307

300

> 2 to <= 3 X ULN

0

0

> 3 to <= 5 X ULN

0

0

> 5 to <= 8 X ULN

0

0

> 8 X ULN

0

0

Alkaline Phosphatase
n

Categorya

NKTR-181 (N=416)

Placebo (N=407)

Aspartate Aminotransferase
N

412

404

> 2 to <= 3 X ULN

1 (0.2%)

2 (0.5%)

> 3 to <= 5 X ULN

1 (0.2%)

1 (0.2%)

> 5 to <= 8 X ULN

0

0

> 8 X ULN

0

0

N

2

4

> 1 to <= 2 X ULN

0

0

> 2 X ULN

0

0

Direct Bilirubin

Total Bilirubin
N
> 1 to <= 2 X ULN
> 2 X ULN

407

399

7 (1.7%)

9 (2.3%)

0

0

413

405

Hy's Law
N
Potential Cases

0
0
a. n = Subjects with measurement at baseline and at least one post-baseline measurement. A subject is counted at
most once in each criterion.
b. Denominator for Hy’s Law cases is the number of subjects with any of the tests presented. To meet Hy’s Law
criteria, subjects were required to have concurrent findings of ALT or AST > 3 X ULN and total bilirubin > 2 X
ULN, and ALP < 2 X ULN in the absence of an alternative etiology (e.g., infection, malignancy, concomitant
medication).
Source: ISS Table 98, page 158
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The Applicant also assessed LFT patterns in the “long-term” Pool 2 (Studies 07 and 08, 15-19
weeks and 52 weeks, respectively). Table 21 shows the rates of abnormal LFTs in the long-term
studies. The data are uncontrolled and show a low rate of LFT abnormalities.
Table 21 Treatment Emergent LFT Results Outside the Normal Range During Oxycodegol
Treatment (Long-Term Studies/Pool 2)
Categorya

All (N=638)

Alanine Aminotransferase
n

633

> 2 to <= 3 X ULN

13 (2.1%)

> 3 to <= 5 X ULN

6 (0.9%)

> 5 to <= 8 X ULN

2 (0.3%)

> 8 X ULN

1 (0.2%)

Alkaline Phosphatase
n

633

> 2 to <= 3 X ULN

2 (0.3%)

> 3 to <= 5 X ULN

0

> 5 to <= 8 X ULN

0

> 8 X ULN

0

Aspartate Aminotransferase
n

633

> 2 to <= 3 X ULN

5 (0.8%)

> 3 to <= 5 X ULN

8 (1.3%)

> 5 to <= 8 X ULN

3 (0.5%)

> 8 X ULN

1 (0.2%)

Categorya
Direct Bilirubin
n
> 1 to <= 2 X ULN
> 2 X ULN
Total Bilirubin
n
> 1 to <= 2 X ULN
> 2 X ULN
Hy's Law
n
Potential Cases

All (N=638)

28
0
1 (3.6%)
633
20 (3.2%)
1 (0.2%)
633
1 (0.2%)

Denominator for Hy’s Law cases is the number of subjects with any of the tests presented. To meet Hy’s Law
criteria, subjects were required to have concurrent findings of ALT or AST > 3 X ULN and total bilirubin > 2 X
ULN, and ALP < 2 X ULN in the absence of an alternative etiology (e.g., infection, malignancy, concomitant
medication).
Source: ISS Table 101, page 162-163
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Table 22 Liver Enzyme Abnormalities by Pool (All Treated with Oxycodegol)
Patient/Subject Pool

SAD studies
MAD studies
Study 04 (P2 efficacy) OL portion
Study 04 (P2 efficacy) DB portion
Study 07 (P3 efficacy) OL portion
Study 07 (P3 efficacy) DB portion
Study 08 (OL, single-arm safety
study)

Cholestasis
(bilirubin ≥2xULN,
ALT/AST<3xULN)
1
0
0
0
0
0
0

Hy’s Law
(bilirubin ≥2xULN,
ALT/AST≥3xULN)
0
0
0
0
0
0
1

Temple’s Corollary
(bilirubin <2xULN,
ALT/AST≥3xULN)
1
8
3
0
12
0
9

AST ≥ 5xULN or repeated elevations in ALT/AST ≥ 3xULN
The aggregate safety data show that 17 of 1691 subjects (in the Phase 2 and 3 studies) exposed to
at least 1 dose of NKTR-181 (1%) met the critical LFT criteria of one or more elevation of ALT
or AST ≥ 5xULN or repeated elevations in ALT/AST ≥ 3xULN, the vast majority of which
occurred during the open-label titration phase. In 13 subjects, a TEAE was recorded related to
the change in LFTs but none of the cases were considered serious by the Investigators. The
Investigators did not use the terms of hepatitis, hepatotoxicity, or drug-induced liver injury when
reporting the events. In 10 of the TEAE reports, the Investigator considered the LFT abnormality
related to the study medication. In 10 subjects, study medication was discontinued because of the
LFT abnormalities.
ALT and/or AST elevated >3 X ULN
In 13 subjects (in the Phase 2 and 3 studies) with ALT and/or AST elevated >3 X ULN, the
patients stayed on study drug, and the enzymes normalized.
Demographic and baseline characteristics among subjects with LFT elevations did not differ
from overall study populations in terms of age or race; however, most of the subjects with
elevations were female. The events tended to be isolated and the abnormalities generally
occurred within the initial 3 months of dosing, principally during the first 1 to 2 months. Most
elevations had improved or resolved when follow up laboratory assessments were available. No
clear alternate etiologic cause was evident for most events.
The Applicant searched for cases of Hy’s Law for drug-induced liver injury. There was one case
that met the criteria, but the subject was serologically proven to have acute hepatitis B. While
there were TEAEs of increased liver enzymes, there were no cases reported as drug-induced liver
injury and no cases were considered to be SAEs by the Applicant.
Narratives of patients discontinued for LFT abnormalities:
There were 16 subjects who the Applicant reports were discontinued from the clinical studies 14181-07 and 14-181-08 for abnormal hepatic studies. Study 12-181-04 did not have any subjects
discontinue due to adverse events of abnormal LFTs.
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Study 14-181-07 discontinued 10 subjects due to LFT abnormalities:
(b) (6)
• Subject
was a 39-year-old woman with a past medical history significant for
CLBP and on no concomitant medications. She initiated treatment on January 28, 2016
and titrated to 400 mg on February 25, 2016. On February 4, 2016 she experienced an
elevation of her ALT to 3.08 X ULN. On February 8, 2016 she experienced right upper
quadrant pain of moderate severity which resolved on February 9, 2016 (ALT 1.98 X
ULN). The investigator did not think the complaint of right upper abdominal pain was
related to the study drug. Her ALT on February 18, 2016 was 2.4 X ULN. On February
25, 2016 she experienced a further elevation in her LFTs with an ALT of 7.78 X ULN
and AST of 9.36 X ULN which was considered to be resolved on February 9, 2016. On
February 25, 2016 she experienced moderate severity elevations of her AST 7.78 x ULN
and ALT. The laboratory abnormalities resolved on March 9, 2016. The Applicant
reports that this subject was discontinued for the primary reason of the increased AST.
•

Subject
was a 66-year-old woman with a past medical history of bradycardia,
COPD, high cholesterol, CLBP, and asthma. Her concomitant medications included
cyanocobalamin, Montelukast, sennoside, A+B biotin, and salbutamol. She initiated
treated on May 24, 2016 and titrated to 400 mg on June 14, 2016. On June 21, 2016 her
ALT was 2.31 X ULN and her AST was 1.65 X ULN. This patient nearly met the
biochemical criteria for Hy’s Law in that, on June 28, 2016 her ALT was 13.54 X ULN,
AST 4.71 X ULN, and total bilirubin was elevated to 1.85 X ULN. The Applicant
reports that she was asymptomatic. On July 19, 2016 her values had normalized, and she
was discontinued from the study.

•

Subject
was a 46-year-old woman with a past medical history significant for
asthma, CLBP, hypertension, and GERD. Her concomitant medications included
hydrochlorothiazide, salbutamol, hydroxyzine, omeprazole, citalopram, Montelukast,
buspirone, and formoterol with mometasone. She initiated treatment on August 20, 2015
and titrated to 200 mg on August 27, 2015. On September 3, 20015 she developed an
elevation in her hepatic enzymes, ALT of 5.65 x ULN and AST of 7.31 X ULN. On
September 8, 2015 the abnormalities were reported as resolved and the subject was
discontinued from the study.

•

Subject
was a 63-year-old woman with a past medical history significant for
CLBP. Her concomitant medication included dicycloverine. She started study drug on
June 8, 2015 and titrated to 300 mg of study drug on June 22, 2015. On that day hepatic
enzymes were elevated with an ALT of 6.44 X ULN and AST of 9.64 X ULN. Her total
bilirubin remained normal. She was discontinued from the study and her laboratory
values normalized on June 29, 2015.

•

Subject
was a 43-year-old man with a past medical history significant for
CLBP. His concomitant medications included ibuprofen. He started treatment on August
28, 2015 and titrated to 300 mg. On September 11, 2015 his ALT was 2.15 X ULN and
AST was 2.45 X ULN. On September 18, 2015 his ALT was 5.1 X ULN and his AST
was 4.5 X ULN and study drug was held. On September 28, 2015 his laboratory values

(b) (6)

(b) (6)

(b) (6)

(b) (6)
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had decreased to ALT 1.52 X ULN and AST 1.14 X ULN. The subject was not
randomized and discontinued the study.
•

Subject
was a 41-year-old man with a past medical history significant for
CLBP, hypertension, and proteinuria. His medications included fiber and lisinopril. He
initiated treatment on October 21, 2015 and titrated to 300 mg. On November 5, 2015 he
experienced an elevation of AST to 2.38 X ULN. Study drug was stopped for this
reason, but the outcome was listed as not resolved. On December 1, 2015 ALT was 2.98
X ULN and AST 3 X ULN. The last reported LFTs showed ALT at 3 X ULN and AST
1.45 X ULN.

•

Subjec
was a 63-year-old man with a past medical history of CLBP and high
cholesterol. His medications included atorvastatin and phendimetrazine. He started
study drug on May 20, 2015 and titrated to 200 mg on May 27, 2015. On May 20, 2015
his total bilirubin (which was 1.2 on April 30, 2015) was 1.23 X ULN. On May 27, 2015
his ALT was 3.19 X ULN, AST 4.07 X ULN, and total bilirubin 1.08 X ULN. June 9,
2015 the ALT and AST values had returned to normal, however, the total bilirubin
remained mildly elevated at 1.08 X ULN. The subject was discontinued for the
laboratory abnormalities.

•

was a 57-year-old woman with a past medical history significant for
Subject
hypertension, CLBP, high triglycerides, and high cholesterol. She was not on
concomitant medications. She initiated treatment on August 21, 2015 and titrated to 400
mg on September 2, 2015. On August 27, 2015 her AST was 1.55 X ULN. On
September 2, 2015 her AST was 1.17 X ULN. On September 9, 2015 her ALT was 1.02
X ULN and her AST was 2.33 X ULN. On September 16, 2015 her LFTs had
normalized and on September 21, 2015 and she was discontinued.

•

Subject
was a 39-year-old woman with a past medical history significant for
CLBP, hypertension, and aortic aneurysm repair. Her medications included gabapentin,
furosemide, celecoxib, tizanidine, amlodipine, and metoprolol. She initiated treatment on
September 3, 2015 and titrated to 200 mg on September 9, 2015. On September 9, 2015
her ALT was elevated to 3.35 X ULN and her AST was 4.76 X ULN. The LFT
abnormalities resolved on September 15, 2015 and she was discontinued from the study.

•

Subject
was a 64-year-old woman with a past medical history significant for
CLBP, GERD, and depression. Her medications included omeprazole and paroxetine.
She initiated treatment on April 16, 2016 and titrated to 200 mg of April 27, 2016. On
April 21, 2016 her ALT was elevated to 1.06 X ULN and her AST was 1.83 X ULN. On
April 27, 2016 her ALT was 1.1 X ULN and her AST was 2.43 X ULN. She was
discontinued, and her laboratory abnormalities normalized.

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

Study 14-181-08 six subjects discontinued due to LFT abnormalities:
(b) (6)
• Subjec
was a 39-year-old man with a past medical history of obesity and
CLBP. His medications included Bisacodyl and paracetamol. He initiated treatment on
February 18, 2016 and titrated to 300 mg. On March 16, 2016 his ALT was 3 X ULN
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and his AST was 7.17 X ULN. The hepatic enzymes were improved on March 24, 2016
to ALT 1.96 X ULN and AST 3.05 X ULN and then a normal AST and an ALT of 1.25 x
ULN. The patient was discontinued from the study on April 7, 2016 and there were no
further laboratory results available.
•

Subject
was a 67-year-old man with a past medical history significant for
CLBP, GERD, hyperlipidemia, and benign prostatic hypertrophy. His medications
included naproxen, aspirin, gemfibrozil, and pravastatin. He initiated treatment on
September 1, 2015 and titrated to 200 mg. On September 18, 2015 his ALT was 1.81 X
ULN and his AST was 3.86 X ULN. This resolved on September 25, 2015. He was
discontinued on October 7, 2015.

•

Subject
was a 59-year-old woman with a past medical history significant for
CLBP, seasonal affective disorder, and generalized anxiety disorder. Her medications
included bupropion, estrogen, and escitalopram. She initiated treated on November 4,
2016 and titrated to 400 mg. On December 2, 2017 her AST was elevated to 1.86 X
ULN and then on December 9, 2016 it had normalized. On January 13, 2017 her ALT
was 2.1 X ULN and her AST was 3.4 X ULN. On January 18, 2017 her ALT was 2.23 X
ULN and her AST was 4.02 X ULN. Her last dose of study drug was on January 27,
2017 and the abnormalities had resolved on January 27, 2017. She was discontinued
from the study on February 10, 2017.

•

Subjec
was a 33-year-old woman with a past medical history significant for
CLBP and hepatic steatosis. Her medications included aluminum hydroxide-magnesium
hydroxide and Bisacodyl. She initiated treatment on October 5, 2016 and titrated to 200
mg. On October 12, 2016 her ALT was 3.46 X ULN and her AST was 1.05 X ULN. On
October 17, 2016 her ALT was 3 X ULN and her AST was 1.88 X ULN. On October 19,
2016 her ALT was 5.85 X ULN and her AST was 6.05 X ULN. The test was repeated
that day and her ALT was 5.9 X ULN and her AST was 6.14 X ULN. The abnormalities
resolved on October 31, 2016 and that was her last day of study drug. She was
discontinued on November 16, 2016.

•

Subject
was a 57-year-old woman with a past medical history of CLBP,
obesity, hypertension, hyperlipidemia, insulin resistance, and urinary incontinence. Her
medications included triamterene-hydrochlorothiazide, naloxegol, ranitidine, losartan,
amlodipine, rosuvastatin, Montelukast, fluticasone, and cyclobenzaprine. She initiated
treatment on February 17, 2016 and titrated to 500 mg. On March 2, 2016 her ALT was
2.69 X ULN. On March 9, 2016 her ALT had normalized but her AST was 6.69 X ULN.
On March 17, 2016 her AST was normal but her ALT was 1.98 X ULN. On March 23,
2016 her ALT was normal, and her AST was 4.6 X ULN. On March 28, 2016 her LFTs
had normalized and she was discontinued from the study on April 13, 2016.

•

Subject
was a 50-year-old man with a past medical history significant for
CLBP, asthma, acid reflux, hyperlipidemia, hypertension, intermittent insomnia, irritable
bowel syndrome, candidiasis of mouth, and restless leg syndrome. His medications
included albuterol, fluticasone, omeprazole, and trazodone. He initiated treatment on

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)
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August 31, 2016 and titrated to 200 mg. On December 2, 2016 he experienced
chromaturia, pale feces, fatigue, and nausea. On December 16, 2016 he was diagnosed
with hepatitis B. On that day his ALT was 31.35 x ULN, AST 23.45 x ULN, and total
bilirubin was 4.31 x ULN. His last day of study drug was December 20, 2016. The viral
hepatitis was considered resolved on March 28, 2017. He was discontinued from the
study on April 4, 2017. His hepatic laboratory values had normalized on February 16,
2017.
(b) (6)

Subject
was not reported as discontinuing due to LFT abnormalities, though her
reason for withdrawal was not stated. Given the levels of her liver enzymes, this may have been
the reason she was discontinued from the study. She has been added to the total discontinued
and to Table 12 to appropriate reflect this decision. She was a 54-year-old woman with a past
medical history of CLBP, COPD, hypertension, and urinary incontinence. Her medications
included lisinopril, metoprolol, acetaminophen, and hydrocodone-acetaminophen. She initiated
treatment on February 25, 2016 and titrated to 200 mg. On March 2, 2016 her ALT was 7.6 x
ULN and her AST was 2.48 x ULN. The Applicant reports the patient then withdrew from
study treatment and that was the last day of study drug. Follow-up laboratory studies showed a
resolution of the abnormality on March 17, 2016.
Additional information was requested and a representative table is reproduced below. The
percentage of subjects with abnormal findings across studies and pools is very low and does not
appear to be dose-dependent, however, the frequency of abnormalities occurring in the placebo
group is zero. The table below was used to evaluate if the abnormalities seen were related to
dose.
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Table 23 Treatment Emergent Laboratory Values Outside Normal Range Study 12-181-07
Number (%) of Subjects

N with lab values

NKTR-181
100mg
(N=135)

NKTR-181
200mg
(N=199)

NKTR-181
300mg
(N=231)

NKTR-181
400mg
(N=624)

NKTR-181
Total
(N=1189)

118

199

231

624

1172

Alanine Aminotransferase [ALT]
>= 3 X ULN

0

4 (2.0%)

4 (1.7%)

4 (0.6%)

12 (1.0%)

>= 5 X ULN

0

1 (0.5%)

2 (0.9%)

2 (0.3%)

5 (0.4%)

>= 10 X ULN

0

0

0

1 (0.2%)

1 (<0.1%)

>= 20 X ULN

0

0

0

0

0

Aspartate Aminotransferase [AST]
>= 3 X ULN

0

3 (1.5%)

3 (1.3%)

6 (1.0%)

12 (1.0%)

>= 5 X ULN

0

1 (0.5%)

1 (0.4%)

1 (0.2%)

3 (0.3%)

>= 10 X ULN

0

0

0

0

0

>= 20 X ULN

0

0

0

0

0

Alanine Aminotransferase [ALT] or Aspartate Aminotransferase [AST]
>= 3 X ULN

0

4 (2.0%)

4 (1.7%)

7 (1.1%)

15 (1.3%)

>= 5 X ULN

0

1 (0.5%)

2 (0.9%)

2 (0.3%)

5 (0.4%)

>= 10 X ULN

0

0

0

1 (0.2%)

1 (<0.1%)

>= 20 X ULN

0

0

0

0

0

0

0

Total Bilirubin
>= 2 X ULN
0
0
0
Source: Response to Request for Information dated 27 March 2019 page 7-8
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Hepatic Safety Summary
The nonclinical program did not reveal any risks related to the hepatobiliary system. However,
during development, some subjects developed asymptomatic elevations in LFTs, predominantly
transaminase elevations, and precautions were added to the study protocols including criteria for
discontinuation of study drug based on LFT abnormalities. A total of 17 patients, all of whom
were on oxycodegol, were discontinued for LFT abnormalities. The vast majority of the events
occurred within one month of study drug initiation in both Phase 3 studies, during the initial
open-label dosing phase of the efficacy studies or on open-label studies when all patients were
being dosed with active drug. Review of the individual cases indicates that the LFT elevations
were transient and rapidly reversible with discontinuation of drug. However, medical review of
the individual cases suggests a causal relationship to oxycodegol in that most cases are not
confounded. No case met all criteria for Hy’s Law except one patient diagnosed with acute
(b) (6)
hepatitis B. There was one case (Subject
) with signs or symptoms attributable to LFT
elevations as the patient experienced right upper quadrant pain with elevations in her LFTs. A
different patient nearly met biochemical criteria for Hy’s law (AST>3xULN, bilirubin
1.85xULN) with no symptoms.
Vital Signs
Vital signs and shifts in vital sign findings were reviewed. Clinically significant vital signs and
changes in vital signs were of low incidence. TEAEs associated with changes in vital signs such
has hypotension, hypertension, and syncope were infrequent across studies.
QT
The Applicant submitted a TQT Study Waiver Request to FDA on January 3, 2018 which
included a comprehensive evaluation of cardiac safety across the clinical studies. Agreement
was reached that the Applicant would not be required to submit a TQT study, provided that
severe hepatic impairment does not result in a significantly higher exposure of NKTR-181 over
the current worst-case scenario. QT prolongation was evaluated in Study 15 against oxycodone
and placebo. There was no prolongation in the QT interval and no dose response.
Respiratory
Across the clinical development program, there were no TEAEs of respiratory depression
observed. Given that this is an opioid product, it would be expected to have similar effects of
depressing respiration in the event of an overdose and, as such, would get the same safety
warnings as other opioids.
Psychiatric
Suicidality of subjects was assessed with the Columbia-Suicide Severity Rating Scale (C-SSRS)
in the Phase 3 trials. The C-SSRS is a validated suicidality assessment instrument administered to
prospectively assess the severity and frequency of suicidal ideation and behaviors. The C-SSRS
identifies the full range of suicidal ideation and behavior and monitors change from visit to visit.
During Study 141-181-07, the incidence of suicide-related treatment-emergent events was low
and comparable between NKTR-181 and placebo groups. The most common suicidality-related
adverse event was suicidal ideation, which was reported for 3 (1%) subjects in the NKTR-181
group compared with 5 (1.7%) subjects in the placebo group. During the open-label titration
period the reported incidence was also low (≤0.3%). There were no completed cases of suicide.
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Table 24 Suicide-Related Treatment-Emergent Events Based on the C-SSRS During the
Randomized Treatment Period (All Randomized Subjects)
NKTR-181
(N=309)

Placebo
(N=301)

TE suicidal ideation
TE serious suicidal ideation

3 (1.0%)
1 (0.3%)

5 (1.7%)
1 (0.3%)

Emergence of serious suicidal ideation

1 (0.3%)
1 (0.3%)

1 (0.3%)
0

0

1 (0.3%)

Treatment-emergent (TE) Events

Improvement in suicidal ideation at endpoint compared with
baseline
Emergence of suicidal behavior compared to all prior history
Source: ISS, Table 116, page 196

Human Reproduction and Pregnancy
No pregnancies were reported in any Phase 1 or Phase 2 studies of NKTR-181. In Phase 3
Studies 14-181-07 and 14-181-08, eight pregnancies were reported, one of which was in a female
subject with a male partner who was also enrolled in the same study (14-181-07). In Study 14181-07, two pregnancies resulted in delivery of healthy newborns and two pregnancies were
medically terminated. In Study 14-181-08 three pregnancies resulted in delivery of healthy
newborns and one subject was lost to follow up. The female subjects in these studies who became
pregnant and who ultimately delivered healthy newborns had exposure to NKTR-181 at doses
ranging from 200 mg to 400 mg every 12 hours over periods ranging from approximately 21
days to 334 days. In all cases, study medication was discontinued before or at the time the
pregnancy was reported to the site. No birth defects or miscarriage were reported.
Subjective Opiate Withdrawal Scale (SOWS)
The SOWS assessments were conducted in the Phase 2 and 3 studies to prospectively assess the
withdrawal effects upon cessation of NKTR-181 and were pooled for Pools 1 and 2. SOWs is
scored from 0 to 64, with 0 representing no symptoms of withdrawal, and 63 representing extreme
symptoms. The results suggest minimal and mild withdrawal symptoms were reported by
subjects or noted by clinicians in the Phase 2 and 3 studies. SOWS scores were similar in both
treatment groups.
The Applicant has concluded that the similar scores in both treatment groups at all of the time
points of interest indicate no signal of opioid withdrawal as evaluated by subjects for NKTR-181
and placebo-treated subjects in Pool 1. The median SOWS score was 0.0 to 1.0 at all time points.
For the long-term exposure Pool 2, at the end of treatment visit (Visit 21) for Study 14-181-08
and over the 1 to 14 days after the visit, the median SOWS score was 1.0 at all time points.
The data from the various analyses discussed above is consistent in that there were low reported
rates of signs and symptoms of opioid drug withdrawal in the clinical studies.
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1

EXECUTIVE SUMMARY

Oxycodegol (NKTR-181, NDA 211802) is a new molecular entity (NME) submitted for approval on May
28, 2018 by Nektar Therapeutics (sponsor). It is intended for the management of chronic pain by
providing effective analgesia while reducing central nervous system (CNS)-mediated side effects and
abuse potential due to the physicochemical properties of the molecule. Specifically, it is designed to cross
the blood-brain barrier slowly, with the result of providing pain relief without the euphoric effect of
opioids.
At the request of the Division of Anesthesiology, Addiction Medicine, and Pain Medicine (DAAP), the
Division of Epidemiology (DEPI) is providing an epidemiologic overview of oxycodone misuse, abuse,
morbidity, and related mortality in the US to assist the Advisory Committees in considering how this
product may be misused or abused in the post-approval setting. Information on misuse, abuse, morbidity,
and related mortality of other opioids is provided for context. Since this is an NME, there is no prior
research or regulatory history that can be used to directly assess post-approval oxycodegol abuse. The
closest currently marketed analog to NKTR-181 is oxycodone (one of the molecules produced during the
metabolism of oxycodegol).
Several data sources were reviewed to characterize the misuse, abuse, morbidity, and related mortality of
oxycodone products and other opioids for context. These data sources provide insights into the scale of
opioid misuse and abuse in the US, the relative frequency of misuse and abuse of specific opioids, routes
of abuse, and the morbidity and mortality associated with selected opioids in the general population, as
well in a subset of individuals with more advanced substance use disorders (SUD).
The National Survey on Drug Use and Health (NSDUH) and the National Electronic Injury Surveillance
System -- Cooperative Adverse Drug Event Surveillance (NEISS-CADES) data were used to assess the
scale of misuse and abuse. The NSDUH defines misuse as “use in any way not directed by a doctor”,
which includes both misuse and abuse, as defined by FDA. In 2017, the NSDUH estimated that 30.5
million people had used an illicit drug in the past 30 days, including 3.2 million who had misused a
prescription opioid and 0.5 million who used heroin. In the same year, an estimated 1.7 million
individuals met the criteria for opioid dependence/opioid use disorder, while 0.7 million met the criteria
for heroin dependence. NEISS-CADES estimated that there were 267,020 ED visits related to a
prescription opioid analgesic each year from 2016-17, of which nearly 130,000 were for non-medical
opioid use.
The relative frequency of misuse and abuse of specific opioids was examined in several resources:
NSDUH, the American Association of Poison Control Center’s National Poison Data System
(AAPCC/NPDS), the Researched Abuse, Diversion, and Addiction-Related Surveillance Treatment
Center Programs (RADARS® TCP), and the National Addictions Vigilance Intervention and Prevention
Program Addiction Severity Index – Multimedia Version (NAVIPPRO™/ASI-MV®). The NSDUH
estimated that oxycodone was misused by 3.7 million individuals in 2017; second only to hydrocodone,
which was misused by 6.3 million people. In the AAPCC/NPDS data, oxycodone had 62,002 intentional
exposure calls between 2012 and 2017, again second only to hydrocodone, with 85,501 calls. There were
32,385 intentional exposure calls for heroin. Data from two populations of individuals entering treatment
or being assessed for SUD presented slightly different pictures. In the RADARS® TCP, oxycodone was
the most common prescription opioid abused in the 30 days prior to entering treatment, endorsed by 32%
of respondents, while in NAVIPPRO™/ASI-MV®, buprenorphine was the most commonly abused
prescription opioid, endorsed by 13% of respondents. Oxycodone and hydrocodone had similar
endorsement rates of about 10% in NAVIPPRO™/ASI-MV®. In the RADARS® TCP, heroin had a
notably higher rate of abuse endorsements than both oxycodone and hydrocodone, while in the
NAVIPPRO™/ASI-MV®, the rate for heroin was similar to oxycodone and hydrocodone. The different
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patterns across the two data resources could be due to multiple factors, including differences in the
population, survey format and/or methodology.
A limited number of data resources – AAPCC/NPDS, RADARS® TCP, and NAVIPPRO™/ASI-MV® –
were able to assess the route of abuse. Although each resource collected information on different routes,
there were some overall insights. In AAPCC/NPDS and NAVIPPRO™/ASI-MV®, most oxycodone abuse
was via ingestion (80% and 62%). RADARS® TCP does not collect route of abuse data for abuse via
ingestion; the most common route of oxycodone abuse was snorting (36%).
Finally, we assessed morbidity patterns using NEISS-CADES and mortality with the National Vital
Statistics System-Mortality, Drug-Induced Mortality (NVSS-M DIM) data resource. An oxycodonecontaining product was involved between 36 and 39% of the time among ED visits related to non-medical
prescription opioid use, therapeutic opioid use, or self-harm involving prescription opioids. In contrast,
hydrocodone, was involved in between 12% and 26% of visits. When mortality was examined,
oxycodone deaths increased by 11% between 2011 and 2016. In 2016, there were 6,199 oxycodoneinvolved deaths. During the same time, hydrocodone deaths remained steady at approximately 3,200 per
year.
Each of the data sources has its own strengths and limitations and contributes unique information to
understanding the overall landscape of abuse. All of them except for NVSS-M DIM rely on self-reported
exposure information and all are limited in the ability to verify the abuse intent. NSDUH, NEISSCADES, and NVSS-M DIM can provide national estimates; while the other resources have wide
geographic coverage, they cannot provide national projections. Although similar data are gathered, the
specifics and methodology can vary widely. For example, while AAPCC/NPDS, RADARS® TCP, and
NAVIPPRO™/ASI-MV® all collect route of abuse information, they focus? on different routes, rendering
comparisons difficult.
Overall, hydrocodone and oxycodone remain the most commonly misused and abused prescription
opioids. Although not consistently included in data resources, NSDUH indicated that codeine was also a
popular drug of misuse. In populations of individuals entering or being assessed for substance use
disorders, buprenorphine and methadone were commonly abused. Heroin was included in some resources
for context, and most analyses showed that abuse, treatment for OUD, and mortality associated with
heroin continues to steadily increase. Oxycodone continues to be a commonly misused and abused
product, with a significant public health burden in terms of morbidity and mortality.

2

INTRODUCTION

Oxycodegol (NKTR-181, NDA 211802) is a new molecular entity (NME) submitted for approval on May
28, 2018 by Nektar Therapeutics (sponsor). It is intended for the management of chronic pain by
providing effective analgesia while reducing central nervous system (CNS)-mediated side effects and
abuse potential due to the physicochemical properties of the molecule. It is designed to cross the bloodbrain barrier (BBB) slowly to reduce its attractiveness for misuse or abuse. In addition, the product
contains polyethylene glycol (PEG), which aids in reducing the speed at which the product crosses the
BBB. The sponsor contends that this product is designed to provide pain relief without the euphoric
effect of opioids. The sponsor further states that NKTR-181 is not a prodrug, reformulation, or an
extended-release formulation.
The Anesthetic and Analgesic Drug Products Advisory Committee and the Drug Safety and Risk
Management Advisory Committee will be participating in a joint Advisory Committee Meeting to discuss
the approval of this NDA. Since this is an NME, there is no prior research or regulatory history that can
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be used to directly assess post-approval oxycodegol abuse. The closest currently marketed analog to
NKTR-181 is oxycodone (one of the molecules produced during the metabolism of oxycodegol). At the
request of the Division of Anesthesiology, Addiction Medicine, and Pain Medicine (DAAP), the Division
of Epidemiology (DEPI) is providing an epidemiologic overview of oxycodone misuse, abuse, morbidity,
and related mortality in the US to assist the Committees in considering how this product may be misused
or abused in the post-approval setting. Information on misuse, abuse, morbidity, and related mortality of
other opioids is provided for context.

3 REVIEW METHODS AND MATERIALS
3.1 OVERVIEW AND FRAMEWORK
Several data sources were reviewed to characterize the misuse, abuse, morbidity, and related mortality of
oxycodone products and other opioids for context. These data sources provide insight into patterns of
misuse, abuse and overdose death in the general population, as well in a subset of individuals with more
advanced substance use disorders (SUD). The framework used to summarize findings from these data
sources is outlined in Table 1, with a more detailed description of our use of each data source in the
sections below. The following definitions of misuse/abuse were applied throughout this review, unless
otherwise indicated1,2.
Misuse: the intentional therapeutic use of a drug product in an inappropriate way and specifically
excludes the definition of abuse
Abuse: the intentional, non-therapeutic use of a drug product or substance, even once, to achieve a
desirable psychological or physiological effect
Table 1. Framework Used to Assess Current Landscape of Prescription Opioid Misuse/Abuse
Characteristic assessed
Population and data sources
Use of data source(s)
Scale of misuse/abuse
General population
Estimated number of individuals in the
National Survey on Drug Use and
general US population reporting
Health (NSDUH), 2015-2017
misuse/abuse of prescription opioid
analgesic

Specific opioids, relative
frequency of misuse/abuse

General population
National Electronic Injury Surveillance
System-Cooperative Adverse Drug
Event Surveillance (NEISS-CADES,
2016-2017)

Estimated number of Emergency
Department (ED) visits resulting from nonmedical use of prescription opioid
analgesics

General population
NSDUH, 2015-2017

Misuse of specific opioids in general
population

General population
National Poison Data System (NPDS)
exposure calls to Poison Control
Centers (PCCs), 2012-2017

Drug exposures from calls to PCCs by
product
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Population with opioid or substance use
disorders (OUD/SUD)
RADARS Treatment Center Program
(TCP), 2013-2017

Proportion of patients with opioid or
substance use disorders (OUD/SUD)
reporting past thirty-day abuse of specific
products

Inflexxion National Addictions
Vigilance Intervention and Prevention
Program (NAVIPPRO™/ASI-MV®),
2013-2018

Routes of abuse

General population
NPDS PCC, 2012-2017

Assess routes of abuse for single-substance
exposure calls

Population with OUD/SUD
RADARS TCP, 2016-2017

Assess product-specific routes of abuse
among people entering or being assessed for
SUD RADARS TCP and
NAVIPPRO™

Inflexxion NAVIPPRO™/ASI-MV®),
2016-2017
Morbidity and mortality

General population
NEISS-CADES, 2016-2017
General population
Drug-involved Mortality (DIM) data for
overdose deaths, 2011-2016

Assess outcomes such as need for
healthcare intervention associated with
specific opioids
Assess outcomes such as overdose deaths
associated with specific opioids

3.2 DATA RESOURCES
3.2.1 NSDUH
NSDUH is an annual survey that measures the use of illegal drugs, prescription drugs, alcohol, and
tobacco as well as mental disorders, treatment, and co-occurring substance use and mental disorders in the
U.S. The data provides estimates of substance use and mental illness at the national, state, and sub-state
levels. NSDUH data also help to identify the extent of substance use and mental illness among different
sub-groups, estimate trends over time, and determine the need for treatment services.
NSDUH includes the civilian, noninstitutionalized population of the United States aged 12 years of age or
older. The survey is sponsored by the Substance Abuse and Mental Health Services Administration
(SAMHSA) within the U.S. Department of Health and Human Services (HHS). The survey covers
residents of households and individuals in noninstitutional group quarters (e.g., shelters, boarding houses,
college dormitories, migratory workers' camps, halfway houses). The survey excludes people with no
fixed address (e.g., homeless people not in shelters), military personnel on active duty, and residents of
institutional group quarters, such as jails, nursing homes, mental institutions, and long-term care
hospitals.
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NSDUH employs a stratified multistage area probability sample that is designed to be representative of
both the nation as a whole and for each of the 50 states and the District of Columbia. The 2017 NSDUH
annual target sample size of 67,500 interviews was distributed across three age groups, with 25 percent
allocated to adolescents aged 12 to 17, 25 percent allocated to young adults aged 18 to 25, and 50 percent
allocated to adults aged 26 or older. Survey screening was completed at 138,061 addresses; 68,032
completed interviews were obtained, including 17,033 interviews from adolescents aged 12 to 17 and
50,999 interviews from adults aged 18 or older. Weighted response rates for household screening and for
interviewing were 75.1 and 67.1 percent, respectively, for an overall response rate of 50.4 percent for
people aged 12 or older. The weighted interview response rates were 75.1 percent for adolescents and
66.3 percent for adults.3
It is important to understand the difference between the NSDUH and FDA definitions of of misuse and
abuse. The FDA defines misuse and abuse as follows4:
• Misuse is the intentional therapeutic use of a drug product in an inappropriate way.
• Abuse is the intentional, non-therapeutic use of a drug product or substance, even once, to
achieve a desirable psychological or physiological effect.
The NSDUH definition of misuse, “use in any way not directed by a doctor, including use without a
prescription of one’s own; use in greater amounts, more often, or longer than told”, is consistent with
FDA’s definition of misuse and abuse combined. NSDUH also combines the concepts of abuse and
dependence into a category called “substance use disorder” and defines them using DSM IV criteria (See
Appendix A for the DSM definition).
Analysis
Data were extracted data from the 2017 survey that related to misuse or abuse/dependence of prescription
opioid analgesics and heroin overall, as well as by subtype where applicable. Weighted estimates of abuse
and/or misuse were compared to estimates from the 2015 and 2016 survey years. Past-year weighted
estimates of abuse/dependence of heroin and prescription opioids, relative to other commonly used
substances in the United States in 2017 were also reported. Finally, estimates of past-year misuse of
opioids, by subtype were examined. All values were reported in numbers of individuals in thousands,
percent of the total population, and percent of any past-year users. Statistically significant changes from
2016 to 2017 were highlighted.

3.2.2

AAPCC/NPDS

NPDS is a database managed by the AAPCC, and derived from a nationwide network of Poison Control
Centers (PCCs) that receives calls from individuals, healthcare professionals, and other interested persons
regarding exposures to prescription drugs, over-the-counter medications as well as unapproved products.5
NPDS provides product-specific information such as reported routes of exposure and associated medical
outcomes in the general US population. While the ability to record drug exposure at the most detailed
level possible based in the information provided is a unique strength of NPDS data, it is still dependent on
self-reported information from callers, which carries its own set of limitations.
In 2017, there were over 2.6 million calls to Poison Control Centers (PCCs), including approximately 2.1
million human exposure calls. Sixty percent of these were for individuals under the age of 20. Almost
80% of calls related to an unintentional exposure, 19% were for intentional exposures, and the remainder
for other reasons. Analgesics, including opioids were the most common substances involved in human
exposures, accounting for 11% of calls (N=283,784).6
Within NPDS, calls for exposures may result in documentation of an event, provision of information, or
advice regarding medical management. AAPCC staff managing these calls undergo training in the efforts
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to standardize collection and documentation practices across centers. Documentation of calls includes
detail on the drug(s), patient characteristics, route of exposure, reported reasons for exposure, level of
care received (e.g., admitted to critical care unit vs. treated and released), medical outcomes (e.g., death,.
no effect) and other more curated variables, such as “relatedness” requiring manual chart review to
determine the relatedness of the reported exposure to the outcomes of interest. Reasons for use are
categorized into mutually exclusive groups by AAPCC, and include such categories as
“intentional”,“unintentional,” the former encompassing the subgroups of intentional misuse, abuse,
suspected suicide or intent that is suspected to be intentional but cannot be categorized further (unknown
intent). Additional detail regarding the definition of these variables is provided in Appendix B.
For this analysis, calls for oxycodone and selected other opioids (hydrocodone, morphine, and heroin)
were assessed. The search was limited to “closed” intentional exposure cases reported for humans (i.e.,
exposures and outcomes validated by NPDS) and restricted to individuals 12 years of age and older. Drug
codes (i.e., “generic” and/or “product” codes) used to search NPDS for exposures involving oxycodone
and other opioids, including both single-ingredient and combination products, were obtained from
Micromedex™ as well as the online lookup tool available through NPDS. The date range was January 1,
2012 to December 31, 2017, to capture all cases that had been closed (i.e., no unverified or “open” cases).
Search parameters used for oxycodone and the comparator drugs of interest are summarized below:
Table 2. NPDS Search parameters for oxycodone and selected comparators
Report name
Case Log (Generic Code/Product Code)
Month/year of query
5/2019
Date range for query
1/1/2012- 12/31/2017
Call type
Exposure
Case status
Closed
Species
Human
Exposure Reason
Intentional
Minimum Age
12 (years)
Analysis of NPDS consisted of two components: evaluation of trends and characteristics in exposure
calls. To fully capture the frequency of the opioid products involved in calls to PCCs, we examined drug
exposure mentions in lieu of calls. Therefore, if a call involved more than one unique oxycodone product,
for example, each oxycodone product was counted as an exposure. Analyses were performed
independently by two analysts to optimize accuracy of results, with any discrepancy resolved by detailed
review of processes.
For exposure trends, stratified intentional exposure calls by year and exposure reasons (i.e., all
intentional, abuse, misuse, suicide, and unknown intent) were used to portray patterns in trends of calls
for misuse and abuse of oxycodone vs. other opioids. Trends were adjusted for population changes using
Census Bureau estimates of population size, and annual rates of exposure calls were reported as calls per
million population.7 In describing exposure characteristics, we aggregated data for the 6-year period, and
evaluated reasons for exposure, for both oxycodone and other opioids, stratifying the former by
formulation (i.e., IR versus ER/LA).
In addition, we evaluated routes of abuse for oxycodone and other opioids. Of note, for drugs involved in
multi-substance exposures, NPDS does not currently provide information on route of exposure
information for individual drugs, therefore analyses of route were restricted to single-substance exposures
(personal communication, Elisa Aguenza, AAPCC). Even when only a single substance was involved,
there could be multiple routes of abuse reported. In this case, each route of abuse identified by the caller

10
67 of 173

was counted separately. As a result, the totals for each individual route may exceed the total number of
calls for that product.

3.2.3

Researched Abuse, Diversion, and Addiction-Related Surveillance (RADARS®)
System Treatment Center Programs (TCP)

The RADARS® System provides post-marketing surveillance of prescription medication abuse, misuse,
and diversion by collecting information from several unique populations along the spectrum of drug
abuse. This analysis will use information about abuse of specific products from two data streams, the
Opioid Treatment (OTP) and Survey of Key Informants (SKIP) Programs.
The OTP surveys individuals with opioid use disorder entering public medication-assisted treatment
(MAT) programs nationwide. In 2017, there were 69 participating sites in 32 states covering, on average,
33% of the population per quarter based on respondent three-digit ZIP code. Patients enrolling in these
treatment programs are voluntarily recruited for the study and complete a standardized, self-administered
questionnaire that solicits information on specific prescription and illicit drugs used by the patient in the
past month to get high, including the route(s) of abuse.
The SKIP collects data from individuals seeking treatment for opioid use disorder at primarily private
treatment centers who report abusing prescription opioids or heroin in the past month. In 2017, there were
116 key informant sites in 39 states and the District of Columbia covering, on average, 28% of the
population per quarter based on respondent three-digit ZIP code. Each newly admitted patient to
participating programs is offered the opportunity to complete a standardized, self-administered
questionnaire that solicits information on specific prescription drugs used in the past month to get high,
including the route(s) of abuse.
The OTP and SKIP use a similar design and data collection instruments. This allows for combining the
results from these two programs, presented as Treatment Center Program (TCP) data.
Analysis
FDA obtains two analytic reports from RADARS® TCP every year through an ongoing contract with the
Rocky Mountain Poison and Drug Center (RMPDC). The first report contains the total number and
percentage of respondents endorsing abuse of specific products and routes of abuse for the prior calendar
year. The second report contains the number and percent of respondents endorsing abuse of specific
opioids in each calendar year, starting in 2013 and ending with the most recent calendar year. In this
report, numerators represent the total number of endorsements and denominators represent the total
number of respondents for that year.
For this review, we first examined the percent of respondents endorsing past-month abuse and route of
administration from 2016 through 2017. Subsequently, we examined trends in the percentage of
respondents endorsing abuse from 2013 through 2017. At the time of this review we lacked RADARS®
TCP data from 2018. We restricted this analysis to sites participating in 75% or more of calendar quarters
in the study period and excluded careless responses. We found similar overall trends when examining
data from all treatment sites that conducted assessments from 2013 through 2017. RADARS® considers
surveys with 24 or more opioid item endorsements or endorsements of 9 or more consecutive items,
careless responses.

3.2.4

National Addictions Vigilance Intervention and Prevention Program
(NAVIPPRO™)

The National Addictions Vigilance Intervention and Prevention Program (NAVIPPRO™) is a national
program that includes surveillance of substance abuse as well as prevention and intervention educational
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programs for substance abuse. NAVIPPRO™ surveillance involves analyses of multiple data sources for
indicators of substance abuse in a convenience sample of adults seeking treatment or being assessed for
substance abuse treatment. Continuous examination of these data streams allows monitoring of trends
over time for drug abuse at a product-specific level.
NAVIPPRO™ collects information using the ASI-MV®, a computer-administrated survey which
assesses risk factors for substance abuse in several areas, including medical, employment, psychiatric,
legal, family, and social. The ASI-MV® gathers data on the abuse of prescription and illicit drugs and
alcohol, including information on the route of administration and the source of the prescription
medication at a product-specific level. In 2018, NAVIPPRO™ included a total of 390 treatment sites in
36 states.
Analysis
FDA obtains two analytic reports from the NAVIPPRO™ ASI-MV® every six months through an
ongoing contract with Inflexxion. Each report contains two prevalence estimates for each opioid: 1) the
prevalence of abuse among all ASI-MV® respondents and 2) the prevalence of abuse among ASI-MV®
respondents reporting prescription opioid abuse.
The first report contains information on respondents endorsing abuse of specific opioids and routes of
abuse between January 2016 and December 2017. The second report provides estimates of abuse for
specific opioids in each calendar year from 2013 through 2018. In this report, numerators represent the
total number of endorsements and denominators represent the total number of assessments in that
calendar year. Data on heroin abuse was present in the first report, but not in the trend report.
For this review, we first assessed the prevalence of abuse and route of administration from 2016 through
2017. We then examined trends in the prevalence of abuse from 2013 through 2018 among a consistent
panel of sites that contributed data in each quarter. After restriction, only 65 of an average 462 sites
remained, therefore we re-examined the data using all sites.

3.2.5

NEISS-CADES

The NEISS-CADES project, a joint effort of the Centers for Disease Control and Prevention, the
Consumer Product Safety Commission, and the FDA, is a national stratified probability sample of
approximately 60 hospitals with a minimum of six beds and a 24-hour emergency department (ED) in the
United States and its territories.8-11 Trained coders located at each participating hospital review clinical
records of every ED visit to identify clinician-diagnosed drug related adverse events. Drugs captured in
NEISS-CADES include: prescription and over-the-counter medications, vaccines/immunizations,
vitamins and minerals, dietary supplements, and herbal/complimentary nutritional products. Up to four
implicated medications and narrative descriptions of the incident (including clinical diagnoses and
manifestations) are reported for each event. Each NEISS-CADES case is assigned a sample weight
derived from the inverse probability of selection. The sample weights include adjustments for changes in
the hospital population (e.g., non-response, mergers, and closures) and for the annual number of ED visits
in the US.
NEISS-CADES has historically focused exclusively on ED visits due to use of medications for a
therapeutic indication, or unintended medication exposures by young children. However, in 2016 NEISSCADES surveillance activities were expanded to represent the full spectrum of pharmaceutical-related
harm, encompassing ED visits resulting from therapeutic use, self-harm, and non-medical use (see
Appendix C for definitions).
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For this analysis, the CDC Division of Healthcare Quality Promotion personnel provided average annual
estimates of U.S. ED visits associated with oxycodone and selected other opioids for 2016-2017 to FDA
and provided additional details about demographics, clinical characteristics, and disposition for visits
involving non-medical use of oxycodone products. Cases included ED visits in 2016 and 2017 for harms
from oxycodone-containing analgesic products as well as hydrocodone- and morphine-containing
products by intent (non-medical use, therapeutic use, or self-harm). Cases involving opioid-containing
cough medications were excluded.

3.2.6

NVSS-M and DIM Linked Data

In the U.S., states are responsible for collecting vital statistics, including information on live births,
deaths, and fetal deaths. The federal government collects these data from each state and collates them to
populate the NVSS. These data relate to the mortality portion of NVSS (NVSS-M).12
The information in this analysis is from Hedegaard et al (2018).13 NVSS-M contains cause of death,
demographic, and geographic information extracted from death certificates. The Drug Involved Mortality
(DIM) data were developed in a collaboration with the National Center for Health Statistics and the FDA.
In the DIM data, the literal text from death certificates are searched to identify mentions of specific drugs
and other substances and the involvement of the drug(s) or substance(s) in the death. The literal text is the
written information provided by the medical certifier, usually a medical examiner or coroner in the case
of drug overdose deaths and describes the cause of death and other factors or circumstances that
contributed to the death. Three text fields from the U.S. standard death certificates are searched: the
causes of death from Part I, significant conditions contributing to death from Part II, and a description of
how the injury occurred (7,10).
The literal text information has been processed to allow for the identification of cases of drug-involved
mortality, i.e., mortality cases having at least one literal text mention of a drug, drug class, or exposure
not otherwise specified, excluding mentions where information in the literal text suggests that the drug
was not involved in the death. The drug or substance mentioned in a literal text field is assumed to be
involved in the death unless contextual information indicates otherwise. Additional information on these
variables is provided in Appendix D.
From the publication, we abstracted drug overdose deaths from 2011-2016 for oxycodone, hydrocodone,
morphine, and heroin. The study population was limited to U.S. residents with an underlying cause of
death of drug overdose: ICD10 codes X40-X44 (unintentional), X60-X64 (suicide or intentional selfharm), X85 (assault), and Y10-Y14 (undetermined intent). All possible intentions for overdose deaths,
unintentional, suicide, homicide, and undetermined, were included. For overdose deaths involving these
substances, we examined trends in the annual number of opioid involved drug overdose deaths and the
annual age-adjusted rate of overdose deaths per 100,000 population stratified by opioid.
The ICD10 codes included limit deaths to those caused by acute intoxication from drugs (i.e., overdose)
as opposed to chronic exposure or adverse effects experienced due to therapeutic or prophylactic dosages.
The drug or substance mentioned in a literal text field is assumed to be involved in the death unless
contextual information indicates otherwise.

4 RESULTS
4.1 NSDUH
In 2017, prescription opioids were the largest category of approved pharmaceutical products to be
misused or abused by Americans. Over 90 million individuals in the general US population were
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estimated to have used prescription opioid analgesics during the previous year. An estimated 30.5 million
individuals had used an illicit drug in the past 30 days, including 3.2 million who misused a prescription
pain reliever and 500,000 who used heroin. Approximately 1.7 million individuals met the criteria for
substance abuse or dependence involving prescription pain relievers, and 0.7 million people were
dependent on or abused heroin.
Table 3 shows the past year use and misuse of prescription pain relievers in the total population and
among individuals who misused opioids in the past year. Hydrocodone and oxycodone were the two most
commonly misused molecules, although the estimated number of individuals who used or misused
hydrocodone was statistically significantly lower in 2017 compared to 2016. Products in the “other”
opioid category has statistically significantly higher estimates of misuse compared to 2016. Figures 1 and
2 present numeric and percentage estimates of opioid misuse from 2015 to 2017.
When the percentage of individuals who misused an opioid among those who used the drug in the past
year was examined, both hydrocodone (12%) and oxycodone (14%) were in the same range as most of the
other opioids included (4% to 19%). Buprenorphine (31.7%) and oxymorphone (36.2%) were the two
opioids most commonly misused among past year users.
Table 3. NSDUH 2017: Reported past year use or misuse of prescription pain relievers by active
ingredient, individuals aged 12 and over*
Prescription Pain Past Year Any
Past Year
Misuse in Total
Misuse in Past Year
Reliever (API)
Use (N in
Misuse (N in
Population % (SD)
Among Any Users %
thousands)
thousands)
(SD)
Any
90,799
11,077
4.1 (0.10)
12.2 (0.30)
Hydrocodone
51,979**
6,262**
2.3** (0.08)
12.0 (0.39)
Oxycodone
26,270
3,735
1.4 (0.06)
14.0 (0.56)
Tramadol
18,485
1,753
0.6 (0.05)
9.5 (0.66)
Codeine ***
26,870
2,832
1.0 (0.06)
10.5 (0.55)
Morphine
6,231
501
0.2 (0.02)
8.0 (0.85)
Fentanyl ****
2,046
245
0.1 (0.01)
12.0 (1.82)
Buprenorphine
2,414
766
0.3 (0.03)
31.7 (2.81)
Oxymorphone
917
332
0.1 (0.02)
36.2 (4.56)
Demerol ®
1,202
116
0.0 (0.01)
9.6 (2.75)
Hydromorphone
1,941
244
0.1 (0.01)
12.6 (1.86)
Methadone
1,341
261
0.1 (0.02)
19.5 (3.09)
Other
24,220
966**
0.4** (0.03)
4.0** (0.33)
API: active pharmaceutical ingredient, SD: standard deviation
*see Appendix E for drug product and category descriptions
**represents statistically significant changes relative to 2016
***product-specific information first available in 2016
****estimate does not include illicit fentanyl
Source: SAMHSA detailed tables, Tables 1.97A-B Available from: https://www.samhsa.gov/data/sites/default/files/cbhsqreports/NSDUHDetailedTabs2017/NSDUHDetailedTabs2017.pdf Accessed on 4/20/2019. Note: NSDUH defines misuse of a drug as the
following: “use in any way not directed by a doctor, including use without a prescription of one’s own; use in greater amounts, more often,
or longer than told”
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Figure 1. NSDUH 2015-2017: Past-year misuse of prescription opioid analgesics, individuals ≥ 12 years

NSDUH: National Survey on Drug Use and Health
*represents statistically significant changes relative to prior year
Source: SAMHSA detailed tables, Tables 1.97A-B Available from: https://www.samhsa.gov/data/sites/default/files/cbhsqreports/NSDUHDetailedTabs2017/NSDUHDetailedTabs2017.pdf Accessed on 4/20/2019. Note: NSDUH defines misuse of a drug as the
following: “use in any way not directed by a doctor, including use without a prescription of one’s own; use in greater amounts, more often, or
longer than told”
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Figure 2. NSDUH 2015-2017: Estimated percentage of individuals with past year misuse of opioid analgesics,
individuals ≥ 12 years

NSDUH: National Survey on Drug Use and Health
*represents statistically significant changes relative to prior year
Source: SAMHSA detailed tables, Tables 1.97A-B Available from: https://www.samhsa.gov/data/sites/default/files/cbhsqreports/NSDUHDetailedTabs2017/NSDUHDetailedTabs2017.pdf Accessed on 4/20/2019. Note: NSDUH defines misuse of a drug as the
following: “use in any way not directed by a doctor, including use without a prescription of one’s own; use in greater amounts, more often, or
longer than told”

Figures 3 and 4 show the estimated numbers and percentages of individuals who met the criteria for a
substance use disorder as defined by DSM-IV criteria from 2015 through 2017. The estimated number of
individuals meeting the criteria for substance use disorder for an illicit drug was approximately 7.5
million individuals for each year. The most common substances were marijuana, with approximately 4
million individuals each year, and prescription pain relievers, with approximately 2 million individuals.
Other substances, including heroin, had lower numbers of individuals who met the criteria. Of note, both
the numeric and percentage estimates for prescription pain relievers decreased between 2015 and 2017,
while the estimates for heroin steadily increased. Neither of these trends were statistically significant.
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Figure 3. NSDUH 2015-2017: Estimated past-year abuse/dependence (substance use disorders),
illicit drugs, or alcohol, individuals ≥ 12 years*

Estimated Population in Millions
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NSDUH: National Survey on Drug Use and Health
*No statistically significant differences between adjacent years
Source: SAMHSA detailed tables, Tables 5.2 A-B, 5.2 D. Available from:
https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2016/NSDUH-DetTabs-2016 htm#tab1-97A.
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHDetailedTabs2017/NSDUHDetailedTabs2017.pdf
Accessed on 4/15/2019
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Figure 4. NSDUH 2015-2017: Estimated percentage of past-year abuse/dependence (substance
use disorders), illicit drugs, or alcohol, individuals ≥ 12 years*

Estmated Population Percentage
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NSDUH: National Survey on Drug Use and Health
*No statistically significant differences between adjacent years
Source: SAMHSA detailed tables, Tables 5.2 A-B, 5.2 D. Available from:
https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2016/NSDUH-DetTabs-2016 htm#tab1-97A.
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHDetailedTabs2017/NSDUHDetailedTabs2017.pdf
Accessed on 4/15/2019

4.2

AAPCC, NPDS

Table 3 shows the number of intentional exposure calls to PCCs by type and the corresponding
population-adjusted rate (per million) between 2012 and 2017 for individuals 12 years of age and older.
Hydrocodone and oxycodone had the most total intentional exposure calls, with 85,501 and 62,002,
respectively. Among oxycodone formulations, the overall call rate was similar for IR combination
ingredient (14.4 per million) and not otherwise specified (NOS) (19 per million) formulations. Heroin
had an overall call rate similar to NOS oxycodone at 19.9 per million (32,385 calls). When examining
types of intentional exposure calls, suspected suicide was the most common reason for all products except
heroin, where abuse had the highest percentage of intentional exposure calls. Heroin had the highest
number of abuse calls (23,105), while oxycodone had 11,113 calls and hydrocodone had 9,180 calls
during the time period.
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Table 3. AAPCC/NPDS 2012-2017:
Number of intentional drug exposure calls by exposure type, individuals 12 years of age and older
(Population-adjusted rate*)
Specific Oxycodone Products
Exposure
Type

Oxycodone
All

All
intentional**

62,002
(38.1)
11,113
(6.8)
8,148
(5.0)
37,896
(23.3)
4,845
(3.0)

Abuse
Misuse
Suicide
Unknown

ER

IR,
SE

5,084 2,633
(3.1) (1.6)
1,232 723
(0.8) (0.4)
674
444
(0.4) (0.3)
2,743 1,251
(1.7) (0.8)
435
215
(0.3) (0.1)

Other Opioids

IR,
Oxycodone
Combination
Hydrocodone
NOS
Ingredient
23,436
(14.4)
3,281
(2.0)
3,381
(2.1)
15,104
(9.3)
1,670
(1.0)

30,849
(19.0)
5,877
(3.6)
3,649
(2.2)
18,798
(11.6)
2,525
(1.6)

85,501
(52.5)
9,180
(5.6)
11,350
(7.0)
59,860
(36.8)
5,111
(3.1)

Morphine

Heroin

10,945
(6.7)
2,233
(1.4)
1,409
(0.9)
6,316
(3.9)
987
(0.6)

32,385
(19.9)
23,105
(14.2)
2,894
(1.8)
5,148
(3.2)
1,238
(0.8)

AAPCC, American Association of Poison Control Centers; ER, extended-release; IR, immediate-release; NPDS, National Poison Data System;
SE, single-entity; NOS, Not otherwise specified
*Average call rate per 1 million census population for those 12 years and older, 2007-2017 from https://wonder.cdc.gov/Bridged-Racev2017.HTML
**Includes suicide attempt, other, misuse/abuse

Figure 5 depicts trends in drug exposures among PCC calls for intentional abuse. From 2012 through
2017, the number of drug exposure calls for ER oxycodone remained low and slightly declined from 343
to 114 abuse exposure calls. During this time, oxycodone abuse exposure calls declined from 2344 to
1762 exposures. Heroin abuse exposure calls increased overall, but almost doubled from 3363 calls in
2015 to 6018 calls in 2017. The number of abuse exposure calls involving IR SE oxycodone declined
slightly from 168 in 2012 to 108 in 2017.
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Figure 5. AAPCC/NPDS 2012-2017:
Intentional abuse exposure calls for oxycodone vs. other opioids, individuals 12 years of age and older

AAPCC: American Association of Poison Control Centers; NPDS: National Poison Data System; IR: Immediate Release; SE: Single Entity;
ER: Extended Release

Table 4 shows the distribution of routes of abuse for the oxycodone and comparators between 2012 and
2017. Since all products mentioned during a call are listed with the same routes of abuse, the population
was restricted to single-substance calls. For oxycodone, the majority of calls identified ingestion as the
route of abuse (80% overall). Similar percentages also indicated inhalation (11.5%) and injection (8.8%)
as routes. The most common route for both hydrocodone and morphine was also ingestion (96.4% and
70.2%, respectively), although approximately 20% of morphine callers also indicated abuse by injection.
The most common route of abuse for heroin was injection (54.5%), with approximately 15% of callers
also indicated ingestion, inhalation, and unknown routes of abuse.
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Table 4. AAPCC/NPDS, 2012-2017:
Percentage (%) of single-substance abuse exposure calls reporting specific exposure routes for
oxycodone and selected other opioids^ among individuals 12 years of age and older
Oxycodone Products

Route
Ingestion
Inhalation/
nasal
Parenteral
(injection)
Other*
Unknown

Other Opioids

Any, %
(N= 4,023)
80.2

ER, %
(N= 533)
73.5

IR, SE,
%
(N= 343)
73.5

IR, Combo
%
(N= 1,203)
88.9

NOS, %
(N= 1,944)
77.9

Hydrocodone,
%
(N= 3,336)
96.4

Morphine,
%
(N= 867)
70.2

Heroin, %
(N= 13,713)
14.5

11.5

14.1

14.3

7.3

12.9

2.9

5.2

14.6

8.8
0.6
1.0

12.0
0.8
1.3

12.8
0.9
0.9

4.8
0.7
0.4

9.6
0.4
1.3

1.1
0.2
0.3

22.0
1.5
3.3

54.5
1.2
17.4

AAPCC, American Association of Poison Control Centers; ER, extended-release; IR, immediate-release; NPDS, National Poison Data System; SE,
single-entity; ^Routes are represented as percentage of exposure calls reporting a specific route over all of the single-substance exposures for the opioid.
A single-substance exposure call may be associated with more than one exposure route, thus the sum for total route of exposure may be greater than the
sum for total number of single-substance exposure calls, thus the total % for each column may exceed 100%;
* “Other” includes exposure routes categorized as bite/sting, dermal, ocular, vaginal, rectal, and/or other

4.3

RADARS® TCP

Between January 1, 2016, and December 31, 2017, a total of 18,436 individuals completed a survey in
one of the RADARS® TCP programs, with 10,430 surveys endorsing prescription opioid abuse. Table 5
details the percentage of survey respondents endorsing abuse of the opioid and by the routes of abuse
surveyed. Among licit products, hydrocodone and oxycodone had the highest percentage of respondents
reporting past month abuse, at 24.5% and 31.7% respectively. Heroin, included for context, had the
largest percent, with almost 60% of respondents reporting past 30-day abuse.
Among routes of abuse other than the intended route of swallowing whole, chewing was the most
common route of abuse for hydrocodone, tramadol, buprenorphine, methadone, and tapentadol, while
injecting was most common among people who reported past month abuse of morphine, fentanyl,
oxymorphone, hydromorphone, and heroin. Notably, snorting was the most common route of abuse for
oxycodone. Only alternate routes of abuse are captured in the survey, so abuse via the indicated route is
not represented. In addition, respondents could endorse abuse of multiple opioid molecules as well as
multiple routes for each molecule.
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Table 5. RADARS® TCP 2016-2017: Percent respondents with past month abuse and by route* of
abuse

Opioids of Interest

Past Month Abuse
% Respondents
N
(95% CI)

Hydrocodone
Oxycodone
Tramadol
Morphine
Fentanyl**
Buprenorphine
Oxymorphone
Hydromorphone
Methadone
Tapentadol

4,524
5,853
1,064
2,497
2,102
3,299
1,614
2,214
2,626
73

24.5 (23.9,25.2)
31.7 (31.1,32.4)
5.8 (5.4,6.1)
13.5 (13.1,14.0)
11.4 (10.9,11.9)
17.9 (17.3,18.4)
8.8 (8.3,9.2)
12.0 (11.5,12.5)
14.2 (13.7,14.7)
0.4 (0.3,0.5)

30.2
23.1
25.8
17.4
17.2
24.6
12.8
9.4
22.3
24.7

1.2
4.2
1.1
2.2
8.3
2.3
2.2
1.7
0.9
4.1

21.0
36.3
10.2
21.3
17.2
15.5
29.8
18.8
7.5
17.8

3.1
15.6
2.8
35.2
44.9
16.1
33.5
52.7
5.6
12.3

11,026

59.8 (59.1,60.5)

0.8

12.7

32.2

63.3

Heroin

Chewed

Smoked

Snorted

Injected

%

%

%

%

TCP: Treatment Center Program, CI: confidence interval
*respondents may report multiple opioids and multiple routes per opioid
**excludes illicit fentanyl

Figure 6 displays the trends in abuse rates between 2013 and 2017 for the opioids listed above. Heroin
had the highest levels of abuse for the entire period, with notable increases between 2013-14 and 2016-17.
Oxycodone had the second highest rates, although they decreased throughout the time period.
Hydrocodone had the third highest rates, with a similar pattern to oxycodone. With the exception of
tapentadol, the remaining opioids had steady or declining abuse rates between 2013 and 2016. Between
2016 and 2017, the majority of other opioids showed an increase in past-month abuse. The exceptions
were hydrocodone, which remained steady, and morphine, which continued to decline. Tapentadol was
the least common, with very few individuals reporting abuse.
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Figure 6. RADARS® Substance Abuse Treatment Center Program:
Percent Respondents with Past-Month Abuse by Year, 2013-2017*

*among sites participating in 75% or more of calendar quarters in the study period and excluding careless responses

4.4

NAVIPPRO™

Between January 1, 2016 and December 31, 2017, there were 114,307 assessments in the NAVIPPRO™
ASI-MV. Of those, 27,882 (24.34%) indicated abuse of an opioid product. Table 6 presents the abuse
per 100 total assessments and per 100 assessments indicating prescription opioid abuse.
Overall, buprenorphine, hydrocodone, oxycodone, and heroin had the highest assessment rates, at 13.0
(12.8,13.2), 10.4 (10.3,10.6), 9.8 (9.6,10.0), and 9.8 (9.6,10.0) per 100 assessments.
When only assessments endorsing prescription opioids were examined, buprenorphine, hydrocodone, and
oxycodone again had the highest rates.
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Opioids of Interest
Hydrocodone
Oxycodone
Tramadol
Morphine
Fentanyl
Buprenorphine
Oxymorphone
Meperidine
Hydromorphone
Methadone
Tapentadol
Heroin

Table 6. NAVIPPRO™/ASI-MV®, 2016-2017:
Prevalence of Past-Month Abuse
Per 100 assessments (95%
Per 100 Rx opioid assessments (95%
Total (N)
CI)
CI)
11,736
10.4 (10.3,10.6)
43.7 (43.1,44.3)
11,189
9.8 (9.6,10.0)
40.2 (39.6,40.8)
2,036
1.8 (1.8,1.9)
8.0 (7.7,8.4)
2,164
1.9 (1.9,2.0)
8.3 (8.0,8.7)
1,268
1.1 (1.1,1.2)
5.0 (4.7,5.2)
14,805
13.0 (12.8,13.2)
53.2 (52.6,53.8)
2,599
2.3 (2.3,2.4)
10.2 (9.8,10.6)
282
0.3 (0.2,0.3)
1.1 (1.0,1.2)
2,056
1.9 (1.8,1.9)
8.1 (7.8,8.4)
6,128
5.6 (5.5,5.7)
24.9 (24.4,25.4)
98
0.1 (0.1,0.1)
0.4 (0.3,0.5)
--11,164
9.8 (9.6,10.0)

ASI-MV: Addiction Severity Index-Multimedia Version; CI: confidence interval; NAVIPPRO: National Addictions Vigilance Intervention
and Prevention Program; Rx, prescription

Table 7 shows the routes of abuse associated with these products. For hydrocodone and oxycodone, the
most common routes were swallowing and snorting. Equal percentages of respondents endorsed chewing
and injecting oxycodone, while injection was an uncommon route of abuse for hydrocodone. In contrast,
the most common route of morphine abuse was injecting, followed by swallowing, snorting, and chewing.
When the other drugs were examined, the most common route was swallowing for tramadol, meperidine,
methadone and tapentadol. Injection had the highest percentage of endorsements for morphine,
hydromorphone, and heroin. The most common route of abuse for oxymorphone and buprenorphine was
snorting, however the percentage of respondents that endorsed swallowing, snorting, and injecting for
buprenorphine was almost equal.
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Table 7: NAVIPPRO™/ASI-MV® 2016-2017:
Percent of Past-Month Abuse by Route of Administration
Swallowed
N
%
Hydrocodone
Oxycodone
Tramadol
Morphine
Fentanyl
Buprenorphine
Oxymorphone
Meperedine
Hydromorphone
Methadone
Tapentadol
Heroin

9,566
6,903
1,699
791
60
2,014
498
139
497
3,649
59
32

81.5
61.7
83.5
36.6
4.7
13.6
19.2
49.3
24.2
59.6
60.2
0.3

N

Chewed
%

2,399
1,856
197
219
34
734
134
23
105
516
10
---

20.4
16.6
9.7
10.1
2.7
5.0
5.2
8.2
5.1
8.4
10.2
---

Snorted
N
%
3,031
4,369
157
480
114
2,357
1,329
39
409
845
4
2,596

25.8
39.1
7.7
22.2
9.0
15.9
51.1
13.8
19.9
13.8
4.1
23.3

N

Injected
%

239
1,859
27
1,104
384
2,183
1,094
55
1,327
458
7
7,627

2.0
16.6
1.3
51.0
30.3
14.8
42.1
19.5
64.5
7.5
7.1
68.3

ASI-MV®: Addiction Severity Index-Multimedia Version; NAVIPPRO: National Addictions Vigilance Intervention and Prevention Program
*percent reporting that route among individuals reporting abuse of the specific product or substance

Figure 7 shows the trend in rates of abuse over time among sites that consistently contributed to the
NAVIPPRO™ database, not including heroin. Oxycodone, hydrocodone, and methadone showed an
overall decrease during the time period, while buprenorphine increased throughout the same time period.
The additional opioids included had lower rates, and either remained steady or decreased during the same
time. Trends were similar when all treatment sites were included.
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Figure 7. NAVIPPRO™/ASI MV®, 2013-2018;
Prevalence of Past-Month Abuse by Opioid (N=65 Sites)*

*restricted to sites reporting results from at least one assessment per quarter 2013-2018; heroin data unavailable

4.5

NEISS-CADES

Table 8 outlines the number of cases and annual national estimates of ED visits attributed to oxycodone-,
hydrocodone-, or morphine-containing products and provides overall annual estimates of ED visits for
harms from all prescription opioid products. Visits are categorized by non-medical use, therapeutic use,
or self-harm. Each year from 2016-2017 there were an estimated 267,020 ED visits related to a
prescription opioid analgesic, of which nearly 130,000 were for non-medical opioid use. Among
oxycodone-, hydrocodone-, and morphine-containing products, oxycodone-containing products were
involved in the highest number of visits across categories of non-medical use, therapeutic use, or selfharm, followed by hydrocodone- and morphine-containing products. An estimated 49,609 visits involved
non-medical oxycodone-containing product use, representing 39% (32.7,45.3) of all visits involving nonmedical prescription opioid product use. In contrast, hydrocodone-containing products were implicated in
an estimated 11.7% (6.1,17.3) of non-medical ED visits involving prescription opioids, and morphine
products were implicated in 6.1% (4.0,8.3) of non-medical visits. When the different reasons for visits
were examined, for ED visits involving prescription opioids, an oxycodone-containing product was
involved between 36 and 39% of the time among ED visits related to non-medical prescription opioid use,
therapeutic opioid use, or self-harm. In contrast, hydrocodone-containing products were involved in
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between 12% (non-medical use) and 26% (self-harm) of visits involving prescription opioids, while
morphine was involved less than 10% of the time across intents.
Table 8. National Estimates of ED Visits for Harms from Use of Oxycodone-containing and Other Prescription
Opioid Products, by Intent of Drug Use, 2016-2017a
Cases

Average Annual Estimate
% of
Opioid Product
No.
No.
Total
95% CI
Estimated
Non-medical Use of any Prescription Opioidb (Total Average Annual Estimate = 127,177 ED Visits)
Oxycodone-containing Product
1,478
49,609
39.0 (32.7 - 45.3)
Hydrocodone-containing Product
376
14,901
11.7 (6.1 - 17.3)
Morphine-containing Product
212
7,814
6.1
(4.0 - 8.3)
Therapeutic Use of any Prescription Opioidc (Total Annual Estimate = 103,786 ED Visits)
Oxycodone-containing Product
1,069
36,997
Hydrocodone-containing Product
540
22,647
Morphine-containing Product
220
8,175
Use of any Prescription Opioid for Self-harm (Total Annual Estimate = 36,057 ED Visits)
Oxycodone-containing Product
394
13,707
Hydrocodone-containing Product
263
9,478
Morphine-containing Product
52
2,102

35.6
21.8
7.9

(29.3 - 42.0)
(15.7 - 27.9)
(6.2 - 9.5)

38.0
26.3
5.8

(30.7 - 45.3)
(19.8 - 32.8)
(4.3 - 7.4)

CI, Confidence Interval; ED, Emergency Department
aData are from the National Electronic Injury Surveillance System–Cooperative Adverse Drug Event Surveillance project, CDC.
bIncludes pharmaceutical abuse, therapeutic misuse (use other than as directed by a clinician), and opioid overdoses without indication of intent.
cIncludes adverse events from therapeutic use (e.g., adverse effects, allergic reactions, medication errors, and unsupervised ingestions by
children)
dPercent of total estimated annual number of ED visits related to prescription opioid use in 2016-2017, by intent of drug use
Source: Data provided by the CDC Division of Healthcare Quality Promotion

4.6

NVSS-M AND DIM DATA

Table 9 (and Figure 8) shows the total number of opioid-involved overdose deaths between 2011 and
2016 in the DIM database. Oxycodone overdoses declined between 2011 and 2013, and increased
through 2016, while the number of hydrocodone overdoses remained steady throughout. Overdose deaths
from morphine and heroin showed a steady increase between 2011 and 2016, although the number of
deaths grows much faster for heroin compared to morphine.
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Table 9. Select Opioid Involved Drug Overdose Deaths by Year 2011-2016*

API/Substance

2011

2012

2013

2014

2015

2016

Percent change
2011-2016, %

Total

Oxycodone

5,587

5,178

4,967

5,431

5,792

6,199

11.0

33,154

Hydrocodone

3,206

3,037

3,113

3,299

3,051

3,199

-0.2

18,905

Morphine

3,290

3,513

3,772

4,024

4,226

5,014

52.4

23,839

Heroin

4,571

6,155

8,418

10,882

13,318

18,335

301.1

61,679

NOTES: Drug overdose deaths are identified using International Classification of Diseases, Tenth Revision (ICD–10) underlying cause-of-death
codes X40–X44, X60–X64, X85, and Y10–Y14. Deaths may involve other drugs in addition to the referent drug (i.e., the one listed). Deaths
involving more than one drug (e.g., a death involving both heroin and cocaine) are counted in both totals. Caution should be used when
comparing numbers across years. The reporting of at least one specific drug or drug class in the literal text, as identified using ICD–10 multiple
cause-of-death codes T36–T50.8, improved from 75% of drug overdose deaths in 2011 to 85% of drug overdose deaths in 2016.
*Adapted from: Hedegaard H, Bastian BA, Trinidad JP, Spencer M, Warner M. Drugs Most Frequently Involved in Drug Overdose Deaths:
United States, 2011-2016. Natl Vital Stat Rep. 2018 Dec;67(9):1-14.
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Figure 8. Age-adjusted rates for drug overdose deaths involving selected opioids, 2011–2016

1 Significant increasing trend for 2013–2016, p < 0.05.
2 Significant increasing trend for 2011–2016 with different rates of change over time, p < 0.05.
3 Significant decreasing trend for 2011–2014, p < 0.05.
4 Significant increasing trend for 2011–2015, p < 0.05.
NOTES: Drug overdose deaths are identified using International Classification of Diseases, Tenth Revision underlying cause-of-death codes
X40–X44, X60–X64, X85, and Y10–Y14. Deaths may involve other drugs in addition to the referent drug (i.e., the one listed). Deaths
involving more than one drug (e.g., a death involving both heroin and cocaine) are counted in both totals. Caution should be used when
comparing numbers across years. The reporting of at least one specific drug in the literal text improved from 73% of drug overdose deaths in
2011 to 85% of drug overdose deaths in 2016.
SOURCE: Hedegaard H, Bastian BA, Trinidad JP, Spencer M, Warner M. Drugs Most Frequently Involved in Drug Overdose Deaths: United
States, 2011-2016. Natl Vital Stat Rep. 2018 Dec;67(9):1-14.

5

DISCUSSION

The purpose of this document is to provide an overview of recent trends and patterns in opioid misuse,
abuse, morbidity, and mortality in the US. Based on its chemistry, oxycodone is closely related to
oxycodegol, so it was chosen as the main comparator. Hydrocodone, morphine, and heroin were chosen
as consistent additional opioids for context, although information on other opioids was included where
available.
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5.1 SUMMARY OF DATA
5.1.1 Scale of Misuse and Abuse
In 2017, the NSDUH estimated that approximately 30.5 million individuals had used an illicit drug in the
past 30 days. Of these, an estimated 3.2 million had misused an opioid analgesic product, and 500,000
had used heroin. In the same year, the NSDUH also estimated that approximately 7.5 million individuals
met the criteria for an illicit drug use disorder, including 1.7 million individuals who met the criteria for
abuse or dependence involving prescription opioid analgesics, and 0.7 million people whose disorder was
heroin related14. Prescription pain reliever misuse and abuse continues to substantially contribute to the
overall landscape of drug misuse and abuse in the US.
The same year, approximately 267,000 estimated ED visits in the United States were for harms from use
of a prescription opioid analgesic, of which, nearly 130,000 visits were for non-medical opioid use.

5.1.2

Specific Opioids, Relative Frequency of Misuse and Abuse

The NSDUH is unique in that it provides national estimates of use and misuse for prescription opioids in
the general population. Although the estimate of misuse was statistically significantly lower for
hydrocodone in 2017 compared to 2016, hydrocodone products were still the most used and misused
prescription pain reliever products in 2017 with past-year use estimated at 52.0 million and past-year
misuse at 6.3 million people. Oxycodone and codeine, the next most commonly used opioids, had similar
estimates of use (approximately 26 million) in 2017, although the misuse estimate for oxycodone was
slightly higher compared to codeine, at 3.7 and 2.8 million, respectively. When misuse among past year
users of pain relievers was examined, most opioids had a rate between 10 and 20%. The two exceptions
were buprenorphine and oxymorphone, with an estimated 30% of people who reported past-year use
misusing the product. Due to the design of the survey, information is not available at the product level.
NPDS data can provide unique insight into products that people may be misusing or abusing. Although
the data resource cannot provide national estimates of misuse or abuse, it does provide information from
all PCC calls across all 50 states, Puerto Rico, the District of Columbia, and US territories. Furthermore,
anyone can call NPDS, as opposed to NSDUH, which, by design, has a residency requirement for
participants. Intentional exposure call rates for oxycodone, hydrocodone, morphine and heroin were
examined for the last 6 years. Hydrocodone had the highest number of calls for intentional exposures
(85,501) from 2012-2017, followed by oxycodone (62,002). Heroin had fewer intentional exposure calls
than oxycodone (32,385), but the number of abuse exposure calls increased dramatically over the time
period.
While NSDUH assesses the general population, RADARS® TCP and NAVIPPRO™ collect information
from individuals entering or being assessed for substance use disorder. These data cannot be used to
estimate national drug abuse rates, but they can provide insight into what substances individuals are
abusing when they enter treatment. In RADARS® TCP from 2016-2017, oxycodone was the most
common prescription opioid abused in the past 30 days endorsed by individuals entering treatment,
closely followed by hydrocodone. Overall, heroin was the most commonly abused opioid in the past 30
days, with more endorsements than hydrocodone and oxycodone combined. When examining trends over
time, heroin had an increasing rate of endorsements between 2013 and 2017, compared to hydrocodone
and oxycodone that had decreasing rates. In contrast, the most commonly endorsed drug for past 30-day
abuse in NAVIPPRO™ was buprenorphine, which was endorsed by 13% of respondents, followed by
hydrocodone, oxycodone, and heroin – all with similar endorsement rates of about 10% of respondents.
When the trends over time were examined in NAVIPPRO™, the rate for buprenorphine was increasing,
while those for oxycodone, hydrocodone, and methadone were decreasing. Other opioid products
included in the survey had either steady or decreasing rates during the same time. Trend information for
heroin was not available.
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Differences in the patterns of abuse-prevalence of opioid products in the RADARS® and NAVIPPRO™
surveillance systems may be explained by several factors, including differences in the underlying
populations as well as in survey format and methods. For example, RADARS® TCP represents a
population of patients specifically entering treatment for OUD, while the NAVIPPRO™ treatment centers
include patients entering or being assessed for treatment for any SUD. As such, the represented
populations are distinct, and care should be taken to acknowledge these population differences prior to
generalizing results or comparing results between populations. Differences in format and order of survey
questions relating to specific opioid products, as well as the inherent potential for product
misclassification (e.g., NAVIPPRO™ ASI-MV® provides pictures of product dosage forms whereas
RADARS® TCP does not), may also contribute to discrepancies between the two surveillance systems in
relative abuse rates.
When compared to hydrocodone and morphine, oxycodone was associated with the majority of ED visits
for non-medical use, therapeutic use, or self-harm. Of an estimated 127,177 ED visits for non-medial
prescription opioid use, approximately 40% were associated with oxycodone. Oxycodone accounted for
similar percentages of the therapeutic and self-harm opioid-related visits.

5.1.3

Routes of Abuse

Route of abuse information was gathered from AAPCC/NPDS, RADARS® TCP, and
NAVIPPRO™/ASI-MV® data. Although each resource collected information on different routes, and all
permitted multiple responses, there were some overall insights. In NPDS, the majority of abuse was via
ingestion, which was specified in 70% of morphine, 80% of oxycodone, and over 96% of hydrocodone
single-substance abuse exposure calls. The most frequently reported route of abuse for heroin was
injection, identified in 54.5% of intentional abuse exposure calls.
RADARS® TCP only collected information on routes other than swallowing whole (usually the intended
route of administration). Chewing was the most common route for hydrocodone (30.2%), while snorting
had the most endorsements for oxycodone (36.3%). Both morphine and heroin had injection as the most
common route (35.2% and 63.3%, respectively). For the other opioids included in the data, the most
common route was either chewing or snorting. The exception to this was hydromorphone, which had
injecting as the most common route.
In the NAVIPPRO™/ASI-MV® data, swallowing was the most commonly abused route for hydrocodone
(81.5%) and oxycodone (61.7%), while injection was the most common route for morphine (51%).
Among the rest of the opioids included in the analysis, swallowing or injection were generally the most
common routes of abuse endorsed.
5.1.4

Morbidity and Mortality

This analysis used NEISS-CADES data to assess morbidity for adverse events involving prescription drug
misuse and abuse of oxycodone, hydrocodone, and morphine from 2016-2017. An oxycodone-containing
product was involved between 36 and 39% of the time among ED visits related to non-medical
prescription opioid use, therapeutic opioid use, or self-harm. In contrast, hydrocodone-containing
products were involved in between 12% (non-medical use) and 26% (self-harm) of visits involving
prescription opioids, while morphine was involved less than 10% of the time.
Fatal drug overdose rates involving hydrocodone remained steady at approximately 3,200 per year
between 2011 and 2016, the latest year available. Oxycodone and morphine involved deaths increased by
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11% and 52%, respectively, while heroin involved deaths increased over 300% during the same period.
In 2016, there were 6,199 oxycodone-related deaths compared to 18,335 heroin-related fatalities.

5.2 DATA RESOURCE LIMITATIONS
5.2.1 NSDUH
Although NSDUH is one of the few resources capable of producing national estimates of prescription
drug misuse and abuse, it is subject to the inherent limitations of self-reported data, such as non-response
bias, misclassification, and recall bias, and in general it is not sufficiently detailed to examine specific
branded products and formulations. Information on route of administration is very limited, as products
are only captured at the API or molecule level. Individuals with advanced substance use disorders may be
underrepresented in the sample, particularly if they become homeless, incarcerated, or enter a residential
treatment facility.

5.2.2

AAPCC, NPDS

Exposure call data should not be interpreted as representing the complete incidence of national exposures
or cases of misuse/abuse related to any substance. These data only capture events if the exposure resulted
in a call to a Poison Control Center. These data rely on information electively shared by the community
and healthcare personnel, and most substance classification is based on self-report without any
confirmation. Drug exposures resulting in unattended or out-of-hospital death are unlikely to generate a
call, and therefore, fatal poisonings are expected to be substantially under-reported in NPDS call data.
Follow-up and medical outcomes are not available for all calls. It is possible that changes in call rates in
part reflect changes in public and professional awareness of the risks associated with specific drugs, and
awareness of the abuse potential of a drug among call center personnel could also increase the likelihood
of an exposure being coded as intentional abuse. Call rates may also be influenced by general changes in
use of Poison Control Centers over time.

5.2.3

RADARS® TCP and NAVIPPRO™/ ASI-MV®

An important limitation of data collected from people entering or being assessed for substance use
disorders treatment is the potential for misclassification, including in the identification of the specific
product(s) being abused. Another limitation is that these are convenience samples, and because they are
enriched with individuals with advanced substance use disorders who have sought or been referred for
treatment or assessment, patterns observed in these study populations may not reflect those that exist in a
broader population of individuals who abuse drugs. Numerous factors—for example, judicial referral
policies and availability and funding for substance use disorders treatment—can affect the probability that
an individual who is abusing or addicted to prescription opioids is assessed for treatment and included in
the sample. Further, these data are not geographically representative of all individuals being assessed for
substance use disorder treatment in the U.S., and participation by treatment centers varies over time.
Route of abuse information is available from these data resources, but, unlike the AAPCC/NPDS data, the
analyses were limited to IR and ER oxycodone products. This is because the level of specific product
misclassification is unknown and varies by molecule. FDA is still in the process of ascertaining the
extent of this misclassification and how best to adjust for it in analyses. Another limitation of these data
is a category of responders that the RADARS® system refers to as “Careless Responders.” These
individuals may inappropriately endorse abuse of multiple products (24 or more opioids or 9 or more
consecutive items) that they may not have abused, leading to inaccurate estimates of use, particularly in
products with a lower market share. Note that the data in this report excluded careless responder
endorsements.
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5.2.4

NEISS-CADES

NEISS-CADES data can be used to calculate national estimates of ED visits for harms from
pharmaceutical use, but NEISS-CADES does not include cases that do not result in an ED visit or that
result in death before or during ED evaluation. NEISS-CADES also does not include cases of inadequate
therapy, drug withdrawal, detoxification treatment, medical clearance, occupational exposures, or adverse
events from ED treatment. The quality of these surveillance data depends on the completeness and
accuracy of medical record documentation by the healthcare provider and, to be included in the database,
cases require documentation by the healthcare provider that a pharmaceutical drug or drug class (e.g.,
“prescription opioid”) was implicated in the ED visit. Up to four medications may be recorded as being
implicated in a case, but it is possible that additional medications were involved and not recorded. Cases
may have also involved concurrent use of illicit drugs or alcohol.

5.2.5

NVSS-M and DIM linked data

The DIM dataset relies on drug mentions in the death certificate literal text to identify cases. Opioidinvolved deaths can only be identified when these substances are specifically mentioned on death
certificates. Therefore, findings may describe the minimum number of opioid-involved deaths. Moreover,
there may have been changes in the probability of reporting or testing for specific drug-involvement in the
literal text over the course of the study period. The percentage of drug overdose deaths with codes T36–
T50.8 increased from 73% in 2011 to 85% in 2016.13

6

CONCLUSION

This brief summary of the landscape of opioid abuse mainly focused on oxycodone, as it is the molecule
most similar to oxycodegol. Several data resources that collect information on drug misuse and abuse
were examined, and while each has notable methodological differences and limitations, together they can
provide a mosaic of the rates and effects of opioid abuse in the US. Overall, hydrocodone and oxycodone
remain the most commonly misused and abused prescription opioids. Although not consistently included
in data resources, NSDUH indicated that codeine was also a popular drug of misuse. In populations of
individuals entering or being assessed for substance use disorders, buprenorphine and methadone were
commonly abused. Heroin was included in some resources for context, and the majority of analyses
showed that abuse, treatment for OUD, and mortality associated with heroin continues to steadily
increase. In sum, oxycodone continues to be a commonly misused and abused product, with a significant
public health burden in terms of morbidity and mortality.
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7 APPENDICES
7.1 APPENDIX A – DSM IV SUBSTANCE USE DISORDER CRITERIA15
Substance Abuse - A maladaptive pattern of substance use leading to clinically significant
impairment or distress, as manifested by one (or more) of the following, occurring within a 12month period:
• Recurrent substance use resulting in a failure to fulfill major role obligation at work,
school, or home (e.g., repeated absences or poor work performance related to substance
use; substance-related absences, suspensions, or expulsions from school; neglect of
children or household)
• Recurrent substance use in situations in which it is physically hazardous (e.g., driving an
automobile or operating machinery when impaired by substance use)
• Recurrent substance-related legal problems (e.g., arrests for substance related disorderly
conduct)
• Continued substance use despite having persistent or recurrent social or interpersonal
problems caused or exacerbated by the effects of the substance (e.g., arguments with
spouse about consequences of intoxication, physical fights)
Substance Dependence - A maladaptive pattern of substance use, leading to clinically significant
impairment or distress, as manifested by three (or more) of the following, occurring any time in a
12-month period:
• Tolerance, as defined by either of the following: (a) a need for markedly increased
amounts of the substance to achieve intoxication or desired effect, or (b) markedly
diminished effect with continued use of the same amount of the substance
• Withdrawal, as manifested by either of the following: (a) the characteristic withdrawal
syndrome for the substance, or (b) the same (or closely related) substance is taken to
relieve or avoid withdrawal symptoms
• The substance is often taken in larger amounts or over a longer period than intended
• There is a persistent desire or unsuccessful efforts to cut down or control substance use
• A great deal of time is spent in activities necessary to obtain the substance, use the
substance, or recover from its effects
• Important social, occupational, or recreational activities are given up or reduced because
of substance use
• The substance use is continued despite knowledge of having a persistent physical or
psychological problem that is likely to have been caused or exacerbated by the substance
(e.g., current cocaine use despite recognition of cocaine-induced depression, continued
drinking despite recognition that an ulcer was made worse by alcohol consumption)
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7.2

APPENDIX B – AAPCC/NPDS DEFINITION OF EXPOSURE REASONS

NPDS Definitions for Intentional Exposure Reason Categories
Intentional Exposure Reasons
NPDS Definition 1
“An exposure resulting in the inappropriate use of a substance for self-harm
Suspected Suicides
or self-destruction or manipulative reasons.”
“An exposure resulting from the intentional improper or incorrect use of a
substance where the victim was likely attempting to gain a high, euphoric
Abuse
effect or some other psychotropic effect”, including recreational use of a
substance for any effect.
“An exposure resulting from the intentional improper or incorrect use of a
Misuse
substance for reasons other than the pursuit of a psychotropic effect.”
Exposures that are deemed to be intentional although the specific motive is
Unknown
undetermined.

1

American Association of Poison Control Centers. National Poison Data System (NPDS) Data Dictionary. Version
2016.07.11. July 11, 2016
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7.3

APPENDIX C – NEISS-CADES DEFINITIONS FOR INTENT OF DRUG USE

Intent of drug use

Non-medical

Therapeutic
Self-harm

Definition
Nonmedical use includes pharmaceutical abuse, therapeutic misuse, and
overdoses without indication of intent.
• Abuse cases involve documented clinician diagnosis of abuse
or documented recreational use (e.g., “to get high”).
• Therapeutic misuse cases involve documented therapeutic
intent, but use was not as directed (e.g., taking someone else's
prescription medication for pain, intentionally taking larger
doses than prescribed).
• Cases of overdose without indication of intent lack
documentation of therapeutic intent, abuse, or self-harm (e.g.,
patients found unresponsive by paramedics and patients unable
or unwilling to provide description of circumstance or intent).
Therapeutic use includes adverse effects, allergic reactions, medication
errors, and unsupervised ingestions by children
Self-harm includes administration of pharmaceuticals to injure or kill
oneself

Source: Geller AI, Dowell D, Lovegrove MC, McAninch JK, Goring SK, Rose KO, Weidle NJ, Budnitz
DS. U.S. Emergency Department Visits Resulting From Nonmedical Use of Pharmaceuticals, 2016. Am J
Prev Med. 2019 May;56(5):639-647. doi: 10.1016/j.amepre.2018.12.009. Epub 2019 Mar 6.
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7.4

APPENDIX D – DIM DATA RESOURCE DESCRIPTION

The drug-involved mortality data combine the cause-of-death, demographic, and geographic
information from the National Vital Statistics System – Mortality files, with drug-involved mortality
information extracted from the death certificate literal text. The method used to extract information on
drug-involved mortality has been described previously and is briefly described here. The information
written on the death certificate by the medical certifier on the cause, manner, circumstances, and other
factors contributing to the death is referred to as the literal text fields. The literal text information had
been processed to allow for the identification of cases of drug-involved mortality, i.e., mortality cases
having at least one literal text mention of a drug, drug class, or exposure not otherwise specified,
excluding mentions where information in the literal text suggests that the drug was not involved in the
death. For example, the drug “METHICILLIN” in the phrase “METHICILLIN RESISTANT
STAPHYLOCOCCUS AUREUS INFECTION” does not suggest drug involvement in mortality, but
rather a type of bacterial infection. Similarly, the phrase “NOT DRUG RELATED” clearly indicates
that a death did not involve drugs.
Although the drug-involved mortality data overcome a major limitation of the current coding system for
mortality data by enabling the identification of specific drugs, the drug-involved mortality data have other
limitations and considerations. These limitations and considerations are described in more detail
elsewhere. Most importantly, the quality of data extracted from death certificates depends on the amount
and level of detail provided by medical certifiers, and such information can vary by certifier, jurisdiction,
and over time. For example, the percentage of drug overdose deaths with codes T36–T50.8 increased
each year (75% in 2011, 76% in 2012, 78% in 2013, 81% in 2014, 83% in 2015, and 85% in 2016).Error!
Bookmark not defined.
Undercounting of deaths with involvement of specific drugs is likely with the druginvolved mortality data.

37
94 of 173

7.5

APPENDIX E – NSDUH PRODUCT CATEGORIES AND DESCRIPTIONS16

Drug Product Category
Hydrocodone
Oxycodone
Tramadol
Codeine
Morphine
Fentanyl
Buprenorphine
Oxymorphone
Meperidine
Hydromorphone
Methadone
Any Other Prescription Pain
Reliever

Category Description
Vicodin®, Lortab®, Norco®, Zohydro® ER, generic hydrocodone, or other
similar products
OxyContin®, Percocet®, Percodan®, Roxicodone®, generic oxycodone, or
other similar products
Ultram®, Ultram® ER, Ultracet®, generic tramadol, generic extended-release
tramadol, or other similar products
Tylenol® with codeine 3 or 4, generic codeine pills, or other similar products);
Avinza®, Kadian®, MS Contin®, generic morphine, generic extended-release
morphine, or other similar products
Duragesic®, Fentora®, generic fentanyl, or other similar products
Suboxone®, generic buprenorphine, generic buprenorphine plus naloxone, or
other similar products
Opana®, Opana® ER, generic oxymorphone, generic extended-release
oxymorphone, or other similar products
Demerol® or other similar products
Dilaudid® or generic hydromorphone, Exalgo® or generic extended-release
hydromorphone, or other similar products
Methadone or other similar products
Products containing other active ingredients. Reports of misuse of "any other
prescription pain reliever" that correspond only to the specific pain reliever
categories shown in the table are excluded from estimates for Any Other
Prescription Pain Reliever and are included instead in the relevant pain reliever
category. Due to changes in how these reports of misuse of "any other
prescription pain reliever" were assigned, the 2016 estimates may differ from
previously published estimates.

Note: Over-the-counter drugs are not included.
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EXECUTIVE SUMMARY
A joint meeting of the Anesthetic and Analgesic Drug Products Advisory Committee (AADPAC) and the
Drug Safety and Risk Management Advisory Committee (DSaRM) will be held to discuss the overall risk
benefit profile and the approvability of a proposed new drug application (NDA) for NKTR-181 (pegylated
oxycodol), a long-acting (LA) opioid analgesic. In preparation for this joint advisory committee (AC)
meeting and to provide context for the AC discussion, this review examined the national utilization
patterns of opioid analgesics, with a focus on products with extended-release (ER) or LA formulations, in
the U.S. retail setting from 2014 through 2018.
Based on prescription dispensing data from U.S. retail pharmacies, an estimated 15.5 million prescriptions
were dispensed for ER/LA opioid analgesics in 2018, a 30% decrease from 2014. ER/LA opioid
analgesics accounted for approximately 9% of the total 169 million prescriptions dispensed for any opioid
analgesics in 2018. The most frequently dispensed ER/LA opioid analgesics were morphine ER at 33%,
fentanyl transdermal patch at 20%, single-ingredient oxycodone ER at 19%, and methadone at 13% of
dispensed prescriptions in 2018.
Family practice/general practice/internal medicine specialists were the top prescribers, accounting for
42% of prescriptions dispensed for ER/LA opioid analgesics from U.S. retail pharmacies in 2018. Based
on office-based physicians survey data in 2018, ER/LA opioid analgesics were primarily prescribed for
the diseases of the musculoskeletal system and connective tissue such as low back pain.
In summary, utilization of ER/LA opioid analgesics in the retail pharmacy setting decreased over the past
five years, and was considerably lower than the utilization of immediate-release (IR) opioid analgesics.
Morphine ER, fentanyl transdermal patch, single-ingredient oxycodone ER, and methadone were the most
commonly dispensed ER/LA opioid analgesics during the study period.
1

INTRODUCTION

In May 2018, Nektar Therapeutics submitted to the FDA a New Drug Application (NDA) for NKTR-181
(pegylated oxycodol), a long-acting opioid analgesic, with the proposed indication for the management of
moderate-to-severe chronic low back pain. The Division of Anesthesiology, Addiction Medicine, and
Pain Medicine (DAAP) is bringing this product to a joint meeting of the Anesthetic and Analgesic Drug
Products Advisory Committee (AADPAC), and the Drug Safety and Risk Management Advisory
Committee (DSaRM). The AC panel will be asked to discuss the approvability and whether the Applicant
adequately demonstrated the safety and efficacy of NKTR-181 for the management of chronic low back
pain in opioid-naïve adult patients with pain severe enough to require daily, around-the-clock, long-term
opioid treatment and for which alternative treatment options are inadequate. In preparation for the AC
meeting, DAAP requested the Division of Epidemiology II (DEPI II) to provide utilization data for opioid
analgesics, with a focus on products with extended-release or long-acting (ER/LA) formulations, as
background information to provide context to the AC discussion.

2
2.1

METHODS AND MATERIALS
PRODUCTS INCLUDED

The following opioid analgesics are included in the analyses of the review, which focused on opioid
analgesics largely dispensed through the retail pharmacy setting. Due to the different indications and
3
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settings of care, the review analyses excluded: 1) opioid analgesics with injectable, topical, and
suppository formulations, 2) opioid-containing Medication-Assisted Therapy (MAT) products (e.g.
buprenorphine and methadone), 3) opioid-containing cough/cold products, and 4) migraine products
containing an opioid, aspirin, butalbital, and/or caffeine.
Extended-Release/Long-Acting (ER/LA) Formulation

Immediate-Release (IR) Formulation

•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

•
•
•

Buprenorphine Transdermal
Buprenorphine Oral Strip
Fentanyl Transdermal
Hydrocodone
Hydromorphone
Methadone (excluding products used as MAT)
Morphine
Morphine-Naltrexone
Oxycodone
Oxycodone-Acetaminophen (Xartemis® XR was
withdrawn from marketing in October 2018. 1)
Oxymorphone
Tapentadol
Tramadol

Butorphanol
Codeine
Codeine-Acetaminophen
Hydrocodone-Acetaminophen
Hydrocodone-Ibuprofen
Hydromorphone
Levorphanol
Meperidine
Meperidine-Promethazine
Morphine
Opium
Oxycodone
Oxycodone-Acetaminophen
Oxycodone-Ibuprofen
Oxymorphone
Pentazocine-Acetaminophen
Pentazocine-Naloxone
Propoxyphene
Propoxyphene-Acetaminophen
Tapentadol
Tramadol
Tramadol-Acetaminophen
Transmucosal Immediate-Release
Fentanyl (TIRF)

The following opioid analgesics were not included in the analyses of the review.
o Targiniq™ ER (oxycodone-naloxone ER) had not been marketed since approval and was
withdrawn from marketing in October 2018.1
o Troxyca® ER (oxycodone-naltrexone) had not been marketed since approval and was withdrawn
from marketing in April 2018. 2
o RoxyBond™ (oxycodone ER) has not been marketed in the U.S. since approval in April 2017. 3

1

Food and Drug Administration. Endo Pharmaceuticals, Inc., et al.; Withdrawal of Approval of 10 New Drug Applications. 83 Federal Register 209 (29
October 2018): 54355-54356. Accessed May 2019. Available at: https://www.govinfo.gov/content/pkg/FR-2018-10-29/pdf/2018-23528.pdf

2

Food and Drug Administration. Mallinckrodt Inc. et al.; Withdrawal of Approval of Five New Drug Applications. 83 Federal Register 63 (2 April 2018):
14016-14017. Accessed May 2019. Available at: https://www.govinfo.gov/content/pkg/FR-2018-04-02/pdf/2018-06579.pdf
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2.2

DATA SOURCES USED

Proprietary databases available to the FDA were used to conduct the drug utilization analyses in this
review. See Appendix B for full database descriptions.
2.2.1

Determining Settings of Care

The IQVIA National Sales Perspectives™ (NSP) database was used to determine the primary setting of
care for the utilization of opioid analgesics based on the estimated number of bottles or packages of these
products sold from manufacturers to various settings of care in 2018.
2.2.2

Prescription Data

The Symphony Health PHAST™ Prescription Monthly database was used to provide the estimated
number of prescriptions dispensed for all opioid analgesics from U.S. retail pharmacies from 2014
through 2018. Data on the top ten prescriber specialties for ER/LA opioid analgesics in 2018 were also
obtained from this database.
2.2.3 Indications for Use
The Syneos Health Research & Insights LLC., TreatmentAnswers™ with Pain Panel database was used to
provide the estimated number of mentions for the use of ER/LA opioid analgesics in association with a
diagnosis (ICD-10-CM) as reported by U.S. office-based physician surveys in 2018. Estimates of drug
use mentions are obtained from surveys of a sample of 3,200 office-based physicians with 115 pain
specialists reporting on patient activity during one day per month. These survey data provide an insight
into the prescriber intent, but are not directly linked to dispensed prescriptions. A drug use mention
indicates that a specific drug was mentioned in association with a diagnosis during an office visit, but it
does not necessarily result in a prescription being generated.
3

RESULTS

In 2018, approximately 71% of bottles or packages of opioid analgesics were sold to the retail setting;
therefore, this review examined the utilization of opioid analgesics from U.S. retail pharmacies. 4
3.1

PRESCRIPTION DATA

The utilization of ER/LA opioid analgesics in the retail setting was considerably lower than the utilization
of IR opioid analgesics throughout the study period (see Figure 1 below and Table 1 in Appendix A). In
2018, an estimated 15.5 million prescriptions (9% of the total 169 million opioid analgesic prescriptions)
were dispensed for ER/LA opioid analgesics, a 30% decrease from 2014. In 2018, morphine ER was the
most commonly dispensed opioid analgesic at 33% (5 million prescriptions), followed by fentanyl
transdermal patch at 20% (3 million prescriptions), single-ingredient oxycodone ER at 19% (3 million
prescriptions), and methadone at 13% (2 million prescriptions). Similar trends were observed for the time
period from 2014 through 2017. See Figure 2 below and Table 1 in Appendix A.

3

Daiichi Sankyo, Inc. RoxyBond™ Annual Report (18 June 2018) and Quarterly Periodic Adverse Drug Experience Reports (6 August 2018, 13 November
2018, and 28 March 2019). April 20, 2017 through January 19, 2019. Silver Spring: Document Archiving, Reporting and Regulatory Tracking System
(DARRTS) Electronic Document Room (EDR).

4

Source: IQVIA National Sales Perspectives™ 2018. Data extracted June 2019.
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Figure 1. Estimated number of prescriptions dispensed for opioid analgesics from U.S. retail
pharmacies, 2014-2018
Total Opioid Analgesics
IR Opioid Analgesics
ER/LA Opioid Analgesics

300.0

Prescriptions in millions

250.0

200.0

150.0

100.0

50.0

0.0

2014

2015

2016
Year

2017

2018

Source: Symphony Health PHAST™ Prescription Monthly. 2014-2018. Data extracted June 2019.
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Figure 2. Estimated number of prescriptions dispensed for extended-release or long-acting (ER/LA)
opioid analgesics, stratified by product, from U.S. retail pharmacies, 2014-2018
7.0

Prescriptions in millions

6.0
Morphine ER
5.0
4.0

Fentanyl Transdermal Patch

3.0

Oxycodone ER

2.0

Methadone

1.0
0.0

Tramadol ER

2014

Morphine ER
Methadone
Oxymorphone ER
Buprenorphine Oral Strip
Oxycodone-Acetaminophen ER

2015

2016
Year

Fentanyl Transdermal Patch
Tramadol ER
Hydrocodone ER
Morphine-Naltrexone ER

2017

2018

Oxycodone ER
Buprenorphine Transdermal Patch
Tapentadol ER
Hydromorphone ER

Source: Symphony Health PHAST™ Prescription Monthly. 2014-2018. Data extracted June 2019.

3.2

PRESCRIBER SPECIALTIES

In 2018, family practice/general practice/internal medicine specialists accounted for approximately 42%
of total prescriptions dispensed for ER/LA opioid analgesics from U.S. retail pharmacies.
Anesthesiologists and physical medicine and rehabilitation specialists followed at 20% and 10%,
respectively, of prescriptions dispensed in 2018. See Table 3 in Appendix A.
3.3

INDICATIONS FOR USE

As reported by U.S. office-based physician surveys in 2018, the diseases of the musculoskeletal system
and connective tissue (M00-M99) such as low back pain (M54.5) were the top diagnoses (62.5% of total
drug use mentions) associated with the mentions for the use of ER/LA opioid analgesics. The diseases of
the nervous system (G00-G99) such as chronic pain syndrome (G89.4), and neoplasms (C00-D49)
followed at 14% and 9%, respectively, of total mentions for the use of ER/LA opioid analgesics in 2018.
See Table 4 in Appendix A.
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4

DISCUSSION

This review examined outpatient retail utilization of opioid analgesics to provide background for an
Advisory Committee to discuss the efficacy, safety, and approvability of a NDA for NKTR-181
(pegylated oxycodol) for the indication for the management of moderate to severe chronic low back pain.
The focus of the review is the utilization of ER/LA opioid analgesics because NKTR-181 is a long-acting
opioid analgesic. Our findings showed that the total utilization of ER/LA opioid analgesics from U.S.
retail pharmacy setting decreased by 30% from 2014 to 2018, and accounted for 9% of the total 169
million opioid analgesic prescriptions dispensed in 2018. Findings from this review should be interpreted
within the context of the known limitations of the databases used. Dispensed prescription estimates are
nationally projected based on a sample of prescriptions claims from U.S. retail pharmacies.
Summarization of these projected estimates across time periods and/or products may lead to differences in
prescription count due to rounding attributable to the projection methodology utilized.
Based on survey data in 2018, office-based physicians reported the use of ER/LA opioid analgesics
primarily in association with the diseases of the musculoskeletal system and connective tissue such as low
back pain. The diagnoses data were obtained from surveys of a sample of 3,200 office-based physicians
with 115 pain specialists reporting on patient activity during one day per month. Although physician
survey data provide an insight into the prescriber’s intent, they are not directly linked to dispensed
prescriptions. Due to the small sample sizes captured with correspondingly large confidence intervals,
these data should be interpreted with caution and may not be representive of national trends.
5

CONCLUSIONS

The utilization of ER/LA opioid analgesics in the retail pharmacy setting decreased over the past five
years, and was considerably lower than the utilization of IR opioid analgesics. Morphine ER, fentanyl
transdermal patch, single-ingredient oxycodone ER, and methadone were the most commonly dispensed
ER/LA opioid analgesics during the study period.
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6

APPENDIX A: TABLES

Table 1. Estimated number of prescriptions dispensed for opioid analgesics from U.S. retail pharmacies, 2014-2018
Year
2014
TRxs
Total Opioid Analgesics
Immediate-Release
Extended-Release or Long-Acting

2015
%

TRxs

2016
%

TRxs

2017
%

TRxs

2018
%

TRxs

%

242,741,922 100.0% 225,443,624 100.0% 213,004,879 100.0% 191,775,620 100.0% 168,902,461 100.0%
220,656,303

90.9% 203,662,859

90.3% 192,373,106

90.3% 173,666,805

90.6% 153,431,091

90.8%

22,085,619

9.1%

21,780,765

9.7%

20,631,773

9.7%

18,108,815

9.4%

15,471,370

9.2%

Morphine

6,351,187

28.8%

6,461,754

29.7%

6,226,481

30.2%

5,662,726

31.3%

5,050,683

32.6%

Fentanyl Transdermal Patch

4,882,885

22.1%

4,813,205

22.1%

4,449,737

21.6%

3,762,324

20.8%

3,035,015

19.6%

Oxycodone

4,666,576

21.1%

4,439,236

20.4%

4,037,387

19.6%

3,473,526

19.2%

3,001,903

19.4%

Methadone

3,335,990

15.1%

3,062,344

14.1%

2,740,901

13.3%

2,351,950

13.0%

2,013,980

13.0%

Tramadol

725,109

3.3%

693,604

3.2%

668,341

3.2%

606,748

3.4%

574,169

3.7%

Buprenorphine Transdermal Patch

612,384

2.8%

640,155

2.9%

643,710

3.1%

596,455

3.3%

533,685

3.4%

Oxymorphone

991,877

4.5%

1,017,040

4.7%

980,619

4.8%

712,973

3.9%

353,397

2.3%

Hydrocodone

38,570

0.2%

157,054

0.7%

242,501

1.2%

279,718

1.5%

268,119

1.7%

263,171

1.2%

285,316

1.3%

339,524

1.6%

321,511

1.8%

233,247

1.5%

Buprenorphine Oral Strip

--

--

--

--

46,412

0.2%

84,389

0.5%

162,286

1.0%

Morphine-Naltrexone

1

<0.1%

27,487

0.1%

109,297

0.5%

134,777

0.7%

144,778

0.9%

186,003

0.8%

163,566

0.8%

139,778

0.7%

119,011

0.7%

100,095

0.6%

31,866

0.1%

20,004

0.1%

7,085

<0.1%

2,707

<0.1%

13

<0.1%

Tapentadol

Hydromorphone
Oxycodone-Acetaminophen

Source: Symphony Health PHAST™ Prescription Monthly, 2014-2018. Data extracted June 2019.
* Targiniq™ ER (oxycodone-naloxone ER), Troxyca® ER (oxycodone-naltrexone), and RoxyBond™ (oxycodone ER) were not included from other analysis because they had not been marketed in the U.S.
since approval and were withdrawn from marketing. Due to the different indications and settings of care, the analysis also excluded: 1) opioid analgesics with injectable, topical, and suppository
formulations, 2) Medication-Assisted Therapy (MATs) products (e.g. buprenorphine and methadone), 3) opioid-containing cough/cold products, and 4) migraine products containing an opioid, aspirin,
butalbital, and/or caffeine.
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Table 2. Estimated number of prescriptions dispensed for hydrocodone-containing, oxycodone-containing, or morphine
analgesics from U.S. retail pharmacies, 2014-2018
Year
2014
TRxs
Total Hydrocodone-Containing Analgesics
Hydrocodone IR, Combination
Hydrocodone ER
Total Oxycodone-Containing Analgesics

2015
%

TRxs

2016
%

TRxs

2017
%

TRxs

2018
%

TRxs

%

112,049,311 100.0%

91,262,115 100.0%

83,833,233 100.0%

74,041,864 100.0%

63,726,045 100.0%

112,010,741 100.0%

91,105,061

99.8%

83,590,732

99.7%

73,762,146

99.6%

63,457,926

99.6%

157,054

0.2%

242,501

0.3%

279,718

0.4%

268,119

0.4%

38,570

<0.1%

54,265,278 100.0%

56,558,994 100.0%

54,462,506 100.0%

49,671,817 100.0%

44,358,483 100.0%

Oxycodone IR, Combination

33,005,473

60.8%

34,229,615

60.5%

32,364,280

59.4%

28,861,721

58.1%

24,980,556

56.3%

Oxycodone IR

16,561,363

30.5%

17,870,139

31.6%

18,053,754

33.1%

17,333,863

34.9%

16,376,011

36.9%

Oxycodone ER

4,666,576

8.6%

4,439,236

7.8%

4,037,387

7.4%

3,473,526

7.0%

3,001,903

6.8%

31,866

0.1%

20,004

<0.1%

7,085

<0.1%

2,707

<0.1%

13

<0.1%

Oxycodone-Acetaminophen ER
Total Morphine

8,348,813 100.0%

8,464,590 100.0%

8,195,206 100.0%

7,569,151 100.0%

6,915,185 100.0%

Morphine ER

6,351,187

76.1%

6,461,754

76.3%

6,226,481

76.0%

5,662,726

74.8%

5,050,683

73.0%

Morphine IR

1,997,626

23.9%

2,002,836

23.7%

1,968,725

24.0%

1,906,425

25.2%

1,864,502

27.0%

Source: Symphony Health PHAST™ Prescription Monthly, 2014-2018. Data extracted June 2019.
* Targiniq™ ER (oxycodone-naloxone ER), Troxyca® ER (oxycodone-naltrexone), and RoxyBond™ (oxycodone ER) were not included from othe analysis because they had not been marketed in the U.S.
since approval and were withdrawn from marketing. Due to the different indications and settings of care, the analysis also excluded: 1) opioid analgesics with injectable, topical, and suppository
formulations, and 2) opioid-containing cough/cold products.
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Table 3. Estimated number of prescriptions dispensed for extended-release or long-acting (ER/LA)
opioid analgesics, stratified by top 10 prescriber specialties, from U.S. retail pharmacies, 2018
2018
TRxs
Total ER/LA Opioid Analgesics

%

15,471,370 100.0%

Family Practice/General Practice/Internal Medicine

6,546,038

42.3%

Anesthesiology

3,062,566

19.8%

Physical Medicine and Rehabilitation

1,511,631

9.8%

Pain Medicine

896,864

5.8%

Medical Oncology

505,952

3.3%

Orthopedics

230,605

1.5%

Nurse Practitioner

315,857

2.0%

Neurology

295,388

1.9%

Emergency Medicine

124,501

0.8%

Geriatrics

118,867

0.8%

1,863,101

12.0%

All Other Specialties
Source: Symphony Health PHAST™ Prescription Monthly. 2018. Data extracted June 2019.

*Symphony Health assigned specialty and specialty group in PHAST™ Prescription Monthly based on the description and information provided from various
groups of practice specialties who collected the practitioner records. Certain title or designation such as physician assistants were mapped under the specialty
that they practice in. For example, a physician assistant working in family medicine would report under family medicine.
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Table 4. Estimated number of mentions for the use of extended-release or long-acting (ER/LA)
opioid analgesics in association with a diagnosis (ICD-10-CM) as reported by U.S. office-based
physician surveys, 2018
2018

Total ER/LA Opioid Analgesics
M00-M99 Diseases of the musculoskeletal system and connective tissue

Uses (000)

95% CI

%

6,266

5,770 - 6,762

100.0%

3,918

3,526 - 4,310

62.5%

M54.5 Low back pain

712

545 - 879

18.2%

M96.1 Postlaminectomy syndrome, not elsewhere classified

455

321 - 588

11.6%

M54.1 Radiculopathy

360

241 - 479

9.2%

M51.3 Other thoracic, thoracolumbar and lumbosacral intervertebral disc
degeneration

253

153 - 352

6.5%

M47.8 Other spondylosis

233

137 - 329

6.0%

M48.0 Spinal stenosis

210

119 - 301

5.4%

M25.5 Pain in joint

186

100 - 271

4.7%

M54.2 Cervicalgia

143

68 - 217

3.6%

M54.9 Dorsalgia, unspecified

123

54 - 193

3.2%

M17.0 Bilateral primary osteoarthritis of knee

113

46 - 179

2.9%

1,131

921 - 1,342

28.9%

885

699 - 1,071

14.1%

All Others
G00-G99 Diseases of the nervous system
G89.4 Chronic pain syndrome

252

153 - 352

28.5%

G89.3 Neoplasm related pain (acute) (chronic)

231

136 - 326

26.1%

G89.2 Chronic pain, not elsewhere classified

85

27 - 143

9.6%

G90.5 Complex regional pain syndrome I (CRPS I)

72

19 - 125

8.1%

G58.9 Mononeuropathy, unspecified

50

6 - 94

5.6%

G35 Multiple sclerosis

30

<0.5 - 64

3.4%

G62.9 Polyneuropathy, unspecified

29

<0.5 - 62

3.2%

G90.0 Idiopathic peripheral autonomic neuropathy

20

<0.5 - 47

2.2%

G44.3 Post-traumatic headache

19

<0.5 - 47

2.2%

G60.9 Hereditary and idiopathic neuropathy, unspecified

17

<0.5 - 44

2.0%

80

24 - 136

9.1%

C00-D49 Neoplasms

All Others

557

409 - 705

8.9%

F11 Opioid related disorders & F19 Other psychoactive substance related
disorders

259

158 - 359

4.1%

S00-T88 Injury, poisoning and certain other consequences of external causes

245

D57 Sickle-cell disorders

23

All Others

379

147 - 343
<0.5 - 54
257 - 500

3.9%
0.4%
6.0%

Source: Syneos Health Research & Insights LLC., TreatmentAnswers™. 2018. Data extracted June 2019.
*Diagnosis data are not directly linked to dispensed prescriptions but are obtained from surveys of a sample of 3,200 office-based physicians reporting on
patient activity during one day per month. Syneos recommends caution interpreting results where projected drug use mentions fall below 100,000 because the
sample size may be very small with correspondingly large confidence intervals and may not provide reliable national estimates of use.
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7

APPENDIX B: DATABASE DESCRIPTIONS

IQVIA National Sales Perspectives™ (NSP)
The IQVIA National Sales Perspectives™ measures the volume of drug products, both
prescription and over-the-counter, and selected diagnostic products moving from manufacturers
into various outlets within the retail and non-retail markets. Volume is expressed in terms of sales
dollars, eaches, extended units, and share of market. These data are based on national projections.
Outlets within the retail market include the following pharmacy settings: chain drug stores,
independent drug stores, mass merchandisers, food stores, and mail service. Outlets within the
non-retail market include clinics, non-federal hospitals, federal facilities, HMOs, long-term care
facilities, home health care, and other miscellaneous settings.
The manufacturer sales distribution data do not provide an estimate of direct patient use but do provide a
national estimate of units sold from the manufacturer to various retail and non-retail settings of care. The
amount of product purchased by these settings of care may be a possible surrogate for use if we assume
that facilities purchase drugs in quantities reflective of actual patient use.
Symphony Health PHAST™ Prescription Monthly
PHAST Prescription Monthly is a syndicated view of U.S. retail, mail order and long-term care pharmacy
prescription activity, updated on a monthly basis. PHAST Prescription Monthly covers over 54,000 retail
pharmacies in the sample including mail order and specialty pharmacies. The dispensed prescriptions in
the sample represent approximately 92% of all U.S. retail prescriptions (cash, Medicaid, commercial) as
well as 69% of all U.S. mail order prescriptions. The retail and mail order prescriptions are projected to
the national level.
Syneos Health Research & Insights LLC., TreatmentAnswers™ with Pain Panel
Syneos Health Research & Insights, LLC., TreatmentAnswers™ and TreatmentAnswers™ with Pain
Panel is a monthly survey designed to provide descriptive information on the patterns and treatment of
diseases encountered in office-based physician practices in the U.S. The survey consists of data collected
from over 3,200 office-based physicians representing 30 specialties across the United States that report on
all patient activity during one typical workday per month. These data may include profiles and trends of
diagnoses, patients, drug products mentioned during the office visit and treatment patterns. The Pain
Panel supplement surveys over 115 pain specialists physicians each month. With the inclusion of visits to
pain specialists, this will allow additional insight into the pain market. The data are then projected
nationally by physician specialty and region to reflect national prescribing patterns.
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Department of Health and Human Services
Public Health Service
Food and Drug Administration
Center for Drug Evaluation and Research
Office of Surveillance and Epidemiology
Date:

December 9, 2019

To:

Members of the Joint Anesthetic and Analgesic Drug Products
Advisory Committee and Drug Safety and Risk Management
(DSaRM) Advisory Committee

From:

Division of Risk Management (DRISK)
Office of Medication Error Prevention and Risk Management
(OMEPRM)
Office of Surveillance and Epidemiology (OSE)

Drug Name:

oxycodegol

Application Number:

NDA 211802

Subject:

Risk Evaluation and Mitigation Strategy (REMS)

If approved, oxycodegol oral tablets, (NDA 211802) will be required to become a member of the
Opioid Analgesic Risk Evaluation and Mitigation Strategy (REMS) to ensure the benefits of the
drug outweigh the risks of adverse outcomes (addiction, unintentional overdose, and death)
resulting from inappropriate prescribing, abuse, and misuse. The Opioid Analgesic REMS is a
shared system REMS that was initially approved as the Extended-Release (ER) and Long-Acting
(LA) (ER/LA) REMS in July 2012 and expanded in September 2018 to include all application
holders of IR opioid analgesics that are expected to be used in the outpatient setting and that
are not already covered by another REMS program.
The Opioid Analgesic REMS is intended to reduce risks and improve safe use of opioid
analgesics while continuing to provide access to these medications for patients in pain. The
central component of the Opioid Analgesics REMS is an education program for healthcare
providers (HCPs), including prescribers, nurses, and pharmacists, involved in the treatment and
monitoring of patients with pain. Under the Opioid Analgesic REMS, application holders1 are
required to make education programs available to HCPs. The application holders are meeting
1 Application holders refers to all the manufacturers of the new drug applications (NDAs) and abbreviated new drug applications (ANDAs) for opioid analgesics that are subject
to the REMS requirements. ANDAs refer to generic drugs. The applicant holders have come together as a consortium and formed the REMS Program Companies (RPC).
Throughout this background document, the manufacturers may be referred to as application holders or RPC.
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this requirement by providing educational grants to accredited continuing education (CE)
providers who offer training to HCPs at no or nominal cost. The training must include successful
completion of a knowledge assessment and proof of successful program completion.
To be considered compliant with the Opioid Analgesic REMS, the CE courses are required to
include the content and messages of a “blueprint” developed by FDA for this purpose. The
currently approved FDA Blueprint, FDA’s Opioid Analgesic REMS Education Blueprint for Health
Care Providers Involved in the Treatment and Monitoring of Patients with Pain, focuses on the
fundamentals of acute and chronic pain management and provides a contextual framework for
the safe prescribing of opioid analgesics. This includes principles related to the acute and
chronic pain management; non-pharmacologic treatments for pain; and pharmacologic
treatments for pain (both non-opioid analgesic and opioid analgesic). The FDA Blueprint covers
basic information about addiction medicine and opioid use disorder. The core messages are
directed to prescribers, pharmacists, and nurses, but are also relevant for other HCPs who
participate in the management of pain.2
The Opioid Analgesics REMS also includes a patient counseling guide for HCPs to assist in
properly counseling patients on their responsibilities for using these medicines safely and to
provide patients with additional written instructions as needed. The approved labeling for
opioid analgesics includes a product-specific one-page Medication Guide to be given to patients
each time they receive a prescription of their opioid analgesic medicine. The Medication Guide
contains consumer-friendly information on the safe use and disposal of opioid analgesics and
instructions for patients to consult their HCP before changing doses, signs of potential overdose
and emergency contact instructions, and advice on safe storage to prevent accidental
exposure to family members.

Attachments: Appendix– FDA Blueprint

2 Opioid Analgesic REMS Education Blueprint for Health Care Providers Involved in the Treatment and Monitoring of Patients with Pain. The FDA Blueprint contains core
messages intended for use by CE providers to develop educational materials to train HCPs under the REMS.
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Enrichment Strategies for Clinical Trials to Support Determination
of Effectiveness of Human Drugs and Biological Products
Guidance for Industry 1

This guidance represents the current thinking of the Food and Drug Administration (FDA or Agency) on
this topic. It does not establish any rights for any person and is not binding on FDA or the public. You
can use an alternative approach if it satisfies the requirements of the applicable statutes and regulations.
To discuss an alternative approach, contact the FDA office responsible for this guidance as listed on the
title page.

I.

INTRODUCTION

The purpose of this guidance is to assist industry in developing enrichment strategies that can be
used in clinical investigations intended to demonstrate the effectiveness of drug and biological
products. Enrichment is the prospective use of any patient characteristic to select a study
population in which detection of a drug effect (if one is in fact present) is more likely than it
would be in an unselected population. Although this guidance focuses on enrichment directed at
improving the ability of a study to detect a drug’s effectiveness, similar strategies can be used in
safety assessments.
The enrichment strategies described in this guidance are intended to increase the efficiency of
drug development and support precision medicine, i.e., tailoring treatments to those patients who
will benefit based on clinical laboratory, genomic, and proteomic factors. This guidance also
discusses design options for enrichment strategies and discusses the interpretation of the results
of studies that use enrichment strategies.
In general, FDA’s guidance documents do not establish legally enforceable responsibilities.
Instead, guidances describe the Agency’s current thinking on a topic and should be viewed only
as recommendations, unless specific regulatory or statutory requirements are cited. The use of
the word should in Agency guidances means that something is suggested or recommended, but
not required.

This guidance was developed by the Center for Drug Evaluation and Research in coordination with the Center for
Biologics Evaluation and Research at the Food and Drug Administration. Although the principles and examples
discussed in this guidance relate primarily to the safety and effectiveness of drugs and biologic products many of
these principles also apply to studies for other medical products, including devices. FDA encourages a sponsor that
is considering applying these principles to the study of a device to discuss such a proposal with the Center for
Devices and Radiological Health, specifically with the organizational unit responsible for that product area.

1
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II.

BACKGROUND

Sponsors of investigational drug products use a variety of strategies to enrich the study
population by selecting a subset of patients in which the potential effect of a drug can more
readily be demonstrated.
Three broad categories of enrichment strategies as listed below are addressed in this guidance:
(1) Strategies to decrease variability — These include choosing patients with baseline
measurements of a disease or a biomarker characterizing the disease in a narrow range
(decreased interpatient variability) and excluding patients whose disease or symptoms
improve spontaneously or whose measurements are highly variable (decreased
intrapatient variability). The decreased variability provided by these strategies would
increase study power (see section III., Decreasing Variability).
(2) Prognostic enrichment strategies — These include choosing patients with a greater
likelihood of having a disease-related endpoint event (for event-driven studies) or a
substantial worsening in condition (for continuous measurement endpoints) (see section
IV., Prognostic Enrichment Strategies — Identifying High-Risk Patients). These
strategies would increase the absolute effect difference between groups but would not be
expected to alter relative effect.
(3) Predictive enrichment strategies — These include choosing patients who are more likely
to respond to the drug treatment than other patients with the condition being treated.
Such selection can lead to a larger effect size (both absolute and relative) and can permit
use of a smaller study population. Selection of patients could be based on a specific
aspect of a patient’s physiology, a biomarker, or a disease characteristic that is related in
some manner to the study drug’s mechanism. Patient selection could also be empiric
(e.g., the patient has previously appeared to respond to a drug in the same class) (see
section V., Predictive Enrichment — Identifying More-Responsive Patients).
Enrichment characteristics can be dichotomous (e.g., sex, presence of genetic marker(s), a
concomitant illness) or continuous (e.g., age, blood pressure (BP)). Studies using the latter
would ordinarily dichotomize the continuous variable (e.g., BP over 160 systolic) or examine
several different cut-offs (e.g., BP over 140, over 160).
The enrichment strategies described in this guidance are discussed primarily in the context of
randomized controlled trials (but could also be relevant to other designs, such as single-arm
studies or historically (externally) controlled trials). In almost all cases, the strategies for patient
selection are prospectively planned and fixed prior to study initiation (with a few exceptions for
adaptive strategies to be noted later). These strategies, therefore, generally do not compromise
the statistical validity of the trials or the meaningfulness of the conclusions reached for the
population actually studied. The illustrative examples and design options described have been
used in the past, but they should not be regarded as an exclusive list or a limitation. FDA
encourages the development of additional approaches as experience with these strategies grows.
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The principal concerns with the use of enrichment strategies relate to the generalizability and
applicability of the study results. When considering use of an enrichment design, sponsors
should consider whether the enrichment strategy could be used in practice to identify the patients
to whom the drug should be given and whether the drug might be useful in a broader population
(see section VII.A., Summary — The Decision to Use an Enrichment Strategy). The extent to
which patients should be studied who do not meet the selection criteria for enrichment (see
section VII.B., Study of Marker-Negative Patients) is therefore a critical consideration. In
addition, in the setting of predictive enrichment strategies, the accuracy of the measurements
used to identify the enrichment population and the sensitivity and specificity of the enrichment
criteria used to distinguish treatment responders and nonresponders are also critical issues.
III.

DECREASING VARIABILITY

Approaches to increasing study power (the ability of a clinical trial to demonstrate a treatment
effect if one is present) by decreasing heterogeneity (nondrug-related variability) are widely
practiced. The following strategies are useful and generally accepted ways to decrease
variability:
•

Defining entry criteria carefully to ensure that enrolled patients actually have the disease
that is being studied.

•

Training investigators to adhere to protocol-specified entry definitions and criteria.

•

Identifying and selecting patients likely to adhere to treatment to decrease variability in
drug exposure. Note: Excluding poor compliers identified after randomization in the
analysis is not acceptable because such patients are not likely to be a random sample of
the study population and because adherence itself has been linked to outcome, even
adherence to a placebo treatment (Coronary Drug Project Research Group 1980).

•

Using placebo lead-in periods before randomization to eliminate patients who improve
spontaneously or have large placebo responses.

•

Decreasing intrapatient variability by enrolling only patients who give consistent baseline
values (e.g., for BP measurements, treadmill exercise tests, pulmonary function tests, or
patient-reported outcome measures).

•

Excluding patients taking drugs that are pharmacologically similar to, or that could
interact with, the study drug.

•

Excluding patients unlikely to tolerate the drug.

•

Excluding patients likely to drop out for nonmedical reasons (e.g., because they have
difficulty getting to the study site).
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•

Excluding patients with comorbid illness that would make completing the treatment
period unlikely.

Two of the strategies described above — encouraging adherence and reducing the number of
spontaneous improvers or placebo responders — are further discussed in sections III.A.,
Encouraging Adherence, and III.B., Decreasing Placebo Responses and Spontaneous
Improvement.
Some strategies to decrease variability can result in studies that provide too little information
about the full range of patients who will receive a drug in clinical practice, such as the elderly,
patients with multiple illnesses, and patients taking multiple drug therapies. It is not clear that
concomitant illnesses that do not affect survival or other endpoint measurements or concomitant
drugs unrelated to a test drug really do interfere with assessment of a treatment effect.
Therefore, the implications of using these strategies should be carefully considered before they
are used and should be balanced against the need for information in critical patient subgroups.
A.

Encouraging Adherence

Practices that have become standard for ensuring adherence include: encouraging adherence by
making patients aware of the conditions and demands of the trial, avoiding overly rapid titration
of drugs that could cause intolerable early adverse reactions, using adherence prompts and alert
systems, and counting pills (or using smart bottles to monitor drug use) so that nonadherent
patients can be encouraged to perform better. On occasion, more protocol-specific efforts have
been used to identify and enroll good adherers into clinical trials. For example:
•

In the Veterans Administration Cooperative hypertension studies of the late 1960s and
early 1970s, prospective patients were given placebo tablets containing riboflavin during
a single-blind prerandomization period. Patients’ urine was then examined for
fluorescence; and randomized only patients whose urine fluoresced (evidence that the
patients had been taking the riboflavin tablets) on two consecutive visits during a 2- to 4month observation period were randomized (Veterans Administration Cooperative Study
Group on Antihypertensive Agents 1967, 1970).

•

The Physicians’ Health Study used an 18-week, prerandomization placebo run-in during
which patients (all physicians) self-reported whether they were taking the drug as
specified in the protocol (Steering Committee of the Physicians’ Health Study Research
Group 1989). About one-third of the screened patients were not randomized because of
self-reported poor adherence. Adherence during the randomized study was reported as a
very satisfactory 90% over the 5 years of the study, greatly increasing its power (Lang et
al. 1991).
B.

Decreasing Placebo Responses and Spontaneous Improvement

In placebo-controlled trials of drugs for symptomatic conditions (e.g., depression, anxiety,
angina) or laboratory/vital sign abnormalities (e.g., dyslipidemia, hypertension), use of a singleblind, placebo lead-in period and exclusion of placebo responders (i.e., randomize only patients
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whose signs or symptoms remain above some threshold value) are relatively common. This is
done to identify and not randomize patients who would have had an improvement for a reason
other than a response to the test treatment (e.g., spontaneous improvement, a placebo response,
an effect of expectations on observations) that resolved or reduced a patient’s symptoms or signs,
making the patient less likely to show a response to treatment. Also, many signs and symptoms
vary spontaneously; therefore, initial screening values that would support enrollment may
represent random highs of the disease course that would be followed by regression to the mean,
leaving the patient with mild to no symptoms and little opportunity to no opportunity to benefit
from a drug.
IV.

PROGNOSTIC ENRICHMENT STRATEGIES — IDENTIFYING HIGH-RISK
PATIENTS

Prognostic enrichment strategies are designed to increase the proportion of patients likely to have
a particular disease-related endpoint event or substantial worsening in condition.
Event-based studies: For any given desired power in an event-based study, a study to lower the
rate of cardiovascular (CV) events or tumor recurrence, the appropriate sample size will depend
on effect size and the event rate in the control group. If the patients enrolled have a high event
rate in the course of the study, the power of a study to detect any given level of relative risk
reduction will increase. A wide variety of prognostic indicators has been used to identify
patients with a greater likelihood of having the outcome event of interest (or a large change in a
continuous measure of interest, e.g., worsening of symptoms). These prognostic indicators
include clinical and laboratory measures, medical history, genomic, and proteomic measures,
among others. In many cases patients at high risk for events are chosen for the initial outcome
study of a drug, and if successful, larger studies in lower risk patients are conducted later.
Progression-based studies: Prognostic enrichment strategies are also potentially applicable to the
study of drugs intended to delay progression of a variety of diseases, such as Alzheimer’s
disease, Parkinson’s disease, rheumatoid arthritis, and multiple sclerosis, and other conditions for
which patients likely to have more rapid progression could be selected. A prognostic marker
may also be predictive (see section V., Predictive Enrichment — Identifying More-Responsive
Patients). That is, the more rapidly progressing patients could be less responsive to treatment
(i.e., rapid progression would be a negative predictor of response) or more responsive to
treatment, as illustrated in the angiotensin converting enzyme (ACE) inhibitor case described in
section IV.A.1., CV Studies.
For any given desired power in an event-based study, the appropriate sample size will depend on
effect size and the event rate in the control group. Prognostic enrichment does not affect the
relative risk reduction but will increase the number of events in a shorter time period, generally
allowing for a smaller sample size. For example, reduction of mortality from 10% to 5% in a
high-risk population is the same relative effect as a reduction from 1% to 0.5% in a lower risk
population, but the reductions in absolute risk are 5% and 0.5%, respectively. The sample size
needed would be smaller in the high-risk population. The increased absolute effect could also
enhance the benefit-risk relationship in the studied population.
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A.

Experience With Prognostic Enrichment Strategies

1.

CV Studies

In CV disease, the severity of the illness being studied and other factors that can indicate
increased risk have been used to identify patients at greater risk for CV events, considerably
reducing the sample sizes needed to show an effect in outcome studies. Examples include a
history of recent myocardial infarction (MI) or stroke; the presence of concomitant illness such
as diabetes or hypertension; and certain blood markers, such as very high low-density lipoprotein
(LDL) cholesterol, low high-density lipoprotein (HDL) cholesterol and high C-reactive protein
(CRP). Outcome studies using ACE inhibitors in heart failure (HF) and 5-hydroxy-3methylglutaryl-coenzyme A (HMG CoA) reductase inhibitors in hyperlipidemia (the enalapril
and statin trials, respectively) illustrate this approach.
In the enalapril trials, mortality reduction and decreases in morbid events (such as
hospitalization) were first assessed in a very ill HF population of New York Heart Association
Class IV patients (Cooperative North Scandinavian Enalapril Survival Study (CONSENSUS)),
then in less ill patients (Studies of Left Ventricular Dysfunction (SOLVD) treatment trial), and
eventually in asymptomatic patients (SOLVD prevention trial) (CONSENSUS Study Group
1987; SOLVD Investigators 1991, 1992). In the later studies, composite endpoints were needed
because the number of early deaths was too low to allow a mortality effect to be demonstrated;
event rates were about 15% at 1 year on placebo in the SOLVD treatment trial and about 5% in
the SOLVD prevention trial, far lower than the 44% 6-month mortality in CONSENSUS in the
placebo group. The very high early mortality in CONSENSUS, together with the large effect
size (40% reduction in mortality), allowed demonstration of a survival effect in just 253 very ill
Class IV patients, while the studies in less ill patients required sample sizes of 2,000 to 4,000
patients. The higher risk patients enrolled as a result of prognostic enrichment showed, as
expected, a larger absolute effect size, but relative effect size was also greater in the more ill
patients, suggesting that severity was also a predictive marker (see section V., Predictive
Enrichment — Identifying More-Responsive Patients).
More recently, patients with a ventricular ejection fraction less than 35% to 40% (normal 55–
65%) and levels of plasma B-type natriuretic peptide (BNP) or N-terminal pro-BNP above
specific levels were enrolled in a study of the neprilysin inhibitor sacubitril in HF because these
markers were thought to reflect HF severity. The study showed a significant effect on the
combined endpoint of CV death plus HF hospitalization, which occurred in the control group at
26.5% over about 2 years (McMurray et al. 2014).
A similar strategy of identifying people at very high risk was used in the statin trials. The early
CV outcome trials with statins were able to evaluate the effects of the drugs on mortality because
the patients enrolled in the trials had a history of heart disease and very elevated cholesterol
levels, an indicator of patients whose mortality risk was substantial (Pedersen et al. 1994). As
the benefit of statins became established in high-risk patient populations, patients with less
marked LDL cholesterol elevations and without known coronary artery disease were enrolled in
subsequent CV outcome trials. These populations had not yet been shown to benefit from LDL
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cholesterol lowering and, therefore, could still be ethically studied; patients in those trials were
identified as high risk because of some other illness (e.g., type 2 diabetes mellitus) or risk factor
(e.g., low HDL cholesterol, elevated high-sensitivity CRP). As the population’s risk became
lower, sample sizes increased considerably, but prognostic factors made the studies possible. For
example, in the JUPITER (Justification for the Use of Statins in Primary Prevention: An
Intervention Trials Evaluating Rosuvastatin) study (n=17,802), a statin was shown to have an
effect on outcome in patients with LDL cholesterol levels that were considered “normal,” but
who were at higher CV risk based on factors other than LDL cholesterol, including age, one
additional CV risk factor, and a high-sensitivity CRP greater than or equal to 2 mg/L (Ridker et
al. 2008). As the magnitude of risk declined in these study populations, relying on composite
endpoints often became necessary because the mortality rate was too low to allow a mortality
trial of reasonable size.
Choosing patients at relatively high risk of CV events can also be critical for safety studies to be
able to rule out a given level of CV risk with a reasonably feasible study size. This approach is
now recommended for the development of new antidiabetic treatments 2 and has been a
consideration in the design of studies to evaluate the CV risk of nonsteroidal anti-inflammatory
drugs.
2.

Oncology Studies

Studies intended to show reduced or delayed occurrence or recurrence of cancer are clearly more
likely to be successful in patients identified as high risk for such events (e.g., by genetic or other
characteristics). For example, adjuvant therapy studies of tamoxifen showed that the drug not
only delayed development of metastases in patients with breast cancer but also reduced the risk
of contralateral tumors (new primary tumors) in this high-risk group (high risk because the
patients previously had breast cancer). Tamoxifen was then studied in 13,000 high-risk women
(calculated using the Gail model) without a prior diagnosis of breast cancer who were followed
for 4 years (National Surgical Adjuvant Breast and Bowel Project (NSABP) P-1) (Fisher et al.
1998). The study showed a 44% relative reduction in risk of invasive breast cancer, and FDA
approved tamoxifen for reducing the risk of breast cancer in high-risk individuals identified
using the Gail model calculator. A study in patients at lower risk would have required a
substantially larger sample size. For example, a study of patients with a risk that was 25% of the
risk of the NSABP P-1 study population would have needed about 20,000 patients to detect an
effect of the size observed in the NSABP P-1 study with 90% power.
3.

Pulmonary Studies

History of a recent exacerbation in patients with chronic obstructive pulmonary disease (COPD)
is generally thought to predict the likelihood of exacerbations in the subsequent year, and for this
reason, most COPD clinical trials use history of exacerbation as an inclusion criterion (e.g., only
See the guidance for industry Diabetes Mellitus — Evaluating Cardiovascular Risk in New Antidiabetic Therapies
to Treat Type 2 Diabetes (December 2008). We update guidances periodically. To make sure you have the most
recent version of a guidance, check the FDA guidance web page at
https://www.fda.gov/RegulatoryInformation/Guidances/default htm.
2
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patients with at least 1 exacerbation in the past 12 months are enrolled). FDA has also qualified
plasma fibrinogen as a prognostic biomarker for all-cause mortality and COPD exacerbations,
improving the power of COPD clinical trials, even when history of exacerbation is also used for
enrichment. 3
4.

Neurology Studies

Studies of drugs intended to decrease exacerbations of multiple sclerosis have generally required
patients to have had a recent exacerbation (one in the last year or two in the last 2 years) or
specified magnetic resonance imaging findings before entry.
B.

Potential Strategies for Prognostic Enrichment

Examples of additional strategies that may prove useful for prognostic enrichment are described
below. Whether these strategies are useful as enrichment tools is not yet established.
1.

CV Studies

There may be additional approaches to identifying high-risk CV patients. A report in 2005 noted
that a higher resting heart rate, a small increase in exercise heart rate, and delayed recovery of
heart rate in a population of asymptomatic working men between the ages of 42 and 53 years
were all strong predictors of sudden death, suggesting potential enrichment strategies in studies
of drugs to prevent sudden death (Jouven et al. 2005). The potential for risk prediction based on
genetic factors has been examined, as has the predictive value of coronary artery calcium score
(Ripatti et al. 2010; Polonsky et al. 2010; Ioannidis and Tzoulaki 2010).
2.

Oncology Studies
a.

Prostate cancer

In men with localized prostate cancer following radical prostatectomy, high prostate-specific
antigen (PSA) velocity (PSA increase greater than 2 ng/mL during prior year) has been reported
to strongly predict prostate cancer recurrence and mortality over a 10-year period (D’Amico et
al. 2004). Prognostic markers such as PSA velocity, if validated in future studies, could be used
to identify high-risk patients. Studies of adjuvant treatment for prostate cancer would likely be
better able to detect an effect on survival if patients with a high risk of death were enrolled.
b.

Breast cancer

Many investigators have reported gene expression profiles that appear to predict the likelihood of
breast cancer recurrence after surgery. For an adjuvant therapy trial to be successful in showing
a reduction in tumor recurrence and increased survival, selection of a population with a high rate
of recurrence and poor survival is critical. In a report on the use of five different gene expression
See the guidance for industry Qualification of Biomarker — Plasma Fibrinogen in Studies Examining
Exacerbations and/or All-Cause Mortality in Patients With Chronic Obstructive Pulmonary Disease (September
2016).
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profiling approaches in a nonrandomized 285-patient sample treated with local therapy,
tamoxifen, tamoxifen plus chemotherapy, or chemotherapy alone, Fan et al. (2006) found that
four of the five approaches for classifying patients had a striking ability to predict large
differences in both recurrence and mortality (as illustrated in Figure 1) showing the difference
between patients with good and poor 70-gene profiles. It is apparent that showing improvement
in the low relapse population would require studies of enormous size. Studies in high-risk
patients can be much smaller.
Figure 1: Relapse Rates and Survival in Breast Cancer Patients Based on 70-Gene Profile*

Fan C et al., 2006, Concordance Among Gene-Expression-Based Predictors for Breast Cancer, N Engl J Med;
355(6): doi: 10.1056/NEJMoa052933.
*

FDA has cleared MammaPrint (an in vitro diagnostic test using the gene expression profile of
fresh breast cancer tissue samples to assess a patient’s risk for distant metastasis) as a prognostic
test for certain breast cancer patients. As noted, use of such a diagnostic test represents a
potential enrichment strategy for adjuvant trials to identify a population at higher risk for
recurrence.
Women with a deleterious BRCA 1 or 2 mutation have a lifetime incidence of breast cancer and
ovarian cancer of 60% and 15% to 40%, respectively, compared to a risk of 12% and 1.4%,
respectively, in women without a BRCA mutation. 4 Selecting women with such markers for a
primary prevention trial in breast cancer or ovarian cancer would increase the likelihood of
cancer events during the trial, thereby permitting a smaller sample size and a shorter study.
V.

PREDICTIVE ENRICHMENT — IDENTIFYING MORE-RESPONSIVE
PATIENTS

There are many possible ways to identify patients more likely to respond to a particular
intervention, and these strategies have long been used in clinical trials when selection of patients
has been based on a specific aspect of pathophysiology, past history of response, or a disease
characteristic that is related in some manner to the study drug’s mechanism of action (e.g.,
genomic or proteomic factor). For example:
See the National Cancer Institute web page BRCA1 and BRCA2: Cancer Risk and Genetic Testing at
https://www.cancer.gov/about-cancer/causes-prevention/genetics/brca-fact-sheet.

4
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•

Congestive heart failure (CHF) can result from either systolic or diastolic dysfunction.
Presumably, a population with systolic dysfunction would be more likely to respond in a
study of an inotrope that would increase ventricular contraction.

•

High renin status predicts a greater antihypertensive response to beta-blockers, ACE
inhibitors, and angiotensin II receptor blockers (ARBs), all of which work by inhibiting
aspects of the renin angiotensin system. A population with high renin hypertension
would be more responsive than a general hypertension population in studies of drugs in
these classes.

•

Antibacterial drug effects are best evaluated in patients who are infected with an
organism that is potentially responsive to the antibacterial drug. Most commonly,
patients are randomized before the specific infecting organism is known, but only those
patients with the type of organism targeted by the test antibacterial are evaluated for
effectiveness in the primary analysis. The category of organism is a baseline
characteristic, even though the assessment occurs post-randomization.

•

An initial screening for response — a biomarker measurement (e.g., radiographic
response, reduction of ventricular premature beats (VPBs)), early clinical response, or
full-fledged clinical response — in an open-label prerandomization period can be used to
identify a responder population that would then be randomized in the controlled study.
This approach is of particular value when responders constitute only a small fraction of
the overall population to be treated.

•

A population of nonresponders to a different drug can be randomized to the new drug or
to the drug they did not respond to. The comparison is enriched with respect to the active
control comparison because the population is expected to have a poor response to the
original drug compared to the test drug. These designs are not appropriate when
effectiveness is critical to survival or another irreversible outcome or the intolerance is
serious or life-threatening.

•

Protein or genetic markers related to a drug’s mechanism of action can be used to identify
potential responders. Examples include use of human epidermal growth factor receptor 2
(HER2) overexpression in breast cancer to indicate responsiveness to trastuzumab (a
monoclonal antibody that targets HER2) for breast cancer; tumor surface epidermal
growth factor receptor (EGFR) measurements or mutations indicating responsiveness to
EGFR tyrosine kinase inhibitors for lung cancer, and cystic fibrosis transmembrane
conductance regulator mutation type indicating responsiveness to ivacaftor for cystic
fibrosis.

•

A protein or genetic marker shown to predict response, even without a documented
mechanism of action.

Identifying a responder population (i.e., a subset of the overall population with a larger than
average response to treatment) and studying this population in a clinical trial can provide two
10
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major advantages: (1) increased study efficiency or feasibility and (2) an enhanced benefit-risk
relationship for the patients in the subset compared to the overall population.
A.

Increased Efficiency or Feasibility

Identification of a population with a high rate of response or a larger response greatly increases
the chance that a study of an effective drug will be able to detect a treatment effect, if one exists,
and allows a study to demonstrate this effect with a smaller sample size than would be needed
for a study in an unselected population. The strategy can be particularly useful for early
effectiveness studies because it can provide clinical proof of concept for later studies. When the
treatment responder population constitutes only a small fraction of all patients, for example, 20%
(a common situation in oncology settings), enrichment can permit a showing of effectiveness
when a study in an unselected population may have difficulty showing any effect.
The prevalence of the enrichment marker and the relative effectiveness of the drug in the markerpositive and marker-negative populations will determine how much the enrichment strategy can
reduce the sample size needed to adequately power a study. Table 1 illustrates how sample size
ratios — the ratio of the number of subjects needed in an unselected population versus the
number needed if only the marker-positive population is studied — change with varying
prevalence of marker-positive patients and different magnitudes of treatment effect in markernegative patients (treatment effect in marker-negative patients of either 0% or 50% of the effect
in marker-positive patients). Table 1 assumes the classification of patients into positive versus
negative is 100% accurate.
Table 1: Sample Size Ratios as a Function of the Prevalence of Marker-Positive Patients
Prevalence of MarkerTreatment Effect
Positive Patients
in Marker-Negative Patients
(% of Marker-Positive Response)
0%
50%
Sample Size Ratio
Sample Size Ratio
100%
1.0
1.0
75%
1.8
1.3
50%
4
1.8
25%
16
2.6
In general, the lower the prevalence of marker-positive patients in the unselected population and
the smaller the treatment effect in the marker-negative population, the more the sample size can
be reduced in a study of marker-positive patients compared to a study in an unselected
population. For example, when the prevalence of marker-positive patients in a population is only
25% and no treatment effect is expected in the 75% of patients who are marker-negative, the
required sample size in a study of an unselected population would be 16 times the sample size
needed for a study that included only marker-positive patients. Simon and Maitournam (2004)
have presented a more detailed description of these results and the conditions under which the
results were obtained.
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B.

Enhanced Benefit-Risk Relationship

Identification of a responder population can enhance the benefit-risk relationship of a drug by
avoiding exposure and potential toxicity in patients who would not benefit from the drug. For
drugs with significant toxicity and a low overall response rate in the overall population with the
medical condition to be treated — factors that could deter further development — identifying a
responder population could make a risk more acceptable and facilitate continued development
and approval. For example, the significant survival advantage (approximately 5 months) seen
with trastuzumab in the treatment of metastatic breast cancer in patients with HER2
overexpressing tumors (about 25% of breast cancers) ultimately supported use of the drug in the
marker-selected population despite the significant cardiotoxicity that emerged (see further
discussion in section V.C.2.c., Proteomic and genetic markers with known pathophysiologic
effect). The much smaller effect (less than 2 months) that would have been observed in an
unselected population (i.e., everyone with metastatic breast cancer), and the fact that only about
one-fourth of patients would have benefited, might have made approval difficult to support in the
face of the observed cardiotoxicity of the drug.
Identifying a more responsive population does not necessarily indicate that no benefit exists for
the remaining population. It is therefore generally desirable to have some data in the nonselected
(nonenrichment) population to determine whether that population responds less well or indeed
does not respond at all. These data also can provide an assessment of safety in the nonselected
population in the event that such patients are exposed after approval. The data in the nonselected
population need not be obtained in the controlled trials supporting effectiveness but could be
obtained in earlier studies showing absence of an effect (clinical or biomarker) in a clinical trial,
absence of a critical pharmacologic effect, or even lack of an effect in pertinent nonclinical
studies. A strong mechanistic rationale can make study of the nonenriched population
unnecessary (e.g., study of effects in an infection caused by an organism clearly known to be
resistant; study in a genetically determined disease such as cystic fibrosis, where some patients
do not have the specific genetic variant affected by the treatment).
A trial intended to provide evidence of effectiveness to support approval could include a broad
range of patients but be prospectively designed to evaluate in its primary analysis the effect in
the enriched population subset. This is a standard (and unavoidable) approach when the baseline
characteristic can only be determined after randomization (e.g., the infectious organism, tumor
characteristic), but the approach (preferably with stratified randomization) is also valuable in
other settings to gather some information on the marker-negative population.
C.

Approaches to Predictive Enrichment

The discussion below considers five predictive enrichment strategies: (1) empiric strategies; (2)
pathophysiologic strategies; (3) empiric genomic strategies; (4) randomized withdrawal studies;
and (5) studies in nonresponders or patients intolerant to other therapy.
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1.

Empiric Strategies

With an empiric strategy, the selection of likely responders for a study is not based on any
understanding of the basis for differences in response between patients with or without a
particular characteristic, but on observations of a response during screening periods or prior
experience with the drug or related drugs.
a.

Open-label single-arm trial followed by randomization

A straightforward enrichment strategy, in cases when a treatment response can be identified
shortly after treatment initiation, is to give the investigational drug to all patients; identify
apparent responders, either on the planned study endpoint or on a biomarker or other short-term
response thought to be predictive of clinical response; withdraw the treatment; and then
randomize only responders into a placebo-controlled trial. This strategy is particularly useful
when the rate is low. This strategy has been discussed in the past and was used throughout the
1970s to develop new antiarrhythmic drugs (Temple 1994; Roden et al. 1980). Patients were
titrated on the investigational drug until they had an acceptable reduction of VPBs. Only the
responding patients were then randomized into placebo-controlled trials, often fixed-dose, doseresponse studies, and sometimes with active controls as well. This approach is useful only when
the response to the drug is of relatively short duration after drug withdrawal. The approach
would not be acceptable if withdrawal would be dangerous to the patient.
The Cardiac Arrhythmia Suppression Trial (CAST) — a study of the mortality effect of
suppressing VPBs in patients with recent acute myocardial infarctions (AMIs) and at least six
VPBs per hour — is one of the best-known studies conducted in apparent responders (Echt et al.
1991). Patients with greater than 10 VPBs per hour after an AMI were known to have a fourfold
increase in the rate of sudden death. Previous failed attempts to show survival benefits with
antiarrhythmics had been criticized because of the low rate of VPB suppression achieved. The
CAST used an open-label screening period to identify responders to two drugs, encainide and
flecainide, which were shown to be very effective in suppressing VPBs in a previous study
(Cardiac Arrhythmia Pilot Study Investigators 1988). Only patients who had at least a 70% VPB
reduction were randomized. Unfortunately, despite the enrichment effort, these antiarrhythmic
drugs did not decrease mortality but instead more than doubled it. This result reflects either the
inadequacy of the surrogate endpoint of VPB reduction as a predictor of an effect on mortality
or, more likely given the adverse effect on survival, an off-target pro-arrhythmic effect of the test
drugs. The result did not, however, reflect a problem with the study design. The enrichment
design yielded a study capable of showing an effect of VPB suppression and allowed clear
interpretation of the study, which showed, contrary to expectations, that even in VPB responders
the drugs were not helpful and, indeed, were harmful.
Use of an initial open-label phase without a control group does raise some concerns that need to
be considered. For example, the deaths that occurred during the screening period for CAST
(which were not unexpected given the recent infarction) were difficult to interpret in an open,
uncontrolled setting where all patients received the active drug. In CAST II (ethmosin versus
placebo), the initial screen for VPB suppression used a randomized comparison of drug to
placebo, with the responders then randomized into the placebo-controlled trial (CAST-II
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Investigators 1992). This strategy showed that the drug used in the screen was itself lethal (19
deaths on ethmosin versus 1 on placebo), and the study was stopped early.
A similar problem was described in outcome trials of carvedilol in the treatment of chronic HF
(Pablos-Méndez et al. 1998). These studies, unlike CAST, clearly showed a benefit of treatment.
In two large studies, some patients were excluded during a run-in period because they could not
tolerate carvedilol. Some of those patients died. The dropout rates during the subsequent
controlled trials were undoubtedly decreased by the screening procedure that excluded patients
intolerant to beta-blockers, and the results made carvedilol seem better tolerated than it would
actually have been in patients starting therapy. The randomized comparisons and the benefits
demonstrated are fully valid in these trials for the populations studied, but the benefits and risks
facing unselected patients, who would be treated in clinical use of the drug, may be different
from those benefits and risks observed in the clinical trial, requiring close attention to the
screening period results. These results would need to be described in the drug’s labeling.
There are many other outcome study settings in which it would be possible to select patients
more likely to benefit from treatment. Patients with a lipid abnormality might be given the
planned treatment in a screening period to evaluate their biochemical responses. For the
randomized trial, only patients with a response of a certain size might be randomized, giving a
greater mean effect on the lipid level and, presumably, a larger effect on outcome. That
approach could be useful in an early outcome trial, but it would also be possible to randomize a
broader population stratified by such an initial response with the intent of making the primary
study endpoint the result in the high-response subgroup while also gaining some information
about the less responsive group. Again, the response in such a selected group would not describe
the response in an unselected population.
Active, open screening for empiric responders is particularly advantageous when a population
includes subsets with potentially different responses to interventions that are not identifiable
before treatment based on genetic or other pathophysiologic assessments. Although it is hard to
know in advance when this is true, certain difficult-to-study conditions, such as irritable bowel
syndrome or fibromyalgia, might be candidates for this approach (Temple 1994).
The overall strategy (open trial followed by randomization of responders) is an efficient way to
document effectiveness, but it cannot be used prospectively to identify the responder population
when the drug is used in clinical practice. In some cases, however, an early response could be
used to determine who should stay on the drug, which is usually how symptomatic treatments are
used in practice.
b.

An individual’s history of response to a treatment class

Information about prior responses to a drug in a pharmacologic class, if available, can be used to
identify potential responders for a study of a new member of that class. As is the case with an
open-label trial followed by randomization, use of patient history of response to a drug class can
greatly increase the efficiency of a trial in demonstrating effectiveness. In most cases, however,
it will not help identify the population to be treated in clinical practice.
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A study enriched with prior responders to a pharmacologic class can be useful in demonstrating
effectiveness at the proof-of-concept stage. This design may be particularly advantageous for
randomized, fixed-dose, dose-response studies (the preferred dose-response study design as
described in the ICH guidance for industry E4 Dose-Response Information to Support Drug
Registration (November 1994)). A responder population provides a larger overall treatment
effect and, therefore, a steeper dose-response curve, which generally allows for easier
interpretation of the curve (identifying the steep area and plateau of the curve) and more precise
characterization of dose-response, especially for doses providing near-maximum effects. For
example, a dose-response study of indapamide in known responders to diuretics demonstrated
mean decreases of 29/12 mmHg (systolic/diastolic) for the 2.5 mg dose and 37/15 mmHg for the
5 mg dose, an increase in effect with the 5 mg dose that was considerably larger than that seen in
studies of unselected patients, where 2.5 mg and 5 mg gave similar results.
c.

Factors identified in results from previous studies

Analyses of results of previous studies can sometimes point to a substantially greater effect in
a specific subset of the overall population and provide a basis for studying that subset in a
subsequent study, either as the sole population studied or as the identified primary endpoint
subset in a study of a broader population. For example, isosorbide dinitrate/hydralazine
hydrochloride, a treatment for severe HF, was approved on the basis of a placebo-controlled
study in 1050 patients carried out entirely in self-identified blacks (the African-American
Heart Failure Trial) (Temple and Stockbridge 2007; Taylor et al. 2004). The selection of a
black population was based on two previous studies (the Vasodilator-Heart Failure Trials (VHeFT) I and II) of an isosorbide dinitrate/hydralazine hydrochloride combination versus
placebo in a racially mixed population that strongly suggested effectiveness in blacks (Cohn
et al. 1986; Cohn et al. 1991). In those studies, the combination had not shown an overall
benefit, but post hoc analyses revealed a nominally significant effect in black patients in VHeFT I and apparent equivalence to enalapril in V-HeFT II. In contrast, there was little or no
effect of the combination in whites in V-HeFT I and nominally significant inferiority of the
combination to enalapril in whites in V-HeFT II. The replication of the observed effect in
blacks was strong, with only a suggestion of a modest effect in whites, perhaps a third of the
effect in blacks. A trial to establish this small effect in a white population would have
required 16,000 patients. The product was approved for “self-identified blacks” only.
2.

Pathophysiological Strategies

Pathophysiological strategies involve selection of likely responders to a drug based on a patient’s
individual physiology or on the assessment of disease pathophysiology that suggests that only
certain patient subgroups will respond to the mechanism of the drug or that certain subgroups
will respond better than others.
Indicators of an individual’s pathophysiology could include biomarkers (e.g., a specific mutation
that affects tumor proliferation), imaging findings, and possibly even demographic or clinical
characteristics that correlate with certain disease phenotypes (e.g., age and race may associate
with renin-angiotensin-aldosterone system activity in hypertension).
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a.

Metabolism of the test drug

For a drug that acts through an active metabolite, as is the case for the antiplatelet drug
clopidogrel, patients may differ in their ability to metabolize the prodrug to its active metabolite.
Some patients may not form the active metabolite at all, and others may not make enough to
respond to the dose selected. Including these patients in a trial will dilute the overall drug effect
and can also lead to inefficient or inappropriate use of the drug in practice if the two subsets of
patients are not identified and treated differently. In some cases, adjusting (increasing) the dose
in the poor metabolizers would be possible, but patients who cannot make the active metabolite
at all should probably not be included in the trial or in the planned primary analysis. A closely
related approach is the assessment of uptake of the test drug by a tumor (Stroobants et al. 2003).
Historically, before treatment of thyroid tumors with I-131, a low dose was given to determine
whether the tumor did, in fact, take up iodine and the extent of uptake so that the needed dose
could be estimated.
b.

Effect on tumor metabolism

Patients for a cancer trial can be selected by screening for an effect on a tumor metabolic
response, as assessed by a positron emission tomography (PET) scan. For example, response to
the tyrosine kinase inhibitors imatinib and sunitinib in patients with gastrointestinal stromal
tumors (GISTs) has been shown to correlate well with metabolic responses (decreased tumor
glucose utilization) assessed by 15F-fluorodeoxyglucose PET imaging (Prior et al. 2009). A trial
could enroll only the identified metabolic responders or could enroll all patients, stratified by
metabolic response, with the primary hypothesis to be tested being the treatment effect in the
metabolic responder stratum.
c.

Proteomic and genetic markers with known pathophysiologic effect

Increasingly, cancer treatments are directed at enzymatic, hormonal, or other functions that are
tied to tumor cell surface or intracellular receptors and enzymes. The following examples
illustrate use of proteomic markers, or genetic markers that are linked to a proteomic marker, that
are known to be essential for the activity of the drug.
•

Trastuzumab was developed to bind to the HER2 receptor, which is present on normal
and malignant cells but is overexpressed in about 25% of breast cancers. Binding of
trastuzumab to the HER2 receptor blocks receptor-mediated growth-stimulating
intracellular signaling, decreasing cellular repair after chemotherapy and radiation
therapy and also increasing apoptosis. In activity-estimating trials, antitumor activity in
patients with lower levels of HER2 receptor expression (1+ by immunohistochemical
staining) was minimal, so that efficacy trials in patients with metastatic disease were
limited to patients with HER2 2+ or 3+ overexpression.
In the treatment of metastatic disease, when added to either of two background regimens,
trastuzumab was estimated to have increased median survival by about 5 months, about
three to four times the effect that would have been expected in an unselected population,
assuming no response (which a modest amount of testing showed was the case) in the
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HER2-negative patients. Enrichment thus allowed a modest-size study to show a striking
effect and directed treatment to the population that could benefit. In addition, because the
drug was shown to be moderately cardiotoxic in the metastatic breast cancer trials, the
focus on potential responders (i.e., patients with HER2 receptor overexpression) was
considered critical when designing adjuvant studies (Smith et al. 2007).
•

Evidence from the metastatic breast cancer setting has demonstrated that the likelihood of
response to endocrine therapy is related to the hormone receptor status of the tumor. For
example, when treated with tamoxifen, a selective estrogen receptor modulator, patients
whose tumors express both estrogen receptors (ERs) and progesterone receptors (PRs)
have a response rate of approximately 70%; patients whose tumors express either ER or
PR, but not both, have a 20% response rate; and patients whose tumors are ER and PR
negative have a response rate less than 5%. As a consequence, testing of all breast cancer
specimens to direct decisions regarding endocrine therapy, in both the early stage and the
advanced setting, has become the standard of care and would be expected in any trial of
endocrine therapy (Early Breast Cancer Trialists’ Collaborative Group 2005).

•

A more recent illustration is the use of somatic mutations in the gene encoding the serinethreonine protein kinase BRAF to identify potential responders to vemurafenib in
melanoma; 40% to 60% of all melanomas carry this activating mutation. In a study of 49
patients with melanoma, 11 of 16 patients with BRAF V600E mutation who received
vemurafenib had a tumor response, compared to 0 of 5 without the mutation (the
remaining 28 patients did not undergo BRAF mutation testing). The phase 3 trial
compared vemurafenib to dacarbazine in 675 patients with metastatic or unresectable
melanoma who had the BRAF V600E mutation. The trial was stopped after an interim
analysis showed a 63% reduction in the risk of death with vemurafenib. The confirmed
response rate was 48% for vemurafenib versus 5% for dacarbazine (Chapman et al.
2011).

The examples of pathophysiologic selection described above reflected, at least initially, variables
related to cellular receptors that could be described as proteomic variables, but that were in many
cases later identified as tumor genetic markers (e.g., EGFR and BRAF genetics). In such cases,
the genetic marker may sufficiently define the pathophysiologic state.
When proteomic and genetic markers are used in an enrichment strategy, adequate
characterization of the test for the marker is critical. An inaccurate assay will undermine an
enrichment effort if the study aims to demonstrate superiority or noninferiority of the test
treatment (Wang et al. 2011). It is also important to gain as much information as possible about
the marker-response relationship.
3.

Empirical Genomic Strategies

Studies directed at subsets of patients with specific genomic patterns that appear to be associated
with outcomes (e.g., RNA expression profiles, single nucleotide polymorphism arrays) are
becoming increasingly common. Although most genomic markers (e.g., for a tumor surface
property) have been linked to a pathophysiologic property, this linkage is not essential. Use of a
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genomic marker could instead be an empiric strategy, identifying subsets of responders without
providing a pathophysiologic basis for the difference in response (i.e., before such a basis is
recognized).
Simon and coauthors, for example, in Freidlin and Simon (2005) and Freidlin, Jiang, et al.
(2010), have suggested that a trial population could be divided into two portions, with an
unblinded exploratory analysis of many different genetic markers to identify a predictive
classifier in the first portion. A confirmatory analysis would then be carried out in the
biomarker-defined subgroup in the remaining portion of the trial. Treatment effects would then
be evaluated in the overall population and the biomarker-defined subset from the remaining
portion, with appropriate control of the type I error rate ensured. Any such approach would need
scrupulous attention to maintaining the blind, perhaps by using an independent group to do the
biomarker analysis and should be thoroughly discussed with FDA in advance.
4.

Randomized Withdrawal Studies

In a randomized withdrawal study, patients who have an apparent response to treatment in an
open-label period or in the treatment arm of a randomized trial are randomized to continued drug
treatment or to placebo treatment. Because such trials generally involve only patients who
appear to have responded, this is a study enriched with apparent responders, an empiric strategy.
The study evaluation can be based on signs or symptoms during a specified interval (e.g., BP,
angina rate), on recurrence of a condition that had been controlled by the drug (e.g., depression),
or on the fraction of patients developing a rate or severity of symptoms that exceeds some
specified limit (i.e., a failure criterion).
The randomized withdrawal design was initially proposed as a way to establish long-term
effectiveness of drugs in settings in which long-term use of a placebo would not be acceptable on
either ethical or practical grounds. Angina was the initial example, but this would also be true
for most psychiatric conditions, pain treatments, and antihypertensive drug treatments (Amery
and Dony 1975). A randomized withdrawal design in which the study population is on treatment
for an extended duration followed by blinded, randomized withdrawal of treatment for a short
duration can provide evidence of prolonged effectiveness with only brief exposure to the
placebo. The design can allow a patient to be removed from the study (for having reached an
endpoint) when the condition returns at a specified severity, avoiding long-term exposure to an
ineffective treatment.
The randomized withdrawal design can also be used as an initial trial to show effectiveness when
there is an existing population of patients in an open-label treatment setting (e.g., under an IND
or as an off-label use of an approved drug), as illustrated by the cases of nifedipine and gammahydroxybutyrate (GHB).
The approval of nifedipine for vasospastic angina (the first drug approved for this condition)
illustrates the utility of this design. An open-label, historically controlled trial was considered
inadequate to support approval because the natural history of vasospastic angina was not well
established (Antman et al. 1980). A randomized withdrawal design (see Figure 2) was
conducted in patients already receiving the drug, with a primary endpoint of recurrence of severe
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vasospastic angina leading to study withdrawal. A total of 28 patients participated in the study.
One-third of the patients randomized to placebo withdrew early, as compared to no withdrawals
in patients randomized to nifedipine (see Table 2).
Figure 2: Nifedipine Randomized Withdrawal Trial in Vasospastic Angina

2 weeks
Open-label
Nifedipine

Single-blind
Nifedipine

4 weeks
Nifedipine

4 weeks
Placebo

Randomization

Table 2: Results of Nifedipine Randomized Withdrawal Study
Nifedipine
Placebo
(n=13)
(n=15)
Early withdrawal
0
5*
Early withdrawal or AMI**
0
6*
*

Statistically significant at p ≤ 0.05
Acute myocardial infarction

**

Another example in which patients already using a drug were studied involved GHB (sodium
oxybate), which was approved for treatment of cataplexy on the basis of a single placebocontrolled study of conventional design and a second, small, randomized withdrawal study in 55
long-term (7 to 44 months) users randomized to 2 weeks of continued treatment with GHB or
placebo. The second study produced a clinically and statistically impressive result (p< 0.001, as
shown in Table 3) and needed little time for recruitment.
Table 3: Randomized Withdrawal Study of GHB* in Cataplexy
Median Attacks/2 Weeks
Treatment Group
Baseline
Change in Rate
Placebo (n=29)
4.0
+21.0
GHB (n=26)
1.9
0
*

GHB = gamma-hydroxybutyrate

By randomizing patients to different doses, the randomized withdrawal design can also be used
to obtain long-term dose-response data. For example, this design was used to demonstrate
effectiveness of a single weekly dose of fluoxetine in preventing recurrence of depression;
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patients on 20 mg per day were randomized to a placebo, fluoxetine 70 mg per week as a single
dose, or continued 20 mg per day. Both fluoxetine groups were superior to the placebo group in
reducing the rate of recurrence. This design has become the standard for studies to demonstrate
the ability of psychotropic drugs to prevent recurrent depression, psychosis, and anxiety.
5.

Studies in Nonresponders or Patients Intolerant to Other Therapy

A comparative study can be enriched by selection of patients who failed to respond to an existing
drug or who were intolerant of that drug. Although nonresponsive or treatment-intolerant
patients are not more likely than an unselected population of patients to respond to or tolerate the
new drug and would not enrich a placebo-controlled trial, they would generally be less likely to
respond to or tolerate the existing comparator drug, giving the test drug a potential advantage if it
was in fact more effective or better tolerated. Because patients in a trial sometimes respond to a
drug to which they had previously failed to respond, in most cases studies in nonresponders are
informative for the between-drug comparison of effectiveness only if patients are randomized to
both the new and failed drug (i.e., not simply placed onto the new drug in a single-arm study or
randomized to new drug versus placebo). This approach can provide important information to
practitioners; it is critical to know whether another member of a pharmacologic class or a
member of a different class can be useful in patients who fail on previous treatments. A drug’s
effectiveness in nonresponders can be a critical component of a risk-benefit assessment (i.e., it
can allow approval of a drug with a substantial risk). It should be appreciated that for lifethreatening diseases that are progressing, it may not be ethical to randomize to the failed
treatment. The approach may be useful in two settings:
(1) Where the drug has a different mechanism of action from the previous treatments, it may
be more effective in nonresponders to those treatments even if it is not more effective in
an unselected population.
(2) Where the treatment effect of a new drug is moderately superior to the existing drug in an
unselected population, but where a very large study would be needed to show superiority
if the study included unselected patients, many of whom would respond to the less
effective drug. For example, if the new drug response rate is 90% and the existing drug
response rate is 80%, a study with 90% power to detect that 10% difference would
require about 600 patients. In contrast, if only nonresponders to the existing drug were
randomized (20% of the patients treated with the existing drug), few would respond to
the existing drug; but if half of those patients responded to the new drug, the difference
would be detectable with fewer than 40 of the nonresponders.
Note: In neither case would showing an advantage for the new drug in nonresponders to existing
therapy establish superiority of the new drug in an unselected population.
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a.

Studies in nonresponders

Several past studies in nonresponders illustrate the value of this study design.
Captopril
To support a claim in severe hypertension unresponsive to other agents, a study was designed to
evaluate patients who had not responded to standard triple therapy (propranolol 320 mg,
hydrochlorothiazide 100 mg, and hydralazine 200 mg). Those patients, who had diastolic
pressure that was severely elevated, were observed for 1 to 2 weeks on the same regimen (triple
therapy lead-in), and if their diastolic pressure did not exceed a defined limit, the patients were
randomized to the same standard triple therapy they had failed on, or to captopril, with a 2:1
captopril to triple therapy randomization ratio. The number of responders (diastolic pressure less
than 90 mmHg or a decrease by at least 10 mmHg) clearly favored captopril in this difficult-totreat population (see Table 4).
Table 4: Results of the Captopril Severe Hypertension Trial for the Group Randomized to
Captopril or Triple Therapy
Time Period
DBP* Findings
Captopril
Triple Therapy
(n=66)
(n=30)
Week 4
Normalized DBP ≤ 90 mmHg
21 (32%)
5 (17%)
Reduction in DBP ≥ 10 mmHg
8 (12%)
3 (10%)
Week 8
22
(33%)
4 (13%)
Normalized DBP ≤ 90 mmHg
Reduction in DBP ≥ 10 mmHg
14 (21%)
3 (10%)
*

DBP = diastolic blood pressure

Note: Approximately 25% of the triple therapy nonresponders actually responded (diastolic
blood pressure less than 90 or 10 mmHg fall) to the previously failed therapy in the new trial.
This finding reinforces the need for randomization to the new and reportedly failed therapy in a
study of nonresponders. A study that had merely switched patients from the failed therapy to the
new one and found 25% responders might have been interpreted as showing an effect of the new
drug in the nonresponders to the failed therapy when, in fact, the response to the new drug was
no better than the response to the failed therapy would have been in a new study. The finding of
an effect in nonresponders helped overcome concerns about agranulocytosis seen with high
doses of captopril.
Clozapine
Clozapine is an antipsychotic drug associated with serious toxicity, a greater than 1% rate of
potentially fatal agranulocytosis. For clozapine to be approved, the sponsor had to show that the
drug offered a clear advantage over safer alternatives. To show this, a study was conducted in
hospitalized schizophrenic patients with a history of poor response to neuroleptics who, in
addition, had failed to respond to 6 weeks of treatment with haloperidol. These patients were
randomized to 4 weeks of treatment with clozapine or chlorpromazine plus benztropine. The
results showed a striking advantage for clozapine on Clinical Global Impression and the Brief
Psychiatric Rating Scale standard measures in antipsychotic drug trials (see Table 5). Despite its
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serious risk, clozapine was approved for use in patients not responding to other antipsychotic
drugs.
Table 5: Results of Clozapine Study in Nonresponders to Standard Psychotropic Drugs
Response (%)
Measure
Clozapine
Chlorpromazine
CGI* (decrease > 1)
71
37
BPRS* items (decrease > 1)
Conceptual disorganization
60
39**
Suspiciousness
64
42**
Hallucinations
59
51
Thought content
15
2**
CGI and BPRS
15
2**
* CGI = Clinical Global Impression; BPRS = Brief Psychiatric Rating Scale
** p < 0.05

Rofecoxib
Individual patients are often believed to respond differently to different nonsteroidal antiinflammatory drugs. To examine this belief, a controlled trial was conducted in which
osteoarthritis patients identified as nonresponders to celecoxib were randomized to celecoxib or
rofecoxib (Temple 2012). In fact, no difference was observed between the treatments (see
Figure 3).

22

140 of 173

Contains Nonbinding Recommendations
Figure 3: Study Comparing Rofecoxib to Celecoxib in Celecoxib Nonresponders*

* Temple R, 2012, A Regulator’s View of Comparative Effectiveness Research, Clin Trials, 9:56–65.

Considerable and prompt improvement in pain was reported in both groups. A baselinecontrolled, single-arm trial of rofecoxib would have led to a clearly erroneous conclusion that
rofecoxib was effective in celecoxib nonresponders and even a placebo-controlled trial of
rofecoxib in this population might have shown an effect that would have been incorrectly
interpreted as an effect in celecoxib nonresponders because whether they would have responded
to celecoxib in the controlled trial setting would not be known.
b.

Study in intolerants: ARBs in patients who cough on lisinopril

Studies of the tolerability of a new drug in patients who do not tolerate a previous treatment are
also informative and efficient. Comparative studies in an unselected population could provide
some information on relative tolerability, but a very large study would be needed to show small
differences. For example, if the true rates of cough for an ACE inhibitor and an ARB were 5%
and 1%, respectively, a study with 90% power to show a difference in an unselected population
would need about 800 patients. In contrast, a study in patients known to cough on ACE
inhibitors would need fewer than 20 patients, if, for example, the cough rate were greater than
90% in the ACE inhibitor arm and 20% in the ARB arm.
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This approach was used in a study of 84 elderly hypertensive patients with history of coughing
on an ACE inhibitor (Chan et al. 1997). Cough was confirmed by rechallenge with the ACE
inhibitor lisinopril, administered for up to 8 weeks, which had to cause at least moderate
coughing for patients to continue in the study. Lisinopril was then withdrawn for 4 weeks, and
coughing had to disappear. The patients were then randomized to losartan 50 mg, lisinopril 10
mg, or metolazone (diuretic active control that does not induce coughing) for 10 weeks. The
study achieved a very persuasive result with this small population (see Table 6), a result cited in
losartan’s labeling.
Table 6: Comparison of Coughing Rates With ACE Inhibitor, ARB,
and an Additional Active (Non-Cough-Inducing) Control
Lisinopril
Losartan
Metolazone
(n=28)
(n=28)
(n=28)
Any cough
97%
18%*
21%*
* p < 0.001, lisinopril vs metolazone and losartan
As was the case in studying nonresponders to previous therapy, randomization to the poorly
tolerated previous therapy and the new drug is critical to reach a conclusion that the new drug
has superior safety because the adverse reactions do not always reappear when a treatment is
repeated. For the same reason, FDA recommends that sponsors should include a placebo group
(or, as in the above example, an active drug clearly lacking the adverse effect) to be certain that
the adverse reactions were indeed reproduced in the previous treatment group. This study design
is not feasible if the adverse reaction is dangerous to the patient.
VI.

ENRICHMENT STUDY DESIGN AND OTHER CONSIDERATIONS
A.

General Considerations

An enrichment design should be explicitly described in the protocol and final report and should
fully detail the enrichment maneuvers and their effect on the interpretation of results (see section
VI.E., Cautions in Interpretation).
Some enrichment strategies depend on a screening measurement for selecting the enriched
patient population. For both prognostic and predictive markers, understanding the accuracy and
performance characteristics of the test used to identify patients or marker-defined subgroups for
enrichment is important. Note that the question of who to include in the study and what patients
to analyze in the primary analysis are distinct issues and may differ for predictive and prognostic
enrichment.
For prognostic enrichment, the ideal screening measurement to be used for patient selection will
have good sensitivity and specificity. That is, it will reliably identify patients with a greater
likelihood of having disease-related endpoint events or substantial worsening in their conditions
(high-risk group) and reliably exclude patients in the lower risk group, both of which will serve
to enhance the trial’s efficiency. If the screening measurement’s specificity is poor, many
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patients who will not have clinical worsening will be selected, and the effect of enrichment will
be diluted. If sensitivity is poor, patients who are at high risk will be missed in the screening
process, delaying enrollment into the study. Note, however, that although exclusion of lower
risk patients will increase absolute effect size, allowing a smaller trial, the relative effect is
expected to be similar in higher and lower risk patients. This is in contrast to predictive
enrichment, where patients without the enrichment factor would be expected to have a lower
relative effect size.
Uncertainties about the performance characteristics of an enrichment strategy based on a
prognostic marker have different implications for superiority and noninferiority studies. For a
superiority study, a prognostic enrichment strategy with poor sensitivity and/or specificity can
increase the sample size or duration required to observe the needed number of endpoint events.
Although this will reduce the efficiency gained through enrichment, it will not lead to a false
conclusion of effectiveness. For a study intended to demonstrate noninferiority, however, the
use of a prognostic enrichment strategy with poor ability to select subjects for entry into the
study could have the effect of increasing the chances of reaching a false noninferiority
conclusion because the control effect size would be smaller than expected from historical
experience (Wang et al. 2011). In general, patients in a noninferiority study should be selected
according to criteria similar to the past studies of the active control.
For predictive enrichment, a screening measurement of a biomarker with both high sensitivity
and specificity for identifying responders is also desirable. A screening measurement cut-off can
be set to cast a wide net, i.e., with high sensitivity giving a high probability of identifying and
treating patients who are more likely to respond to the treatment (higher sensitivity), at the risk
of also treating more nonresponder patients (lower specificity). Alternatively, the measurement
cut-off can be set to identify and exclude from treatment patients who might not respond (higher
specificity), at the risk of also excluding more responder patients. These trade-offs can be
explored using receiver operating characteristic analyses.
The performance characteristics of enrichment strategies based on predictive markers also have
different implications for superiority and noninferiority studies. For a superiority study,
predictive markers with poor sensitivity and specificity will lead to increased sample size but
will not increase the chance of a false conclusion of efficacy. For a noninferiority study, the
effect on the type I error rate is more complex and depends on whether the marker is pertinent to
both treatments or only one treatment; again, however, patients should generally be selected
according to criteria used in past studies of the active control.
B.

Which Populations to Study

As will be described in more detail below, trials can be designed to: (1) include only patients
with the enrichment factor; or (2) include patients with and without the enrichment factor, but
with an intent to analyze only the patients with the enrichment factor as one of the primary study
hypotheses. This is a potentially critical step in the predictive enrichment setting where patients
without the factor are not expected to respond, thereby diluting the effect size if included.
Studies including both populations need not include a wholly unselected population of patients
with the disease to be treated but can designate separate sample sizes for patients with and
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without the enrichment characteristic to allow collection of sufficient information to demonstrate
effectiveness in the enriched subgroup and to allow a reasonable estimate of effect in the
nonenriched group. Many design alternatives have been discussed in the literature (Mandrekar
and Sargent 2009; Freidlin, McShane, et al. 2010).
A critical question in all settings in which enrichment is used is therefore to what extent the
marker-negative population should be studied. In some cases, study of the general population
(one including the marker-negative population) would not be expected. For example, if
prognostic enrichment is used to ensure that there are sufficient events to make a trial feasible,
even if the treatment effect is thought to also be present in the lower risk population without the
marker (but at a lower absolute effect size), it may not be possible to design a trial that includes a
significant fraction of the marker-negative population without greatly increasing the sample size
— a strategy that may make the trial impractical and defeat a major purpose of prognostic
enrichment. Whether to use the drug in the unstudied marker-negative population would depend
on the particular circumstances. For example, the presence of significant toxicity could lead to
doubts about the advisability of using the drug in the lower risk population. The variabilityreducing factors discussed in section III., Decreasing Variability, would not ordinarily call for
study of the population lacking the enrichment factor (e.g., patients with poor adherence).
It is principally in the area of predictive enrichment, especially predictive enrichment using a
pathophysiological measurement or biomarker, that the question of studying the population
without the enrichment factor is most germane. Experience shows that the selected enrichment
factors often do not precisely dichotomize patients into subpopulations that will and will not
respond so that obtaining some information on the marker-negative population to assess
performance of the factor is usually desirable. However, even an imperfectly characterized
predictive marker can greatly increase the power and likelihood of success of a study. Moreover,
in treating serious and life-threatening illnesses (especially when alternative treatments exist),
using the test treatment in patients thought unlikely to respond raises critical ethical issues.
Efforts to use predictive enrichment thus offer a number of design choices. The study designs
illustrated below are fixed sample size designs that can be used with predictive enrichment
strategies (also see section VI.D., Adaptive Enrichment, concerning adaptive enrichment and
nonfixed sample size). The examples describe trials intended to show superiority of the test
treatment to a control (e.g., placebo, standard of care), but noninferiority studies would present
similar issues.
1.

Studying Marker-Positive Patients Only

A study randomizing only marker-positive patients is shown in Figure 4. Because a study that
uses a marker-positive only population will provide no direct information about the markernegative population, its use should generally be limited to situations in which information about
the marker-negative population is not needed or is not feasible given the objectives of the study.
For example, if it appears clear based on mechanistic, nonclinical, or early clinical data that the
marker-negative patients will have no or minimal response or would be exposed to unreasonable
risk, inclusion of the marker-negative patients would, in most cases, not be justified.
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Figure 4: Study Design of Predictive Enrichment Trial With No Possible Effect in the
Marker-Negative Group

The study shown in Figure 4 would support an effectiveness claim in the enriched population,
but it would overstate the actual effectiveness for an unselected population, so that the fraction of
marker-positive patients would be important information. The study would provide no new
clinical evidence with respect to the marker-negative population and would not further
characterize the predictiveness of the marker because of a lack of ability to compare
effectiveness in marker positive and marker negative patients. Because no effectiveness or
safety information on the enrichment-marker-negative patients would exist, the selection process
should be fully described in labeling and in clinical practice patients would usually be assessed
for the enrichment marker before exposure. Moreover, because assessment of marker status is
critically important to determining whether the drug will be effective in patients, the test to
assess the enrichment marker that would be used after the drug’s approval would be an
established, FDA-cleared or -approved, laboratory test explicitly labeled for this purpose as a
companion diagnostic, although exceptions can be considered for a major advance in treatment. 5
2.

Studying Both Marker-Positive and -Negative Patients

FDA encourages inclusion of some predictive marker-negative patients in most trials intended to
provide primary effectiveness support, unless earlier studies have established that the markernegative patients do not respond or a strong mechanistic rationale makes it clear that they will
not respond. Significant toxicity of the test drug could reduce the level of the evidence needed to
conclude that the drug should not be studied in marker-negative patients. In general, the greater
the uncertainty about the marker cutoff and responsiveness of marker-negative patients, the more
important inclusion of a reasonable sample of marker-negative patients becomes. When
substantial incentive exists to use the drug in the marker-negative population (e.g., for serious
diseases with few alternative therapies), characterization of the response in the marker-negative
population is more important, especially if the drug has important safety concerns.
There are two cases to consider in studies that include both marker-positive and marker-negative
patients: (1) when the marker can be assessed before randomization; and (2) when the marker
can be assessed only after randomization. Figures 5 and 6 provide sample study designs for
these two cases (Freidlin, McShane, et al. 2010).
5

See the guidance for industry and FDA staff In Vitro Companion Diagnostic Devices.
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In the first case (see Figure 5), marker status is determined for all patients, and randomization is
stratified by marker status. The primary study objective would usually be a statistically rigorous
demonstration of the treatment effect in the marker-positive patients, and the study would be
powered for the effect in that group. The size of the marker-negative group would be determined
separately, and randomization of all marker-negative patients would not be necessary. Because
the treatment effect would be expected to be much smaller (if there were any effect) in the
marker-negative population, the size of the marker-negative population would usually be too
small to provide a definitive answer on the effect; however, the marker-negative patients would
provide at least some estimate of the effect in that population.
This design could also enable a risk-benefit assessment for the drug when used in the overall
population with the medical condition to be treated, which would be advantageous if some
exposure in marker-negative patients is anticipated in clinical practice (e.g., because the test is
not widely available). When substantial uncertainty exists about whether a marker is predictive
(i.e., whether it can select a population in which treatment is effective), the primary endpoint
could be the effect in the overall population, or study alpha could be divided between the two
endpoints (overall population and marker-positive population). In each of these scenarios, the
hypotheses should be clearly specified and control of the type I error rate should be addressed
(see section VI.C., Type I Error Rate Control for Enriched Study Subpopulations). In addition,
tests for heterogeneity of treatment effects (i.e., treatment by biomarker interactions) should be
prespecified.
Figure 5: Study Design of Predictive Enrichment Trial With Possible Effect in the
Marker-Negative Group

The second case (see Figure 6) is one in which a drug is expected to be effective only in the
marker-positive subset (e.g., only in patients with a targeted type of organism), but the drug must
nonetheless be given to all patients because the marker result is not available at randomization.
Having the primary study outcome be the effect in the marker-positive subset would still be
appropriate, but the risk-benefit assessment would reflect results in the entire population (i.e., the
population that would be exposed to treatment). In these cases, when the marker test results will
not be known before drug administration and when no patient management decisions will be
made on the basis of the test result (e.g., decisions to discontinue treatment in marker-negative
patients), FDA clearance or approval of the test contemporaneously with approval of the drug is
not needed.
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Figure 6: Study Design of Predictive Enrichment Trial Where All Patients Are
Randomized Because Marker Cannot Be Assessed Before Randomization of the
Marker-Negative Group

C.

Type I Error Rate Control for Enriched Study Subpopulations

Generally, even if patients both with and without a predictive enrichment characteristic are
studied, the primary endpoint is expected to be driven by the result in the enriched subgroup.
For enrichment designs that enroll patients both with and without the enrichment characteristic,
the type I error rate for the study can be shared between a test conducted using only the enriched
subpopulation and a test conducted using the entire population. While allowing the assessment
in the enriched subgroup, this alpha allocation scheme also allows for assessment of the
treatment effect in the entire population when there may be some effect in patients without the
enrichment characteristic. Determining the required sample size needed to provide reasonable
power to test the different hypotheses while controlling the type I error rate (usually including a
prespecified order of testing or a multiple testing procedure allowing testing of both hypotheses)
is challenging. The interpretation of the study finding would have to take into consideration the
magnitude of the effect in the nonenriched group.
D.

Adaptive Enrichment

Enriching a clinical trial using prognostic or predictive markers can pose a challenge if there is
uncertainty at the planning stage about the performance characteristics of the enrichment
strategy, such as incomplete information on the prevalence of the marker and/or the type and
strength of the marker-outcome relationship. This can be a particular problem for predictive
enrichment. A study design that incorporates planned adaptations to the enrichment strategy,
taking advantage of information gained on marker performance during the course of a clinical
trial, may be useful in meeting these challenges. For example, the prospective determination of
the sample size required to detect a particular treatment effect with sufficient power, either in the
overall population or in a marker-defined subpopulation, can be difficult when there are
uncertainties about the characteristics of the enrichment strategy, such as:
•

The cutoff value of the biomarker used to identify patients in the marker-defined
subgroup

•

The proportion of patients who are in the marker-positive subgroup

•

The magnitude of the treatment effect in patients with and without the marker
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With a fixed sample enrichment design, such unknowns create uncertainty as to whether the
study will successfully meet its objectives. An adaptive design in which the sample size and
other design features can be modified in a prospectively planned manner to adapt to information
obtained during the course of the trial (e.g., the frequency of marker positivity) may enhance the
value of certain enrichment strategies. Similarly, determination that the enrichment factor has a
greater or lesser effect on response than anticipated or that the patients without the enrichment
factor have a higher or lower response than anticipated, could trigger planned changes in sample
size or entry criteria in response to the accumulating information. Such changes should be
prospectively planned and would often need appropriate type I error rate control to account for
interim, unblinded analyses of the accumulating data as well as analyses of multiple subgroups.
If the only change was increased sample size based on blinded, pooled results because the
prevalence of the marker-defined subgroup was lower than expected, there would be no need for
a type I error rate adjustment.
A few examples of adaptive enrichment trials have been reported in the literature. The
Investigation of Serial Studies to Predict Your Therapeutic Response With Imaging and
Molecular Analysis Phase 2 (I-SPY 2) is an example of a phase 2 screening trial using an
adaptive enrichment strategy. This is a clinical trial for women with newly diagnosed, locally
advanced breast cancer. The trial is designed to evaluate the effect of investigational drugs
added to standard chemotherapy compared to standard chemotherapy alone on pathological
complete response rates. The treatments being studied are neoadjuvant therapies, that is, drugs
administered before surgery. The treatment phase of this trial involves testing multiple
investigational drugs that are thought to target identified biomarkers of each patient’s tumor type.
The trial is an adaptive enrichment design in that biomarkers are used at baseline to identify
patients likely to respond to treatment, and the accumulating responses are then used to inform
treatment assignments for subsequent participating patients as the trial progresses. The results of
I-SPY 2 are intended to inform the design of future trials for establishing efficacy and safety of
those treatments that advance to phase 3 (Barker et al. 2009).
Although there are challenges with enriched study designs that involve preplanned changes to
the enrichment strategy based on information accrued during the trial (e.g., change sample size
after the start of the study), the following three examples illustrate potential adaptation strategies:
(1) In a study that includes both marker-positive and -negative patients, and with a primary
endpoint that is the effect in the marker-positive group, a planned interim look could
reveal, either on an early endpoint (e.g., imaging, pharmacodynamic biomarker, tumor
response rate) or later endpoint (e.g., progression-free survival), that the marker-negative
population has a much lower response than the marker-positive group. Additional
enrollment of marker-negative patients could be reduced or stopped entirely, provided an
adaptive enrichment strategy was planned and was appropriately accounted for in
statistical analyses.
(2) Planned interim analyses could suggest changing entry criteria to increase enrollment in
what may be a better responding subgroup. If such an adaptive enrichment strategy is
undertaken, appropriate control of the type I error rate may need to be demonstrated,
depending on the analyses used. As noted above, although type I error rate adjustments
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would be needed for interim unblinded assessments of efficacy, no additional adjustment
would be needed for changing the entry criteria per se, as long as all randomized patients
based on the originally planned sample size were included in the final analysis (Mehta et
al. 2009).
(3) A study could be designed to obtain more precise information on the performance
characteristics of the marker or other characteristics used for enrichment, for example, by
examining an early endpoint using several different biomarker cutoff values to determine
the optimal cutoff value. If a cutoff value proved too low or too high, it could be
changed. Such plans would need to be specified in advance, and appropriate type I error
rate control demonstrated. 6
E.

Cautions in Interpretation

Any use of an enrichment design should be explicit in the protocol and study report and should
fully detail the rationale for the design, the specific enrichment maneuvers, and their effects on
the interpretation of results. For example, if only half of the patients screened passed the entry
test, that should be noted, and the effect of this selection in terms of the expected response rate in
the overall population and on the generalizability of the results should be evaluated. The
importance of such descriptions is obvious for trials in which high-risk patients (prognostic
enrichment) and probable responders (predictive enrichment) have been selected, where the
description is critical to knowing to which patients the results apply, but such descriptions are
important for all types of enrichment studies. Given the potentially complex interpretation of
studies using enrichment designs, plans to use them should be discussed with FDA early in
development.
When enrichment depends on a proteomic or genetic biomarker, particularly if a test for the
biomarker is intended for use in practice to identify patients to be treated, the analytical validity
of the test is critical. In addition to assay validity, for any marker used to select patients, even a
familiar one, the biomarker’s clinical sensitivity, specificity, and positive and negative predictive
values should be well characterized. To the extent an enrichment strategy successfully identifies
patients with high event rates or high response rates and leads to a successful study, study results
could be said to speak for themselves (i.e., the randomized trial did show an effect; the event rate
was high enough) and certainly support the effectiveness of the drug in the population studied.
Again, however, the enrichment strategies should be clearly described in the study report and
labeling to indicate how the drug is to be used and to whom the results may apply (groups of
patients that are known to benefit or not to benefit and groups in which effect is not known).
Selection of the optimal predictive enrichment study design (specifically, whether to include
both marker-positive and -negative patients and whether to introduce adaptive elements) can be
difficult to determine when there is uncertainty about the properties of the enrichment marker.
Many publications have addressed these issues (Freidlin and Simon 2005; Mandrekar and
Sargent 2009; Freidlin, McShane, et al. 2010). One conclusion is that the greater the uncertainty
The draft guidance for industry Adaptive Designs for Clinical Trials of Drugs and Biologics (September 2018).
When final, this guidance will represent the FDA’s current thinking on this topic. For the most recent version of a
guidance, check the FDA guidance web page at https://www.fda.gov/RegulatoryInformation/Guidances/default htm.
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regarding the marker cutoff and responsiveness of marker-negative patients, the more sense it
makes to include a reasonable sample of marker-negative patients, perhaps using an adaptive
design to exclude such patients if they are seen not to respond. In general, stratification by
marker status would be sensible, especially when marker prevalence in the population studied is
relatively low.
VII.

ENRICHMENT — REGULATORY ISSUES
A.

Summary — The Decision to Use an Enrichment Strategy

The decision to use an enrichment design is largely left to the sponsor of the investigation, but
like the overall research and clinical communities, FDA is very interested in targeting treatments
to the patients who can most benefit from them (i.e., individualization or “precision medicine”).
FDA’s interests also include the adequacy of the study (Will it successfully assess effectiveness
in a defined population and, in so doing, support marketing approval?) as well as how study
findings can be described in drug labeling. As discussed above, a critical question is almost
always how much data will be needed in the off-target (nonenriched) population, particularly for
predictive enrichment strategies. These issues are critical aspects of a development program that
should be discussed with FDA early in development.
There are many reasons to use enrichment designs, including an enhanced benefit-risk
relationship if a population with an increased likelihood of response can be identified, and
efficiency in drug development, as smaller studies can often be used to demonstrate
effectiveness. Sponsors, however, should consider the following two critical regulatory issues
when contemplating the use of enrichment designs.
1.

Does the Enrichment Strategy Identify the Patients to Whom the Drug Should Be
Given?

When patients with an increased likelihood of response can be defined before treatment by a
predictive marker (e.g., a pathophysiologic or genomic characteristic, a short-term screen such as
response to a test dose), a straightforward method is available for selecting patients for treatment.
In contrast, some empiric strategies that provide predictive enrichment (e.g., studying known
responders in a conventional study or in a randomized withdrawal study) can efficiently establish
the effectiveness of a drug in a subset of the population but provide no way for prescribers to
prospectively identify patients with a greater likelihood of response or to predict the magnitude
of response in an unselected patient. Although this type of untargeted treatment may seem
troubling (treatment of many to attain a response in only some), the reality is that this is
generally the case with treatments that are approved on the basis of conventional studies in a
nonenriched population, where there is typically a wide range of responses, including no effect at
all or even harm in some patients. However, it needs to be understood that the magnitude and/or
likelihood of a treatment response for an unselected patient could be substantially less than the
mean response observed in a clinical trial that employed an empiric enrichment strategy, and this
should be clear in labeling. When the prescriber is able to quickly gauge the effectiveness of a
drug in an individual patient (e.g., pain is relieved, cholesterol is reduced), the pretreatment
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ability to predict the likelihood of a drug response with accuracy may not be as critical as it
would be if response is delayed.
In some cases, enrichment cannot be used to select patients for study because the enrichment
factor is not known until after the treatment is initiated but is used to identify the subset of the
studied population to be analyzed — for example, the patients with a prerandomization sample
of tissue, sputum, etc. that shows (later, after treatment is started) the presence of a targeted type
of organism in studies of antimicrobial drugs. Again, the subset analysis documents
effectiveness, but the population entered into the trial and randomized to treatment groups, at
least initially, will be the unselected patients (i.e., a larger group than the population of potential
responders). Such situations are unavoidable, however, if treatment is urgent and must be
initiated before the enrichment test results are available.
Finally, knowing the precise utility of the enrichment strategy may not be critical to determining
that a drug has an effect (that is if the selected study population shows an effect, the drug was in
fact effective), but knowing the effect of enrichment and the difference in effect between
populations are important for therapeutic use of the drug. It is plainly undesirable to treat patients
who will not respond and to fail to treat potential responders because the enrichment marker has
poor performance characteristics or because cutoff points for the marker were poorly selected.
These problems notwithstanding, if the enrichment strategy enables a drug of value to be
developed and to be shown to be effective when disease and response variability would make
nonenriched studies unable or unlikely to succeed, there is clearly an important gain from use of
such strategies. Labeling will reflect limitations and concerns, but it seems clear that a drug
shown to be effective and safe in an enriched study should be available even if the responder
population is not identified as precisely as would be desirable.
2.

Might the Drug Be Useful in a Broader Population Than Was Studied?

The data that should be obtained for the marker-negative patients are considered below, but it
can be anticipated that less information will be available about those patients and there will be
greater uncertainty as to their responses to the treatment. Studies in unselected patients (i.e., a
nonenriched population), the typical basis for drug approval, simply ignore the question of
identifying treatment responders and lead to treatment of many patients who will not benefit.
There would thus seem to be a gain from a process that seeks to establish the characteristics that
predict a drug response, rather than one that ignores the varied responses and overcomes the
variability by simply increasing sample sizes.
In general, then, FDA’s regulatory standards do not bar the Agency from approving drugs whose
effectiveness has been demonstrated primarily or even solely in enriched populations, and FDA
will seek to ensure truthful labeling that does not overstate the likelihood of a response, the
magnitude of the response, or the predictiveness of the enrichment factor. But the extent of data
that should be available on the nonenriched subgroup should always be considered.
Postmarketing commitments or requirements may be requested to better define the full extent of
a drug’s effect (including efficacy and safety studies and trials in a broader population).
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B.

Study of Marker-Negative Patients

Well-controlled enrichment studies, if successful, provide evidence of effectiveness in the
population studied. In many cases, however, questions will remain about whether some effect of
the treatment occurs in marker-negative patients and the extent to which the treatment effect
should be characterized in this population. A related issue is whether labeling should discourage
use in marker-negative patients and, if so, how strongly such use should be discouraged. In
general, heterogeneity-reducing efforts raise few issues of this kind, but prognostic enrichment
strategies, and especially predictive enrichment strategies, do raise them. The solutions are not
always clear and may be circumstance specific.
In general, studies using prognostic enrichment have been accepted as a basis of approval
without a requirement to study broader populations. Nonetheless, when studies have shown that
a drug reduced the rate of serious or irreversible endpoints, showing an effect in a high-risk
population (e.g., high BP, high LDL with a history of MI, severe CHF), they have, historically,
been followed by later assessments of effects in lower risk patients. Subsequent studies in lower
risk populations have generally shown an effect, but the effect size has often been smaller, and
the study endpoints have sometimes changed (mortality in the high-risk studies versus composite
endpoints in the lower risk patients). Consequently, benefit-risk considerations may have
changed. FDA has generally accepted the results from prognostically enriched studies, approved
an indication based on the observed effect, and described the study, including the patient
population, in the CLINICAL STUDIES section of labeling, with any enrichment selection
criteria noted. In most cases, the specific patient population studied has been the indicated
population in the INDICATIONS AND USAGE section of labeling, in addition to its description
in the CLINICAL STUDIES section. Labeling should also note populations that were not
studied.
When predictive enrichment is used in drug development and the treatment represents an
important advance for the marker-positive group, delaying approval because of limited data in
the marker-negative group would generally be unreasonable. Nonetheless, in such cases,
potential effectiveness in the marker-negative group is of great interest, and questions will
therefore arise about whether there is a treatment effect, even if a smaller effect, in the markernegative patients and about the precision of the dividing line chosen to define marker positivity.
It must be appreciated that a study sized to show a treatment effect in the predictively enriched
population, even if there is a modest representation of marker-negative patients, will have
relatively little capacity to detect or rule out an effect in the marker-negative population.
Nevertheless, the marker-negative population will generally have at least some data, as the study
designs in Figures 5 and 6 indicate. In addition, information on possible differences in the
treatment effect based on the enrichment factor can sometimes be obtained from
pathophysiologic studies, nonclinical studies, in vitro clinical studies, or combinations of various
kinds of information.
Determining the need to characterize the treatment effect in the marker-negative population will
be based on potential benefit and risks in that population, including: (1) the nature of the
efficacy shown in the marker-positive population (which could range from reduction in
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symptoms to enhanced survival); (2) the risks of the drug, in particular risks that might be
present in the marker-negative population; (3) whether the effect of treatment would be apparent
to an individual patient; (4) the relative sizes of the marker-positive and -negative populations;
and (5) the desire to use the drug in the marker-negative population (the impetus is greater when
benefit is substantial and/or alternative treatments are limited).
When treatment benefit is clinically critical (e.g., leading to prolonged survival or prevention of
significant disability), physicians may want to prescribe the drug in the marker-negative
population, especially if treatment options are limited, and obtaining a reasonably reliable
assessment of the effect in the marker-negative group is especially important.
When treatment benefit is not clinically critical, it is important to consider the expected toxicity
in the marker-negative population, the relative size of the marker-positive and marker-negative
populations, and how much evidence there is that no treatment effect occurs in the markernegative population. The balance of these factors would determine both the need to discourage
or limit use through labeling and other measures and the need to characterize the treatment effect
in the marker-negative population.
When individual patients can determine whether they are deriving benefit from a drug (usually
for drugs used to reduce symptoms in the short term), patients can decide to discontinue a drug if
it fails to provide symptom benefit. In this situation, determining the treatment effect in the
marker-negative population is generally less important. This is because if the drug is used in the
marker negative population, the determination of whether or not to discontinue the drug is made
in a straightforward manner based upon the patient’s report. How reassuring this will be depends
substantially on the seriousness of the drug’s adverse effects.
For drugs used to reduce the risk of morbid outcomes, patients typically cannot determine
whether or not they will ever derive benefit, and such drugs will usually be used for long periods
of time. When the drug has the potential to cause significant harm in the marker-negative
population, a greater need to assess the treatment effect in that population arises. Also, the larger
the relative size of the marker-negative population, the more important characterization of the
benefit in that population becomes. For example, if only 10% of the population is markerpositive, and marker-negative (90%) patients are not known to benefit from the drug, sponsors
should assess the benefit in the marker-negative population and communicate the findings.
Under these circumstances, the benefit of the treatment in the marker-positive population could
be outweighed by the overall risk in the marker-negative population, if this population is treated
extensively, and communicating both the risk and the lack of benefit in that population would be
important.
A number of considerations may support collection of less (or sometimes no) information on the
enrichment-factor-negative population:
•

A clear pathophysiologic basis for concluding that the nonenriched population will not
respond (e.g., because the patients lack the molecular target of the drug, or because they
cannot convert a prodrug to its active metabolite). This type of support could be provided
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from nonclinical or clinical pharmacology and biomarker studies. In some cases, such
information could be obtained from the literature.
•

Early clinical studies that show very marked differences in response between the
enrichment and nonenrichment populations.

Sponsors should discuss how much information to collect on the enrichment-factor-negative
population with FDA review staff.
C.

Labeling

The use of enrichment designs will have implications for labeling, especially in the
INDICATIONS AND USAGE and CLINICAL STUDIES sections. Labeling should accurately
describe the enrichment strategies used, including any limitations or concerns they raise for
clinical use of the drug. Sponsors should discuss the potential effect of enrichment strategies on
labeling with FDA during drug development.
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APPENDIX:
ADDITIONAL GUIDANCE RELATED TO ENRICHMENT
FDA has issued a number of guidances that provide additional and related information about
clinical trial designs (including enrichment designs) and demonstrating effectiveness. See
especially the following guidances. 1
•

The draft guidance for industry Adaptive Designs for Clinical Trials of Drugs and
Biologics (September 2018) 2 considers the case of enrichment approaches introduced
only after randomization and based on interim evaluations. Such a retrospective finding
would have to be carefully implemented and highly compelling to be accepted without
further study.

•

The guidance for industry Clinical Pharmacogenomics: Premarket Evaluation in EarlyPhase Clinical Studies and Recommendations for Labeling (January 2013) focuses
particularly on use and evaluation of genomic strategies in early drug development and
highlights identification of enrichment options for later trials.

•

The guidance for industry and FDA staff In Vitro Companion Diagnostic Devices
(August 2014) defines in vitro companion diagnostic devices that are essential for the
safe and effective use of their corresponding therapeutic products. The guidance
describes FDA’s policies for approval and clearance and for labeling companion
diagnostics contemporaneously with approval and labeling of the therapeutic product.

•

The guidance for industry Providing Clinical Evidence of Effectiveness for Human Drug
and Biological Products (May 1998) describes the amount and type of evidence needed
to demonstrate effectiveness and is applicable to studies using enrichment designs.

We update guidances periodically. To make sure you have the most recent version of a guidance, check the FDA
guidance web page at https://www.fda.gov/RegulatoryInformation/Guidances/default htm.

1

When final, this guidance will represent the FDA’s current thinking on this topic. For the most recent version of a
guidance, check the FDA guidance web page at https://www.fda.gov/RegulatoryInformation/Guidances/default htm.

2
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Introduction
FDA’s Opioid Analgesic REMS Education Blueprint for Health Care
Providers Involved in the Treatment and Monitoring of Patients with Pain
Background
In July 2012, FDA approved the Extended-Release and Long-Acting (ER/LA) Opioid Analgesic
Risk Evaluation and Mitigation Strategy (ER/LA REMS) to ensure that the benefits of ER and
LA opioid analgesics used in the outpatient setting outweigh the risks. That REMS was modified
and the new Opioid Analgesic REMS includes, in addition to ER/LA opioid analgesics, all
immediate-release (IR) opioids used in the outpatient setting that are not already covered by
another REMS program. The Opioid Analgesic REMS is intended to support other national
efforts underway to address the misuse and abuse of prescription opioid analgesics.
As part of the Opioid Analgesic REMS, all opioid analgesic companies must provide the
following:
•

Education for health care providers (HCPs) who participate in the treatment and
monitoring of pain. For the purpose of the Opioid Analgesic REMS, HCPs will include
not only prescribers, but also HCPs who participate in the treatment and monitoring of
patients who receive opioid analgesics, including pharmacists and nurses.
o Education will be offered through accredited continuing education (CE) activities.
These activities will be supported by unrestricted educational grants from opioid
analgesic companies.

•

Information for HCPs to use when counseling patients about the risks of ER, LA, and IR
opioid analgesic use.

To facilitate the development of CE educational materials and activities as part of the Opioid
Analgesic REMS, FDA has also revised the education blueprint ― originally designed to
facilitate development of CE educational materials under the ER/LA REMS. FDA has
completed the revisions to the FDA Education Blueprint for Health Care Providers Involved in
the Treatment and Monitoring of Patients with Pain (FDA Blueprint), following publication of a
draft version and consideration of received public comments.
The FDA Blueprint contains a high-level outline of the core educational messages that will be
included in the educational programs developed under the Opioid Analgesic REMS. The FDA
Blueprint focuses on the fundamentals of acute and chronic pain management and provides a
contextual framework for the safe prescribing of opioid analgesics. The core messages are
directed to prescribers, pharmacists, and nurses, but are also relevant for other HCPs who
participate in the management of pain. The course work is not intended to be exhaustive nor a
substitute for a more comprehensive pain management course.

1

161 of 173

Accrediting bodies and CE providers will ensure that the CE activities developed comply with
the standards for CE of the Accreditation Council for Continuing Medical Education, 1, 2 or
another CE accrediting body, depending on the target audience’s medical specialty or health care
profession.
FDA is making the FDA Blueprint, approved as part of the Opioid Analgesic REMS, available
on the REMS@FDA Website (www.fda.gov/REMS), where it will remain posted for use by CE
providers as they develop the CE materials and activities. A list of the REMS-compliant CE
activities supported by unrestricted educational grants from the opioid analgesic companies to
accredited CE providers will be posted at www.opioidanalgesicREMS.com as that information
becomes available.
Reasons Why HCP Education Is So Important
Adverse outcomes of addiction, unintentional overdose, and death resulting from inappropriate
prescribing, abuse, and misuse of opioids have emerged as major public health problems. It is
critical that HCPs are knowledgeable about the risks associated with opioid analgesics as they
pertain to their patients as well as from a public health perspective. The data continue to show
problems associated with prescription opioid analgesics.
•

In 2015, over 52,404 Americans died from drug poisonings, and of these, 24% or
approximately 12,570 deaths involved opioid analgesics. 3

•

Based on the 2016 National Survey on Drug Use and Health (NSDUH), an estimated
11.5 million Americans aged 12 or older misused a prescription pain reliever in the past
year ― with hydrocodone, oxycodone, and codeine products being the most commonly
reported. 4

•

The most common source of pain relievers in the 2016 NSDUH was “a friend or relative”
(53%). “A physician’s prescription” was the second most common source, reported by
approximately 35% of respondents. 5

The nation is facing competing public health problems: the need to adequately treat a large
number of Americans with acute and chronic pain and an epidemic of prescription opioid abuse.
1

Accreditation Council for Continuing Medical Education. 2016. Accreditation Requirements. Criteria for CME
Providers-Accreditation Criteria. Accessed July 2018.
2

Accreditation Council for Continuing Medical Education. 2016. Accreditation Requirements. Criteria for CME
Providers-Standards for Commercial Support. Accessed July 2018.
3

See https://www.cdc.gov/nchs/data/factsheets/factsheet drug poisoning.pdf. Accessed July 2018.

4

Substance Abuse and Mental Health Services Administration. (2017). Key substance use and mental health
indicators in the United States: Results from the 2016 National Survey on Drug Use and Health (HHS Publication
No. SMA 17-5044, NSDUH Series H-52). Rockville, MD: Center for Behavioral Health Statistics and Quality,
Substance Abuse and Mental Health Services Administration.

5

Ibid.
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Described in the 2011 report by the National Academies of Science, Engineering, and Medicine
(NASEM), Relieving PAIN in America, A Blueprint for Transforming Prevention, Care,
Education, and Research, 6 100 million Americans suffer from common chronic pain conditions;
fewer than half of Americans undergoing surgery report adequate pain relief; and 60% of
Americans visiting the emergency department with acute painful conditions receive analgesics.
The increasing availability of prescription opioids since the 1990’s has been accompanied by an
epidemic of opioid addiction. The Substance Abuse and Mental Health Services
Administration’s National Survey of Drug Use and Health has shown that most people who use
prescription analgesics “nonmedically” obtain them from friends or family, who it is believed
obtained the drugs from a doctor’s prescription. 7
Some of the immediate consequences of untreated or undertreated pain include reduced quality
of life, impaired physical function, and high economic costs. Chronic pain is associated with
physical disability, fear, anger, depression, anxiety, and reduced ability to carry out the roles of
family member, friend, and employee. It is critically important that HCPs have all the
information they need to properly treat their patients and safely manage their pain. It is also
critical for HCPs to understand when opioid analgesics are the appropriate treatment and how to
implement best practices to ensure their patients’ safety. A 2017 report by NASEM, Pain
Management and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks of
Prescription Opioid Use, describes the challenges of providing adequate pain management and
calls for the establishment of “comprehensive pain education materials and curricula” for HCPs. 8
Having broad knowledge about how to manage patients with pain can create the opportunity for
HCPs to consider all options for pain management, including nonpharmacologic and non-opioid
pharmacologic options, and to reserve opioids for when non-opioid options are inadequate and
when the benefits of the opioids are expected to outweigh the risks. This information can also
aid HCPs in identifying and intervening when encountering obstacles that may reduce access to
nonpharmacological and non-opioid medication options. Fully informed HCPs can help
contribute to national efforts to address opioid addiction and reduce opioid misuse and abuse.

6

http://www.nationalacademies.org/hmd/Reports/2011/Relieving-Pain-in-America-A-Blueprint-for-TransformingPrevention-Care-Education-Research.aspx. Accessed July 2018.
7

https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2016/NSDUH-DetTabs-2016.pdf, Table 6.53A.
Accessed July 2018.
8

http://nationalacademies.org/hmd/Reports/2017/pain-management-and-the-opioid-epidemic.aspx. Accessed July
2018.
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FDA Education Blueprint for Health Care Providers
Involved in the Treatment and Monitoring of Patients with Pain
Purpose of the Opioid Analgesic REMS HCP Educational Effort
Following completion of educational activities under the Opioid Analgesic REMS, HCPs should
be knowledgeable about the following.
•
•
•
•
•
•
•
•
•
•

The fundamental concepts of pain management, including definitions and mechanisms of
pain
How to assess patients in pain, identifying risk factors for abuse and addiction
The range of therapeutic options for managing pain, including nonpharmacologic
approaches and pharmacologic (non-opioid and opioid analgesics) therapies
How to integrate opioid analgesics into a pain treatment plan individualized to the needs
of the patient
How to safely and effectively manage patients on opioid analgesics in the acute and
chronic pain settings, including initiating therapy, titrating, and discontinuing use of
opioid analgesics
How to counsel patients and caregivers about the safe use of opioid analgesics, including
proper storage and disposal
How to counsel patients and caregivers about the use of naloxone for opioid overdose
When referral to a pain specialist is appropriate
The fundamental elements of addiction medicine
How to identify and manage patients with opioid use disorder

In addition, HCPs will gain an understanding of current information about safe opioid practices
and about current Federal 9 and State regulations, national guidelines, 10 and professional
organization 11 and medical specialty guidelines on treating pain and prescribing opioids. HCPs
will also become familiar with the use of naloxone and with the importance of its availability for
use by patients and caregivers both in the community and in the home.

9

For example, see https://www.deadiversion.usdoj.gov/21cfr/cfr/2106cfrt.htm and
https://www.deadiversion.usdoj.gov/21cfr/21usc/829 htm. Accessed July 2018.
10

For example, see Dowell D, Haegerich TM, Chou R. 2016. CDC Guideline for Prescribing Opioids for Chronic
Pain –United States, 2016. MMWR Recomm Rep 2016; 65 (No.RR-1): 1-49. Accessed July 2018.
11

For example, see Federation of State Medical Boards’ Guidelines for the Chronic Use of Opioid Analgesics.
Accessed July 2018.
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Section 1: The Basics of Pain Management
I.

THE NEED FOR COMPREHENSIVE PAIN EDUCATION

The FDA Blueprint was developed with two, competing, U.S. public health concerns in mind,
(1) the large number of Americans with acute and chronic pain and (2) the epidemic of
prescription opioid abuse.
1. Providing health care providers (HCPs) with a thorough understanding of the risks
associated with opioids can give HCPs the opportunity to consider all pain management
options, including nonpharmacologic and pharmacologic options, prescribing opioids
only when non-opioid options are inadequate and when the benefits of using an opioid
are expected to outweigh the risks.
2. When HCPs have information about the risks of opioid misuse and abuse, they will be
better able to create opportunities for patient counseling and other strategies to reduce
these risks.

II.

DEFINITIONS AND MECHANISMS OF PAIN

Pain can be categorized according to its duration, underlying pathophysiology of the original
insult, and whether a central sensitization component has developed. An understanding of these
different categorizations can help direct therapeutic decisions.
When defining, and classifying pain, the following should be taken into consideration:
1. Biological significance of pain (survival value)
2. Relationship between acute and chronic pain
3. Distinction between nociceptive and neuropathic pain

III.

ASSESSING PATIENTS IN PAIN

HCPs should be knowledgeable about how to assess each patient when initiating a pain
management program. When appropriate, evidence-based, standardized scales and tools can be
used to document pain characteristics and guide management decisions throughout treatment,
noting the strengths and weaknesses regarding specificity and sensitivity of these scales.
Important elements of an initial assessment should include the following:
1. Patient history
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2. Screening tools to evaluate the known risk factors for development of chronic pain after
an acute injury or disease
3. Screening tools to evaluate the known risk factors for opioid use disorder (OUD) or abuse
4. Queries of state prescription drug monitoring programs (PDMPs)
5. Pain assessment scales/tools
6. Functional assessment scales
7. Physical examination
8. Family planning, including information about use of contraceptives, pregnancy
intent/status and plans to breastfeed
9. Psychological and social evaluation
10. Diagnostic studies when indicated

Section 2: Creating the Pain Treatment Plan
A comprehensive pain treatment plan should be developed and customized to the needs of the
individual patient. The treatment plan should include the types of therapies planned, the goals of
treatment, and an explanation of the patient and prescriber roles and responsibilities. The goals
of treatment should be based on (1) expected outcomes of pain reduction; (2) improvement in
functional outcomes impaired by pain (e.g., activities of daily living); and (3) quality of life.
If HCPs encounter potential barriers to managing patients with pharmacologic and/or
nonpharmacologic treatment options, such as lack of insurance coverage or inadequate
availability of certain HCPs who treat patients with pain, attempts should be made to address
these barriers. The overall treatment approach and plan should be well documented in the patient
record, including written agreements and informed consent/patient provider agreements (PPAs)
that reinforce patient-provider responsibilities and avoid punitive tones.

I.

COMPONENTS OF AN EFFECTIVE TREATMENT PLAN
1. The goals of treatment, including the degree of improvement in pain and function when
function has been impaired by pain
2. Possible constituents of the treatment plan, including nonpharmacologic approaches and
pharmacologic therapies
3. Patient/prescriber/health care team interactions, including
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•
•
•
•
•

II.

Patient responsibilities/compliance with the plan
Responsibilities of the prescriber and health care team, including patient monitoring
Plans for reviewing functional goals
Use of supplemental medication for intermittent increases in pain
Use of PPAs

GENERAL PRINCIPLES OF NONPHARMACOLOGIC APPROACHES

Pain can arise from a wide variety of causes. There are a number of nonpharmacologic and selfmanagement treatment options that have been found to be effective alone or as part of a
comprehensive pain management plan, particularly for musculoskeletal pain and chronic pain.
Examples include, but are not limited to, psychological, physical rehabilitative, and surgical
approaches, complementary therapies, 12 and use of approved/cleared medical devices for pain
management. HCPs should be knowledgeable about the range of treatment options available, the
types of pain that may be responsive to those options, and when they should be used as part of a
multidisciplinary approach to pain management. HCPs should also be aware that not all
nonpharmacologic options have the same strength of evidence to support their utility in the
management of pain, and some may be more applicable for some conditions than others.

III.

GENERAL PRINCIPLES OF PHARMACOLOGIC ANALGESIC THERAPY

A variety of analgesics, including non-opioid and opioid medications, are available for use to
manage pain symptoms. HCPs should be well informed about the range of analgesics available
and the types of pain that may be responsive to those analgesics.
A.

Non-opioid medications

When using non-opioid medications in pain management, HCPs should be knowledgeable about
the following:
1. Mechanism of action of analgesic effect
2. Indications and uses for pain management
3. Routes of administration and formulations used in pain management
4. Initial dosing, dose titration, dose tapering (when appropriate) for analgesia
5. Contraindications
6. Adverse events, with emphasis on labeled warnings
7. Drug interactions ― both pharmacodynamic and pharmacokinetic
B.

Opioid analgesic medications

Opioid analgesic medications can be used successfully as a component of pain management.
However, opioids carry risks not present with most non-opioid analgesics, specifically the risks
12

For example, see https://nccih.nih.gov. Accessed July 2018.
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of addiction, abuse and misuse, which can lead to respiratory depression, overdose and death.
Therefore, it is the responsibility of HCPs to be knowledgeable, not just about the presence of
such risks, but about how to weigh these risks before prescribing an opioid and about how to
properly manage patients who are prescribed opioids, both for short-term and long-term use.
When using opioid analgesics as part of pain management, HCPs should be knowledgeable about
the following:
1. General precautions
a. Even at prescribed doses, opioid analgesics carry the risk of misuse, abuse, opioid use
disorder, overdose, and death
b. Importance of the appropriate use of PDMPs 13 and their use as a clinical decision
support tool
c. DSM-5 (R) criteria (or the most recent version) for OUD and the concepts of abuse
(taking an opioid to get high) vs. misuse (taking more than prescribed for pain or
giving to someone else in pain) 14
d. The concepts of tolerance and physiological dependence and how they differ from
OUD (addiction)
e. Recognition that some opioid analgesics (e.g., Transmucosal Immediate Release
Fentanyl products, some ER/LA products) are safe only for opioid-tolerant patients
2. Mechanism of action and analgesic effect
3. Types of opioids (full agonists, partial agonists)
4. Indications and uses for pain management
5. Range of opioid analgesic products available for pain management and their related
safety concerns
a. Routes of administration including oral, transmucosal, transdermal
b. Release characteristics of immediate release (IR), extended-release (ER), long-acting
(LA)
c. Abuse-deterrent formulations (ADFs)
• Definition of ADF based on the FDA guidance for industry, Abuse-Deterrent
Opioids – Evaluation and Labeling 15
• Recognition that all ADFs have the same potential for addiction and overdose
death as non-abuse-deterrent opioids
• How to understand FDA-approved ADF product labeling
6. Initial dosing, dose titration, dose tapering (when appropriate) for analgesia
a. Concepts and limitations of the conversion charts in labeling and the limitations of
relative potency or equianalgesic dosing tables in literature
13

SAMHSA Prescription Drug Monitoring Programs: A Guide for Healthcare Providers. Accessed July 2018.

14

American Psychiatric Association DSM-5-Opioid Use Disorder Diagnostic Criteria. Accessed July 2018.

15

See FDA guidance for industry Abuse-Deterrent Opioids —Evaluation and Labeling. Accessed July 2018.
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b. Interindividual variability of response
c. Special populations
• Pregnant, postpartum, breastfeeding, and neonatal opioid withdrawal syndrome
• Renal and hepatic impairment
• Children and adolescents
• Genetic and phenotypic variations
• Older adults
• Sleep disorders
• Common and uncommon psychiatric disorders
7. Contraindications
8. Adverse Events
a. Medication errors
b. Periods of greater risk for significant respiratory depression, including at treatment
initiation and with dose increases
c. Serious adverse drug reactions (including overdose and death)
d. Labeled warnings
e. Common adverse drug reactions
9. Drug interactions
a. Pharmacokinetic interactions based on metabolic pathway
b. Pharmacokinetic and pharmacodynamic interactions with alcohol
c. Concerns with particular drug–drug interactions, including, but not limited to:
• Benzodiazepines and other central nervous system depressants, including alcohol
• Monoamine oxidase inhibitors
• Antidiuretic hormone drugs
10. Key safety strategies for use with opioid medications
a. Dosing instructions including daily maximum
b. Safe storage to reduce risk of accidental exposure/ingestion by household contacts,
especially children/teens and to reduce risk of theft
c. Naloxone products for use in the home to reduce risk of overdose deaths in patients
and household contacts
d. Proper disposal of used (e.g., transdermal systems) and unused opioids
e. Pain management after an opioid overdose
f. Driving and work safety

9

169 of 173

IV.

MANAGING PATIENTS ON OPIOID ANALGESICS

HCPs should be knowledgeable about the appropriate use of opioids in patients with acute and
chronic pain, including the importance of balancing potential benefits with the risks of serious
adverse outcomes such as overdose and death.
A.

Initiating treatment with opioids ― acute pain
1. Patient selection ― consider when an opioid is an appropriate option and consult the
PDMP
2. Dosing — as needed vs. around-the clock dosing, prescribing an appropriate quantity
based on the expected duration of pain, i.e., the least amount of medication necessary to
treat pain and for the shortest amount of time
3. Naloxone for home use ― prescribe and discuss the use of naloxone products and the
various means of administration
4. Screening tools for risk of abuse

B.

Initiating treatment with opioids ― chronic pain
1. Patient selection
a. Differences in benefit and risk and expected outcomes for patients with chronic pain,
palliative care, or end-of-life care
b. Differences in initiating treatment in opioid nontolerant vs. opioid-tolerant patients
2. Dosing
a. As needed vs. around-the-clock
b. How to determine a safe initial dose
c. Safe conversion from other opioids
3. Considerations in opioid selection
a. IR or ER/LA
b. Special precautions with methadone
c. Products restricted to opioid-tolerant patients
4. When and how to use an opioid or non-opioid analgesic to supplement pain management

C.

Ongoing management of patients on opioid analgesics
1. Periodic review of pain and functional goals
2. Review adverse events at each visit
• Eliciting signs or symptoms of opioid abuse
• Screening for endocrine function may be recommended
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•

Importance of adverse event reporting and mechanisms to report

3. Review refill history/review PDMP
4. How to determine when an opioid analgesic is no longer necessary/beneficial
D.

Long-term management
1. Evaluation of the patient with worsening pain for changes in underlying condition and for
signs of OUD before increasing opioid dosage
2. Changing opioid medications
• Concept of incomplete cross-tolerance when converting patients from one opioid to
another
• Concepts and limitations of the conversion charts in labeling and the limitations of
relative potency or equianalgesic dosing tables in literature
3. Monitoring of patient adherence to the treatment plan, especially regarding misuse and
abuse:
• Perform medication reconciliation ― recognize, document, and address aberrant
drug-related behavior
• Determine if nonadherence is due to inadequate pain management
• Understand the utility and interpretation of urine drug testing (e.g., screening and
confirmatory tests) and use as indicated
• Screen and refer for substance use disorder treatment when concerns arise

E.

How to recognize and intervene upon suspicion or identification of an OUD

HCPs should understand how to monitor patients taking opioid analgesics and identify the signs
and symptoms of opioid misuse, abuse, and OUD and be knowledgeable about how to begin the
process of intervention upon suspicion of an OUD.
F.

When to consult with a pain specialist

HCPs should be knowledgeable about when referral to a pain management specialist is indicated,
including identifying patients at high risk for OUD and patients unable to achieve adequate pain
management.
G.

Medically directed opioid tapering

HCPs should be knowledgeable about how to safely taper opioid analgesics, including how to
recognize and manage signs and symptoms of opioid withdrawal. HCPs should be
knowledgeable about the particular risks associated with tapering during pregnancy.
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H.

Importance of patient education

HCPs should recognize their role in reducing the risks associated with opioid analgesics through
patient education at initiation of an opioid and throughout long-term management.
1. Inform patients about pain management expectations and managing pain through
different pharmacologic and nonpharmacologic modalities.
2. Use the Patient Counseling Guide: What You Need to Know About Opioid Pain
Medicines as part of discussion with patients and caregivers when prescribing opioid
analgesics.
3. Counsel the patient about the following:
a. Importance of adherence to prescribed dosing regimen
b. Patients should use the least amount of medication necessary to treat pain and for the
shortest amount of time
c. The risk of serious adverse events that can lead to death
d. The risk of addiction that can occur even when product is used as recommended
e. Known risk factors for serious adverse events, including signs and symptoms of
overdose and opioid-induced respiratory depression, GI obstruction, and allergic
reactions, among others
f. The most common side effects, along with the risk of falls, working with heavy
machinery, and driving
g. When to call the prescriber (e.g., managing adverse events, ongoing pain)
h. How to handle missed doses
i. The importance of full disclosure of all medications and supplements to all HCPs and
the risks associated with the use of alcohol and other opioids/benzodiazepines
j. Product-specific concerns, such as not to crush or chew ER products; transdermal
systems and buccal films should not be cut, torn, or damaged before use, etc.
k. How to safely taper dose to avoid withdrawal symptoms
l. Safe storage and disposal, risks of theft by family members and household visitors
m. Never share any opioid analgesic with another person
n. How and when to use naloxone products and their various means of administration
o. Seeking emergency medical treatment if an opioid overdose occurs
p. How to report adverse events and medication errors to FDA (1-800-fda-1088 or via
http://www.fda.gov/downloads/AboutFDA/ReportsManualsForms/Forms/UCM1639
19.pdf)

V.

ADDICTION MEDICINE PRIMER

HCPs should be knowledgeable about the basic elements of addiction medicine and be familiar
with the definition, neurobiology, and pharmacotherapy of OUDs. In particular, stigmatizing or
blaming language should be replaced with language that acknowledges that addiction,
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reclassified as substance use disorder 16 in the revised Diagnostic Statistical Manual–V, is a
disease. The term opioid use disorder 17 should be used when referring to the use of opioids,
rather than other substances.
It should also be noted that there may be a different approach with a patient who misuses an
opioid analgesic by taking the product differently than prescribed for the purpose of managing
pain, in contrast to the patient who abuses an opioid analgesic with the intent of getting high.
HCPs should be familiar with the following:
1. The neurobiology of OUD (addictive cycle)
2. Use of screening tools to identify patients at risk, based on known risk factors, and to
identify patients developing signs of opioid dependence or addiction as early as possible.
3. Management of OUD, including the types of pharmacologic and nonpharmacologic
treatments available and when to refer to an addiction medicine specialist.

16

Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, (Copyright 2013). American Psychiatric
Association.
17

Id.
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