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Preface

Nature and human ingenuity have spawned a class of opioid drugs
that alleviate pain and, not coincidentally, induce feelings of well-being.
Unfortunately, overprescribing and misuse of these drugs pose serious risks
to individuals who consume them and the population at large. Industrial
and postindustrial societies have been grappling with the challenge of bal-
ancing these benefits and risks for more than 150 years. Alarmingly, rates
of opioid use disorder (OUD) and opioid overdose deaths have reached
unprecedented levels over the past two decades, and have risen much faster
in the United States than in most other countries.

U.S. Department of Health and Human Services data suggest that at
least 2 million Americans have an OUD involving prescribed opioids and
nearly 600,000 have an OUD involving heroin, with about 90 Americans
dying every day from overdoses that involve an opioid. Recognizing the
magnitude of the problem, the U.S. Food and Drug Administration (FDA)
asked the National Academies of Sciences, Engineering, and Medicine
(the National Academies) to characterize the epidemic and to recommend
actions that the FDA and other public and private organizations should
take to address it, balancing society’s interest in reducing opioid-related
harms with the needs of individuals suffering from pain. It was my privilege
to chair a committee of talented experts chosen by the National Academies
to carry out this important charge.

Few communities have been left untouched by the recent surge of
opioid-related deaths. Perhaps at no time in modern history has there been
broader public understanding of the nature and consequences of substance
use disorder, including OUD. Indeed, the broad reach of the epidemic has

x
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blurred the formerly distinct social boundary between use of prescribed
opioids and use of heroin and other illegally manufactured ones. These
unfortunate developments may have finally reframed the “cops versus
docs” debate that has characterized U.S. drug policy since World War II.

It has become clear (and is well-documented in this Consensus Study
Report) that the opioid epidemic will not be controlled without deploying
multiple policy tools. Increasing access to treatment for individuals with
OUD is imperative, together with a substantial program of research to
develop new nonaddictive treatments for pain. The committee urges the
FDA to reshape and monitor the legal market for opioids and to facilitate
use of safe and effective agents for treating persons with OUD and reduc-
ing overdose deaths. In addition, the professional societies, insurers, health
care organizations, pharmaceutical manufacturers, and state and federal
agencies collectively responsible for shaping prescribing practices should
attend to the multiple weaknesses in the nation’s health system that led
to this epidemic. Meanwhile, law enforcement agencies will continue to
be responsible for curtailing trafficking in illegally manufactured opioids,
most recently the low-priced, high-potency fentanyl manufactured in clan-
destine labs domestically and also streaming into the country from abroad.
Although criminal drug law enforcement was beyond the scope of this
report, the need for improved tools for tracking the dynamic interaction
between the legal and illegal markets is one of its core themes.

The Controlled Substances Act, which provides one of the two prongs
of federal statutory regulation of opioids (the other being the Food, Drug,
and Cosmetic Act), was enacted by Congress in 1970, as part of an omnibus
drug policy bill that also established the National Commission on Mari-
juana and Drug Abuse, for which T had the honor of serving as Associate
Director. The Commission’s second report, issued in 1973, championed
strong roles for federal public health agencies, and for federally funded sci-
entific research, in a coordinated national policy for substance use disorder
prevention and treatment. Perhaps the tragic effects of the opioid epidemic
will reinvigorate federal leadership and provide the impetus for comprehen-
sive and sustained national action.

Richard J. Bonnie, Chair
Committee on Pain Management and Regulatory Strategies
to Address Prescription Opioid Abuse
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DA dopamine

DAMP damage-associated molecular pattern

DATA Drug Addiction Treatment Act of 2000

DAWN Drug Abuse Warning Network

DDD defined daily dose

DEA U.S. Drug Enforcement Administration

DIRE Diagnosis, Intractability, Risk, Efficacy tool

DoD U.S. Department of Defense

DQJ U.S. Department of Justice

DOPR delta opioid receptor

DSM Diagnostic and Statistical Manual of Mental Disorders

DTC direct-to-consumer

DUR drug utilization review

ECHO Extension for Community Healthcare Outcomes

EEG electroencephalogram

EMR electronic medical record

EP3 E prostanoid receptor 3

EpFA epoxy fatty acid

ER/LA extended-release/long-acting

ERK extracellular signal-regulated kinase

ETASU elements to assure safe use

FAAH fatty acid amide hydrolase

FAERS FDA’s Adverse Event Reporting System

FDA U.S. Food and Drug Administration

FDASIA FDA Safety and Innovation Act of 2012

FDCA Food, Drug, and Cosmetic Act

FQHC federally qualified health center

GI gastrointestinal

GPR G protein-coupled receptor

GRADE Grading of Recommendations, Assessment, Development,
and Evaluation

GTP guanosine triphosphate
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ACRONYMS AND ABBREVIATIONS Xxiil
HCV hepatitis C virus

HHS U.S. Department of Health and Human Services

HIV human immunodeficiency virus

HMGB1 high mobility group box 1 protein

ICD International Classification of Diseases

IL-6 interleukin-6

IMMPACT Initiative on Methods, Measurement, and Pain Assessment
in Clinical Trials

IND Investigational New Drug

IOM Institute of Medicine

IPRCC Interagency Pain Research Coordinating Committee

IR immediate-release

KOPR kappa opioid receptor

MAT medication-assisted treatment

MCH maternity care home

MED morphine equivalent dose

MME morphine milligram equivalents

MOMS Maternal Opioid Medical Supports

MOPR mu (p) opioid receptor

MPGES microsomal prostaglandin E synthase

NAc nucleus accumben

NAS neonatal abstinence syndrome

NAVIPPRO National Addictions Vigilance Intervention and Prevention
Program

NDA New Drug Application

NDEWS National Drug Early Warning System
NeuPSIG Neuropathic Pain Special Interest Group

NFLIS National Forensic Laboratory Information System
NGF nerve growth factor

NIDA National Institute on Drug Abuse

NIH National Institutes of Health

NMDA N-Methyl-D-aspartate

NMPR nonmedical pain relief

NNT number needed to treat

NorBNI norbinaltorphimine

NSAID nonsteroidal anti-inflammatory drug

NSDUH National Survey on Drug Use and Health

OIH opioid-induced hyperalgesia
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xXXiv ACRONYMS AND ABBREVIATIONS

ONDCP Office of National Drug Control Policy
OPRM1 opioid receptor mul

OR opioid receptor

ORT Opioid Risk Tool

OTA opioid treatment agreement

OTC over-the-counter

OuD opioid use disorder

PAMP pathogen-associated molecular pattern

PDMP prescription drug monitoring program

PG prostaglandin

PGE prostaglandin E

PHN postherpetic neuralgia

POATS Prescription Opioid Addiction Treatment Study
POMAQ Prescription Opioid Misuse and Abuse Questionnaire
PPA patient—provider agreement

PPRECISE  Preclinical Pain Research Consortium for Investigating
Safety and Efficacy

PRR pattern recognition receptor

PVB paravertebral block

PWID people who inject drugs

QALY quality-adjusted life year

QL quantity limit

RA rheumatoid arthritis

RADARS Researched Abuse, Diversion, and Addiction-Related
Surveillance

RAGE receptor for advanced glycation end products

RCT randomized controlled trial

REMS Risk Evaluation and Mitigation Strategy

RF radiofrequency

RICO Racketeer Influenced and Corrupt Organizations Act

RMTg rostromedial tegmental nucleus

SA short-acting

SAFE Safety, Appropriateness, Fiscal Neutrality, and Effectiveness

SAMHSA  Substance Abuse and Mental Health Services
Administration

SCOPE Safe and Competent Opioid Prescribing Education

SCS spinal cord stimulation

sEH soluble epoxide hydrolase

SIF safe injection facility
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SIH supervised injectable heroin

SIS Spine Intervention Society

SMB state medical board

SNP single-nucleotide polymorphism

SNRI serotonin—norepinephrine reuptake inhibitor

SOAPP Screener and Opioid Assessment for Patients with Pain
SSRI selective serotonin re-uptake inhibitor

SUD substance use disorder

TCA tricyclic antidepressant

TEDS Treatment Episodes Data Set

THC tetrahydrocannabinol

TIRF transmuscosal immediate-release fentanyl

TLR toll-like receptor

TNF tumor necrosis factor

TPP thrombotic thrombocytopenic purpura

TRPA1 transient receptor potential cation channel, member A1
TRPV transient receptor potential cation channel, subfamily V
TTX tetrodotoxin

VA U.S. Department of Veterans Affairs

VGSC voltage-gated sodium channel

VHA Veterans Health Administration

VTA ventral tegmental area

WHO World Health Organization
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Summary!

The ongoing opioid crisis lies at the intersection of two substantial
public health challenges—reducing the burden of suffering from pain and
containing the rising toll of the harms that can result from the use of opi-
oid medications. In March 2016, the U.S. Food and Drug Administration
(FDA) asked the National Academies of Sciences, Engineering, and Medi-
cine (the National Academies) to convene an ad hoc committee to

* update the state of the science on pain research, care, and education
since publication of the 2011 Institute of Medicine (IOM) report
Relieving Pain in America: A Blueprint for Transforming Preven-
tion, Care, Education, and Research, including the evolving role of
opioids in pain management;

* characterize the epidemiology of the opioid epidemic and the evi-
dence on strategies for addressing it;

* identify actions the FDA and other organizations can take to
respond to the epidemic, with a particular focus on the FDA’s
development of a formal method for incorporating individual and
societal considerations into its risk-benefit framework for opioid
approval and monitoring; and

* identify research questions that need to be addressed to assist the
FDA in implementing this framework.?

1This summary does not include references. Citations for the findings presented in the sum-
mary appear in subsequent chapters of the report.
2The full statement of task is presented in Chapter 1 of the report.
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2 PAIN MANAGEMENT AND THE OPIOID EPIDEMIC

In the context of the growing opioid problem, the FDA launched an
Opioids Action Plan in early 2016. One component of the FDA plan is
to reassess the agency’s risk-benefit framework for opioid approval and
monitoring. The FDA commissioned this study specifically to inform this
reassessment.

The committee interpreted its charge as focusing primarily on pre-
scribed opioids, although its analysis of the epidemiology of the opioid
epidemic and strategies for addressing it took into account the diversion
of prescription opioids into illicit markets and the impact of use of pre-
scription opioids on use of illicit opioids, such as heroin. This analytical
approach was necessary because markets for these drugs have been found
to be interrelated. Furthermore, as the FDA cannot address the opioid prob-
lem on its own, the committee directs a number of its recommendations
at other stakeholders, such as federal agencies other than the FDA, state
agencies, and payers, among others.

BACKGROUND

Over the past 25 years, the United States has experienced a dramatic
increase in deaths from opioid overdose, opioid use disorder (OUD), and
other harms in parallel with increases in the prescribing of opioid medica-
tions for pain management. During the period from 1999 to 2011, the
annual number of overdose deaths from prescription opioids tripled (see
Figure S-1). While the annual number of deaths from prescription opioids
remained relatively stable between 2011 and 2015, overdose deaths from
illicit opioids (including heroin and synthetic opioids such as fentanyl)
nearly tripled during this time period, driven in part by a growing number
of people whose use began with prescription opioids. Drug overdose is now
the leading cause of unintentional injury deaths in the United States, and
most of these deaths involve an opioid. As of 2015, 2 million Americans
aged 12 or older had an OUD involving prescription opioids, and nearly
600,000 had an OUD involving heroin.

Pain is a complex syndrome, often difficult to measure or treat, and is
associated with comorbidities (e.g., depression); disability; and social costs,
such as work absenteeism and increased utilization of medical resources.
Accordingly, meeting the needs of the tens of millions of U.S. residents
suffering from pain (including acute pain, chronic pain, or pain at the end
of life) requires access to a broad armamentarium of therapies for pain
management.

The vast majority of people who are prescribed opioids do not misuse
them. However, opioids can produce feelings of pleasure, relaxation, and
contentment, leading to an overreliance on these drugs in many patients and
to misuse and OUD in others. Moreover, many lawfully dispensed opioids
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—#= Overdose Deaths from Prescription Opicids (Excluding Nonmethadone Synthetics)

== Overdase Deaths from Illicit Opioids {Heroin and Synthetic Opioids Other Than M ethadone)

25,000

20,000

: /
10,000 /

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Number of Overdose Deaths

5,000

Year

FIGURE S-1 Number of overdose deaths from prescription and illicit opioids,
United States, 1999-2015.

make their way into the hands of people for whom they were not intended,
including participants in illicit markets. As a result, harms associated with
use of prescription opioids affect not only patients with pain themselves but
also their families, their communities, and society at large.

The complexity of pain is matched by the complexity of achieving
appropriate use of opioids in the context of the often suboptimal clini-
cal management of pain within the fragmented U.S. health care delivery
system. A further complication is the stigma associated with OUD and the
persistent poor access to evidence-based OUD treatment services. The com-
mittee believes it is possible to stem the still-escalating prevalence of OUD
and other opioid-related harms without foreclosing access to opioids for
patients suffering from pain whose providers have prescribed these drugs
responsibly.

PAIN MANAGEMENT AND PROGRESS AND
FUTURE DIRECTIONS IN RESEARCH ON
PAIN AND OPIOID USE DISORDER

Opioids are prescribed in a variety of settings for treatment of both
acute and chronic pain. However, data demonstrating benefits of long-
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term use of opioids to manage chronic noncancer pain are lacking, while
the evidence clearly demonstrates that long-term use of opioids is associ-
ated with an increased risk of OUD and overdose as well as a number of
other adverse outcomes (e.g., cardiovascular events, fractures). In studies
in which OUD has been carefully defined, rates of OUD among individuals
who were prescribed opioids to help them manage their pain have averaged
about 8 percent, and estimates of combined rates of misuse, OUD, and
aberrant behaviors thought to be indicative of OUD among people taking
opioids for pain have ranged from 15 to 26 percent. Because of these risks,
no widely accepted guideline for opioid prescribing recommends the use of
opioids as a first-line therapy for management of chronic noncancer pain.

A number of nonopioid pharmacologic treatments can be used success-
fully to manage pain. While each such alternative has its own indications
and risks, there are some circumstances in which nonopioid analgesics
(e.g., nonsteroidal anti-inflammatory drugs) are likely to be as effective as
opioids, or more so, for reducing pain associated with the conditions for
which they are indicated, and when used appropriately, these analgesics
carry a lower risk of adverse outcomes relative to opioids.

Nonpharmacologic interventions for pain treatment, including acu-
puncture, physical therapy and exercise, cognitive-behavioral therapy, and
mindfulness meditation, also are powerful tools in the management of
chronic pain. Many are components of successful self-management. While
further research is needed for some nonpharmacologic interventions to bet-
ter understand their mechanism of action and optimal frequency and inten-
sity, they may provide effective pain relief for many patients in place of or
in combination with pharmacologic approaches. Interventional therapies?
also have been found to be beneficial for the management of some forms
of pain (e.g., low back and neck pain) in the context of a multidisciplinary
approach. Research on interventional therapies is still developing.

Several advances in understanding pain and its treatment have occurred
since the release of the 2011 IOM report Relieving Pain in America. The
basic mechanisms related to MOPR (p opioid receptor)-biased analgesia,
inflammation, pain transmission, innate immunity, and treatment of neu-
ropathic pain are now better understood. Likewise, progress in preclinical
and translational research includes several developments related to the cre-
ation of nonaddictive alternatives to the opioid analgesics currently on the
market. The movement toward pragmatic, practice-based trials is a critical
step forward in clinical pain research. The ideal balance of opioid reduction
in the context of more comprehensive pain management (e.g., stepped care
models) continues to be investigated. Precision medicine (broadly defined)

3Interventional pain management involves the use of invasive techniques, such as joint injec-
tions, nerve blocks, spinal cord stimulation, and other procedures, to reduce pain.
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has the potential to improve clinical pain research and management, but is
another area in which continued research is needed.

Little is known about why individuals who use prescribed opioids
to alleviate pain develop opioid dependence or OUD, yet these outcomes
have become a driving force in the opioid epidemic. Better identification of
individuals at risk of OUD requires better characterization of the neuro-
biological interaction between chronic pain and opioid use. In particular,
research on the interactions among pain, emotional distress, and reward,
including pain-induced alterations in the reward pathway, would help in
understanding and reducing the misuse potential of opioids.

Chronic pain and OUD are complex human conditions affecting mil-
lions of Americans and causing untold disability and loss of function. Yet
despite the prevalence of pain and OUD and related costs to society and
repeated calls to action (including the 2011 IOM report), research on pain
remains poorly resourced.

Recommendation 3-1. Invest in research to better understand pain

and opioid use disorder. Given the significant public health burden of

pain and opioid use disorder (OUD) in the United States, the National

Institutes of Health, the Substance Abuse and Mental Health Services

Administration, the U.S. Department of Veterans Affairs, industry, and

other relevant research sponsors should consider greater investment

in research on pain and OUD, including but not limited to research
aimed at

* improving understanding of the neurobiology of pain;

* developing the evidence on promising pain treatment modalities
and supporting the discovery of innovative treatments, including
nonaddictive analgesics and nonpharmacologic approaches at the
level of the individual patient; and

* improving understanding of the intersection between pain and
OUD, including the relationships among use and misuse of opioids,
pain, emotional distress, and the brain reward pathway; vulner-
ability to and assessment of risk for OUD; and how to properly
manage pain in individuals with and at risk for OUD.

TRENDS IN OPIOID USE AND HARMS

The level and type of risk to a patient from a given opioid are influ-
enced by specific features of the medication itself, including the compound;
the formulation (whether the medication is an extended- or immediate-
release formulation and/or a combination product [coformulated with nal-
oxone, acetaminophen, or aspirin]); and the route of administration. How
opioids are prescribed (e.g., on an “as-needed” basis) also may influence the
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risk of overdose. Studies consistently demonstrate that the risk of overdose
increases in a dose-response fashion, that is, with increasing morphine-
equivalent milligram doses.

It is also important to recognize that people who inject drugs are vul-
nerable to harms related to drug use that can be reduced by safe access to
injection materials. New medications with “abuse liability” will be used
by people with established patterns of injecting drugs. Tracking the toll of
expected nonmedical use of specific products on the health of people who
inject drugs is of public health importance.

Another critical feature of the opioid crisis is that the prescription and
illicit opioid epidemics are intertwined; indeed, a majority of heroin users
report that their opioid misuse or OUD began with prescription opioids.
In addition, the declining price of heroin, together with regulatory efforts
designed to reduce harms associated with the use of prescription opioids
(including the development of abuse-deterrent formulations [ADFs]*), may
be contributing to increased heroin use.

Recommendation 4-1. Consider potential effects on illicit markets of
policies and programs for prescription opioids. In designing and imple-
menting policies and programs pertaining to prescribing of, access to,
and use of prescription opioids, the U.S. Food and Drug Administra-
tion, other agencies within the U.S. Department of Health and Human
Services, state agencies, and other stakeholders should consider the
potential effects of these interventions on illicit markets—including
both the diversion of prescription opioids from lawful sources and the
effect of increased demand for illegal opioids such as heroin among
users of prescription opioids—and take appropriate steps to mitigate
those effects.

Gaps exist in the reporting of data with which to accurately describe
the epidemiology of pain, OUD, and other opioid-related harms in the
United States, including how pain and OUD relate to one another and how
often they co-occur. Closing these data gaps would improve understand-
ing of pain, OUD, and overlapping prescription and illicit opioid use and
enable more effective and measurable policy interventions.

Recommendation 4-2. Improve reporting of data on pain and opi-
oid use disorder. The Substance Abuse and Mental Health Services
Administration, the U.S. Food and Drug Administration, the National

4Abuse-deterrent formulations are opioid medications designed to reduce the likelihood that
they will be “abused.” For example, some opioid pills have properties that make them difficult
to manipulate (e.g., crush) or that render them ineffective or unpleasant once manipulated.
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Institutes of Health, and the U.S. Centers for Disease Control and
Prevention should collaborate to identify best practices and reporting
formats that portray the epidemiology of both pain and opioid use
disorder accurately, objectively, and in relation to one another.

Recommendation 4-3. Invest in data and research to better characterize
the opioid epidemic. The National Institute on Drug Abuse and the U.S.
Centers for Disease Control and Prevention should invest in data col-
lection and research relating to population-level opioid use patterns and
consequences, especially nonmedical use of prescription opioids and
use of illicit opioids, such as heroin and illicitly manufactured fentanyl.

OPIOID APPROVAL AND MONITORING BY THE
U.S. FOOD AND DRUG ADMINISTRATION

The FDA traditionally has taken a product-specific approach to drug
approval decisions by focusing on the data generated and submitted by
a drug’s manufacturer and balancing the benefits revealed by those data
against the risks known (and unknown) at the time of the agency’s review.
While this approach works well in most cases, the committee believes it is
necessary to view regulatory oversight of opioid medications differently
from that of other drugs because these medications can have a number of
consequences not only at the individual level but also at the household and
societal levels.

Recommendation 6-1. Incorporate public health considerations into
opioid-related regulatory decisions. The U.S. Food and Drug Admin-
istration (FDA) should utilize a comprehensive, systems approach for
incorporating public health considerations into its current framework
for making regulatory decisions regarding opioids. The agency should
use this approach, in conjunction with advisory committee input, to
evaluate every aspect of its oversight of prescription opioid products
in order to ensure that opioids are safely prescribed to patients with
legitimate pain needs and that, as actually used, the drugs provide
benefits that clearly outweigh their harms. When recommending plans
for opioids under investigation; making approval decisions on applica-
tions for new opioids, new opioid formulations, or new indications for
approved opioids; and monitoring opioids on the U.S. market, the FDA
should explicitly consider
e benefits and risks to individual patients, including pain relief, func-
tional improvement, the impact of off-label use, incident opioid use
disorder (OUD), respiratory depression, and death;
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*  benefits and risks to members of a patient’s household, as well
as community health and welfare, such as effects on family well-
being, crime, and unemployment;

o effects on the overall market for legal opioids and, to the extent
possible, impacts on illicit opioid markets;

* risks associated with existing and potential levels of diversion of all
prescription opioids;

* risks associated with the transition to illicit opioids (e.g., heroin),
including unsafe routes of administration, injection-related harms
(e.g., HIV and hepatitis C virus), and OUD; and

*  specific subpopulations or geographic areas that may present dis-
tinct benefit-risk profiles.

To implement the systems approach proposed by the committee, it will
be necessary to broaden the evidence used to demonstrate safety and effi-
cacy during approval and for post-market monitoring. Specific means for
meeting this need may extend beyond the protocolized setting of traditional
clinical trials to encompass use of data from less traditional sources, such
as online forums. The agency should consider reports of family members
or other third parties affected by the drug, as well as data on outcomes in
subpopulations that are at high risk of OUD or that exhibit mental health
comorbidities common in patients with pain. Outcomes of interest include
impact on function and long-term efficacy for pain reduction. Other data
that could inform the agency’s decisions include the estimated impact of
an opioid medication on the demand for and availability of all other pre-
scription and illicit opioids, as well as interactions with other drugs (both
prescription and illicit) commonly used with opioids or by people who use
opioids illicitly. The FDA also should take steps to ensure that clinical devel-
opment programs examine the full range of public health considerations.

Recommendation 6-2. Require additional studies and the collection
and analysis of data needed for a thorough assessment of broad public
health considerations. To utilize a systems approach that adequately
assesses the public health benefits and risks described in Recommenda-
tion 6-1, the U.S. Food and Drug Administration (FDA) should con-
tinue to require safety and efficacy evidence from well-designed clinical
trials while also seeking data from less traditional data sources, includ-
ing nonhealth data, that pertain to real-world impacts of the availabil-
ity and use of the approved drug on all relevant outcomes. The FDA
should develop guidelines for the collection of these less traditional
data sources and their integration in a systems approach.
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Recommendation 6-3. Ensure that public health considerations are
adequately incorporated into clinical development. The U.S. Food and
Drug Administration (FDA) should create an internal system to scru-
tinize all Investigational New Drug (IND) applications for opioids.
This review should examine whether public health considerations are
adequately incorporated into clinical development (e.g., satisfactory
trial design; see Recommendation 6-2). In implementing this recom-
mendation, the FDA should rarely, if ever, use expedited development
or review pathways or designations for opioid drugs and should review
each application in its entirety.

The committee believes a commitment to transparency is critical to
maintain balance between preserving access to opioids when needed and
mitigating opioid-related harms and to maintain public trust.

Recommendation 6-4. Increase the transparency of regulatory decisions
for opioids in light of the committee’s proposed systems approach (Rec-
ommendation 6-1). The U.S. Food and Drug Administration should
commit to increasing the transparency of its regulatory decisions for
opioids to better inform manufacturers and the public about optimal
incorporation of public health considerations into the clinical develop-
ment and use of opioid products.

The committee also believes aggressive use of the FDA’s currently avail-
able authorities, such as Risk Evaluation and Mitigation Strategies (REMS),
safety labeling changes, and risk communications, is critical to supporting
the safe and effective use of opioids.

Recommendation 6-5. Strengthen the post-approval oversight of opi-
oids. The U.S. Food and Drug Administration should take steps to
improve post-approval monitoring of opioids and ensure the drugs’
favorable benefit-risk ratio on an ongoing basis. Steps to this end should
include use of risk evaluation and mitigation strategies that have been
demonstrated to improve prescribing practices, close active surveillance
of the use and misuse of approved opioids, periodic formal reevaluation
of opioid approval decisions, and aggressive regulation of advertising
and promotion to curtail their harmful public health effects.

Evidence on the effectiveness of the current REMS for opioids is lim-
ited. To improve the evidence on this REMS, the FDA could continue to
evaluate the data on its performance, collecting additional data if needed,
and then modify features of the REMS accordingly so that it more opti-
mally ensures the evidence-based use of opioids.
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Consistent regulatory oversight of opioid products under the commit-
tee’s proposed approach will necessarily raise concerns about the safety and
efficacy of products currently approved for market. The committee believes
the FDA has the authority and responsibility to reexamine the opioid class
of drugs to ensure that these drugs remain safe and effective. The committee
believes this could be accomplished in a relatively short time frame because
the review would be limited to a single drug class for which substantial
evidence already exists.

Recommendation 6-6. Conduct a full review of currently marketed/
approved opioids. To consistently carry out its public health mission
with respect to opioid approval and monitoring, the U.S. Food and
Drug Administration should develop a process for reviewing, and com-
plete a review of, the safety and effectiveness of all approved opioids,
utilizing the systems approach described in Recommendation 6-1.

The process for U.S. Drug Enforcement Administration (DEA) schedul-
ing of drugs also could benefit from the explicit incorporation of the public
health considerations discussed in this report. The FDA and the DEA are
already required to take “risk to public health” into account in making
scheduling decisions, but the considerations included under this heading
have not been enumerated in detail. Moreover, the ultimate impact on
health outcomes related to these decisions remains largely unknown.

Recommendation 6-7. Apply public health considerations to opioid
scheduling decisions. To ensure appropriate management of approved
opioids, the U.S. Food and Drug Administration and the U.S. Drug
Enforcement Administration should apply the same public health con-
siderations outlined in Recommendation 6-1 for approval decisions
to scheduling and rescheduling decisions, and study empirically the
outcomes of scheduling determinations at the patient and population

health levels.

STRATEGIES FOR ADDRESSING THE OPIOID EPIDEMIC

A constellation of policies, interventions, and tools related to lawful
access to opioids and clinical decision making are available for use in reduc-
ing or containing opioid-related harms while meeting the needs of patients
with pain. These strategies include those that (1) restrict the lawful supply
of opioids, (2) influence prescribing practices, (3) reduce demand, and (4)
reduce harm. The committee offers several recommendations based on its
review of the evidence regarding the effectiveness of these strategies.
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Each of these strategies entails costs and trade-offs. The committee
believes the restrictions, policies, and practices recommended leave ade-
quate space for responsible prescribing and reasonable access for patients
and physicians who believe an opioid is medically necessary.

It also is important to keep in mind that restrictions on lawful access to
prescription opioids can have other untoward effects: any policy designed
to shrink the incidence of future OUD (and other harms) due to use of pre-
scribed opioids by curtailing legal access to these medications will inevitably
drive some people who already have OUD into the illegal market. In the
committee’s view, it is therefore ethically imperative to couple a strategy for
reducing lawful access to opioids with an investment in treatment for the
millions of individuals who already have OUD.

Strategies for Restricting Supply

One recent controversy concerns whether any opioid should be permit-
ted on the market unless it is an ADE. The committee applauds the FDA’s
current cautious approach toward ADFs because the evidence is insufficient
to warrant a recommendation on this question at this time. The potential
for benefit remains counterbalanced by recent examples of unexpected
harm. Ongoing studies will help clarify the optimal role for ADFs as a
strategy for reducing misuse of prescription opioids.

States and localities also have regulatory authority over the practice of
medicine in their jurisdictions unless their actions are preempted by federal
action, and they have exercised that authority to stem the opioid epidemic.
Overall, although further research is warranted, limited evidence suggests
that state and local interventions aimed at reducing the supply of prescrip-
tion opioids in the community (e.g., regulations limiting days’ supply of
opioid medications) may help curtail access. It should be emphasized, how-
ever, that none of these studies investigates the impact of reduced access on
the well-being of individuals suffering from pain whose access to opioids
was curtailed.

The available evidence suggests that drug take-back programs in the
United States can increase awareness of the need for the safe disposal or
return of many unused drugs, but effects of these programs on such down-
stream outcomes as diversion and overdose are unknown. Many drug take-
back programs in the United States are once-per-year events. International
examples and the recent success of a year-round disposal program at one
pharmacy chain support policies expanding such programs to reduce the
amount of unused opioids in the community.

Recommendation 5-1. Improve access to drug take-back programs.
States should convene a public—private partnership to implement drug
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take-back programs allowing individuals to return drugs to any phar-
macy on any day of the year, rather than relying on occasional take-
back events.

Strategies for Influencing Prescribing Practices

Current efforts to improve pain education and knowledge about pre-
scription opioid misuse and OUD among prescribers are inadequate. Any
meaningful effort to improve pain management will require a fundamental
shift in the nation’s approach to mandating pain-related education for all
health professionals who provide care to individuals with pain. Prescribing
guidelines may be able to improve provider prescribing behavior, but may
be most effective when accompanied by education and other measures to
facilitate implementation.

Recommendation 5-2. Establish comprehensive pain education materi-
als and curricula for health care providers. State medical schools and
other health professional schools should coordinate with their state
licensing boards for health professionals (e.g., physicians, nurses, den-
tists, pharmacists), the National Institutes of Health’s Pain Consortium,
the U.S. Food and Drug Administration, the U.S. Centers for Disease
Control and Prevention, and the U.S. Drug Enforcement Administra-
tion to develop an evidence-based national approach to pain education
encompassing pharmacologic and nonpharmacologic treatments and
educational materials on opioid prescribing.

Insurance-based policies have substantial potential to reduce the use
of specific prescription drugs, although their impact on health outcomes
remains uncertain.

The judicious deployment of insurer policies related to opioid prescrib-
ing would benefit from a commensurate increase in coverage of and access
to comprehensive pain management, encompassing both pharmacologic
and nonpharmacologic modalities.

Recommendation 5-3. Facilitate reimbursement for comprehensive pain
management. Public and private payers should develop reimbursement
models that support evidence-based and cost-effective comprehensive
pain management encompassing both pharmacologic and nonpharma-
cologic treatment modalities.

Evidence suggests that prescription drug monitoring programs (PDMPs)

can help address the opioid epidemic by enabling prescribers and other
stakeholders to track prescribing and dispensing information. State laws
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differ widely with respect to access to PDMP data, with some states denying
access to certain stakeholders that could use the data to monitor opioid use
and related harms. Some states do not require prescribers and/or dispens-
ers to check PDMP information. As a result, PDMP data currently are not
being used to their full potential.

Recommendation 5-4. Improve the use of prescription drug monitoring
program data for surveillance and intervention. The U.S. Department
of Health and Human Services, in concert with state organizations
that administer prescription drug monitoring programs, should con-
duct or sponsor research on how data from these programs can best
be leveraged for patient safety (e.g., data on drug—drug interactions),
for surveillance of policy and other interventions focused on con-
trolled substances (e.g., data on trends in opioid prescribing, effects
of prescriber guidelines), for health service planning (e.g., data on
discrepancies in dispensing of medications for treatment of opioid use
disorder), and for use in clinical care (i.e., in clinical decision making
and patient-provider communication).

Strategies for Reducing Demand

The committee’s recommended changes to provider education and
payer policy should be accompanied by a change in patient expectations
with respect to the treatment and management of chronic pain. The com-
mittee was struck in particular by the relative lack of attention to the impact
of educating the general public (i.e., all potential patients) about the risks
and benefits of opioid therapy and the comparative effectiveness of opioid
and nonopioid analgesics and nonpharmacologic interventions.

Recommendation 5-5. Evaluate the impact of patient and public educa-
tion about opioids on promoting safe and effective pain management.
The nation’s public health leadership, including the surgeon general, the
U.S. Centers for Disease Control and Prevention, and heads of major
foundations and professional organizations, should convene a body of
experts in communication and in pain and opioid use disorder to evalu-
ate the likely impact (and cost) of an education program designed to
raise awareness among patients with pain and the general public about
the risks and benefits of prescription opioids and to promote safe and
effective pain management.

Medication-assisted treatment is the standard of care for OUD, even

for special populations such as pregnant and postpartum women. Although
several efficacious medications for treatment of OUD are available, they are
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underutilized because of an array of factors, including insufficient numbers
of providers eligible to provide OUD treatment, coverage barriers, and
other limitations on access.

Recommendation 5-6. Expand treatment for opioid use disorder.
States, with assistance from relevant federal agencies, particularly the
Substance Abuse and Mental Health Services Administration, should
provide universal access to evidence-based treatment for opioid use
disorder (OUD), including use of medication, in a variety of settings,
including hospitals, criminal justice settings, and substance use treat-
ment programs. Efforts to this end should be carried out with particular
intensity in communities with a high burden of OUD. State licensing
bodies should require training in treatment for OUD for all licensed
substance use disorder treatment facilities and providers.

Recommendation 5-7. Improve education in treatment of opioid use
disorder for health care providers. Schools for health professional edu-
cation, professional societies, and state licensing boards should require
and provide basic training in the treatment of opioid use disorder for
health care providers, including but not limited to physicians, nurses,
pharmacists, dentists, physician assistants, psychologists, and social
workers.

Recommendation 5-8. Remove barriers to coverage of approved medi-
cations for treatment of opioid use disorder. The U.S. Department
of Health and Human Services and state health financing agencies
should remove impediments to full coverage of medications approved
by the U.S. Food and Drug Administration for treatment of opioid use
disorder.

Strategies for Reducing Harm

Life-saving medication for treating opioid overdose is available. The
provision of naloxone to overdose victims by laypersons or health profes-
sionals in the prehospital setting is the standard of care, and community-
based programs and other first responder agencies have adopted this
protocol for treating opioid overdose. Mechanisms for increasing nalox-
one prescribing and dispensing, equipping first responders, and possibly
enabling direct patient access (e.g., over-the-counter status) are warranted,
but are impeded by high and unpredictable medication costs.

Recommendation 5-9. Leverage prescribers and pharmacists to help
address opioid use disorder. State medical and pharmacy boards should
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educate and train their members in recognizing and counseling patients
who are at risk for opioid use disorder and/or overdose, and encourage
providers and pharmacists to offer naloxone when an opioid is pre-
scribed to these patients or when a patient seeks treatment for overdose
or other opioid-related issues.

Recommendation 5-10. Improve access to naloxone and safe injection
equipment. To reduce the harms of opioid use, including death by over-
dose and transmission of infectious diseases, states should implement
laws and policies that remove barriers to access to naloxone and safe
injection equipment by

* permitting providers and pharmacists to prescribe, dispense, or
distribute naloxone to laypersons, third parties, and first respond-
ers and by standing order or other mechanism;

* ensuring immunity from civil liability or criminal prosecution for
prescribers for prescribing, dispensing, or distributing naloxone,
and for laypersons for possessing or administering naloxone; and

* permitting the sale or distribution of syringes, exempting syringes
from laws that prohibit the sale or distribution of drug parapher-
nalia, and explicitly authorizing syringe exchange.

FINAL THOUGHTS

Years of sustained and coordinated effort will be required to contain
the current opioid epidemic and ameliorate its harmful effects on society.
Trends indicate that premature deaths associated with the use of opioids
are likely to climb and that opioid overdose and other opioid-related harms
will dramatically reduce quality of life for many people for years to come.
Access to evidence-based treatment for OUD and efforts to prevent over-
dose deaths and other harms should therefore be increased substantially
and immediately as a public health priority. Action by the nation’s political
and public health leadership also is warranted to reduce the occurrence of
new cases of prescription opioid-induced OUD through the implementa-
tion of scientifically grounded policies and clinical practices to promote
responsible opioid prescribing and through advocacy for research aimed at
identifying and developing nonaddictive alternatives to opioids for treat-
ment of pain. The FDA has a crucial role to play in these efforts.
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Introduction

Over the past 25 years, the United States has experienced an unprec-
edented increase in opioid use disorder (OUD), opioid overdose, and other
opioid-related harms. As of 2015, 2 million Americans aged 12 years or
older had an OUD involving prescription opioids, and about 600,000 had
an OUD involving heroin, an illicit opioid (HHS, 2016a). Drug overdose,
driven primarily by opioids, is now the leading cause of unintentional
injury death in the United States (more than 60 percent of overdose deaths
in 2015 involved a prescription or illicit opioid) (Rudd et al., 2016). This
increase in opioid-related deaths has occurred in tandem with an equally
unprecedented increase in prescribing of opioid medications for purposes
of pain management.

Millions of Americans experience acute and/or chronic painful condi-
tions each year, and many of them are prescribed opioids. The vast majority
of these patients do not misuse these drugs. Yet the pain-relieving and other
effects of opioids (e.g., the feelings of pleasure, relaxation, and contentment
opioids can produce) (NIDA, 2017) may lead to an overreliance on these
drugs in many patients and to misuse and OUD in others. Moreover, many
lawfully dispensed opioids make their way into the hands of people for
whom they were not intended, including participants in illicit markets. As
a result, the harms associated with use of prescription opioids (including
OUD, overdose, and death) affect not only the patients with pain them-
selves but also their families, their communities, and society at large. The
purpose of this report is to assess the nation’s response to what is, by any
measure, a grievous public health problem.

17
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STUDY CHARGE

When the U.S. Food and Drug Administration (FDA) approved the
opioid analgesic OxyContin in 19935, the drug had not been shown to be
more efficacious or safe than short-acting oxycodone, which was already
on the market. The idea promoted by OxyContin’s manufacturer was that
it was less likely to lead to addiction and misuse because of its time-release
formulation. Yet, as discussed below, OxyContin was widely diverted, and
many people became addicted to it. In 2013, the FDA approved Zohydro
ER (extended-release) (hydrocodone bitartrate), an opioid without abuse-
deterrent properties, although several abuse-deterrent formulations (ADFs)
were by then available. The approval of this drug exacerbated frustration
among some stakeholders that the societal impacts of opioids were not
being sufficiently accounted for. In 2014, the FDA approved an ADF ver-
sion of Zohydro to replace the original version.

In the wake of these decisions and in light of concerns about the grow-
ing opioid problem, the FDA launched an Opioids Action Plan in early
2016. In this plan, the agency described actions it would take in its role as
the federal agency responsible for protecting the public’s health by ensur-
ing the efficacy and safety of drugs in the United States (Califf et al., 2016;
FDA, 2016a,b). The actions outlined in the FDA plan include the following;:

*  Expand the use of advisory committees, including by

- convening an expert advisory committee before approving
any new drug application for opioids without abuse-deterrent
properties;

— consulting an advisory committee on ADFs when they raise
novel issues; and

— assembling and consulting with a pediatric advisory committee
regarding a framework for pediatric opioid labeling before any
new labeling is approved.

*  Develop changes to immediate-release (IR) opioid labeling, includ-
ing additional warnings and safety information incorporating ele-
ments similar to the ER/long-acting (LA) opioid labeling, to give
providers better information about the risks of opioids and how to
prescribe safely.

*  Strengthen the requirements for drug companies to generate post-
market data on the long-term impact of ER/LA opioids.

* Update the Risk Evaluation and Mitigation Strategy (REMS) pro-
gram! requirements for opioids based on advisory committee rec-

1A REMS is a safety strategy used by the FDA “to manage a known or potential serious
risk associated with a medicine to enable patients to have continued access to such medicines
by managing their safe use” (FDA, 2017a).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24781

Pain Management and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks of ...

INTRODUCTION 19

ommendations and review of existing requirements to decrease
inappropriate prescribing.?

*  Expand access to and encourage the development of ADFs of opi-
oid products.

*  Support better treatment by making naloxone more accessible and
supporting the U.S. Centers for Disease Control and Prevention
(CDC) guideline for prescribing opioids for chronic pain (discussed
later in this chapter) (Dowell et al., 2016).

*  Reassess the risk-benefit approval framework for opioids to incor-
porate risks of opioids to patients as well as to others who obtain
them (FDA, 2016a,b).

As part of efforts to implement its Opioids Action Plan, the FDA
asked the National Academies of Sciences, Engineering, and Medicine
(the National Academies) to establish an ad hoc committee to advise the
agency on the development of “a regulatory framework for opioid review,
approval, and monitoring that balances individual need for pain control
with considerations of the broader public health consequences of abuse and
misuse” (Califf et al., 2016). This specific task was embedded in a broad
charge (see Box 1-1). Specifically, the committee was asked to provide an
update on the state of the science of pain research, care, and education
since publication of the 2011 Institute of Medicine (IOM) report Relieving
Pain in America: A Blueprint for Transforming Prevention, Care, Educa-
tion, and Research (IOM, 2011), including the evolving role of opioids in
pain management and practices for reducing their misuse; to characterize
the epidemiology of the opioid epidemic; and to review the evidence on
approaches for addressing the problem. Based on its review of the evidence,
the committee was to identify regulatory actions the FDA can take to
address the opioid epidemic, with a focus on the agency’s development of
a formal method (a regulatory framework) for incorporating the broader
public health impacts of opioids into its future opioid approval decisions.
The committee also was asked to outline steps that can be taken by other
stakeholders (e.g., prescribers; professional societies; federal, state, and
local government agencies). In addition, the committee was charged to
identify important research questions that need to be addressed to assist the
FDA with the development of its regulatory framework.

In spring 2016, the National Academies convened an 18-member com-
mittee to carry out this task. Members included individuals with expertise

2ER/LA opioids are currently subject to a REMS program that requires sponsors to fund
continuing medical education for providers on the appropriate use of these products at low
or no cost. The FDA has stated that it is expanding the REMS requirements to include IR
opioids as well (FDA, 2017b).
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BOX 1-1
Statement of Task

The Health and Medicine Division of the National Academies of Sciences,
Engineering, and Medicine will convene an ad hoc committee to develop a report
that will inform the U.S. Food and Drug Administration (FDA) as to the state of
the science regarding prescription opioid abuse and misuse, including prevention,
management, and intervention, and to provide an update from the 2011 Institute
of Medicine (IOM) report Relieving Pain in America: A Blueprint for Transforming
Prevention, Care, Education, and Research, which includes a further character-
ization of the evolving role that opioid analgesics play in pain management. The
report additionally will make recommendations on the options available to the FDA
to address the prescription opioid overdose epidemic, from both the individual and
public health perspectives, and to otherwise further advance the field.

Specifically, the report will address the following items:

* Provide an update on the state of the science of pain research, care, and
education since the 2011 IOM report and characterize the evolving role
of opioid analgesics in pain management.

* Review the available evidence on best practices with regard to safe and
effective pain management, including practices to reduce opioid abuse
and misuse, including an assessment of possible barriers to implementa-
tion of those best practices by prescribers and patients.

* Characterize the epidemiology of prescription opioid abuse and misuse,
to include an assessment with regard to patient characteristics (such as
indication, acute versus chronic pain; formulation, immediate-release
versus extended-release; duration of use; and dose) and approaches to
address the problem (such as approval of abuse-deterrent opioids, FDA
communication strategies, prescription drug monitoring programs, and
state or local policies) and review the available evidence on differences
in pain experiences and treatment effectiveness across subpopulations.

in pain management, basic pain research, epidemiology, medical anthropol-
ogy, substance use disorder (SUD), nursing, law, drug development, public
health, health policy and policy modeling, and decision science. Two con-
sultants with expertise in health care and food and drug law were appointed
to contribute to the regulatory components of this report.

STUDY APPROACH

The committee conducted an extensive review of the scientific literature
relevant to its statement of task. This literature review entailed English-
language searches of a number of databases, including the Cochrane Data-
base of Systematic Reviews, Embase, Google Scholar, Medline, PubMed,
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* Given the state of the available data, identify important research ques-
tions to be addressed to assist the FDA in meeting the goal of further
developing a framework for opioid review, approval, and monitoring
that balances individual need for pain control with considerations of the
broader public health consequences of opioid abuse and misuse.

* Given the state of the available data, identify additional actions the FDA
and others should consider now, with a particular focus on those actions
the FDA can undertake, to balance the needs of pain patients and the
need to address opioid misuse and abuse. Areas of particular focus
include
— FDA actions to be taken as a part of development, review and ap-

proval, and safe use of pain medicines, such as:

- Development of a formal method to incorporate the broader public
health impact of opioid abuse in future FDA approval decisions
regarding opioids

- The development of nonopioid pain medicines to treat severe pain

- The development of abuse-deterrent opioids

- The incorporation of prevention strategies into safe opioid pre-
scribing, including modification of the standard opioid indication
statements

- The development of medicines for medication assisted treatment
for patients with opioid use disorder

- The development of medicines to treat opioid overdose

- The education of prescribers and patients about safe use of pain
medications

- The education of prescribers and patients about appropriate medi-
cation storage and disposal

— Actions by prescribers, professional societies, and government agen-
cies (local, state, and federal).

Scopus, and Web of Science. In addition to research published in peer-
reviewed journals and books, the committee reviewed reports issued by
government agencies and other organizations.

FDA representatives provided the committee with a number of back-
ground materials describing the agency’s current processes and activities
related to regulation of prescription drugs, including opioids. Among these
materials were FDA guidance documents, presentations from FDA science
board and advisory committee meetings, and research articles.

In addition, the committee held two public workshops to hear from
researchers and agency representatives on topics germane to its task. The
first workshop featured presentations on and discussion of topics relevant
to the first four bullet points in the committee’s statement of task (see
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Box 1-1); these presentations are summarized in a Proceedings of a Work-
shop—in Brief titled Pain Management and Prescription Opioid-Related
Harms: Exploring the State of the Evidence (NASEM, 2016). The second
workshop focused on the regulatory aspects of the committee’s charge,
including how the FDA might incorporate public health considerations into
its regulatory framework for evaluation of prescription drugs.

Additional detail on the committee’s literature search and workshops
can be found in Appendix A.

DEFINITIONS AND TERMINOLOGY

In recent years, several factors have increased attention to the language
of SUD. Patient advocacy groups have long advocated for language describ-
ing SUD that avoids stigma and negative stereotypes. In 2013, the fifth
edition of the American Psychiatric Association’s Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) replaced the categories of “abuse”
and “dependence” with the single term “substance use disorder.” This
change led major addiction journals to publish guidelines for clinical, non-
stigmatizing language that is viewed as acceptable terminology for manu-
scripts. On October 4, 2016, the Office of National Drug Control Policy
(ONDCP) released a guidance document titled Changing the Language of
Addiction (ONDCP, 2017). And in a related effort, the American Society
of Addiction Medicine (ASAM) proposed a series of definitions aimed at
the development of a vocabulary that is humanizing, nonstigmatizing,
medically defined, and precise. This proposed terminology is a partial basis
for the definitions presented in Box 1-2, which reviews both acceptable
language and language that has been identified as no longer acceptable.

BOX 1-2
Key Definitions

Addiction refers to “a primary, chronic disease of brain reward, motivation,
memory and related circuitry. Dysfunction in these circuits leads to characteristic
biological, psychological, social and spiritual manifestations. This is reflected in
an individual pathologically pursuing reward and/or relief by substance use and
other behaviors. Addiction is characterized by inability to consistently abstain,
impairment in behavioral control, craving, diminished recognition of significant
problems with one’s behaviors and interpersonal relationships, and a dysfunc-
tional emotional response” (ASAM, 2011). The criteria for substance use disorder
in the fifth edition of the Diagnostic and Statistical Manual for Mental Disorders
(DSM-5) are contained in the category of Addictions and Related Disorders; the
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BOX 1-2 Continued

preferred term for the disease, and the one used in this report, is substance use
disorder (or opioid use disorder).

The severity of a substance use disorder can differ across individuals and
across time for the same individual. Different from opioid use disorder and ad-
diction, dependence in this report refers to a state associated with withdrawal
symptoms upon cessation of repeated exposure to a drug. It is important to note
that a person who is physically dependent on a drug may not meet the definition
of addiction. Tolerance refers to the diminishing effect of a drug resulting from
the repeated administration of a given dose.

Abuse (as in substance abuse or substance abuser) is no longer acceptable
terminology, as research has found the term to be associated with negative and
stigmatizing perceptions. Accordingly, the committee avoids use of this term ex-
cept when quoting other sources; when referring to abuse-deterrent formulations
of opioids (those with properties designed to prevent misuse [e.g., properties to
prevent crushing so the drug can be snorted or dissolving so it can be injected]);
and when referring to statutes, such as the Controlled Substances Act, that use
this term. The term misuse is commonly used to describe any use of a prescrip-
tion medication beyond what is directed in a prescription. It encompasses such
specific behaviors and motivations as (1) medically motivated use more frequently
or in a higher dose than prescribed, (2) nonmedically motivated use by the person
to whom the drug has been prescribed, (3) medical use by a person other than
the person to whom the drug has been prescribed, and (4) nonmedical use by
a person other than the person to whom the drug has been prescribed. Some
have argued that use of the term “misuse” to encompass both medical and non-
medical motivations (such as “to get high”) is misleading and imprecise. While the
American Society of Addiction Medicine (ASAM) acknowledges this problem, it
prefers “misuse” as the umbrella term encompassing a continuum of use patterns
based on degree of risk, ranging from “low-risk” and “at-risk” use to “harmful use”
and addiction. Under the ASAM approach, once a patient misusing prescription
medication meets the criteria for an opioid use disorder, the term “misuse” is
no longer appropriate. Diversion refers to the transfer of regulated prescription
drugs from legal to illegal markets. The term is not used in this report to refer to
the sharing of drugs with friends, family members, or other contacts for medical
or nonmedical purposes.

Traditionally, the term opiates refers to substances derived from opium, such
as morphine and heroin, while opioids refers to synthetic and semisynthetic opi-
ates. However, the term opioids is now often used for the entire family of opiates,
including natural, semisynthetic, and synthetic.

Finally, the acronym MAT refers to the use of medication in the treatment of
opioid use disorder, regardless of whether the medication is used in conjunction
with counseling and behavior therapies. This acronym may refer either to medi-
cation for addiction treatment, where medications are used without counseling
and behavior therapies, or to medication-assisted treatment, where medication
is used in conjunction with these therapies. Current medications approved for
treatment of opioid use disorder are methadone, buprenorphine, and naltrexone.
The terms substitution therapy and replacement therapy are not accurate and
therefore are not used in this report.
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STUDY CONTEXT

Historical Context

Opioids have been used for medicinal and recreational purposes for
millennia. While the use of opioids for treatment of acute severe pain has
generally been accepted, their use for managing chronic noncancer pain has
been controversial since the 19th century, with the popular view shifting
over the decades between broad acceptance and a more restrictive perspec-
tive (Rosenblum et al., 2009). The tension between the desire to make opi-
oids available to those who may benefit from them and the recognition that
opioids are addictive drugs with societal consequences began with medical
developments that occurred during the 1800s (Booth, 1986; Musto, 1999;
Rosenblum et al., 2009). These developments included the extraction of
morphine from opium in 1803 and the development of the hypodermic
needle (which can be used to inject morphine to relieve neuralgic pain) in
the 1850s (Rosenblum et al., 2009). Morphine was used widely for pain
management during the American Civil War, and many soldiers developed
OUD. With few effective alternatives, moreover, many medical profession-
als used morphine to treat chronic pain conditions. This and the nonmedi-
cal use of opioids were major drivers of an opioid addiction epidemic that
took place in the latter 19th century (Courtwright, 2015).

By the late 1800s, scientists were starting to recognize the problem of
OUD, and a policy response began to emerge. What is thought to be the
first accurate and comprehensive description of addiction to morphine was
produced in 1877. In hopes of developing a less addictive alternative to
morphine, heroin (diacetylmorphine) was synthesized in 1874 (although
it was later found to be more potent than morphine) (Rosenblum et al.,
2009). Medical professionals became increasingly critical of the use of
opioids to treat pain and lobbied successfully for state and local laws to
control the sale of opioids and other narcotics. Consumption of medicinal
opioids declined as a result (Courtwright, 2015).

Reform efforts continued in the early 20th century. The Harrison Nar-
cotics Act, enacted by Congress in 1914, required persons who imported,
produced, sold, or dispensed opium-based drugs (as well as coca-based
drugs) to register, pay a tax, and keep detailed records that officials could
use in enforcing laws to restrict opioid transactions to legitimate medical
channels. This act had the effect of criminalizing the use of opium for non-
medical purposes (Courtwright, 2015; Hoffman, 2016).3 The use of heroin

3The Harrison Narcotics Act has since been replaced by the Controlled Substances Act,
enacted in 1970.
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for medicinal and other purposes was specifically banned by the Heroin
Act, enacted by Congress in 1924.

The consensus among medical professionals for most of the 20th cen-
tury was that opioids should not be used for the management of chronic
pain because of the lack of evidence regarding their effectiveness for this
type of pain and the risk of OUD (Rosenblum et al., 2009). Research
aimed at developing new and potentially less addictive opioids continued,
however, and Percocet and Vicodin—which combined semisynthetic opioids
with acetaminophen—Dbecame available in the 1970s for relief of moder-
ate to moderately severe pain. These and most other prescription opioids
are now regulated under the Controlled Substances Act (CSA) of 1970 as
Schedule IT drugs—those with a “high potential for abuse which may lead
to severe psychological or physical dependence” (DEA, 2017b).*

Liberalization of Prescribing in 1990s

Medical practice in the United States began to shift markedly toward
more liberal use of opioids for chronic noncancer pain following the devel-
opment and marketing of new formulations of opioid drugs in the 1990s
(Compton and Volkow, 2006; Rosenblum et al., 2009). As noted earlier, in
1995 the FDA approved OxyContin (oxycodone controlled-release), which
allowed dosing every 12 instead of every 4 to 6 hours (FDA, 2017c¢). The
drug’s manufacturer (Purdue Pharma) marketed it aggressively to providers
and patients in the years following its release to the market in 1996. Purdue
claimed in some of its promotional materials that the risk of addiction to
the drug was small (Van Zee, 2009).

Around the same time, there was growing recognition in the medical
community that many individuals with chronic pain were being treated
inadequately (Pokrovnichka, 2008). In 1996, the American Academy of
Pain Medicine and American Pain Society issued a joint consensus state-
ment titled The Use of Opioids for the Treatment of Chronic Pain, describ-
ing potential benefits of using opioids for management of chronic (including
noncancer) pain (Haddox et al., 1997; Hoffman, 2016). Advocates repre-
senting the interests of pain patients suggested that pain be considered a
“fifth vital sign” in an effort to improve pain assessment and treatment
(Campbell, 1996), and some health care organizations incorporated this
concept into guidelines and clinical practice (Mularski et al., 2006). There

4Some opioids are not classified in Schedule II. These include opioids containing less than
90 milligrams of codeine per dosage unit (e.g., Tylenol with Codeine®) and buprenorphine
(used in the treatment of OUD), which are Schedule III drugs—those that have “a potential
for abuse less than substances in Schedules I or II” and whose “abuse may lead to moderate
or low physical dependence or high psychological dependence” (DEA, 2017b).
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were also concerted efforts by pain specialists to persuade state medical
boards and state legislatures to remove legal impediments to medically
accepted pain treatment (Hoffman, 2016).° This shift in professional under-
standing was accompanied by a public campaign to call public and profes-
sional attention to the prevalence of pain and its seriousness as a public
health problem.

Congress declared 2001-2011 the “Decade of Pain Control and
Research” (Brennan, 2015). The 2010 Patient Protection and Affordable
Care Act (ACA) directed the U.S. Department of Health and Human Ser-
vices (HHS) to work with the IOM to increase recognition of pain as a pub-
lic health problem (IOM, 2011). In response, HHS, through the National
Institutes of Health (NIH), commissioned an IOM committee to review the
science on pain and recommend actions to advance the field. The resulting
report, Relieving Pain in America, provided a blueprint for “transforming
the way pain is understood, assessed, treated, and prevented” (IOM, 2011,
p- 2).

In the context of Purdue’s substantial promotional expenditures and
these changing professional attitudes, sales of OxyContin rose from $48
million in 1996 to more than $1 billion by 2000 (Van Zee, 2009). Sales of
prescription opioids are estimated to have quadrupled between 1999 and
2010 (CDC, 2011), driven in part by OxyContin during the early portion
of this period (GAO, 2003). However, problems began to emerge around
2000, with reports of widespread diversion, tampering, and misuse of
OxyContin (Cicero et al., 2005; GAO, 2003; Hoffman, 2016). In response,
the FDA changed the OxyContin label in 2001 “to add and strengthen
warnings about the drug’s potential for abuse and misuse” and in 2003
issued a warning letter to the manufacturer regarding promotional materi-
als that omitted and minimized the drug’s safety risks (FDA, 2017c).® The
U.S. Drug Enforcement Administration (DEA) prosecuted many physicians
for illegal distribution of OxyContin (Hoffman, 2016).”

Nonetheless, sales of prescription opioids continued to increase (Pan,
2016). Data from the National Prescription Audit show that the number
of opioid prescriptions dispensed from U.S. outpatient retail pharmacies

SLiberalization of prescribing was resisted in some quarters, and worries about possible
discipline by state medical boards or even prosecution by the U.S. Drug Enforcement Admin-
istration (DEA) continued to affect professional practice during this period.

®Purdue Pharma was eventually prosecuted and, in 2007, paid a $600 million settlement
after pleading guilty for its misrepresentation of OxyContin’s addiction and abuse potential.

7The DEA reported investigating 247 OxyContin diversion cases between October 1999
and March 2002, which led to 328 arrests. Between May 2001 and January 2004, the DEA
arrested approximately 600 people for violation of laws related to distribution, dispensing,
or possession of OxyContin. Of these, 60 percent were doctors, pharmacists, or other profes-
sionals (Hoffman, 2016).
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FIGURE 1-1 Nationally estimated number of prescriptions dispensed for extended-
release/long-acting (ER/LA) and selected immediate-release (IR) opioid analgesics
(oral solids and transdermal products) from U.S. outpatient retail pharmacies,
2005-2015.

*ER/LA opioid molecules include buprenorphine transdermal patch, fentanyl trans-
dermal patch, hydrocodone ER, hydromorphone ER, morphine ER, oxycodone
ER, oxymorphone ER, tapentadol ER, and methadone (all approved and mar-
keted ER/LAs at the time). IR opioid molecules include hydrocodone IR combi-
nation analgesics (hydrocodone in combination with acetaminophen, ibuprofen,
or aspirin), oxycodone IR combination analgesics (oxycodone in combination
with acetaminophen, ibuprofen, or aspirin), oxycodone IR, hydromorphone IR,
morphine IR, tapentadol IR, and oxymorphone IR. Buprenorphine indicated for
medication-assisted treatment is not included.

SOURCE: Staffa, 2017.

for all approved and marketed ER/LA and some of the most common IR
opioid analgesics grew from 148 million in 2005 to 206 million by 2011.
Opioid dispensing during this period was driven primarily by IR opioids
(which work quickly and often are prescribed for short-term, intermittent,
or “breakthrough” pain) rather than ER/LA opioids such as OxyContin
(see Figure 1-1).% Sales of OxyContin increased from just over $1 billion in

8The preponderance of IR opioid prescribing may be the result of many factors, including
but not limited to the effect of hydrocodone IR combination products being Schedule III
drugs/refillable until 2014 (when they were reclassified as Schedule II drugs), the number of
prescriptions for acute pain after injuries/surgeries/procedures, the comfort of many providers
with short-acting drugs, an overall practice of using relatively low doses of drugs, and the
preferences of patients to have control over when they take their drugs.
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2000 to $1.84 billion in 2003 and then declined in the wake of the FDA
actions described above until 2006, after which there was another increase
in sales until 2010 (Public Citizen, 2007).

Public Health Consequences

During the years coinciding with the growth in opioid prescribing, the
United States experienced an increase in deaths from opioid overdose and
in admissions to treatment associated with opioid use. According to CDC
data, there was a 1.9-fold increase in the total number of deaths from
prescription opioids (excluding nonmethadone synthetics) between 1999
and 2011 (see Figure 1-2). While the number of overdose deaths from
prescription opioids remained relatively stable between 2011 and 2015,
overdose deaths from illicit opioids (e.g., heroin and synthetic opioids such
as fentanyl) continued to increase, related in part to a growing number of
people with OUD in connection with prescription opioids. Overdose deaths
from illicit opioids increased rather steadily during 1999 to 2015, growing
6.4-fold over that period (see Figure 1-2). Poisoning, driven largely by opi-
oids, became the leading cause of death due to injury in the United States
in 2008, surpassing motor vehicle crashes (Warner et al., 2011). The annual

—#= Overdose Deaths from Prescription Opicids (Excluding Nonmethadone Synthetics)

== Overdase Deaths from Illicit Opioids {Heroin and Synthetic Opioids Other Than M ethadone)
25,000

20,000

: /
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1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Number of Overdose Deaths

5,000

Year

FIGURE 1-2 Number of overdose deaths from prescription and illicit opioids,
United States, 1999-2015.
SOURCE: NCHS, 2016.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24781

Pain Management and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks of ...

INTRODUCTION 29

incidence of hospitalization for prescription opioid poisoning among chil-
dren and adolescents aged 1-19 increased 165 percent (from 1.4 to 3.7 per
100,000) between 1997 and 2012 (Gaither et al., 2016). Between 2003 and
2013, the proportion of admissions to treatment associated primarily with
nonheroin opioid use and heroin use increased from 3 to 9 percent and 15
to 19 percent, respectively (SAMHSA, 2015).

Policy Responses

By the end of the first decade of the 21st century, alarm about the opi-
oid epidemic was growing in public health circles. An increasing number
of medical organizations were urging greater caution in prescribing opioids
in light of the growing opioid problem and the lack of evidence that the
drugs are effective for long-term pain management (VonKorff et al., 2011).
At the federal level, in 2009, the FDA held public and stakeholder meetings
to discuss opioid-related harms; partnered with the Substance Abuse and
Mental Health Services Administration (SAMHSA), the DEA, and others
on efforts to improve the safe use and disposal of opioids; and launched
a Safe Use Initiative to reduce preventable harms from opioids and other
drugs. In 2010 the agency approved an ADF of OxyContin (FDA, 2017c).
During approximately 2013-2015, ONDCP and HHS ramped up efforts
to reduce OUD and opioid overdose, including the creation of an HHS opi-
oid initiative in 2015 (HHS, 2015). CDC’s 2016 Guideline for Prescribing
Opioids for Chronic Pain explicitly declares that nonpharmacologic and
nonopioid therapies are preferred for treating chronic pain (Dowell et al.,
2016). And in December 2016, the U.S. Congress passed the 21st Century
Cures Act, which included $1 billion in funding over 2 years for grants to
states targeting opioid prevention and treatment activities.

State and local governments also have scaled up efforts to identify
problematic prescribing (e.g., via prescription drug monitoring programs
[PDMPs], discussed in Chapter 5), prevent diversion of prescription opi-
oids, and increase access to naloxone and to treatment for OUD. Some
jurisdictions have declared public health emergencies (e.g., Massachusetts
Department of Public Health, 2014; Virginia Department of Health, 2016).

In the context of these federal and state policy initiatives, the total
number of prescriptions for opioid analgesics dispensed from outpatient
retail pharmacies decreased between 2012 and 2015.° Large health care
providers and professional associations also have recently suggested that
pain no longer be considered a vital sign (Frieden, 2016; Lowes, 2016).

°It is important to note, however, that opioid prescribing practices, and therefore trends in
dispensing, vary widely among states and other localities.
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Some have suggested that routine pain assessment is not in the best interest
of providers and may contribute to overprescribing (Lowes, 2016).

International Context

Historically, the United States has consumed a large majority of the
world’s supply of opioid drugs. An older figure that continues to be cited
is that approximately 80 percent of the world’s supply of opioid drugs is
consumed in the United States (Manchikanti and Singh, 2008). According
to another estimate, 90 percent of the world’s supply of morphine, fentanyl,
and oxycodone was used in the United States, Canada, Australia, and New
Zealand in 2009, and in that same year, the United States consumed 83
and 99 percent of the world’s oxycodone and hydrocodone, respectively
(Hauser et al., 2016). Based on available data (UNODC, 2017), other coun-
tries, including Mexico and countries in Central and South America, Africa,
and Asia, appear to have a considerably lower prevalence of past-year use
of both prescription and illicit opioids, although this does not necessarily
mean that these countries are free of problems related to opioids.

Consumption of opioid drugs has increased globally since the 1980s.
Data indicate that in more recent decades, increases in consumption have
been highest in the United States and to a lesser extent in other indus-
trialized nations. For example, during 2000-2010, opioid consumption
increased 400 percent in the United States, compared with 65 percent in
Great Britain and 37 percent in Germany (Hauser et al., 2014). In Australia,
where the prevalence of opioid use also is high, opioid dispensing increased
nearly four-fold between 1990 and 2014 (from 4.6 to 17.4 defined daily
doses/1,000 population/day) (Karanges et al., 2016). Spain saw a 14-fold
increase in opioid daily doses between 1992 and 2006 (Garcia del Pozo et
al., 2008).

The responses in countries experiencing high rates of opioid misuse,
OUD, and opioid overdose have varied. Some are noteworthy for their
public health orientation. In the Canadian province of British Columbia
(Canada has the second highest rate of opioid consumption after the United
States), harm reduction strategies implemented to reduce opioid overdose
included making the opioid overdose reversal drug naloxone available out-
side of pharmacies without a prescription and opening supervised injection
facilities (SIFs) (British Columbia was the first region in North America
to open a SIF, in 2003) (Voon, 2016). The British Columbia Ministry of
Health also issued guidelines for the clinical management of OUD to foster
improved linkage to medically supervised treatment (Dunlap and Cifu,
2016). SIFs, which have been found to be associated with reductions in
syringe sharing and overdose fatality (Kerr et al., 2005; Marshall et al.,
2011), are operating as well in several other countries that have experi-
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enced significant opioid misuse problems, including Spain, Australia, and
Germany, and are now being considered in the United States.

Some countries have reduced criminalization of drug use, with positive
results. Portugal, while not having opioid-related problems at the levels
seen in other countries, became the first country to decriminalize the pos-
session and use of drugs in 2001, making these violations administrative
as opposed to criminal offenses (Greenwald, 2009). Individuals who are
addicted to heroin or other drugs are offered access to treatment, which is
widely available through health centers, hospitals, and pharmacies, as well
as to needle exchange and other services. Since these changes were imple-
mented, the country has seen more people enter treatment, and HIV trans-
mission rates have declined among injection drug users (EMCDDA, 2016).

The United States’ response to the opioid epidemic also has taken on
an increasingly public health focus. Examples include efforts to make OUD
treatment, naloxone, syringe exchange, and other services more widely
available, and the promulgation of guidelines for prescribers that emphasize
greater caution in opioid prescribing and recommend referral to evidence-
based treatment for patients with OUD. As discussed in this report, these
strategies are at various stages of implementation and evaluation.

Statutory Context

Opioid regulation lies at the intersection of two federal statutes, each
with its roots in the early 20th century. The first is the Food, Drug, and
Cosmetic Act (FDCA), a successor to the groundbreaking Pure Food and
Drug Act of 1906, which now requires manufacturers of medical drugs
and devices to prove that they are safe and effective for their intended uses
before they may be marketed to consumers. The second applicable statute
is the CSA, enacted in 1970 as a successor to the Harrison Narcotics Act of
1914, mentioned above. The CSA was designed to provide an overarching
framework for tight federal regulation, including both public health over-
sight and aggressive enforcement, for all drugs with “potential for abuse,”
whether or not intended for medical use. Previously, those functions had
operated relatively autonomously, with drug development and prescription
control under the FDA, and enforcement responsibility originally lodged
in the U.S. Department of the Treasury and later transferred to the U.S.
Department of Justice (Spillane, 2004). Enforcement duties under the CSA
are now exercised by the DEA, but the CSA also retains a significant role
for HHS, usually acting through the FDA, in the regulation of controlled
substances with medical uses.

The CSA created tiered levels of control and reporting responsibili-
ties based on the potential danger posed by a given drug, and established
a structure for coordinating regulatory and enforcement action (Spillane,
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2004). The act also was designed to create a “big tent” for all drugs that
might be subject to misuse and to explicitly subject such drugs as barbitu-
rates and amphetamines to the same control as narcotics. Each controlled
substance is assigned to a specific schedule. Schedule I substances are
strictly limited and may be used only in some highly controlled research
contexts, if at all. Schedule II substances are subject to production quotas
and registry requirements for importers and exporters. Drugs assigned to
the lower schedules are subject to progressively diminished levels of control.
A controlled substance may be prescribed only for a “legitimate medical
purpose” by a practitioner licensed by the DEA “acting in the usual course
of his professional practice.” The CSA gives the DEA the power to revoke
licensure when a physician is determined to have violated that standard,
and offending practitioners may be subject to criminal prosecution.

The primary focus of the CSA was ambiguous from the outset: the
Nixon administration saw it principally as a way to control street use of
illicit drugs, while its congressional sponsors saw it as a vehicle for limit-
ing overproduction and overprescription of legally marketed drugs based
on balancing the dangers of abuse against the health benefits of legitimate
medical use (Spillane and McAllister, 2003, p. S8). To its congressional
sponsors, the CSA represented a key step in the direction of a national
public health approach to drug abuse and addiction. The second step, taken
in the Drug Abuse Office and Treatment Act of 1972, established a Special
Action Office for Drug Abuse Prevention in the White House and enacted
sweeping federal protection of the confidentiality of SUD treatment records
that continues to serve as a centerpiece of national policy.

The DEA was created in 1973 to carry out the U.S. Department
of Justice’s responsibility for enforcing the CSA (Senate Committee on
Government Operations, 1973, pp. 5-6). It was believed that making
one agency accountable would “maximize coordination between Federal
investigation and prosecution efforts.” The new agency was to draw on
Federal Bureau of Investigation expertise with organized crime, and to
provide a single focal point for enforcement with state, local, and interna-
tional authorities (Senate Committee on Government Operations, 1973,
pp. 5-6). The DEA enforces both the criminal and noncriminal regulatory
requirements of the CSA, but it does so as a law enforcement agency; it is
not designed to function as a public health agency, nor does it pretend to
be one (DEA, 2017a).

Over the four and a half decades since its passage, the CSA has been
amended many times, usually to increase law enforcement authority. The
Comprehensive Crime Control Act of 1984 and the Anti-Drug Abuse Acts
of 1986 and 1988 added provisions to deal with synthetic compounds and
new enforcement mechanisms, such as forfeiture provisions, and intro-
duced mandatory minimum sentences. The Illicit Drug Anti-Proliferation
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Act of 2003 amended the CSA to deal with MDMA (3,4-methylenedioxy-
methamphetamine, or ecstasy) and other club drugs. The Ryan-Haight
Act of 2008 amended the CSA to regulate online pharmacy distribution.
The Secure and Responsible Drug Disposal Act of 2010 requires the DEA
to establish programs for voluntary disposal of controlled substances that
are no longer required by patients. And the Synthetic Drug Abuse Preven-
tion Act of 2012 not only mandated restrictive scheduling for various
synthetic drugs but also streamlined the scheduling process so that newly
approved drugs could enter the market more quickly.

Among the many important issues that have surfaced during the opi-
oid crisis are whether the public health goals of the CSA envisioned by its
architects have been achieved, and whether regulatory activities carried out
by the FDA and the DEA under the FDCA and the CSA have been suitably
coordinated and harmonized. One issue of particular interest in the con-
text of this report is surveillance. As a key component of its public health
aims, the CSA mandated the collection of epidemiologic data on use and
abuse of the drugs controlled by the act and on other substances that might
warrant control. The first such effort, the Drug Abuse Warning Network
(DAWN), created in 1972 and discontinued in 2011, revealed a problem
that continues to this day: it is difficult to break down the data by specific
drug products (Mansbach et al., 2010; Spillane, 2004), which is essential
to determining the nature and level of misuse for specific substances. The
discontinuation of DAWN in 2011 left a substantial gap in the nation’s
capacity to monitor, anticipate, and respond to the opioid epidemic as it

unfolded.

Recent Federal Policy Initiatives

As noted above, the IOM’s 2011 report Relieving Pain in America
highlighted the public health significance of pain and the need for fun-
damental changes in pain policy and practice (IOM, 2011). The report
details the landscape of pain in the United States of that time, including
such key factors as its overall prevalence; its personal, economic, and social
consequences; and the significant shortcomings of prevailing treatment
approaches. The report also describes the status of some of the available
pain treatment approaches, including pharmacologic options, injection-
based interventions, surgery, rehabilitative strategies, psychological thera-
pies, and complementary modalities. The report presents highlights of
then-current knowledge about pain mechanisms and the impact of inter-
acting comorbid conditions such as depression, anxiety, and SUD, as well
as areas in which knowledge was critically lacking. While the report ably
describes the contemporary state of the art, however, important advances
have since occurred on many fronts.
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One element of this committee’s charge was to “provide an update
on the state of the science of pain research, care, and education since the
2011 report and characterize the evolving role of opioid analgesics in pain
management,” a task that the committee carries out in several chapters of
this report. The subsections below summarize three major federal policy
activities related to pain management and opioids that have taken place
since the 2011 report was published and that provide additional context
for the present study: the ongoing formulation of a National Pain Strategy,
promulgation of a guideline for opioid prescribing under the auspices of the
CDC, and ONDCP’s development of a comprehensive plan for managing
the opioid crisis.

National Pain Strategy

One of the principal recommendations of the 2011 IOM report was that
HHS develop “a comprehensive population health-level strategy for pain
prevention, treatment, management, and research” (IOM, 2011, p. 102).
In response, the HHS assistant secretary requested that the Interagency
Pain Research Coordinating Committee (IPRCC) develop a National Pain
Strategy to provide a blueprint for transforming pain prevention, care, edu-
cation, and research. After several years of work, the National Pain Strategy
was published in 2016 (HHS, 2016b). The document’s findings and recom-
mendations fall into six primary areas: population research, prevention and
care, disparities, service delivery and reimbursement, professional education
and training, and public awareness and communication.

The National Pain Strategy highlights difficulties surrounding the use
of opioids in pain management. Its recommendations include augmenting
the use of population-level data to inform national policy on opioid use,
including regulatory actions undertaken by the FDA and the DEA. Perhaps
more significant, the Strategy lists as an objective, “Develop and implement
a national educational campaign to promote safer use of all medications,
especially opioid use, among patients with pain” (HHS, 2016b, p. 48). The
document, however, makes no specific recommendations to the FDA.

The work of the IPRCC is far from complete. The committee, com-
posed of 7 federal and 12 nonfederal members, is engaged in several ongo-
ing tasks, including summarizing advances in pain research, identifying
critical gaps in the research, and advising NIH and other federal agencies
on how best to streamline research efforts and improve the collection and
dissemination of information on pain research and treatment.
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U.S. Centers for Disease Control and Prevention’s Guideline for
Prescribing Opioids for Chronic Pain

In parallel with the efforts of the IPRCC, the CDC issued its Guideline
for Prescribing Opioids for Chronic Pain in 2016, offering a detailed set of
recommendations for prescribing opioids to adults for chronic pain (Dowell
et al., 2016). Specific issues addressed by the guideline include (1) when
to consider opioids for chronic pain; (2) what types and doses of opioids
to use, as well as when to consider tapering off the drugs; and (3) how to
assess patient-specific risks. The CDC developed the guideline using the
Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) framework, and its recommendations are based on a systematic
review of the scientific evidence, as well as consideration of benefits and
harms, values and preferences, and resource allocation. The guideline was
specifically developed for primary care clinicians, including physicians,
nurse practitioners, and physician assistants, prescribing opioids to patients
with chronic pain (>3 months’ duration) in outpatient settings. It acknowl-
edges the existence of other sets of opioid prescribing guidelines, such as
those issued by the American Pain Society-American Academy of Pain Med-
icine Opioids Guidelines Panel and the U.S. Department of Veterans Affairs
(Chou et al., 2009; VA and DoD, 2010). The CDC guideline, however, has
the advantage of reflecting more recent data on the effectiveness and risks
of prescription opioids. In addition to review of the direct clinical evidence
and complementary contextual evidence, the CDC process engaged federal
partners and other stakeholders, and entailed subjecting the guideline to
peer review and publishing it for public comment prior to dissemination.

The guideline ultimately published provides 12 recommendations con-
cerning the use of opioids for the management of chronic pain (see Box 5-3
in Chapter 5) (Dowell et al., 2016). The guideline generally can be regarded
as more conservative than many previous sets of recommendations on this
topic. Some of its specific provisions should be noted. First, the guideline
stresses the general approach of using nonopioid and nonpharmacologic
therapy for chronic pain. In fact, it stresses that opioids are not first-line
medications for the treatment of chronic pain. This recommendation is
based on the finding that nonpharmacologic therapies appear to have effi-
cacy similar to that of pharmacologic therapies, at least for the first several
months of treatment, as well as a superior long-term risk profile. Second,
the guideline recommends that when opioid therapy is used, IR rather than
ER/LA opioids be prescribed and at relatively low doses. The guideline
generally recommends doses below 50 morphine milligram equivalents
(MME)/day and suggests careful justification of doses above 90 MME/day.
Finally, the guideline stresses the evaluation of risks prior to opioid initia-
tion, careful ongoing evaluation of those risks, and regular assessment of
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response to the therapy. The guideline specifically mentions the potential for
adverse interactions between opioids and such sedatives as benzodiazepines
as it is now clear that such interactions contribute to many opioid-related
deaths (Park et al., 2015).

Some have cautioned that the CDC guideline may have unintended
consequences in terms of unduly limiting access to opioid medications
(e.g., Guerriero and Reid, 2016; Pergolizzi et al., 2016). It should be noted,
however, that additional publications providing separate analyses of the use
of opioids for low back pain, a common indication, have become avail-
able since the CDC guideline was published (Abdel Shaheed et al., 2016;
Qaseem et al., 2017). Consistent with the CDC findings and recommenda-
tions, these more recent analyses also find little evidence of meaningful pain
relief provided by opioids for low back pain.

Office of National Drug Control Policy’s Comprebensive Plan

ONDCP was created in 1989 by the Anti-Drug Abuse Act of 1988 to
coordinate activities of the DEA, the FDA, the CDC, the National Institute
on Drug Abuse (NIDA), and SAMHSA. In 2011, ONDCP issued a four-
pronged comprehensive plan for managing the opioid crisis aimed at bal-
ancing the need to curb opioid-related harms with the needs of individuals
for adequate pain treatment (ONDCP, 2011, p. 2).

The first prong entailed educating the public and health care providers.
Practitioners seeking DEA registration for prescribing controlled substances
would have been required to receive training on responsible opioid prescrib-
ing practices. Opioid REMS would have been required to include effective
educational materials, and efforts would have been made to enhance educa-
tion in health professional schools as well as continuing education through
state and federal agencies. Second, the plan called for improved monitor-
ing through state-authorized PDMPs. The plan noted that standardized
monitoring programs with enhanced interoperability (with each other and
with national monitoring systems) and access were needed in all 50 states.
The plan also encouraged legal changes to allow more sharing of clinical
data and innovative use of electronic health records. Third, the plan rec-
ommended new actions to increase environmentally responsible disposal of
prescription drugs to prevent misuse and diversion. Finally, the plan recom-
mended methods for improving enforcement, including a Model Pain Clinic
Regulation Law and improved coordination among federal, state, and local
agencies for investigation of illicit trafficking and illegitimate prescribing
and prosecution of offenders (ONDCP, 2011).

In 2014, the DEA issued a new rule that largely addressed the goals
of the 2011 ONDCP plan’s drug disposal requirements. The DEA also has
created a DEA 360 program, developed “Tactical Diversion Squads,” and
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formulated the HIDTA (High Intensity Drug Trafficking Areas) Heroin
Response Strategy, all of which are designed to improve enforcement while
taking a “balanced public health and public safety approach” (White
House, 2016, p. 68). However, the ONDCP plan’s education goals, which
would have linked DEA registration and training requirements, have not
been implemented, and the REMS education goals have been underutilized.
ONDCP has pointed to the new CDC practice guideline as evidence of
progress in education (White House, 2016, p. 66), but adherence to those
recommendations is voluntary. Similarly, while progress has been made in
expanding PDMPs—now in 49 states—and new federal monitoring plans
have been developed, a lack of standardization and interoperability and
poor access impede the effectiveness of these systems.

Ethical Context

The statement of task for this study (see Box 1-1) directed the com-
mittee to recommend policy actions by the FDA and other policy makers
that would properly “balance the needs of pain patients and the [societal]
need to address opioid misuse.” This deceptively simple statement entails
many technical challenges related to measurement quantification that are
explored in this report. However, it also exposes a genuine ethical quandary
that is fundamental to this entire report: How exactly does a regulator (or
this committee) weigh and balance, for any particular regulatory action lim-
iting access to opioids, the otherwise avoidable suffering that patients with
pain would experience against the harms, not only to those individuals and
their families but also to society, that would be prevented by the restriction?
The “societal need to reduce opioid misuse” is particularly challenging in
ethical terms because much of the harm to society arising from opioid mis-
use is attributable to diversion of the prescribed drugs from lawful markets
and to the operation of black markets. Are these two sets of needs morally
commensurate? Are they convertible to a common metric?

The task is made somewhat easier if one recognizes that the point
of contention regarding the use of opioids in serving the “needs of pain
patients” focuses almost entirely on treatment of chronic noncancer pain.
As long as the quantity prescribed, dispensed, and administered is suitably
limited, there is little disagreement about the need for opioids for treatment
of patients with acute pain within controlled settings such as hospitals (e.g.,
the perioperative use of opioids for many types of surgeries), or for treat-
ment of patients with cancer or terminal conditions. The area of dispute
concerns long-term use of take-home doses for chronic noncancer pain by
people who are not terminally ill.

It is instructive to attempt to operationalize the balancing task at the
policy level. On the one hand, the policy maker must quantify or other-
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wise characterize the aggregate reduction in pain experienced by patients if
opioids are prescribed and used for these chronic indications. As discussed in
Chapter 2, this is a difficult task because of a lack of data on the effectiveness
of opioid therapy for long-term (>1 year) outcomes related to pain, function,
and quality of life (Chou et al., 2015; Dowell et al., 2016)—notwithstanding
the reported experience of many patients and their providers who believe
the drugs are beneficial. On the other hand, policy makers must quantify
or otherwise characterize the harms that would not have occurred had pre-
scribing of opioids been more restricted. These harms include death from
overdose and other harms to patients who become addicted to opioids in
the course of treatment, and importantly, it also includes harms due to the
misuse of drugs that have been diverted from lawful channels to people other
than the patients to whom the drugs are prescribed.

This policy balance between benefits and harms inevitably involves
many uncertain parameters requiring considerable speculation: the numbers
of patients with pain who will be affected, the nature and intensity of the
pain that will be experienced or mitigated under different sets of assump-
tions about access to the drugs, and the effect of more or less restrictive
regulatory approaches on access to the drugs by persons other than the
patients to whom they have been prescribed and the harms that might
subsequently occur. Converting all these postulated impacts to a common
metric, such as quality-adjusted life years (QALYs), would be one way to
proceed, although this approach would require overcoming many technical
challenges. Moreover, other outcomes at the societal level might be difficult
to quantify, such as the impact of one or another policy on public trust in
the medical profession and the health care system. Loss of confidence can
arise from perceived overprescribing or perceived underprescribing.

This analytic approach of identifying, quantifying, and balancing rel-
evant outcomes at the societal level is the only way policy makers can think
clearly about such a complex issue and make their arguments transparent
and open to critical review by others. However, one of the confounding
features of the policy discourse on the regulation of opioids and opioid
prescribing is that many physicians and patient advocates ground their
arguments not in an aggregated balance of benefits and harms at the popu-
lation level but in the patient-centered ethics of clinical medicine (ethics
“at the bedside,” so to speak). When viewed from the perspective of an
individual physician and an individual patient seeking treatment for chronic
pain, regulations restricting access to opioids may be objectionable because
they are perceived as unduly constraining the options available to physi-
cians seeking to alleviate the suffering of each patient under their care. This
ethical duty entails making an individualized judgment about each patient’s
needs, recognizing that the needs of a particular patient may differ from
those of the “average” patient experiencing a particular type of pain; that
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the patient’s response to treatment may differ from the “typical” response
in relation to both specific risks and potential benefits; and that these effects
in any particular case are difficult to quantify, especially when there is so
little evidence about long-term use of opioids for chronic noncancer pain.
From this perspective, the duty to exercise individualized clinical judg-
ment lies at the heart of the physician—patient relationship. Individualized
decision making is all the more important in the context of pain, given its
inherently subjective nature, and in the context of the ethical paradigm of
shared decision making.

In thinking about the task of balancing the aggregated needs of patients
in pain at the societal level and the need to prevent harms associated with
misuse of opioid analgesics, the committee was sensitive to the ethical ten-
sion between the population perspective of public health and the patient-
centered perspective of clinical ethics. The bottom line is that these two
perspectives address two different questions. The committee’s charge was to
answer the societal question: What should the FDA and other government
entities do when acting to further society’s collective interest? The com-
mittee was not charged with asking what physicians and other prescribers
should do or what options they should have available for particular clinical
indications. This does not imply, however, that the ethics of clinical medi-
cine are irrelevant: the framework used by policy makers in balancing the
aggregated needs of patients with pain against society’s collective interest in
preventing opioid-related harms must be sensitive to the impact of alterna-
tive policies on public confidence in the health care system, including trust
in the physician—patient relationship.

STUDY SCOPE AND EMPHASIS AND REPORT ORGANIZATION

Study Scope and Emphasis

The breadth of the committee’s charge posed several challenges. First,
the charge envisioned two fairly distinct tasks—an update of the science of
pain research, care, and education since the IOM’ 2011 report, including
the evolving role of opioids in pain management, and a “new” report sum-
marizing the “state of the science” on the use and misuse of prescription
opioids and on approaches for addressing the problem. The committee
interpreted its charge as focusing primarily on the misuse of prescribed
opioids, the occurrence of OUD, and the associated public health harms,
with updates to the 2011 report being limited to those bearing on indica-
tions for opioid prescribing, alternatives to opioids for pain management,
physician education, and priorities for research.

A second challenge was the multiple audiences for this report. The
charge requested that the committee provide advice not only to the FDA but
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also to other policy makers and stakeholders. The committee understood
that the FDA’s primary reason for requesting this report was its desire for
an expanded framework for review, approval, and monitoring of opioids
that would encompass the societal harms resulting from opioid prescrib-
ing, and accordingly attempted to develop such a framework. However, the
FDA knows it cannot address the opioid problem on its own, and its charge
to the committee clearly invited a broader view of the report’s intended
audience. The committee chose to take this broader view because it was
convinced that successful efforts to prevent, ameliorate, and minimize the
public health harms associated with use and misuse of prescription opioids
will require coordinated action at all levels of government and by a diverse
array of stakeholder organizations.

A third challenge was that the committee was charged with addressing
a complex, multifaceted problem that can be viewed through many lenses.
The approach the committee took to carrying out this charge was shaped
by the expertise of the its members and its interpretation of the charge.
Accordingly, the committee focused on improving the treatment of pain and
on responding to the policy challenges presented by the opioid epidemic.
Many other relevant topics could have been included, such as why this epi-
demic has occurred. However, the committee was not directed to investigate
the causes of the prescription opioid problem or to judge how it could have
been avoided or ameliorated. Indeed, in its initial conversations with FDA
officials, the committee was specifically advised that the purpose of this
report was not to place blame for the current state of affairs.

Not surprisingly, however, questions about who bears responsibility for
the current situation surfaced repeatedly in the committee’s public work-
shops. Some observers, for example, suggested that the 2011 IOM report
underemphasized then-emerging opioid-related harms as it highlighted the
prevalence and cost of inadequately treated pain. Other speakers argued
that the FDA has not been aggressive enough in its regulatory decisions,
while still others directed attention to the systemic failures of the nation’s
health care system.

Nonetheless, the committee did not aim to assign responsibility for past
mistakes. Its task was to review and assess approaches and actions that the
FDA and others have taken, and could take, to resolve the problem and
prevent such problems from arising in the future. To this end, the commit-
tee naturally posits a predictive model concerning what interventions might
work. In so doing, it relies on a traditional multifactorial causal model
commonly used in public health, encompassing considerations ranging from
structural factors to individual susceptibility. Using this approach, certain
hypotheses about causes of the epidemic are inescapable. For example, the
data presented earlier in this chapter make a prima facie case that heavy pro-
motion of opioid prescribing by drug manufacturers (including misleading
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claims by some) and substantially increased prescribing by physicians were
key contributors to the increase in misuse, OUD, and accompanying harms.

It is also clear, however, that overprescribing was not the sole cause of
the problem. While increased opioid prescribing for chronic pain has been
a vector of the opioid epidemic, researchers agree that such structural fac-
tors as lack of economic opportunity, poor working conditions, and eroded
social capital in depressed communities, accompanied by hopelessness and
despair, are root causes of the misuse of opioids and other substances and
SUD (Carpenter et al., 2016; Compton et al., 2014; Nagelhout et al., 2017).
It was beyond the scope of the committee’s task to review and offer recom-
mendations for mitigating the effects of these underlying structural deter-
minants of opioid misuse and OUD. Nonetheless, the committee believes
it is extremely important to keep these determinants in mind while reading
this report, which focuses largely, although not entirely, on the supply side
of the equation (increased prescribing of opioids) rather than on the more
complex structural and environment factors that contribute to the demand
side of the equation.

Report Organization

This report is divided into six chapters. Part I, consisting of Chapters 2
and 3, updates the 2011 IOM report. Chapter 2 describes the scope of the
problem of pain in the United States and the state of the science on pain
management, with an emphasis on the evolving role of prescription opioids
and other forms of treatment in pain management. Areas for future research
on pain and its management and on OUD to assist the FDA with the devel-
opment of a framework for opioid approval and monitoring are discussed
in Chapter 3. Part II, consisting of Chapters 4, 5 and 6, characterizes the
opioid epidemic and the nation’s response to it. Chapter 4 describes the
epidemiology of opioid use and misuse, OUD, overdose, and other harms
from both prescription and illicit opioids (e.g., heroin). Chapter 5 reviews
the evidence regarding the effectiveness of strategies being used to address
the opioid epidemic and makes recommendations where indicated. Specific
topics covered include regulating the types of products approved for use
(e.g., ADFs); restricting legal access to approved drugs; modifying prescrib-
ing practices; providing patient education; increasing access to treatment
for OUD; and reducing harms from opioid use, such as by providing nal-
oxone to prevent opioid overdose and making clean needles available for
injection drug users to reduce transmission of HIV and hepatitis C virus.
Finally, based on content presented in earlier chapters, Chapter 6 outlines
steps the FDA can take to improve its regulation of opioids, including an
approach for improving incorporation of individual and public health risks
and benefits into future FDA approval and monitoring of these drugs.
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Pain Management and the Intersection
of Pain and Opioid Use Disorder

This chapter addresses the scope of the problem of pain in the United
States and its association with opioids, and the effectiveness of pharmaco-
logic (both opioid and nonopioid) and nonpharmacologic treatments that
may, alone or in combination, help individuals manage pain. The first sec-
tion summarizes the scope of the problem of pain, focusing in particular
on chronic, or persistent, pain, the form most associated with problematic
use of opioids. The chapter then presents a detailed discussion of the
various pain treatment modalities, reviewing in turn opioid analgesics,
nonopioid pharmacologic treatments, interventional pain therapies, and
nonpharmacologic treatments. This section is particularly important in
helping to contextualize the evidence of effectiveness and limitations for
various treatments for pain, given the burden of pain, the risks associated
with undertreatment, and the pervasiveness of opioid use and related dose-
dependent risks. The next section examines differences in pain experiences
and treatment effectiveness among subpopulations, and the final section
briefly addresses the intersection between pain and opioid use disorder
(OUD) (discussed in greater detail in Chapter 3). A main objective of this
chapter is to situate opioids within the broader armamentarium of treat-
ments available for management of pain and to identify potential opportu-
nities for reduced reliance on these medications.

THE SCOPE OF THE PROBLEM OF PAIN

Chronic pain generally is defined as pain lasting 3 or more months or
beyond the time of normal tissue healing (Dowell et al., 2016). As described

49
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in the 2011 Institute of Medicine (IOM) report Relieving Pain in America
(IOM, 2011), pain is a significant public health problem, although estimates
of the number of people living with chronic pain in the United States vary
widely in population-level surveys (see Croft et al., 2010; Johannes et al.,
2010; Nahin, 2015; Portenoy et al., 2004). Using self-reported data from
the 2011 National Health Interview Survey’s Functioning and Disability
Supplement, Nahin (2015) estimates that at the time of the survey, 11.2
percent of the adult U.S. population (25.3 million people) was experiencing
daily chronic pain (pain every day for the past 3 months).

The 2011 IOM report appropriately calls attention to the substantial
burden of pain in the United States and estimates that “chronic pain alone
affects approximately 100 million U.S. adults,” a figure that has routinely
been quoted in recent years (IOM, 2011, p. 100). The present committee
found that it is difficult to formulate a reliable estimate of the prevalence
of chronic pain because of differences across surveys in the way pain is
defined and measured. The 100 million figure cited in the 2011 IOM report
was based on an analysis of data from surveys conducted in 17 developed
and developing countries, including the United States, to evaluate differ-
ences in the prevalence of common chronic pain conditions by age and
sex, as well as the comorbidity of chronic pain conditions with depression
and anxiety disorders (Tsang et al., 2008). The age-adjusted prevalence of
chronic pain conditions in the previous 12 months for adults in the United
States was found to be 43 percent (roughly 100.86 million people based on
the total U.S. population aged 18 and over in 2010) (Howden and Meyer,
2011; Tsang et al., 2008). A limitation of that study, in this committee’s
view, is that the questions asked of survey participants did not distinguish
occasional aches and pains from daily continuous or chronic intermittent
pain that may interfere with quality of life.! As noted by Tsang and col-
leagues (2008) themselves, one of the limitations of the study is that “the
assessment of pain condition did not include severity and duration of pain.”
Nonetheless, regardless of the exact number of people living with chronic
pain in the United States, it clearly affects the lives of millions of Americans.

Chronic pain is associated with multiple comorbidities, including,
among others, impaired memory, cognition, and attention; sleep distur-
bances; reduced physical functioning; and reduced overall quality of life
(Dahan et al., 2014; Fine, 2011; IOM, 2011). Chronic noncancer pain
also has been found to be associated with work absenteeism (Agaliotis et

ISurvey participants were asked whether they had ever had “arthritis or rheumatism” in
their lifetime. Respondents who replied that they had were asked whether the arthritis or
rheumatism had been present in the prior 12 months. Participants also were asked whether
they had ever had “chronic back or neck problems” (referred to as back pain), “frequent or
severe headaches” (referred to as headaches), and “other chronic pain” in the prior 12 months.
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al., 2014). Severe chronic pain at the highest levels is associated with poor
health and increased use of medical resources (IOM, 2011), and painful
conditions are among the most frequently reported reasons for outpatient
visits with physicians in the United States (CDC, 2017). An argument has
been made that chronic pain may itself be considered a disease syndrome
when it leads to changes in the nervous system over time (IOM, 2011). As
discussed later in this chapter, adding to the public health burden of pain
are disparities in access to and quality of pain treatment among subpopula-
tions (Anderson et al., 2009; IOM, 2011; Mossey, 2011).

The very real problems of underdiagnosis and undertreatment of pain
are valid concerns, but it would be a mistake to infer that greater utilization
of opioids would ameliorate these problems. As discussed below, opioids
have long been used for the effective management of acute pain (e.g., acute
postsurgical and postprocedural pain), but available evidence does not sup-
port the long-term use of opioids for management of chronic noncancer
pain. On the other hand, evidence indicates that patients taking opioids
long-term are at increased risk of OUD and opioid overdose, as well as a
number of other adverse outcomes (e.g., cardiovascular events, fractures)
(Baldini et al., 2012; Chou et al., 2015; Krashin et al., 2016). Nevertheless,
opioids often are used in the management of chronic noncancer pain. As
discussed in Chapter 1, for many years physicians prescribed opioids for
chronic noncancer pain, sometimes in very high doses, because of the incor-
rect belief that the risk for the development of substance use disorders and
addiction was low (Krashin et al., 2016). Emphasis was appropriately placed
on inadequate recognition and treatment of pain. However, these concerns
often were not balanced by a similar emphasis on precautions to avoid
adverse effects, such as the development of addiction (Kolodny et al., 2015),
and the increase in opioid prescribing that began during the 1990s was asso-
ciated with a parallel increase in opioid-related substance use disorders and
opioid-related deaths (Dowell et al., 2016; Kolodny et al., 2015; SAMHSA,
2015). It is estimated that opioid pain relievers (excluding nonmethadone
synthetics) directly accounted for more than 17,500 deaths in 2015, up from
approximately 6,160 in 1999 (NCHS, 2016). Moreover, these figures do not
account for deaths from related conditions (e.g., bloodborne infections asso-
ciated with OUD; see Chapters 4 and 5 for further detail). There are indica-
tions that opioid prescribing is decreasing, but as recently as 20135, tens of
millions of opioids were dispensed by U.S. outpatient retail pharmacies (see
Figure 1-1 in Chapter 1). The United States consumes the vast majority of
opioids worldwide (Hauser et al., 2016).

Acute pain also is relevant to this report. Millions of Americans are
diagnosed each year with acute pain conditions (e.g., those associated with
surgery, trauma, or acute illness) that typically resolve over days to weeks.
Opioids are frequently prescribed to treat these conditions. Opioids may
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be effective for managing acute pain when used appropriately, but as with
chronic noncancer pain, harms to individuals and society may arise from
these uses of opioids (Dowell et al., 2016). See Chapter 5 for discussion of
the effectiveness of strategies for addressing these harms.

Little is known about the relationship between or the progression
from acute to chronic pain, although preoperative chronic pain is thought
to be a risk factor (Gerbershagen et al., 2014). It has been proposed that
inadequate management of acute pain may increase an individual’s risk
for development of chronic pain (Sinatra, 2010). Indeed, some evidence
suggests that appropriate treatment of acute pain, particularly persistent
postsurgical pain, could decrease the likelihood of the future development
of chronic pain (Clarke et al., 2012). Similarly, the use of gabapentin or pre-
gabalin in the immediate preoperative setting has the potential to decrease
the need for postsurgical opioids (Tan et al., 2015a). Research is ongoing to
identify strategies that can decrease the risk of acute pain developing into
persistent pain (McGreevy et al., 2011).

It is important to emphasize that the term “pain management” has
not been clearly defined and sometimes is used erroneously to denote
solely pharmacologic tools. Yet pain management may involve the use of a
number of tools—both pharmacologic and nonpharmacologic—to relieve
pain and improve function and quality of life. Before proceeding to a review
of these various treatments, it should be noted that, while each may be
used on its own, their integration in multimodal strategies that cut across
medical disciplines and incorporate a full range of therapeutic options—
including cognitive-behavioral, physical/rehabilitation, pharmacologic, and
interventional therapies—has been shown to be most effective in the treat-
ment of chronic pain (Koele et al., 2014; Scascighini et al., 2008). In con-
trast, use of a single pharmacologic modality such as an opioid analgesic,
often used for the relief of acute nociceptive pain, is inherently limited in its
ability to provide long-term relief and/or reverse ongoing plasticity changes
driving chronic pain. Such pain encompasses a complex condition that has
defied simple remedies. As noted, persistent pain is classified as chronic if
someone has endured it for at least 3 months. Unfortunately, over this time
period, the person experiencing the pain may have changed in complex
ways. From the neuroscientist’s perspective, pathologic plasticity changes
in the central and peripheral nervous system have taken hold and have
become self-perpetuating, signaling pain and frequently limiting meaning-
ful function. Chapter 3 describes the complex neurobiology related to pain
(and reward) processing, identifies promising research areas, and highlights
knowledge gaps that could be addressed to help improve the management
of chronic pain.

Thus, it must be stressed that a single therapeutic switch to turn off the
perception of chronic pain has yet to be found and in fact may not exist.
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From the perspective of those suffering chronic pain, any remedy, even one
that may simply remit the pain for a few hours or days, may be a welcome
relief despite risks or side effects. However, just as chronic pain represents
a complex pathophysiologic condition that develops over time, its suc-
cessful management often requires an equally complex and time-intensive
approach. Therefore, combining multiple therapeutic modalities, nonphar-
macologic and pharmacologic (nonopioid and opioid), holds promise not
only to temper the ongoing pain but also to help return the nervous system
and its owner back to a less painful and more functional state. It is signifi-
cant, then, that many of the nonpharmacologic techniques are reimbursed
poorly if at all by third-party payers, creating a disincentive to provide this
effective care for patients. See Chapter 5 for further discussion of policies
regarding reimbursement of comprehensive pain management.

OPIOID ANALGESICS

Effectiveness and Risks

Opioid analgesics encompass a wide range of medicinal products that
typically share the ability to relieve acute severe pain through their action
on the p opioid receptor—the major analgesic opioid receptor expressed
throughout the nervous system. Since the isolation of morphine from crude
opium by Sertiirner in 1803, there has been a progressive increase in the
number of opioid analgesics that differ in their chemical composition, route
of administration, uptake, distribution, type/rate of elimination, and ability
to bind to opioid receptors. Certain of these drugs have ultra-short dura-
tions of action uniquely suited to providing analgesia as a component of
a balanced surgical anesthetic. Others have very long durations of action
resulting either from the intrinsic properties of the opioid molecule or the
pharmaceutical formulation; in either case, these opioids are released at a
predictable rate into a patient’s body. An additional feature of these medica-
tions contributing to their clinical utility is the availability of oral, intrave-
nous, transdermal, intranasal, epidural, and intrathecal preparations.

Opioids have long been used successfully to treat acute postsurgical
and postprocedural pain, and they have been found to be more effective
than placebo for nociceptive and neuropathic pain of less than 16 weeks’
duration (Furlan et al., 2011). For other types of acute pain, however, such
as low back pain, the efficacy of opioids is less clear (Deyo et al., 2015;
Friedman et al., 2015). And as noted earlier, while evidence exists to sup-
port the use of opioids for the treatment of some acute and subacute pain,
evidence to support their use to treat chronic pain is very limited (Chou
et al., 2015; Dowell et al., 2016). The few randomized controlled trials
(RCTs) demonstrating the efficacy of opioids have had small sample sizes
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and rarely have produced data that extend past 3 months, the length of time
after which pain is considered to be chronic.

The average reduction in chronic noncancer pain ascribed to opioids
has been found to be approximately 30 percent (Kalso et al., 2004), and
data on functional improvement are limited. A Danish epidemiological
study evaluating the effects of long-term (>6 months) use of opioids in more
than 10,000 patients with chronic noncancer pain failed to show improve-
ment on any of the items in the 36-Item Short Form Health Survey (SF-36)
used to score health-related quality of life (Eriksen et al., 2006). A meta-
analysis of 26 studies examining various opioid drugs (compared with pla-
cebo as well as other treatments, including nonsteroidal anti-inflammatory
drugs [NSAIDS]) in chronic noncancer pain found that “all patients with
CNCP [chronic noncancer pain]| do not respond to opioid analgesics, only
30-50% of carefully screened subjects report decrease in pain with opioids;
[and] the results of RCTs cannot be generalized to the CNCP population
because clinical trials do not include . . . multiple pain complaints . . . or
other psychiatric comorbidities” (Sehgal et al., 2013, p. 1211). There is
some evidence that return to work is more often delayed than expedited
for patients using opioids chronically (VonKorff, 2013). And today, despite
the existence of a number of opioid compounds and formulations, there is
no evidence that one opioid analgesic is superior to another in its ability to
manage either acute or chronic pain, and there is insufficient evidence on
appropriate dosing. A study of 1,477 adults prescribed opioids for chronic
pain, for example, showed that patients who used lower or intermittent
doses of opioids had pain outcomes similar to those of patients who used
regular or higher doses (Turner et al., 2016).

With regard to the risks associated with the use of prescription opioids,
it has been shown that once patients have been taking opioids longer than
90 days, the risk that they will continue to take them chronically and develop
a substance use disorder increases (Krashin et al., 2016). In addition to
substance use disorder, morbidity related to opioid therapy for chronic pain
includes reduced testosterone, cardiac abnormalities, fractures, and immuno-
suppression, among other adverse outcomes (Chou et al., 2015). A 2015
systematic review of studies of adults prescribed oral opioids for chronic pain
estimates the prevalence of opioid misuse (defined in the study as “opioid
use contrary to the directed or prescribed pattern of use, regardless of the
presence or absence of harm or adverse effects”) in the United States to be
21.7-29.3 percent and the prevalence of addiction (defined as continued use
despite harm) to be 7.8-11.7 percent (Vowles et al., 2015). In the elderly and
other patients with a higher risk of cognitive impairment, opioids may result
in further impairment of cognition and executive function (Schiltenwolf et al.,
2014). As noted earlier, moreover, there is a risk of death from these drugs
due to opioid-induced respiratory depression (Chou et al., 2015).
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Of the many long-term consequences of using opioids, tolerance and
opioid-induced hyperalgesia (OIH) are commonly cited as reasons for their
waning therapeutic effect over time. Strong laboratory evidence demon-
strates that these phenomena occur after even short periods of exposure
to opioids or after exposure to large doses of the drugs (Angst and Clark,
2006; Trang et al., 2015; Yi and Pryzbylkowski, 2015). Likewise, tolerance
and OIH have been demonstrated in people with OUD, and abnormal pain
sensitivity in this population is associated with drug craving (Ren et al.,
2009). On the other hand, OIH has been observed after short-term expo-
sure to potent, rapidly eliminated opioids such as remifentanil in human
volunteers (Angst and Clark, 2006; Eisenach et al., 2015). Correspondingly,
patients for whom remifentanil is incorporated into their surgical anesthetic
appear to have higher postoperative pain levels or opioid requirements
consistent with either tolerance or OIH (de Hoogd et al., 2016; Fletcher
and Martinez, 2014). However, the rapidity, severity, and pervasiveness of
tolerance and OIH are poorly defined in chronic pain populations, as are
possible differences among opioids with respect to causing these adverse
consequences. The situation is made more problematic by difficulties in
assessing tolerance and OIH in clinical settings. Rapid dose escalation with
worsening pain and the spread of painful symptoms have been suggested
as indicators of tolerance and OIH, but well-validated clinical methods for
quantifying tolerance and OIH in chronic pain patients are lacking (Mao,
2002).

One of the U.S. Food and Drug Administration’s (FDA’) required
post-marketing studies for extended-release/long-acting (ER/LA) opioid
analgesics is an ongoing clinical trial to estimate risk for the development
of hyperalgesia following long-term use (at least 1 year) of these drugs to
treat chronic pain. This study, which includes an assessment of risk relative
to efficacy, is anticipated to be completed in 2019 (see Chapter 6, Annex
Table 6-1).

It is important to remember that nonopioid pharmacologic therapies
carry their own distinct risks. For example, gastrointestinal bleeding and
renal dysfunction are known risks associated with NSAIDs. Likewise,
hepatotoxicity and unintended death are risks associated with acetamino-
phen, and acetaminophen toxicity is thought to contribute to at least some
opioid-related mortality (Dunn et al., 2010; McLellan and Turner, 2010).
Accordingly, some of the most difficult patients for whom to provide pain
relief are those with end-stage liver or kidney disease or with bleeding dis-
orders, many of whom end up taking opioids chronically because of the
perceived paucity of effective alternatives.

While all prescription opioids interact with opioid receptors, some
more recently developed agents possess additional pharmacologic activ-
ity, and even newer agents have been engineered to interact with opioid
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receptors in ways that may enhance analgesic benefits while minimizing
side effects, such as respiratory depression (Dahan, 2016). Therefore, it
is likely that additional opioid drugs with properties perhaps superior in
important ways to those of existing drugs will be developed for a wide
range of painful conditions. On the other hand, these new drugs are likely
to rely at least in part on the activation of the p opioid receptor, a structure
closely linked to important side effects of opioids, including respiratory
depression and euphoria. Thus, the propensity of opioid medications to
cause overdose or misuse is likely to continue to be cause for concern with
these new formulations.

Opioid Prescribing Practices

Beyond differences in analgesic potency (e.g., hydrocodone versus mor-
phine versus hydromorphone), one might ask what dictates prescribing of
opioid analgesics for chronic pain. Addressing this question is challenging
given the lack of a single integrated source of information on the use of
prescription opioids in the United States. This is the case despite calls from
both governmental and nongovernmental organizations for improved meth-
ods for tracking and accountability of opioid prescribing practices, indica-
tions, efficacy, or disposal and the more than decade-long development of
the opioid epidemic. Government institutions rely in part on private con-
sulting firms and/or literature generated from industry-sponsored research,
or when available, post-marketing data (IOM, 2010). Other information
comes from academically directed research focused on specific diagnostic
areas, such as opioid use in musculoskeletal disorders (rheumatologic, back
pain); treatment of specific disease states, such as sickle cell disease; and
dental and emergency department practices. Although a full understanding
is constrained by the limited information available, the committee compiled
a brief summary of opioid prescribing practices in the United States from
these accessible resources.

In 2015, 169 million prescriptions for some of the most common ER/
LA and immediate-release (IR) opioid analgesics were dispensed by U.S.
outpatient retail pharmacies, down from a high of 206 million in 2011
(see Chapter 1, Figure 1-1). The majority of opioid analgesic prescriptions
dispensed during 2005-2015 were for IR opioids, whereas the number of
ER/LA opioids dispensed remained nearly constant during this period (~12
percent).

During 2007-2012, self-reported use of opioid analgesics was higher
among women (7.2 percent) than men (6.3 percent) and higher among
non-Hispanic white adults (7.5 percent) than Hispanic adults (4.9 percent),
while there was no significant difference in self-reported use between non-
Hispanic white and non-Hispanic black adults (Frenk et al., 2015). From
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1999-2002 to 2003-2006, the percentage of adults aged 20 and over who
reported that they had used a prescription opioid analgesic in the past 30
days increased from 5.0 to 6.9 percent. From 2003-2006 to 2011-2012,
the percentage who used an opioid analgesic remained stable at 6.9 percent.
From 1999-2002 to 2011-2012, however, the percentage of users of opioid
analgesics who were prescribed an opioid analgesic stronger than morphine
increased from 17 to 37 percent (Frenk et al., 2015). Such a shift to more
potent formulations may represent an important signal if one is attempting
to understand the current ecology of prescription opioid use in the United
States. Specifically, a shift from opioid analgesics that are weaker than mor-
phine (codeine, dihydrocodeine, meperidine, pentazocine, propoxyphene,
and tramadol) and “morphine-equivalent” (hydrocodone, morphine, and
tapentadol) to those stronger than morphine (fentanyl, hydromorphone,
methadone, oxycodone, and oxymorphone) may represent an unwarranted
change in opioid prescribing practices relative to evidence for the treatment
of chronic painful conditions (Frenk et al., 2015). Although information is
limited, such a shift to more potent opioids may correlate with reports of
increased use of some opioid analgesics, such as oxycodone.

Clinical Contexts in Which Opioids Are Commonly Prescribed

An analysis of IMS Health’s national prescription data showed that
in 2012, nearly 49 percent of all dispensed opioid prescriptions were
accounted for by primary care specialists. Opioid prescribing also varies
by provider specialty. In 2012, the rate of opioid prescribing among spe-
cialists was highest for specialists in pain medicine (48.6 percent), followed
by surgery (36.5 percent) and physical medicine and rehabilitation (35.5
percent). From 2007 to 2012, the greatest increase in the rate of opioid
prescribing was among physical medicine and rehabilitation specialists,
while the greatest declines were in emergency medicine (-8.9 percent) and
dentistry (=5.7 percent) (Levy et al., 2015).

The clinical contexts in which pharmaceutical opioids are used also
can be quite diverse. The evaluation of risks and benefits may therefore be
different for specific opioids depending on their intended application. A few
examples of common clinical contexts in which opioids are used demon-
strate some of these differences.

Surgery and Acute Pain

Opioids are used commonly during and following surgery. During a
surgical procedure, opioids contribute to the analgesic component of a
balanced anesthetic. Often the opioids used are of high potency and short
duration of action. In addition to intravenous administration, opioids are
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sometimes administered intrathecally or into the epidural space to provide
relatively high local concentrations without exposing respiratory centers in
the brainstem to the same levels of the drugs.

Postoperatively, opioids are used in the postanesthesia care unit and
hospital wards and as predominantly oral medications for a period ranging
from days to a month or more during the convalescent period. The rate of
discontinuation of opioids after surgery has been studied and is believed to
be impacted by ongoing pain, as well as psychological factors and patients’
self-perception of their risk for developing OUD (Carroll et al., 2012; Hah
et al., 2015). The rate of discontinuation of opioid therapy after surgery
is strongly impacted by preoperative use, and is higher for some types of
surgery (e.g., joint replacement) than others (Mudumbai et al., 2016; Sun
et al., 2016). It remains unclear how intraoperative exposure to opioids
contributes to the risk for OUD. Perisurgical exposure to opioids may be
an inciting event for the eventual development of OUD in some patients
(Sun et al., 2016). Patients with OUD (e.g., individuals on methadone
maintenance) are not necessarily excluded from receiving a short course of
opioids for acute or acute postoperative pain. Providing excessive amounts
of opioids postoperatively is now discouraged, however, and some health
care organizations have attempted to limit the amount of postsurgical take-
home opioid medication. The effectiveness of such policies is discussed in
Chapter 5.

Another commonly encountered acute pain context leading to opioid
exposure is the treatment of acute injuries, such as those due to household,
sporting, or motor vehicle accidents. In these situations, limited supplies of
opioids may be prescribed by emergency departments, urgent care clinics,
specialty physicians, and primary care providers. The prescribing of opi-
oids by emergency departments has been especially closely studied, and an
increase was found to coincide with an increase in overall opioid prescrib-
ing (Maughan et al., 2015). Prescribing in this context can set the stage
for a pattern of more chronic use; indeed, observational evidence suggests
that long-term opioid use may begin in the emergency department (with
1 in 48 patients prescribed opioids becoming long-term users) (Barnett et
al., 2017). Likewise, the use of prescription opioids by former professional
athletes is very high, and participants in interscholastic sports may have an
elevated risk of opioid use and misuse relative to their nonathlete counter-
parts (Veliz et al., 2015). Motor vehicle accidents, particularly severe ones,
also appear to lead to chronic opioid use in some patients (Zwisler et al.,
2015). Opioid prescribing guidelines targeting emergency departments and
other acute care settings might contribute to reducing opioid prescribing
and increase the use of such measures as urine drug screening prior to pre-
scribing (Chen et al., 2016; del Portal et al., 2016).
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Chronic Pain Syndromes

The use of opioids for the management of chronic pain has generated
a great deal of attention, and represents the rationale for the prescribing of
a large percentage of overall opioid medication consumed each year in the
United States. Common types of pain for which these drugs are prescribed
include back pain, arthritis, and neuropathic pain (e.g., pain involving
tissue injury). Among the complications now associated with the chronic
use of opioids for pain are dependence, tolerance, hyperalgesia, addiction,
hypogonadism, falls, fractures, sleep-disordered breathing, increased pain
after surgery, and poorer surgical outcomes (Baldini et al., 2012; Chou et
al., 2015).

Several meta-analyses now available examine the efficacy of opioids for
specific pain conditions, such as neuropathic (Gaskell et al., 2016; McNicol
et al., 2013) and back (Abdel Shaheed et al., 2016; Chaparro et al., 2014)
pain. Additional analyses have included reports on studies involving partici-
pants with mixed types of chronic pain (Chou et al., 2014; Pedersen et al.,
2014). In general, these meta-analyses suggest that any positive effects of
such opioid use have been demonstrated only for relatively short periods of
time and that the size of those effects was small. Data are lacking on long-
term (>1 year) outcomes such as pain, function, quality of life, and OUD
(Chou et al., 2015). Dropout from studies of the use of opioids for chronic
pain due to side effects is common, as is discontinuation of the therapy in
clinical settings, making it difficult to estimate the benefits of these drugs.
Nonetheless, although opioids are commonly prescribed for chronic pain,
no widely accepted guidelines suggest their use as first-line analgesic therapy
for a chronic pain condition.

Arthritis According to data from the National Health Interview Survey
(NHIS), the prevalence of doctor-diagnosed arthritis among adults in the
United States during 2013-2015 was 22.7 percent (54.4 million people),
with even higher prevalence among individuals with chronic conditions
such as heart disease, diabetes, and obesity (Barbour et al., 2017). It is esti-
mated that by 2040, 78 million adults in the United States (26 percent of
those aged 18 and older) will have been diagnosed with arthritis (Hootman
et al., 2016). Adults with arthritis made up more than half (53 percent) of
adults taking prescribed opioids in 2013 (Hootman et al., 2016). Given the
widespread use of opioids for noncancer pain and the fact that individuals
with musculoskeletal disorders, including arthritis, represent the largest
population using prescription opioids, understanding the factors driving
opioid use among these individuals could shed light on the broader land-
scape of prescribing practices.
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In a retrospective cohort study evaluating prescription data on patients
with rheumatoid arthritis (RA) (n = 501), which after osteoarthritis is one
of the more common forms of arthritis, and comparable non-RA subjects
(n = 5§32) during 2005-2014, total and chronic opioid use? in 2014 was
found to be substantially higher in RA than in non-RA participants (40
versus 24 percent and 12 versus 4 percent, respectively). Opioid use had
increased by 19 percent per year in both the RA and non-RA cohorts over
the study period (95 percent confidence interval [CI] 1.15, 1.25), with an
odds ratio of 3.35 to start first chronic use of opioids within the 10-year
study period (Zamora-Legoff et al., 2016). Curiously, factors measuring
disease severity for RA were not associated with an increased risk of
chronic opioid use, posing the unanswered question of what, if any, patho-
physiologic and/or functional factor(s) influence the decision to escalate to
more potent and/or long-term opioid therapy (Zamora-Legoff et al., 2016).

Fibromyalgia Ten to 20 percent of patients with RA have fibromyalgia,
which often involves widespread musculoskeletal pain. A review of avail-
able treatments for the chronic pain of fibromyalgia revealed no evidence
from clinical trials that opioids are effective for the treatment of this pain
(Goldenberg, 2016). In fact, observational studies found that patients with
fibromyalgia receiving opioids had poorer outcomes than those receiving
nonopioid therapies, and current guidelines recommend against the use of
opioids for treating this pain. Yet despite the lack of efficacy and evidence to
the contrary, real-world studies revealed that among patients with fibromy-
algia who had been newly prescribed amitriptyline, duloxetine, pregabalin,
or gabapentin, opioid use was greater than 50 percent during their baseline
period (Kim et al., 2013).

Back pain Back pain is one of the main reasons people visit a primary
care or family practice physician, and also predominates in other clinical
contexts, such as in the care of veterans. In a study of veterans treated in a
regional health care network for chronic noncancer pain, for example, fac-
tors associated with use of high-dose opioids (>180 milligrams morphine-
equivalent dose), after controlling for demographic factors and facility,
included low back pain, neuropathy, and nicotine dependence. Within the
high-dose group, approximately equal percentages of patients had received
oxycodone IR (48 percent) and/or morphine ER (52 percent) (Morasco
et al., 2010). Although the long-term efficacy of opioids in the manage-
ment of back pain is unknown, the clinical benefits of shorter-term opioid

2Chronic opioid use was defined as opioid prescriptions for 60 days or more within a
6-month period and use of one or more of the following opioids: transdermal fentanyl, metha-
done, and oxycodone ER (Zamora-Legoff et al., 2016).
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therapy to treat this condition appear to be relatively moderate compared
with the many well-documented adverse effects (Deyo et al., 2015). In their
review, Deyo and colleagues (2015) note that for seven short-term trials
(=12-week follow-up) examining the use of strong opioids for chronic low
back pain, there was moderate evidence of pain reduction and functional
improvement compared with placebo. Nevertheless, opioids continue to be
used widely in an attempt to manage back pain for longer periods of time.
For example, in a large study of a managed care plan (Kaiser Permanente
Northwest health care system in Portland, Oregon) examining the pat-
tern of opioid use 6 months before and after an index visit for back pain,
61 percent of the 26,014 eligible patients had received a course of opioid
therapy, and 19 percent had become long-term (=120 days or >90 days
with 10 or more fills) opioid users. Among the long-term users, 59 percent
had received short-acting (SA) opioids, and 39 percent had received both
SA and LA opioids. Psychological and behavioral difficulties appeared to
drive long-term opioid use in persons with back pain (Deyo et al., 2011).

Musculoskeletal Conditions and Fractures, Sprains, and Contusions

Tracking of opioid prescriptions currently is not linked to such details
as medical indication, whether the patient’s pain is acute or chronic, or other
pertinent details of medical history. Rather, the primary tracking factors are
the 9th and 10th revisions of the International Classification of Diseases
(ICD) (Pan, 2016). On this basis, diseases of the musculoskeletal system
and connective tissues (ICD-9 codes 710-739) are among the conditions
most commonly associated with the use of opioids (FDA, 2016; Pan, 2016).
According to office-based physician reports, in 2015 nearly 54 percent of
diagnoses of chronic conditions associated with use of hydrocodone/acet-
aminophen were for diseases of the musculoskeletal system and connective
tissues (which include arthritis and back pain). Among acute conditions,
injuries (fractures, sprains, and contusions [ICD-9 codes 800-999]) were
the conditions most commonly associated with the use of hydrocodone/
acetaminophen (42 percent), followed by diseases of the musculoskeletal
system and connective tissues (17 percent) (FDA, 2016). Cumulative ICD
data for the period January 2007-November 2011 indicate that the shares
of musculoskeletal system and connective tissue diagnoses associated with
the use of different types of opioids were as follows: morphine ER (68 per-
cent), morphine IR (56 percent), oxycodone IR (41 percent), hydrocodone
combination (25 percent), and oxycodone combination (20 percent) (Pan,
2016). The shares of individuals with fractures, sprains, and contusions
using various types of opioids were considerably different, with oxycodone
combination (26 percent) and hydrocodone combination (19 percent) dom-
inating, followed by oxycodone IR (8 percent), morphine ER (3 percent),
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and morphine IR (4 percent) (Pan, 2016). Based on these data, it appears
that oxycodone IR and morphine IR and ER, as opposed to combination
products, have been used more frequently to treat chronic pain associated
with musculoskeletal and connective tissue disorders.

Cancer-Related Pain and End-of-Life Care

The aggressive use of opioids has long been accepted and strongly
promoted for the treatment of pain in patients with cancer or those in end-
of-life and palliative care. Foundational work in this area suggested that
in most patients, control of pain due to active cancers could be achieved
using oral analgesics, including opioids. Such data led to the development
of the World Health Organization “Analgesic Ladder,” which outlines the
use of progressively stronger analgesics as necessary to control pain in these
patients (WHO, 1986). The pain, oncology, and palliative care literatures
are replete with studies of various IR and LA opioids used to control cancer
pain, generally with positive results. It was within the contexts of cancer
and palliative care that the concept of “breakthrough” pain treatment
gained popularity. The emergence of this concept has in turn supported
the development of fast-acting high-potency opioid preparations such as
transmucosal and intranasal products. Overall, the aggressive use of opioids
for control of pain in cancer and palliative care patients is common and
strongly supported by both the available literature and the medical com-
munity (Hadley et al., 2013; Schmidt-Hansen et al., 2015; Wiffen et al.,
2016; Zeppetella and Davies, 2013).

However, the use of opioids in these patients is not without caveats. For
example, nausea, constipation, sedation, and other side effects are common
after the administration of opioids in patients with cancer pain, just as they
are in those suffering from other pain conditions. Accidental overdose also
can occur. Moreover, studies examining the results of urine drug screens
from patients with cancer and in palliative care have provided significant
evidence of opioid misuse and diversion (Barclay et al., 2014; Childers et
al., 2015), while many cancer pain and palliative care clinics lack formal
policies addressing drug misuse and diversion (Tan et al., 2015b). Thus,
improperly stored or monitored medications prescribed to cancer or pallia-
tive care patients may make their way into the community.

An additional problem increasingly being recognized relates to chronic
pain in cancer survivors. In addition to common noncancer-related causes,
chronic pain in cancer survivors can result from the sequelae of the disease
itself or such treatments as surgery, radiation, and chemotherapy. Opi-
oid use in cancer survivors is common (Carmona-Bayonas et al., 2016),
although data with which to quantify its frequency are scarce. Guidelines
have been issued suggesting that providers use approaches similar to those
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employed for noncancer paints when making decisions about ongoing opi-
oid prescribing (Kurita and Sjogren, 20135; Paice et al., 2016).

Dentistry

It has been estimated that dentists prescribe 12 percent of all IR opioids
(hydrocodone, oxycodone), second only to family physicians (Denisco et
al., 2011), although their rates of prescribing may have declined in recent
years (Levy et al., 2015). Dentists prescribe opioids mainly for the short
term to treat acute postsurgical pain. Third molar extraction, for example,
is probably the most common surgical procedure performed in healthy
adults. It is estimated that 3.5 million third molar extractions are performed
by oral and maxillofacial surgery specialists annually (and this number does
not include the extractions performed by general dentists). One study found
ibuprofen to be the peripherally acting postsurgical drug of choice among
73.5 percent of oral surgeons; however, 85 percent of them almost always
prescribed a centrally acting opioid alone or in combination with another
analgesic agent. Hydrocodone is among the opioids most commonly pre-
scribed by oral surgeons; one study found that the combination usually was
with acetaminophen, and 20 tablets on average were prescribed (Moore et
al., 2006a,b). Based on these data, at least 3.5 million people with an aver-
age age of 20 (the average age for third molar extraction) may be exposed
to opioids related to dental treatment (Denisco et al., 2011).

Opioids also may be prescribed for dental pain in emergency depart-
ments. One study found that 45 percent of emergency department visits
for a nontraumatic dental condition ended with an opioid prescription
(Okunseri et al., 2014). It is important to note that nontraumatic acute
dental pain can be treated with a relatively simple dental procedure in a
dental office; however, few emergency departments are equipped, staffed,
or designed to provide dental care.

Leftover opioids prescribed by dentists may be a concern if they are
shared with friends or family members to help with apparent symptoms
of pain, or for other reasons (O’Neil and Hannah, 2010). Therefore, it is
recommended that opioids be prescribed only for several days following
an oral surgical procedure. Although literature on the duration of pain
following oral surgery is scarce, 2-3 days of treatment is often thought to
be sufficient (Biron et al., 1996). Moreover, extended severe pain after oral
surgery may indicate infection or some other complication, and thus a visit
to the dentist is a better option than prolonged treatment with opioids or
other pain medications.

Therapy with opioids following third molar extraction or other oral
surgery procedures may be indicated as it does provide adequate pain relief
(Weiland et al., 2015). However, treatment with peripherally acting anal-
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gesic agents, such as ibuprofen and naproxen, has been shown to provide
good pain relief as well (Moore et al., 2015) and can be as effective as opi-
oids for many patients who undergo impacted tooth extraction (Hersh et
al., 1993). Nonopioid analgesic agents such as NSAIDs may be advisable as
the first line of therapy for the routine management of acute postoperative
dental-related pain for patients who have no contraindications for their use
(Becker, 2010; Donaldson and Goodchild, 2010).

Mandatory checking of data from prescription drug monitoring pro-
grams (which are discussed in more detail in Chapter 5) was shown to be
effective in changing the prescribing pattern for pain medications among
dentists in a dental urgent care clinic in New York State (Rasubala et al.,
2015). Before prescribing opioids, it may be beneficial for dentists (as well
as other providers; see below) to screen patients for substance misuse as
well as substance misuse risk factors. General dentists often have long-
term relationships with their patients and therefore are well positioned to
perform this screening. Oral surgeons or specialists, who often see patients
only for a specific procedure, may consult the referring dentist or physician
for this purpose (Denisco et al., 2011).

Decision Making About Opioid Prescribing

The list of factors contributing to the decision of whether to prescribe
opioids includes not only the provider’s desire to reduce a patient’s suffer-
ing but also the expectations of the patient regarding pain control. Concern
has been raised that increased attention to the issues of acute and chronic
pain has led to the expectation that patients should experience little or no
pain once a provider has been informed of the problem. The prescription
of medication represents a rapid method of addressing a pain complaint,
certainly accomplished more easily than providing a course of physical
therapy, psychological counseling, spinal injection, or many other available
approaches to the treatment of pain. For that reason, analgesics including
powerful opioid pain relievers are an attractive option. On the other hand,
emphasis is increasing on setting reasonable expectations and establishing
mutually agreed-upon goals for the control of chronic pain, with an empha-
sis on communication and safety (Dowell et al., 2016).

Regrettably, providers may feel pressured to provide opioids for fear
of poor evaluations of their performance. Measures instituted over the past
decade or so that may contribute to this pressure include the designation
of pain as the “fifth vital sign” (Lanser and Gessell, 2001) and the increas-
ing attention to patient feedback on surveys regarding pain control as part
of their care. Importantly, in 2016 the Centers for Medicare & Medicaid
Services issued a proposed rule to remove posthospitalization patient survey
questions about pain management from scores that are tied to Medicare

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24781

Pain Management and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks of ...

INTERSECTION OF PAIN AND OPIOID USE DISORDER 65

payments in an effort to reduce unnecessary opioid prescribing.’ However,
rankings of patient satisfaction remain important to hospitals and provid-
ers as the rankings can affect their business, and providers’ pay may be
impacted by patient evaluations as well. The precise impact of pain control
on patient satisfaction is somewhat unclear, although some have suggested
that communication and compassion may be more important than pain
control itself in influencing a patient’s survey response (Lee, 2016). Further
discussion on the related topics of clinical practice guidelines and industry
promotion is included in Chapters 5 and 6, respectively.

Discussions between providers and patients about the use of nonopioid
alternatives may be difficult. In some instances, providers may find it easier
to write an opioid prescription than to have a discussion with the patient
about the balance of risks and benefits of using an opioid versus alternative
therapies. This may be the case in particular with patients who have come
to believe that opioids are the best treatment for their chronic pain and who
feel that alternative forms of treatment will not work as well. As discussed
in Chapter 5, educating providers and patients about alternative forms of
treatment may be one means of reducing reliance on the use of prescription
opioids to manage chronic pain.

Assessment and Mitigation of Risk When Prescribing Opioids

As discussed in Chapter 5, growing recognition of important areas of
overlap between opioid therapy for pain and opioid misuse has led to mul-
tiple forms of response, including statements, policies, and guidelines issued
by federal agencies, state governments, advocacy groups, professional soci-
eties, academic panels, and others. Yet while the need for a more cautious
approach to opioid prescribing has generally been acknowledged, there
has been no overarching effort to coordinate responses among concerned
groups. In addition, a tension exists between efforts to curtail prescribing
and the interests of at least some groups of patients in maintaining access
to opioids.

Many of the recommendations commonly discussed in considering
opioids for the management of chronic noncancer pain are encapsulated in
the so-called universal precautions of pain medicine (Gourlay et al., 2005).
These 10 steps (see Box 2-1) were not proposed for use exclusively when
managing opioids, although opioid management is an important area for
their application.

Beyond these overarching principles of responsible opioid management
are efforts to construct risk assessment tools. Generally, the goal has been
to assemble and validate reasonably brief questionnaires useful in clinical

381 C.FR. 45603.
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BOX 2-1
Universal Precautions in the Use of Pain
Medicine for Treatment of Chronic Pain

Make a Diagnosis with Appropriate Differential
Psychological Assessment Including Risk of Addictive Disorders
Informed Consent
Treatment Agreement
Pre- and Post-Intervention Assessment of Pain Level and Function
Appropriate Trial of Opioid Therapy +/— Adjunctive Medication
Reassessment of Pain Score and Level of Function
Regularly Assess the “Four As” of Pain Medicine: Analgesia, Activity,
Adverse Effects, and Aberrant Behavior

9. Periodically Review Pain Diagnosis and Comorbid Conditions, Including

Addictive Disorders

10. Documentation

ONDO AN

SOURCE: Excerpted from Gourlay et al., 2005.

situations that would provide prescribers with information concerning the
likelihood of development of opioid misuse should opioids be provided for
the management of pain. Several such tools have been developed. Those
used commonly include the Screener and Opioid Assessment for Patients
with Pain (SOAPP and SOAPP-Revised) (Butler et al., 2004, 2009); the
Diagnosis, Intractability, Risk, and Efficacy (DIRE) inventory (Webster and
Webster, 2005); and the Opioid Risk Tool (ORT) (Belgrade et al., 2006).
Each has been studied, and some information directly comparing their
properties is available (Moore et al., 2009). Reviews of the utility of these
screening tools suggest some predictive value, yet significant caveats exist
(Chou et al., 2009b). For example, the predictive power of these tools is
limited, they differ in their definitions of misuse or aberrant behavior, and
the body of data validating them is fairly small. See further discussion on
the evidence of effectiveness of these tools in Chapter 3.

Opioid Tapering

In addition to initiation of opioids, providers face questions about how
to manage patients who are already taking the drugs, some of whom have
been maintained chronically on them for months to years. Over the past
decades, millions of Americans have been exposed to and many are now
maintained chronically on opioid pain medications. The short- and longer-
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term risks of opioid use are more serious than previously estimated, and
as discussed above, the likely benefits of chronic opioid use for pain are
lower for many patients than previously believed. As a result, a large group
of “legacy” chronic pain patients are receiving opioids at doses or under
circumstances that are inappropriate in light of current knowledge. Infor-
mation useful in understanding how best to manage this group of patients
is lacking in many clinical settings.

The U.S. Centers for Disease Control and Prevention’s (CDC’s) Guide-
line for Prescribing Opioids for Chronic Pain (see Chapter 5) recommends
that patients who have been on high dosages of opioids “be offered the
opportunity to re-evaluate their continued use of opioids at high dosages
in light of recent evidence regarding the association of opioid dosage and
overdose risk” and that providers review the risks and benefits of contin-
ued opioid therapy with these patients (Dowell et al., 2016, p. 1638). The
guideline further recommends consideration of opioid tapering when there
is no evidence of improvement in pain or function, particularly when the
opioid dose has reached more than 50 morphine milligram equivalents
(MME) with or without added benzodiazepines or signs of harm (Dowell
et al., 2016). Implicit here is the importance of assessment and reassessment
of patients on chronic opioids. If the patient’s pain and function have not
improved significantly with the initiation or increase in the dose of opioids,
providers might reconsider continuing use given the risk of adverse effects.
Evidence suggests that tapering of opioids prior to elective surgery may
decrease the risk of developing chronic pain after surgery, thereby reducing
postsurgery analgesic requirements (Chapman et al., 2011). A slow taper
is likely better tolerated, particularly in patients taking opioids chronically.
The CDC guideline calls for as slow as a 10 percent reduction per month
in combination with support from the patient’s clinician and psychological
and other specialists as needed (Dowell et al., 2016). A study of a small
sample of patients in a primary care setting found that patients considered
the risk of increased pain and of withdrawal symptoms from the tapering
of opioids to be greater than the risk of overdose from continuing to use
the drug. Discussions of tapering with patients may be more successful if
these fears are addressed as part of the conversation (Frank et al., 2016).

Practice Tools to Reduce Potentially Harmful Opioid Use in the
Course of Pain Treatment
Patient—Provider Agreements

The use of patient—provider agreements (PPAs), also referred to as opi-
oid treatment agreements (OTAs) or pain contracts, has been reported as
a possible tool in the clinical management of chronic pain (Fishman et al.,
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2002a,b). The precise components of PPAs may vary among practices, but
in general they serve to document the understanding between patient and
clinician about the treatment plan and its goals. PPAs provide an opportu-
nity to discuss with patients the risks and benefits of opioid therapy. The
agreement may describe the roles and responsibilities of the patient and the
provider and the grounds for discontinuation or continuation of the opioid
treatment based on the risk-benefit ratio (Gourlay et al., 2005; Quill, 1983).
Addiction, misuse, significant nonadherence to the agreement, or risk to the
public may be the major reasons for discontinuation of treatment.

Despite the potential of such agreements, it is clear that the ability of
providers to recognize nonadherence to treatment plans is limited (Osterberg
and Blaschke, 2005). The ability to apply the contract may also be limited
because patients do not have the choice of whether to agree to it. Moreover,
while data on effectiveness are limited, one study reports that the use of
PPAs may be relatively low (aside from high-risk patients) and that patients
may not always realize when they have signed one, which could limit their
utility (Penko et al., 2012). One study showed that more than 60 percent
of patients adhered to an OTA with a median follow-up of 22.5 months;
7 percent of OTAs were canceled because of substance misuse and non-
compliance (Hariharan et al., 2007). Ongoing ethical debate surrounding
PPAs is important to acknowledge. Despite their potential, universal utiliza-
tion of PPAs is resisted on a variety of grounds, including limited health lit-
eracy and concerns about increasing disparities and further stigmatizing pain
patients (Payne et al., 2010). Indeed, use of PPAs does not guarantee better
care: “[unscrupulous physicians| practicing in ‘pill mills’ regularly require
their patients to sign pain contracts” (Payne et al., 2010, p. 11). Overall,
while there is no consensus regarding the use of PPAs, they are being used to
varying degrees in chronic pain treatment and may facilitate monitoring of
adherence to treatment plans. More research could clarify their effective use
and outcomes to help improve adherence and monitoring, as well as reduce
the potential for unintended negative consequences.

Consultation with and Referral to Pain Specialists

Primary care providers, including those in emergency medicine set-
tings, often are the first point of medical contact for patients with pain.
Given the limited number of pain specialists, primary care providers play
an essential role in pain management and in overcoming the challenge of
undertreatment of pain (IOM, 2011). Yet there are occasions when these
providers can benefit from consultation with or referral of patients to pain
specialists—providers who have had specialty training in the diagnosis and
treatment of painful conditions (often from the fields of anesthesiology,
neurology, physical medicine and rehabilitation, psychology, or psychiatry).
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Partnership with pain specialists may help primary care providers maxi-
mize pain relief and function for patients while minimizing the risk of use
of opioids and other treatments. Working in tandem with a pain specialist
may help all involved define shared goals in the patient’s pain treatment
plan. Establishing expectations at the outset is helpful for both patient and
physician;* setting realistic expectations at the beginning of treatment can
affect outcomes and patient satisfaction. Some pain specialists have had
specialized training in psychiatry and/or addiction medicine, which can
enable them to evaluate whether opioids are appropriate for the individual
patient and to treat patients with substance use disorders. There are models
for coordination with primary care to treat pain in high-risk patients in the
context of a patient-centered medical home (Cheatle et al., 2012).

Pain specialists also may be consulted prior to surgery for recom-
mendations regarding chronic use of opioids as patients’ tolerance for the
drugs may adversely affect their postoperative experience. Pain specialists
may offer recommendations on maximizing nonopioid therapy prior to
surgery and on employing regional anesthetic techniques that may assist in
minimizing the use of opioids intra- and postoperatively (Huxtable et al.,
2011; McGreevey et al., 2011). Pain specialists that work in the context
of multidisciplinary pain centers are able to individualize patient care and
treat patients holistically. (The section on clinical research in Chapter 3
includes discussion of improving pain management in the primary care set-
ting despite a relative lack of access to pain specialists, while the discussion
of Project ECHO in Chapter 4 describes a model for providing high-quality
care through expert teleconsultation with community providers.)

Summary

Opioids are widely prescribed in a variety of settings for treatment of
both acute and chronic pain, frequently including back pain, pain due to
arthritis and other musculoskeletal conditions, and dental pain. However,
data are lacking on the longer-term benefits of opioids in the manage-
ment of chronic noncancer pain. Moreover, studies do show an increased
risk for a number of adverse outcomes from long-term use of opioids,
including OUD, overdose, and other adverse effects. Moreover, no widely
accepted guidelines recommend the use of opioids as a first-line therapy
for management of chronic noncancer pain. Despite the lack of evidence

4A retrospective review of 248 patients for whom treatment expectations and anticipated
level of pain relief were documented in the initial intake record found that the expectation in
back pain patients was at least 58 percent pain relief. Fibromyalgia patients anticipated 54
percent pain relief from their office visit, along with reduction of other distressing symptoms,
while those with migraine expected complete relief without associated side effects (O’Brien
et al., 2010).
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supporting the practice, however, providers continue to prescribe opioids
for extended periods.

NONOPIOID PHARMACOLOGIC TREATMENTS

Nonsteroidal Anti-Inflammatory Drugs

NSAIDs are commonly used to treat acute pain following trauma or
interventional procedures, as well as pain due to some chronic inflamma-
tory musculoskeletal conditions, such as arthritis. These drugs inhibit the
cyclooxygenase (COX) enzymes that catalyze the transformation of arachi-
donic acid to prostaglandins (PGs)—evanescent, locally acting lipid media-
tors with diverse biological effects. PGs include PGE, and PGI,, which
have been shown to mediate pain and inflammation. COXs are of two
types: COX-1, which tends to be ubiquitously expressed and accounts for
the greater part of hemostatic and gut barrier integrity; and COX-2, which
is readily upregulated by cytokines and mitogens and largely accounts for
PG formation in pain, inflammation, and cancer. Older NSAIDs, such as
ibuprofen and naproxen, inhibit both COX-1 and COX-2 at therapeutic
doses. The development of NSAIDs specifically for inhibition of COX-2,
such as rofecoxib and celecoxib, was prompted by serious adverse gastroin-
testinal (GI) effects of those older agents, attributed to inhibition of platelet
COX-1-dependent thromboxane A, formation (predisposing to bleeding)
and disruption of barrier function due to inhibition of COX-1-dependent
formation of PGE, and PGI, by gastroduodenal epithelium. However,
a reduction in the serious adverse GI effects of these earlier drugs was
accompanied by an increase in cardiovascular adverse effects, such as
myocardial infarction, stroke, and heart failure, resulting from suppression
of the cardioprotective properties of COX-2-derived PGI, and PGE, in the
cardiovascular system (Grosser et al., 2010).

Aspirin, also an NSAID, relieves pain at high (325 mg) doses that
inhibit COX-1 and COX-2. As with other nonspecific NSAIDs, however,
such efficacy is accompanied by adverse GI effects. Aspirin is by far more
commonly consumed at low (<100 mg/day) doses for cardioprotection, and
although the incidence of serious adverse GI effects is roughly doubled with
these lower doses, such events are much less common than at higher analge-
sic doses. Aspirin differs from other NSAIDs in that it covalently modifies
COX (the other drugs are competitive active site inhibitors), requiring de
novo synthesis of the enzyme for recovery of PG formation from aspirin
exposure. In the case of the anucleate platelet, which contains only COX-1,
this requires the production of new platelets. Chronic administration of
low-dose aspirin suppresses platelet COX-1-derived production of throm-
boxane A,, a vasoconstrictor and platelet agonist, and this mechanism is
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sufficient to explain the efficacy of low-dose aspirin in the secondary pre-
vention of heart attack and stroke (Fitzgerald and FitzGerald, 2013). The
place of low-dose aspirin in primary prevention is currently unclear; the
number of heart attacks prevented and serious adverse GI effects caused
are roughly in balance.

APAP (Paracetamol), or acetaminophen, is another NSAID, inhibiting
both COX-1 and COX-2 by ~50 percent at the most commonly used daily
dose of 1,000 mg (Catella-Lawson et al., 2001). At this dose, it is effective
in relief of mild pain but is commonly used as an antipyretic. A Cochrane
review found that ibuprofen in combination with acetaminophen provided
better analgesia than either drug alone at the same dose, and with a smaller
chance of an adverse event (Derry et al., 2013a). However, it is unclear
whether this finding reflects a distinct mechanism of action of acetamino-
phen or merely more efficient COX inhibition by the combination.

Studies in mice suggest that the antipyretic property of APAP derives
from suppression of PGE,-dependent activation of the E prostanoid recep-
tor 3 (EP3) (Ushikubi et al., 1998). This COX/PGE/EP3 pathway is acti-
vated by the receptor activator of nuclear factor kappa-B ligand (RANKL)
acting on its tumor necrosis factor (TNF) receptor-related RANK receptor
in astrocytes (Hanada et al., 2009). While GI complications of APAP are
uncommon, indirect higher doses (>4,000 mg/day) may have an adverse
GI effect profile similar to that of other nonspecific COX inhibitors. Many
effects beyond COX inhibition have been attributed to APAP, but the
importance of their contribution to either its efficacy or its adverse effect
profile is unclear. The biggest concern with APAP is liver toxicity; overdose
may cause fatal acute liver failure (Fontana, 2008). This effect may also be
mechanism-based as hepatotoxicity complicates treatment with diclofenac,
an older NSAID that turns out to be a quite specific inhibitor of COX-2.
The genetic basis for predisposition to hepatotoxicity from lumiracoxib, a
diclofenac analog specifically designed to inhibit COX-2, has been estab-
lished (Singer et al., 2010).

Combination therapy, including APAP and other NSAIDs, was found
to be superior to the combination of the opioid hydrocodone and APAP,
with fewer side effects, for pain from dental extractions (Moore and Hersh,
2013). And a systematic review comparing oral NSAIDS with opioids for
treatment of pain due to knee osteoarthritis over at least 8 weeks’ duration
found similar pain relief for both analgesics (Smith et al., 2016b).

Antidepressants

Antidepressants—including tricyclic antidepressants (TCAs), combined
serotonin-noradrenalin reuptake inhibitors (SNRIs), and selective serotonin
reuptake inhibitors (SSRIs)—are one of the oldest pharmacological treat-
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ments for chronic pain. Studies have found specific antidepressants (or
classes of antidepressants) to be effective for the treatment of various types
of pain. For example, amitriptyline improves pain for postherpetic neuralgia
(Graff-Radford et al., 2000) and for fibromyalgia (Moore et al., 2012),
while duloxetine can improve pain for diabetic peripheral neuropathy
(Lunn et al., 2014) and osteoarthritis knee pain (Wang et al., 2015). TCAs
and SNRIs are recommended as a first choice (along with gabapentinoids)
for postherpetic neuralgia, painful neuropathies, and central pain (Dworkin
et al., 2010). SSRIs generally are better tolerated by patients relative to
other antidepressants, but the evidence on their efficacy for treating chronic
pain is inconclusive (Patetsos and Horjales-Araujo, 2016).

Although depression is common among patients with chronic pain
(Fishbain et al., 1997; Iacovides and Siamouli, 2008), the analgesic effect
of antidepressants is separate from their effect on depression. Pain relief
occurs at lower doses than doses with an antidepression effect (Hameroff et
al., 1984; Langohr et al., 1982; Magni, 1991), and has been noted in both
depressed and nondepressed patients (Couch and Hassanein, 1976; Jenkins
et al., 2012; Lance and Curran, 1964; Max et al., 1987).

The mechanism of action of antidepressants on pain is not fully under-
stood. Antidepressants act mainly by reducing noradrenalin and serotonin
reuptake and enhancing the descending inhibition (Gillman, 2007). While
both norepinephrine and serotonin have an effect on mood and pain
(Sindrup and Jensen, 1999), catecholamine blockade appears to be more
important in pain reduction. Indirect mechanisms of action may include
(1) enhancement of the effects of endogenous opioids by increasing either
their production or expression of opioid receptors (Hamon et al., 1987;
Sacerdote et al., 1987), (2) antagonism of N-methyl-D-aspartate (NMDA)
receptors (Luccarini et al., 2004), (3) blockade of sodium and/or calcium
channels (Gerner et al., 2003; Wang et al., 2015), (4) blockade of histamine
or cholinergic receptors (Abdel-Salam et al., 2004; Butler et al., 1985), and
(5) increased expression of y-aminobutyric acid (GABA) type B receptors in
the spinal cord (McCarson et al., 2006). It is important to note that attenu-
ation of chronic pain by antidepressants is not immediate; the clinical effect
usually is noted only after days or weeks of treatment.

Common side effects of antidepressants include dry mouth, blurred
vision, constipation, difficulty in passing urine, weight gain, and drowsi-
ness. The SSRIs are generally better tolerated than other antidepressants,
but their side effects can include nausea, tremor, hyperarousal, and drowsi-
ness (Goodman et al., 2001). Adverse effects may be less likely with gradual
dose escalation. Combination therapy with gabapentinoids, opioids, and
topical agents is sometimes considered in refractory cases (Gilron et al.,
2009, 2013).
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Anticonvulsants

Anticonvulsant medications, principally gabapentin (and, more recently,
pregabalin), have come to serve as first-line therapies in the treatment of
chronic neuropathic painful conditions (with the exception of trigeminal
neuralgia) (Wiffen et al., 2017), as well as acute perioperative pain (Nir
et al., 2016). Gabapentin, an anticonvulsant initially introduced for the
treatment of partial complex seizures, is approved in the United States for
postherpetic neuralgia (PHN). With the expiration of the exclusivity patent
on gabapentin, pregabalin was introduced and obtained FDA approval for
the treatment of PHN, as well as diabetic polyneuropathy and fibromyalgia.
Independently, gabapentin also has been found effective in the treatment
of fibromyalgia, although further research is needed (Cooper et al., 2017).
Expert opinion in the form of guideline recommendations has emerged as
well, in many cases being updated by societies dedicated to the evidence-
based management of neuropathic pain, such as the Neuropathic Pain
Special Interest Group (NeuPSIG) (Dworkin et al., 2007, 2010; Sardar et
al., 2016). Regrettably, these drugs have an emerging potential for misuse,
particularly in individuals with OUD (Evoy et al., 2017; Havens, 2016).

Mechanistically, the goal of these agents is to suppress the sensation of
peripheral neuropathic pain, described as arising from both unmyelinated
C-type (slowly conducting) nerve fibers, associated with sensations of dull,
aching, burning, and poorly localized pain, and thinly myelinated A-delta
nerve fibers, which are more rapidly conducting and signal sensations of
sharp, stabbing, and often well-localized pain. Central nervous system
(CNS)/spinal-glial pathways underlie a combination of signs (hypoesthesia,
hyper/hypoalgesia, heat/cold hyperalgesia, allodynia) and symptoms
(paraesthesias, sensation of burning and/or shooting pain) that, together
with the appropriate clinical context, increase the diagnosis of neuropathic
pain (Haanpai et al., 2009).

Unlike opioids, gabapentinoids (gabapentin, pregabalin) act primarily
to reduce hyperalgesic states under conditions of inflammation and nerve
injury rather than changing pain thresholds under nonpathological condi-
tions (Werner et al., 2001). Therefore, gabapentinoids modulate the pain
pathway under pathophysiologic conditions. Under hyperalgesic condi-
tions, gabapentin and pregabalin act supraspinally to enhance the descend-
ing inhibitory noradrenergic system onto the dorsal horn of the spinal
cord (Hayashida et al., 2007; Tanabe et al., 2008). In addition, it has been
proposed that gabapentin and pregabalin act at the level of the spinal cord
through binding to alpha,-0, subunits of a voltage-gated calcium channel
(VGCC) expressed in presynaptic terminals of primary afferent nociceptors
(Li et al., 2006). As discussed earlier in the chapter, the use of gabapentin
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or pregabalin in the immediate preoperative setting has the potential to
decrease the need for postsurgical opioids (Tan et al., 2015a).

Analgesic response rates for peripheral neuropathic painful conditions
tend to average approximately 30 percent and rarely if ever exceed 50
percent. Therefore, despite their “effectiveness” in the treatment of PHN,
diabetic polyneuropathy, and fibromyalgia, gabapentin and pregabalin have
not been proven effective in the treatment of postamputation/phantom
limb pain. Nevertheless, they may still offer a benefit to those patients
who have failed other analgesic therapy. More recently, gabapentin and
pregabalin have been emerging in a widening range of applications initially
considered “off-label,” including as single or part of multimodal therapies
for perioperative pain management (Chaparro et al., 2013), opioid-sparing
strategies and reduction of the risk of opioid-induced hyperalgesia (Stoicea
et al., 2015), and neuropathic pain originating from cancer or its treatment
(Vadalouca et al., 2012). However, as noted above, misuse of gabapenti-
noids is of growing concern and the risk for misuse of these drugs may be
higher in individuals with a history of opioid misuse (Evoy et al., 2017;
Havens, 2016).

Capsaicin Creams and Patches

Persons suffering from chronic neuropathic pain often encounter diffi-
culty with their pharmacotherapy and are unable to tolerate the side effects
of such agents as anticonvulsants, antidepressants, and other centrally act-
ing therapies. Moreover, such therapies may be ineffective. Long before the
advent of clinical trials, physicians successfully used native plant derivatives
to provide pain relief. Among these, medicinal plant derivatives from hot
chilies in South America were used as far back as 4000 BC. Capsaicin, the
pungent principal ingredient in hot chili peppers, is now recognized as the
primary therapeutic agent acting on the capsaicin receptor TRPV1 in many
of these medicinal plants (Schumacher, 2010). Acting predominantly on
C-type primary afferent nociceptors, capsaicin has long been appreciated
as inducing pain following its initial application, but paradoxically, having
a topical analgesic effect with repeated application. A series of overlapping
capsaicin-induced effects that include desensitization, nociceptor dysfunc-
tion, neuropeptide depletion (Cao et al., 1998; Yaksh et al., 1979), and
nociceptive terminal destruction (Robbins et al., 1998; Simone et al., 1998)
are now understood as underlying the analgesic action of topically applied
capsaicin.

Topical creams or patches containing capsaicin can sometimes be effec-
tive for certain dermatomally restricted neuropathic conditions. However,
several aspects of topical capsaicin treatment appear to limit its overall
effectiveness and application in clinical practice: the area of pain has a
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restricted pattern of distribution (dermatomal or nondermatomal); repeated
capsaicin application (up to four to five times daily) is required to establish
and maintain an adequate degree of analgesia; and topical application may
cause initial or ongoing pain/irritation. In response to these limitations, the
capsaicin content in these preparations tends to be “low-dose” (0.025 or
0.075 percent). When such low-dose capsaicin preparations have been stud-
ied or compared with so-called first-line neuropathic pain treatments using
a grading system requiring multiple RCTs, they typically have not provided
robust neuropathic pain relief and showed poor to moderate efficacy in the
treatment of either musculoskeletal or neuropathic symptoms (Attal et al.,
2006; Mason et al., 2004).

PHN is one of the most prevalent painful conditions associated with
neuropathy that clinicians may encounter. It is driven in the United States by
some 800,000 annual cases of primary herpes zoster infection (Schmader,
2002). A Cochrane review examined six studies of topical capsaicin involv-
ing 2,073 patients conducted through December 2012, which included
RCTs and controlled trials of at least 6 weeks’ duration. Four studies of a
combined 1,272 participants with PHN showed estimated numbers needed
to treat (NNT) to attain “much improved or very much improved pain” of
8.8 and 7.0, respectively (Derry et al., 2013b).

In one study, high-dose (5 to 10 percent) capsaicin, initially under
regional anesthesia and later following topical local anesthetic pretreat-
ment, was used in an attempt to circumvent the limitations of repeated
low-dose capsaicin application and resulted in a wide range of posttreat-
ment pain relief (Robbins et al., 1998). The strongest evidence exists for
the use of high-dose capsaicin for the management of painful PHN. As
with other therapeutic options for the treatment of painful neuropathic
conditions, however, there appear to be responders and nonresponders
to capsaicin among patients experiencing PHN and a range of other neu-
ropathic conditions. Overall, the quantified magnitude of the analgesic
effect of capsaicin is typically modest (10 to 30 percent), although one
study showed that among participants followed for 12 months, 10 percent
experienced complete resolution of painful symptoms from PHN and other
peripheral neuropathic conditions (Mou et al., 2013). Beyond PHN, other
painful neuropathic conditions sensitive to the analgesic effects of topi-
cal capsaicin (with decreasing levels of evidence) include HIV-associated
painful neuropathy (Derry et al., 2013b), painful diabetic neuropathy, and
postsurgical neuropathic pain.

Local Anesthetics/Sodium Channel Blockers

The use of local anesthetics for the relief of acute and chronic pain has
typically relied on the restricted deposition of the anesthetic within sub-
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cutaneous tissues, adjacent to target nerves and/or spinal epidural routes.
The analgesic action is based on the ability to block voltage-gated sodium
channel (VGSC)-mediated sodium influx into neuronal cells in response
to local membrane depolarization. Ideally, the goal is to achieve analgesia
through the blockade of sodium currents in small-diameter (nociceptive)
neurons of C and Ad fiber type that are carried by members of the tetrodo-
toxin (TTX)-resistant sodium channel family (predominantly Nav1.8 and
Nav1.9) that are differentially expressed in small-diameter/pain-sensing
neurons (Devor et al., 1992; Persaud and Strichartz, 2002). Since increased
VGSC subtype expression on primary afferent neurons (nociceptors) is
now linked to inflammatory and neuropathic pain, the blockade by local
anesthetics represents a plausible mechanistic approach to treatment of
chronic pain (Waxman et al., 1999). Accordingly, efforts are under way
to develop a new generation of local anesthetics/sodium channel blockers
that selectively block sodium channel subtypes in sensory neurons, with the
goal of obtaining an analgesic effect while sparing normal touch or motor
function (Kort et al., 2008).

However, widespread administration of local anesthetics is limited by
toxicity to the CNS and the cardiac conduction system. Selective, continu-
ous infusion of low-dose local anesthetics adjacent to the nerve trunks, such
as the brachial plexus or peripheral nerves, as well as through the epidural
route, offers advantages over other modes of postoperative analgesia (Guay,
2006). In many cases, these techniques have been extended to cancer and
noncancer chronic pain treatments.

Alternatively, continuous systemic infusion of the local anesthetic lido-
caine has shown promise in the treatment of a wide range of chronic
painful conditions that have not responded to more established analgesic
approaches in both adults and pediatric patients (Gibbons et al., 2016;
Kandil et al., 2017). Although studies are still emerging, intravenous lido-
caine infusion may help reduce intensity of pain and improve activity levels
in a selected group of chronic pain patients. Lidocaine infusion also has
been used safely and successfully in patients suffering from advanced cancer
pain, both in the hospital setting without telemetric monitoring and in pal-
liative care units, hospices, or even patients’ homes, given suitable nursing
supervision (Peixoto and Hawley, 2015). The outcomes of lidocaine infu-
sion in perioperative settings are mixed, with focused clinical applications,
such as following complex spine surgery, showing promise (Farag et al.,
2013). On the other hand, broader application across the spectrum of peri-
operative pain care may yield less than expected outcomes as there is only
low to moderate evidence that lidocaine infusion compared with placebo
has a large impact on pain scores, especially in the early postoperative phase
(Kranke et al., 2015). Questions that need to be addressed before lidocaine
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can be used as a mainstream treatment include precise dosing regimen, infu-
sion duration, and patient selection criteria (Kandil et al., 2017).

Lidocaine (topical) patches (5 percent), represent yet another route of
delivery of local anesthetics for the treatment of acute and chronic pain,
having been shown to be efficacious for PHN and diabetic neuropathy
(Mick and Correa-Illanes, 2012). The efficacy of broader use of lidocaine
patches in the treatment of other neuropathic pain ailments is undetermined
(Finnerup et al., 2015), and there is as yet no evidence for the effectiveness
of lidocaine patches in the relief of postoperative pain (Bai et al., 2015;
Mooney et al., 2014).

Alpha 2 (o)) Adrenoreceptor Agonists

Although practitioners may be familiar with the antihypertensive and
sedative properties of a., adrenoreceptor agonists (clonidine, dexmedetomi-
dine), substantial evidence indicates that they function as analgesic agents,
having a synergistic effect with opioids and efficacy in opioid-tolerant
patients. Anecdotal case reports suggest that a, adrenoreceptor agonists
may offer an alternative analgesic strategy for patients that have failed
classic opioid management for painful conditions (Pirbudak et al., 2014).

Two complementary mechanisms couple o, adrenoreceptor agonists
to analgesic action: activation of descending spinal inhibition and direct
activation of presynaptic o, receptors on sensory afferent terminals in the
dorsal horn (Buerkle and Yaksh, 1998; Sanders and Maze, 2007). Agonists
such as clonidine can directly produce spinal analgesia, and intrathecal
administration augments spinal levels of norepinephrine and acetylcho-
line, both of which may play a role in the consequent spinal analgesia
(Hassenbusch et al., 2002; Klimscha et al., 1997). Accordingly, epidural/
spinal clonidine has been approved for infusion in the treatment of cancer/
neuropathic pain that is refractory to opioid analgesics (Hassenbusch et
al., 2002). As there is no apparent cross-tolerance between clonidine and
opioid analgesics at a spinal site of action, their ability to synergize with
morphine under nerve injury and neuropathic conditions has emerged as a
critical translational finding (Ossipov et al., 1997).

Such o, adrenoreceptor agonists have also been found to be useful in
perioperative analgesia for thoracic paravertebral blocks (PVBs) in patients
undergoing modified radical mastectomy and for other perineural infusions
(Mohamed et al., 2014). In addition, their systemic use in the perioperative
period has been found to reduce opioid requirements and improve analge-
sia, although with common adverse effects such as bradycardia and arterial
hypotension (Blaudszun et al., 2012).

The use of systemic clonidine and dexmedetomidine for the treatment
of chronic pain has been described, but well-controlled studies are lack-
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ing. More commonly, these agents have found a role in opioid-dependent
patients and are FDA-approved for the treatment of opioid withdrawal
symptoms in the detoxification of opioid dependence. More recently, these
agents have appeared in detoxification protocols in the setting of hyperal-
gesia (Monterubbianesi et al., 2012). Beyond the continuous intrathecal
administration of clonidine for intractable pain conditions, the clinical util-
ity of systemic o, adrenoreceptor agonists in chronic pain or hyperalgesia
remains unresolved (Blaudszun et al., 2012).

NMDA Antagonists (Ketamine)

The analgesic action of ketamine is a consequence of its noncompetitive
blockade of the NMDA receptor expressed both in the brain (supraspinally)
and in the dorsal horn of the spinal cord. Ketamine’s effects are dose depen-
dent and may be broadly categorized as “anesthetic” (high dose), “anal-
gesic” (medium dose), and “opioid-sparing”/antihyperalgesic (low dose).
One key principle underlying the action of the low- to medium-dose effects
involves blockade of NMDA-mediated neurotransmission under conditions
of tissue injury (inflammation/nerve injury).

Following nociceptor activation, excitatory amino acids (glutamate) are
released from the central terminals of primary afferent nociceptors onto spi-
nal neurons expressing NMDA receptors. Under persistent nociceptive pain
and activation of C-type nociceptors and in turn, activation of ionotropic
NMDA receptors, changes occur in neuronal plasticity at the nociceptive
processing center of the spinal cord—the dorsal horn (Li et al., 1999). This
increase in excitability of dorsal horn spinal cord neurons, which has been
described as “central sensitization” (Li et al., 1999; Woolf and Mannion,
1999), encompasses several features, including the spreading of pain sensi-
tivity beyond the original site of injury (secondary hyperalgesia), as well as
mechanical allodynia. Blockade of NMDA receptor function in the dorsal
horn has been shown selectively to attenuate the pain, hyperalgesia, and
allodynia associated with ongoing tissue injury. Importantly, the action of
an NMDA antagonist such as ketamine at the dorsal horn can block sen-
sitization but spare the normal signaling of acute pain detection (Yaksh et
al., 1999).

The notion that opioid-induced tolerance and hyperalgesia may share
a common mechanism with central sensitization has been proposed.
Although the exact mechanism of opioid tolerance is not known, it is
believed to include the involvement of NMDA receptors, nitric oxide
pathway, and p opioid receptors. Escalating doses of opioids given in an
attempt to manage the pain of progressive malignant and nonmalignant
diseases in adults and children can drive further pain and hyperalgesia.
Under these difficult clinical conditions, low-dose ketamine has been
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shown to offer improvement in both pain control and opioid dose reduc-
tion that are often greater than 50 percent (Eilers et al., 2001; Loftus et
al., 2010). Use of low-dose ketamine is intended to reverse or prevent
central sensitization, opioid tolerance, and hyperalgesia while improving
pain control (Aggarwal et al., 2013). More recently, the role of low-dose
ketamine was investigated in the treatment of complex chronic painful
conditions in a study at an outpatient chronic pain clinic, with some
promising outcomes (Kosharskyy et al., 2013). Such positive findings are
tempered by the variable and dose-dependent profile of ketamine-related
adverse effects (psychomimetic), which can limit its clinical application.
The development of GRIN2B-directed or other more selective NMDA
receptor agents may avoid some of ketamine’s troublesome side effects
(Niesters and Dahan, 2012; Preskorn et al., 2008).

Modest reductions in pain and short-term opioid requirements have
been observed with the use of perioperative ketamine infusions (Barreveld
et al., 2013; Cenzig et al., 2014; Elia and Tramer, 2005; Souzdalnitski et
al., 2014; Zakine et al., 2008), but complete avoidance of opioids and other
analgesics is generally not achieved. Limited additional evidence (Loftus et
al., 2010) suggests that ketamine may reduce the persistence of postopera-
tive pain.

Cannabinoids

Cannabis and its subcompounds, cannabinoids, have been used for
medical and recreational purposes for hundreds of years. The use of can-
nabis as a recreational drug is illegal in most countries. Recently, however,
some countries around the world and several U.S. states have legalized its
use for chronically ill patients. Various studies have shown a positive effect
of cannabinoids on chronic pain (Whiting et al., 2015), but potential cog-
nitive effects and possible dose-dependent long-term risk for mental illness
remain a concern, especially for patients with chronic pain that will require
long-term therapy.

More than 100 cannabinoids have been identified in nature or chemi-
cally synthesized (ElSohly and Gul, 2014). The best-known cannabinoid is
tetrahydrocannabinol (THC), known mainly for its psychosedative effects.
Two cannabinoid receptors (CBs) have been cloned. CB1 is present in the
brain, the spinal cord, and the peripheral nervous system, as well as in a
number of neuronal tissues, including the liver, skeletal muscle, and the
gastrointestinal tract; most of its analgesic effect is mediated by the CB1
receptor. CB2 is found mainly in immune cells in the peripheral nervous
system or microglia in the CNS and to a lesser extent in the peripheral ner-
vous system, primarily after injury and inflammatory response (Atwood and
Mackie, 2010; Howlett, 2002). Several endocannabinoids have been iden-
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tified, anandamide and 2-arachidonoylglycerol (2-AG) probably being the
best studied. They are synthesized mainly by neurons but also by immune
cells (Bisogno et al., 1997; De Petrocellis et al., 2000).

The endogenous action of cannabinoids is not limited to the cannabi-
noid receptors; it may be associated with calcitonin gene-related peptide
(CGRP), transient receptor potential vanilloid (TRPV), and NMDA recep-
tors as well (Mitrirattanakul et al., 2006). In animal studies, the combina-
tion of opioids with cannabinoids has shown notable synergistic effects
(Cichewicz, 2004). Interestingly, some NSAIDs inhibit anandamide degra-
dation (Duggan et al., 2011). For medical use, cannabinoids can be smoked;
inhaled; mixed with food or drinks; or administered orally, sublingually, or
even topically. They can be taken in herbal form, extracted naturally from
the plant, or manufactured synthetically.

Recent systematic reviews and meta-analyses have found evidence
to support the use of cannabinoids for the treatment of such chronic
pain conditions as neuropathic pain, cancer-related pain, fibromyalgia,
and HIV-associated neuropathy (Lynch and Ware, 2015; Whiting et
al., 2015). A recent National Academies of Sciences, Engineering, and
Medicine report on the health effects of cannabis and cannabinoids cites
substantial evidence that cannabis is an effective treatment for chronic
pain in adults and effects improvements for some pain patients with
chemotherapy-induced nausea and vomiting. The report also notes a lack
of evidence regarding the efficacy, dose, routes of administration, and
side effects of cannabis products in the United States (NASEM, 2017).
Low- to moderate-quality evidence has been found regarding the ability
of cannabinoids to effect improvements in appetite reduction and weight
loss in HIV/AIDS patients, sleep outcomes in individuals with certain
illness-related sleep disorders, or symptoms of Tourette syndrome. While
further research is needed, some studies also have shown that cannabi-
noids are associated with an increased risk of short-term adverse events
such as cognitive and psychiatric effects, nervous systems disorders, dry
mouth, and drowsiness (Lynch and Ware, 2015; Whiting et al., 2015).

The precise magnitude and consequences of the risk associated with
therapeutic cannabinoid use are presently unknown. However, psychoac-
tivity, memory deficiencies, impaired coordination and performance, and
long-term risk for mental illness are the major issues in the development
of cannabinoid-based analgesics (Karila et al., 2014; Semple et al., 2005).
Alternative approaches to overcome the undesired effects of cannabinoids
can include the development of endocannabinoid degradation inhibitors
(Lomazzo et al., 2015) and cannabinoids that affect only peripheral recep-
tors (Richardson et al., 1998). More research is necessary to determine the
efficacy and safety of cannabinoid-related therapy for chronic pain patients
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and whether adjunctive therapies with existing analgesics may enhance its
therapeutic effect while reducing unwanted side effects.

Naltrexone

Naltrexone is an oral opioid antagonist that is FDA-approved for the
treatment of OUD. Some evidence, currently limited to a few case reports,
indicates that greatly reduced doses of naltrexone (one-tenth normal) may
have analgesic properties for limited chronic pain conditions, such as fibro-
myalgia and complex regional pain syndrome (CRPS). Although the mecha-
nism of action for analgesia associated with low-dose naltrexone is unclear,
it is thought to involve an anti-inflammatory effect through the blocking
of toll-like receptor 4 (TLR4) on microglial cells, inhibiting microglial
activation. Activated microglia are thought to play a major role in the
development of neuropathic pain (Chopra and Cooper, 2013; Tsuda, 2016;
Younger et al., 2014). Experimental animal models also demonstrate rever-
sal of neuropathic pain by naltrexone via TLR4 antagonism (Hutchinson
et al., 2008). In a small randomized, double-blind, placebo-controlled,
crossover design study, 31 women with fibromyalgia were given low-dose
naltrexone or placebo. Those taking 4.5 mg of naltrexone daily reported
modest pain reduction and improved satisfaction and mood (Younger et al.,
2013). Chopra and Cooper (2013) report two cases of long-standing CRPS
whose signs and symptoms were significantly improved with 4.5 mg daily
low-dose naltrexone. More research, particularly replication of these lim-
ited reports, could help ascertain the potential role of low-dose naltrexone
in the treatment of chronic pain.

Summary

A number of pharmacologic treatments can be used to manage pain.
While each nonopioid alternative has its own indications and risks, some
are likely to be as effective as opioids or more so for reducing pain asso-
ciated with the conditions for which they are indicated and when used
appropriately, carry lower risk of adverse outcomes. Nonopioids such
as cannabinoids and ketamine, which have shown promise for relief of
some forms of pain in some pain management settings, also have potential
adverse side effects. In cases of opioid tolerance, a,, androreceptor agonists
can provide improved analgesia and help reduce signs and symptoms of
opioid withdrawal. Subanesthetic doses of NMDA receptor antagonists
can be highly effective in blocking/reversing the pain amplification and
hyperalgesic states, although dose-dependent side effects, such as altered
perceptions and vivid dreams, limit their widespread application.
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INTERVENTIONAL PAIN THERAPIES

Interventional pain management involves the use of invasive tech-
niques, such as joint injections, nerve blocks, spinal cord stimulation, and
other procedures, to reduce pain. Such techniques are best performed in the
context of a multimodal treatment regimen, including physical therapy to
maximize functional restoration. There has been a significant increase in the
volume of certain interventional procedures over the past 10 years, much
of it focused on low back and neck pain with or without radiation to the
hip and other lower extremities (Chou et al., 2009a; Friedly et al., 2007).
Low back pain is the most common cause of chronic pain in adults in the
United States, followed by severe headache or migraine and then neck pain
(Freburger et al., 2009; HHS, 2016; Rubin, 2007).

Types of Interventional Pain Therapies

Epidural steroid injections are the most commonly performed interven-
tional pain therapies (Manchikanti et al., 2012), increasing in number each
year. This increase, however, has not been matched by similar reductions in
disability or improvements in health status among those with low back and
leg pain, and may have contributed to the rise in health care costs (Chou et
al., 2009a). The injections are commonly given to relieve radicular pain or
sciatica associated with disc protrusions. An analysis of all types (cervical,
thoracic, and lumbar) and routes (caudal, interlaminar, and transforaminal)
of epidural injections using Medicare data from 2000 to 2011 showed an
overall procedural increase of 130 percent/100,000 Medicare beneficiaries
(representing an increase of 7.5 percent per year), with only an 18 percent
increase in new Medicare beneficiaries for the same time period (an increase
of 1.5 percent per year). The highest increases were seen for lumbosacral
transforaminal injections, at 665 percent/100,000 Medicare beneficiaries,
an increase of 20.3 percent per year over the study period (Manchikanti et
al., 2013). Epidural steroid injections came under increased scrutiny after
reports of serious neurologic events related to contaminated compounded
glucocorticoids, in addition to other catastrophic injuries related to the
injection itself. Injuries related to the performance of cervical epidurals
have garnered significant attention. Guidelines for preventing associated
neurologic complications were published in 2015 (Rathmell et al., 2015).

Other interventional pain therapies for axial low back pain include
such techniques as trigger-point injections for myofascial pain of the low
back, injections involving either the lumbar facet or sacroiliac joints, and
denervation of the nerves that supply those joints. Lumbar facet (or zyg-
apophyseal) joints are richly innervated and a source of axial low back
pain. The medial branch of the dorsal rami of the spinal nerves innervates
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both the facet joints and the overlying multifidus muscle, the interspinous
ligament, and surrounding muscle, as well as the periosteum (Cohen and
Raja, 2007). Evidence to support the use of intra-articular facet joint injec-
tions for long-term pain relief is limited (Chou et al., 2009a). The medial
branches are first anesthetized using local anesthetic as a diagnostic tool to
confirm the location of the pain. If pain is relieved, the medial branches may
be lesioned using radiofrequency (RF) denervation to provide pain relief
for an average of 10.5 months (after which the nerves regenerate). The RF
may then be repeated for prolonged relief (Schofferman and Kine, 2004).
Another type of lesioning, cooled RF, has been used in treating sacroiliac
joint pain.

Spinal cord stimulation (SCS) has expanded in scope in recent years,
from being utilized mainly for neuropathic pain related to painful postlam-
inectomy pain syndrome or failed back surgery syndrome to being applied
for other neuropathic, sympathetic, vascular, and even visceral pain syn-
dromes (Deer et al., 2014). The therapy involves placing an electrical lead
in the epidural space that is connected to a programmable generator to
relieve pain. A trial stimulator is first placed percutaneously under image
guidance and left in place for up to 1 week, followed by implantation if
the trial provides significant pain relief. Traditional SCS has been success-
ful in treating extremity pain, but other areas and types of pain have been
difficult to treat. Newer models of SCS utilize higher-frequency stimulation
of 10,000 Hz (compared with 40 to 60 Hz) to improve relief of intractable
axial low back pain. A comparison study found that the higher-frequency
SCS provided superior pain relief (Kapural et al., 2016), and also was
not associated with the stimulation-induced paresthesias that can lead
to trial failures with traditional SCS (Kapural et al., 2016). Other new
forms of SCS include burst stimulation, which uses bursts of five spikes at
40 Hz (De Ridder et al., 2010, 2013), and targeting of SCS at the dorsal
root ganglion rather than the central spine (Deer et al., 2014). SCS has
the advantage of being reversible and adjustable, and of being capable of
providing years of pain relief (Deer et al., 2014). There is evidence for its
cost-effectiveness in the relief of pain due to failed back surgery syndrome,
CRPS, painful peripheral artery disease, and refractory angina (Kumar and
Rizvi, 2013).

Interventional therapies also are offered for pain relief from migraine
and other forms of severe headache. Botulinum toxin, a protease exotoxin
derived from Clostridium botulinum, may be used for chronic migraine
when other therapies have failed (Persaud et al., 2013). Other forms of
headache, particularly occipital headache, cervicogenic headache, and head-
ache originating from the upper cervical spine, may be amenable to targeted
spinal intervention, such as occipital nerve blocks and cervical medial
branch RF denervation.
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Careful patient selection is critical to the success of interventional
therapies. It is recommended that before such interventions are considered,
a targeted history and assessment be performed to rule out the presence of
potentially harmful conditions (e.g., malignancy, vascular abnormalities,
spinal cord compression, fracture, or infection) and to assess for potential
side effects (e.g., adrenal suppression from cumulative steroid use) (Leary
and Swislocki, 2013). Complications of interventional pain management
are multifactorial and are related to issues including performance of the
procedure, patient anatomy, and comorbidities. The use of S.A.EE. (Safety,
Appropriateness, Fiscal neutrality, and Effectiveness) principles has been
proposed as a foundation for interventional pain treatment algorithms
(Krames et al., 2009). This approach has been used in advocating for
early intervention for some pain syndromes (e.g., complex regional pain
syndrome) for which the timing of interventional therapies may affect
outcomes, and their early application may be cost-effective in the long run
despite initial costs (Poree et al., 2013).

Summary

Further research is needed to better understand the effectiveness of
a variety of interventional techniques for painful conditions, as well as
optimal patient selection to improve health outcomes. However, these treat-
ments may provide effective pain relief for many patients with some forms
of pain (e.g., low back and neck pain) in the context of a multidisciplinary
approach.

NONPHARMACOLOGIC TREATMENTS

Acupuncture

The use of acupuncture for the treatment of pain has become wide-
spread in recent decades. Acupuncture is a key component of traditional
Chinese medicine that involves insertion of needles through the skin to
acupuncture points. Pressure, heat, electrical current, laser light, and other
means also may be used to stimulate these points. Investigations have dem-
onstrated that the nervous system, neurotransmitters, and other endogenous
substances respond to the needling stimulation to induce analgesia (Foster
and Sweeney, 1987). It has been shown that acupuncture analgesia is medi-
ated by opioids produced in the periaqueductal gray and can be reversed by
naloxone, an opioid antagonist (Cheng and Pomeranz, 1980). Recent studies
also suggest activation of cannabinoid receptors as a possible mechanism of
action (Gondim et al., 2012).

Systematic reviews evaluating the effect of acupuncture in treating
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pain have revealed mixed results. Some reviews have found minimal or
no effect (Lee et al., 2008; Madsen et al., 2009), while others have found
acupuncture to be superior to sham acupuncture and placebo (Berman et
al., 1999; White et al., 2007), and still others have concluded that data are
insufficient to support a recommendation (Furlan et al., 2005; Paley et al.,
2015; Smith et al., 2016a; van Tulder et al., 1999). Recent reviews and
meta-analyses examining the effect of acupuncture on musculoskeletal pain
(neck and back pain, osteoarthritis, chronic headache and shoulder pain,
fibromyalgia) have found that overall, acupuncture is superior to sham
and no acupuncture, but with relatively modest differences between true
and sham acupuncture (Vickers et al., 2012; Yuan et al., 2016). Although
it has been suggested that acupuncture is an effective treatment for pain,
additional factors, such as potent placebo and context effects, may play
a role in its observed effect as well (Linde et al., 2010a,b; Vickers et al.,
2012). It also has been suggested that acupuncture may have value in the
treatment of chronic and tension headaches (Linde et al., 2009b; Vickers et
al., 2012), as well as in prophylactic treatment for migraine (Linde et al.,
2009a). Additional RCTs are needed to determine the effect of acupuncture
on neuropathic and postsurgical pain.

Manual Therapies

Manual therapies, including massage and chiropractic and osteopathic
manipulation (such as spinal manipulative therapy), are commonly rec-
ommended for the treatment of musculoskeletal pain. However, high-
quality evidence about these therapies is sparse, and there is little evidence
that these therapies are as effective or more so than standard treatments.
Cochrane reviews have been conducted on the evidence for these therapies
in low back pain. For massage, the quality of the evidence was found to be
“low” or “very low,” and the authors “have very little confidence that mas-
sage is an effective treatment for low-back pain” (Furlan et al., 2015). Evi-
dence on combined chiropractic interventions shows a slight improvement
in pain in the short and medium terms, but there is no evidence showing
that chiropractic interventions have a clinically meaningful advantage over
other treatments (Walker et al., 2011). Spinal manipulative therapy has not
been shown to be different from other common interventions (Rubinstein
et al., 2011).

A 2014 systematic review of massage therapy for fibromyalgia pain
found that massage therapy of at least 5 weeks’ duration resulted in signifi-
cant improvement in pain, anxiety, and depression. However, the authors
note that larger-scale and longer-term RCTs are needed to confirm these
findings (Li et al., 2014).
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Physical Therapy and Exercise

Physical therapy and exercise often are included in the treatment plan
offered to patients suffering from musculoskeletal pain conditions such as
fibromyalgia, arthritis, and back and neck pain. In addition to its direct
effect on pain, exercise may improve overall physical and mental health
(TIacovides and Siamouli, 2008). The exact mechanisms by which physical
therapy and exercise affect pain are unknown. It is believed, however, that
activation of the CNS pain modulation pathways (Lannersten and Kosek,
2010) and the release of beta-endorphins play a major role in the palliative
effect (Bement and Sluka, 20035; Stagg et al., 2011). Other suggested mecha-
nisms include activation of such neurotransmitters as norepinephrine and
serotonin (Dietrich and McDaniel, 2004), interactions with the cardiovas-
cular system (Lovick, 1993), and involvement of the adenosinergic system
(Martins et al., 2013). Despite the lack of strict guidelines or protocols
for physical activity that may help patients with chronic pain, it appears
that various types of physical activity can alleviate pain, including aerobic
exercise, strength and flexibility training, walking, and manual therapy.
Exercises such as yoga, tai chi, and qi gong have received particular atten-
tion for the treatment of pain because of the potential effect of the “mind-
body” component of these practices. Systematic reviews have shown that
these practices may be effective (Bai et al., 2015; Cramer et al., 2013; Kong
et al., 2016), but further high-quality research is needed. Exercise has been
shown to be effective for treatment of many types and locations of pain,
including fibromyalgia (Busch et al., 2013; Carson et al., 2010; Hauser et
al., 2010), back pain (Chang et al., 2016; Hayden et al., 2005; O’Connor
et al., 2015; van Middelkoop et al., 2010), osteoarthritis (Fransen et al.,
2014; Jansen et al., 2011), whiplash-associated pain (Stewart et al., 2007),
and potentially even neuropathic pain (Dobson et al., 2014).

However, there are a number of barriers to the successful use of exer-
cise therapy for pain management. These barriers include patient factors,
such as lack of knowledge about exercise, fears of worsening existing pain,
depression, excessive deconditioning, and a lack of self-efficacy. Patients
also may lack access to a safe place to exercise, time to exercise, and sup-
port from family or the workplace. Finally, there are health care delivery
barriers, including the system’s overly rigid focus on the biomedical model
for pain, a lack of attention to or education about the value of exercise, a
lack of supervision to ensure patient safety and comfort (Kroll, 2015), and
a lack of insurance coverage of the costs of exercise and physical therapy.

Although it appears that recommending physical activity and exercise
is warranted for patients suffering from chronic pain, further research is
needed to evaluate the optimal treatment and intensity to recommend,
and to explore the benefit of combining physical activity with other non-
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pharmacologic therapies and pharmacologic treatment for pain reduction.
In particular, there is some evidence that multidisciplinary rehabilitation,
which includes physical treatments such as exercise as well as psychosocial
interventions, may improve pain and function (Kamper et al., 2015; Lee et
al., 2014), but further research is needed.

Cognitive-Behavioral Therapy (CBT)

CBT has been shown to be effective in managing chronic pain, either on
its own or together with other pain management tools, such as medication.
Over the past half century, evidence has accrued that the experience of pain
is not based solely on sensory or neurologic states but is influenced by cog-
nitive and affective processes (Ehde et al., 2014). A person’s thoughts and
beliefs about pain can affect a number of pain-related issues, including the
intensity of pain, anxiety and depression, physical disability, activity limita-
tions, and catastrophizing (Ehde et al., 2014). Altering these thoughts and
beliefs through CBT can change a person’s experience of and adaptation to
pain, decreasing its intensity and improving day-to-day functioning and the
ability to cope with the pain (Knoerl et al., 2016). CBT usually is delivered
through multiple sessions of individual or group therapy in which a variety
of strategies are conveyed to participants, including practicing relaxation
techniques, reframing negative thoughts, scheduling activity to maximize
functionality, and improving sleep patterns (Knoerl et al., 2016).

Numerous studies have demonstrated the efficacy of CBT (e.g., Ehde
et al., 2014; Morley et al., 1999; Williams et al., 2012). A 2012 Cochrane
review (Williams et al., 2012), for example, found that CBT, compared
with treatment as usual at posttreatment, had a small but significant effect
on pain intensity and disability and a moderate effect on catastrophizing
and anxiety and depression (Knoerl et al., 2016). CBT is currently “the
prevailing psychological treatment for individuals with chronic pain con-
ditions such as low back pain, headaches, arthritis, orofacial pain, and
fibromyalgia” (Ehde et al., 2014). However, the studies of CBT that have
been performed have varied in the method of its delivery, the specific strat-
egies used, and which outcome variables were studied, making it difficult
to evaluate whether and to what extent CBT is efficacious for achieving
specific pain-related outcomes (Knoerl et al., 2016). Knoerl and colleagues
(2016) sought to remedy this evidence gap with an integrative review of
35 studies on CBT and chronic pain. They found that CBT was effective
at reducing pain intensity in 43 percent of these trials (only 8 of 35 stud-
ies used pain intensity as a primary outcome, although it was measured in
all studies); for a wider group of pain-related variables, including physical
functioning, anxiety, depression, and quality of life, CBT was effective in
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86 percent of trials. The authors note that CBT has been understudied in
military veterans and patients with chronic pain related to cancer treatment.

Barriers to the provision of CBT include limited access to providers,
inadequate insurance coverage, lack of knowledge about CBT among health
care providers, and patients’ perception of stigma associated with CBT
(Ehde et al., 2014). A 2016 study (Bee et al., 2016) of the acceptability
of CBT among chronic pain patients found that preintervention patients
viewed CBT as less relevant to their condition than other interventions (e.g.,
exercise). Some patients believed that the suggestion of using a psychologi-
cal approach for a predominantly physical problem implied that the pain
was not valid or was the result of “an underlying character weakness” (Bee
et al., 2016). However, patients who received the CBT intervention reported
high satisfaction, finding that it helped them shift toward proactive pain
management (Bee et al., 2016).

In addition to CBT, there are other psychosocial interventions for
chronic pain, such as acceptance and commitment therapy (ACT), in which
patients are encouraged to change their responses to pain rather than seek
a reduction in the pain itself. Studies on ACT have shown promise, but
further research is needed (Vowels et al., 2014; Wetherell et al., 2011).

Mindfulness Meditation

Mindfulness is defined as purposefully paying attention in the present
moment, nonjudgmentally (Kabat-Zinn, 2003). Operationalized, it means
“(a) regulated, sustained attention to the moment-to-moment quality and
character of sensory, emotional and cognitive events, (b) the recognition of
such events as momentary, fleeting and changeable (past and future repre-
sentations of those events being considered cognitive abstractions), and (c)
a consequent lack of emotional or cognitive appraisal and/or reactions to
these events” (Zeidan et al., 2012). One such intervention, mindfulness-
based stress reduction (Kabat-Zinn, 2003), the most studied mindfulness
intervention, trains individuals in acquiring and practicing these skills,
including for the management of various forms of chronic pain. Although
of mixed quality, a large number of studies have found mindfulness inter-
ventions to have beneficial effects for patients with pain.

A meta-analysis of 38 RCTs of various forms of mindfulness meditation
intervention for chronic pain management found that mindfulness improved
pain, reduced symptoms of depression, and improved quality of life com-
pared with treatment as usual, support groups, education, stress manage-
ment, and waitlist controls (Hilton et al., 2017). Evidence is strongest for
the efficacy of mindfulness in reducing symptoms of depression and improv-
ing mental health-related quality of life, for which the quality of evidence is
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rated high and moderate, respectively. While small, statistically significant
effects on pain are promising, these findings are tempered by the low qual-
ity of the evidence (e.g., lack of intent-to-treat analysis, low follow-up rate,
small samples, inadequately powered studies). Effects on reducing analgesic
use were mixed, with some studies showing reductions and others not. The
authors conclude that more well-designed RCTs are needed to develop an
evidence base on the effectiveness of mindfulness interventions (Hilton et
al., 2017).

Beyond demonstrating efficacy, it is important to understand the
hypothesized mechanisms underlying the use of mindfulness interventions
as therapy for pain management. An understanding of the neuronal and
molecular basis of changes in the brain that accompany mindfulness medi-
tation is also nascent (Tang et al., 2015). Nonetheless, emerging evidence
is providing useful information on how mindfulness meditation may cause
neuroplastic changes in the structure and function of the brain regions
involved in regulation of attention, emotion, and self-awareness, which are
also factors involved in the cognitive modulation of pain (Zeidan et al.,
2012). Accumulating evidence indicates that it can attenuate the subjec-
tive experience of pain, and that it shares as well as has distinct neural
substrates engaged by cognitive factors known to modulate pain (Hilton
et al., 2017).

One question has been whether the analgesic effects of mindfulness
meditation are different from those of placebo. Zeidan and colleagues
(2015) directly explored this question in healthy volunteers. They con-
ducted an RCT involving four conditions (mindfulness meditation, sham
mindfulness meditation, placebo conditioning, and book-listening con-
trol). Intervention efficacy was assessed using psychophysical evaluation of
experimental pain and functional neuroimaging. The authors found that
mindfulness meditation produced significantly greater reductions in pain
intensity and unpleasantness relative to the other conditions. Importantly,
their findings indicate that mindfulness meditation employs distinct neu-
ral mechanisms—specifically, higher-order brain regions, including orbito-
frontal and cingulate cortices. They suggest that these findings may foster
greater acceptance of meditation as an adjunct pain therapy.

Taken together, this emerging body of work suggests that the practice
of mindfulness meditation for pain management may be promising. There
is a need for further research with rigorous designs and larger samples
that include patients with chronic pain to provide high-quality tests of the
efficacy of this therapy. In addition, studies are needed to connect findings
from studies of the neuronal and molecular bases of changes in the brain
that accompany mindfulness meditation with behavioral measures.
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Placebo Analgesia

Placebo is a dummy treatment, such as a pharmacologically inert prepa-
ration (“sugar pill”) or sham procedure. The difference in treatment effect
between a group that has received no treatment and one that has received
placebo is considered the “placebo effect.” Pain is one of the areas in which
placebo has been most studied.

It has been shown in research and clinical settings that the expecta-
tion of pain relief can induce a strong analgesic effect. Placebo analgesic
response is the result of this phenomenon. Consistent placebo analgesic
effect has been demonstrated in dental pain, postthoracotomy pain, low
back pain, irritable bowel syndrome, neuropathic pain, and experimental
pain (Enck et al., 2008; Finniss et al., 2010; Kaptchuk and Miller, 2015;
Price et al., 2008). The response to placebo is heterogeneous, being affected
by individual differences in conditioning (Colloca and Benedetti, 2006;
Kantor et al., 1966), expectations (Morton et al., 2010), optimism (Morton
et al., 2009), and suggestibility (De Pascalis et al., 2002), as well as the
nature of the placebo provided (Kong et al., 2013) and other factors. The
placebo effect was found to be as strong as that of 7.5 mg of morphine
following third molar extraction (Levine et al., 1981), and open administra-
tion of medication has been shown to be more effective than hidden admin-
istration (Colloca et al., 2004). Moreover, patients who are told that they
are receiving a very potent pain killer have been found to require less of the
same opioid than patients who are not (Pollo et al., 2001). And patients
provided with a treatment that they believe is good for them benefit more
from that treatment (Kalauokalani, 2001).

The “nocebo effect” is the term used to describe an undesirable out-
come, such as an increase in pain, due to negative expectations (or condi-
tioning). The nocebo effect is longer-lasting and probably greater than the
placebo effect (Colloca et al., 2008). Patients in placebo groups often report
side effects similar to those of the active drug if they were exposed to the
possible side effects described in the consent form (Barsky et al., 2002).

Placebo cannot be considered sham or no treatment. The effect of any
treatment for pain may be a combination of its effect and the placebo effect
(Beecher, 1955; Howick et al., 2013).

The placebo effect is associated with activity in the prefrontal cortex,
insular cortex, thalamus, forebrain structures, and spinal cord. An opioid
antagonist (naloxone) can reverse placebo analgesia (Levine et al., 1978),
suggesting involvement of the endogenous opioid system and probably the
descending pain modulatory system. It also has been suggested that the
endocannabinoid system is involved in placebo’s analgesic effect (Benedetti
and Amanzio, 2011). Better understanding of the placebo effect could lead
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to the development of independent treatment protocols or methods that
would augment the effect of existing treatments.

Focus on Self-Management

An important recommendation of the 2011 IOM report Relieving
Pain in America was that health care provider organizations promote and
enable self-management of pain as the starting point of pain management
(IOM, 2011). Self-management can be defined as “the ability to manage the
symptoms, treatment, physical and psychosocial consequences and life-style
changes inherent in living with a chronic condition” (Barlow et al., 2002).
In the context of chronic pain, self-management may involve acceptance
of the painful condition, exercise, pacing, relaxation, and other positive
steps toward higher levels of functioning if not immediate reduction in
pain intensity. Such approaches tend to deemphasize the role of medica-
tions such as opioids. Although significant barriers to pain self-management
exist, such as lack of family support, limited resources, and depression
(Bair et al., 2009), research on chronic pain self-management and the
implementation of self-management programs is expanding. Examples of
self-management programs for chronic pain include those designed for low
back pain (Slater et al., 2012), knee pain (Button et al., 2015), arthritis
(Vermaak et al., 2015), and other forms of chronic pain. It may be hoped
that the reliance on opioids as a first-line management strategy by both
patients and medical providers will diminish as self-management programs
become more common.

Summary

Nonpharmacologic interventions for pain treatment, including acu-
puncture, physical therapy and exercise, CBT, and mindfulness medita-
tion, represent powerful tools in the management of chronic pain. Many
are components of successful self-management. While further research is
needed to better understand the mechanism of action and the appropriate
dosage and delivery for some nonpharmacologic approaches, they may
provide effective pain relief for many patients in place of or in combination
with pharmacologic approaches.

DIFFERENCES IN PAIN EXPERIENCES AND TREATMENT
EFFECTIVENESS AMONG SUBPOPULATIONS

Part of the committee’s charge was to review the available evidence
on differences in the experience of pain and the effectiveness of treatments
across subpopulations. This section briefly reviews research findings on
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this issue among selected subpopulations in the United States, including
findings pertinent to prescription opioids. A review of the effectiveness of
all of the available treatments for pain for subpopulations is beyond the
scope of this study. For additional discussion of disparities in pain among
subpopulations, the reader is encouraged to see the report Relieving Pain
in America (IOM, 2011). The discussion here does not address individual
(e.g., genetic) differences in susceptibility to pain, which are touched on in
Chapter 3.

Sex

Research indicates that women are more likely than men to experience
chronic pain and report higher sensitivity to pain (Bartley and Fillingim,
2013). Findings have been mixed regarding severity of pain, with women
reporting greater severity than men in some studies but no sex differences
in severity being found in other studies (Bartley and Fillingim, 2013). Cer-
tain chronic pain conditions, such as fibromyalgia, migraine and headache,
irritable bowel syndrome, temporomandibular disorders, and interstitial
cystitis, are diagnosed more commonly in women than in men (Bartley and
Fillingim, 2013). The reasons for differences in the experience of pain by
sex are not entirely understood, may be multifactorial, and may depend on
the type of pain and/or condition. Possible explanations include differences
in genotype and endogenous opioid functioning, sex hormones, psycho-
social processes, and stereotypical gender roles that may make men less
expressive about pain (Bartley and Fillingim, 2013; Fillingim et al., 2009).
Provider beliefs also may play a role in differential rates of diagnosis of
painful conditions between men and women.

With respect to prescription opioids, the sex of a patient can impact
both the efficacy of an opioid and the likelihood that an opioid-related
adverse event will be experienced. In acute administration settings, opioids
have been observed to cause more respiratory depression, nausea, and pru-
ritus in female compared with male patients (Angst et al., 2012; Riley et
al., 2010). The chronic use of opioids also can alter sex hormones in men
and women, leading to impotence in men and menstrual irregularities in
women (Rhodin et al., 2010). A review of 18 studies showed lower opioid
consumption postoperatively among women than men, but this finding
has not been consistent, may depend on the type of procedure performed,
and may reflect increased prevalence or reduced tolerance of side effects
from opioids in women rather than less need for pain relief (Miaskowski
et al., 2000). A meta-analysis found no sex-specific effects for p opioid
analgesia across 25 clinical studies of p opioids and greater analgesic effects
for women when analyses were restricted to patient-controlled analgesia
(Niesters et al., 2010).
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Race and Ethnicity

Research consistently shows differences in pain experiences among
racial and ethnic groups (Hoffman et al., 2016; IOM, 2011). African
American patients have been found to be less likely than whites to be pre-
scribed pain medications for both cancer and noncancer pain (Anderson et
al., 2009; Goyal et al., 2015; Todd et al., 2000). African Americans also
report greater pain than whites for several painful conditions (IOM, 2011).
Some experimental data show that African Americans have a lower pain
threshold than whites, but these differences are small and may be clinically
insignificant. A recent review of research on the pain experiences of His-
panic Americans found that this population reports fewer pain conditions
and significantly lower rates of chronic pain compared with non-Hispanic
whites in national surveys. However, Hispanic Americans report experi-
encing more severe pain and higher sensitivity to pain (Hollingshead et
al., 2016).

The impact of race and ethnicity on opioid prescribing in particular has
been evaluated in several studies. Some research indicates that blacks are
less likely than non-Hispanic whites to receive an opioid for chronic non-
cancer pain (Cintron and Morrison, 2006; Dickason et al., 2016; Ringwalt
et al., 2014, 2015), and this disparity appears to be more common in some
specialty settings than in others (Ringwalt et al., 2014). These observations
are consistent with reports showing that pain in minority versus white
patients tends to be underestimated by health care providers (Cintron and
Morrison, 2006). Evidence does not strongly suggest that patients of dif-
ferent races/ethnicities are more or less likely to display aberrant behaviors
in prescription opioid use (Ives et al., 2006; Vijayaraghavan et al., 2012),
although providers may be more likely to believe that a black or Hispanic
versus a white patient is misusing prescription opioids (Becker et al., 2011;
Vijayaraghavan et al., 2011).

Lower socioeconomic status also is a risk factor for pain and its
undertreatment. This association may be due to poorer overall health,
employment-related factors (e.g., a higher proportion of individuals
employed in occupations with a higher risk of injury), lower access to qual-
ity pain care, and other factors. Some of the observed disparity in treatment
for pain by race and ethnicity likely is explained by socioeconomic status, as

racial and ethnic minority populations are disproportionately low-income
or poor (IOM, 2011).

Age

Age is positively associated with increased risk for the development
of conditions, such as osteoarthritis and other musculoskeletal conditions,

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24781

Pain Management and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks of ...

94 PAIN MANAGEMENT AND THE OPIOID EPIDEMIC

and chronic diseases, such as diabetes, that can be painful. Yet while some
studies show a continual increase in pain prevalence with age, others show
a decrease with age, an increase up to ages 75-85 followed by a decrease,
or no differences by age (Abdulla et al., 2013). Experimental and clinical
studies have found that the elderly are more vulnerable than younger indi-
viduals to severe and persistent pain and have reduced ability to tolerate
severe pain. In addition, older people are more likely to have comorbidities
that complicate diagnosis and treatment of painful conditions (IOM, 2011).
Other factors that may influence the severity of pain in the elderly are com-
plex manifestations of pain, underreporting of or reduced ability to report
pain, and higher rates of treatment side effects (IOM, 2011).

The aging process can affect the safety of opioid prescribing as a result
of alterations in drug metabolism, elimination, and sensitivity. In addition,
the presence of comorbid conditions and the use of potentially interact-
ing medications to treat those conditions may increase with age. Concern
exists, for example, about the use of opioids for noncancer pain in older
adults because of the risks of sedation, overdose, and falls. These risks have
prompted recommendations for lower starting doses, slower titration, and
avoidance of use of other sedating drugs such as benzodiazepines (Kahan
et al., 2011). The use of methadone in the elderly raises particular concern
as this is a potent opioid with variable pharmacokinetics and a propensity
for drug-drug interactions, and may also cause cardiac dysrhythmias (van
Ojik et al., 2012).

Geography

Many rural communities in the United States have limited access to
providers with training in pain management (Eaton et al., 2014; IOM,
2011). At the same time, residents of rural areas tend to be older and more
likely to have painful chronic health conditions relative to those in urban
areas (Eaton et al., 2014; Jukkala et al., 2008). As discussed in Chapter 4,
states with large rural populations have experienced disproportionate mor-
bidity and mortality from nonmedical use of prescription opioids (Keyes et
al., 2014). Telemedicine/Internet-based technologies are one approach that
has been used to bridge geographic distance to improve the quality of pain
care in communities with limited access to providers with expertise in pain
management (Currie et al., 2015; Eaton et al., 2014).

History of Substance Use Disorder

It is common for patients with histories of substance use disorders to
also have chronic pain. Among patients receiving methadone maintenance
treatment, for example, more than 40 percent have chronic pain (Dunn et
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al., 2015; Voon et al., 2015). In addition, patients maintained on metha-
done and buprenorphine have measurably lower pain thresholds and tol-
erances than nonopioid-receiving controls (Compton et al., 2001, 2012).
Likewise, it is common when looking cross-sectionally at populations of
patients managed with opioids to identify a significant percentage with
substance use disorders. The percentage of such patients in a treatment
population is dependent on such risk factors as younger age and higher
overall opioid dosage (Palmer et al., 2015). This complexity is addressed
further in Chapter 3, where research on the intersection of pain and OUD
is discussed, and knowledge gaps are identified.

A history of substance use disorder is a risk factor for aberrant opioid
use among those being treated for pain (Chou et al., 2009b). Opioid risk
assessment tools often take this characteristic into account, and such risk
assessment is advocated in the CDC Guideline for Prescribing Opioids for
Chronic Pain (Dowell et al., 2016).

Summary

In summary, differences have been observed among subpopulations in
the types and severity of pain experienced and in access to and receipt of
quality pain care depending on such factors as sex, age, race and ethnic-
ity, location of residence, and history of substance use disorder. Moreover,
while further research is needed, different subpopulations of patients may
have different levels of analgesic response to opioids, experience side effects
of differing severity, and display drug misuse at different rates.

THE INTERSECTION BETWEEN PAIN
AND OPIOID USE DISORDER

Pain and reward are considered opponent processes but are processed
within overlapping brain structures. Rewarding stimuli can decrease pain
sensitivity (Leknes and Tracey, 2008), whereas pain can impair reward
processing, leading to an anhedonic state (Elman et al., 2013). Few studies
have examined the disruption of this circuitry caused by pain and whether
the dopaminergic system contributes to the aversive component of ongoing
persistent pain (Navratilova et al., 2012, 2015). Furthermore, how the pres-
ence of pain modifies the reinforcing properties of natural rewards or opi-
oids is not known. The mesolimbic pathway is a critical brain circuit altered
in opioid addiction, making it an ideal system in which to investigate the
mechanistic basis for opioid misuse in the presence of pain (Cui et al.,
2014; Fields and Margolis, 2015). Opioid-induced release of dopamine in
the nucleus accumbens contributes to opioids’ misuse potential, whereas an
allostatic shift in reward signaling leads to the pathological state of addic-
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tion (Koob, 2008). p opioid receptor agonists are positively reinforcing and
are used extensively as a first-line treatment for clinical pain. Furthermore,
recent research (Blanco et al., 2016) shows that persistent pain may lead
individuals to use prescription opioids in patterns different from what their
prescribing physician initially intended, resulting in opioid misuse or OUD.
The neurobiology of the reward pathway and of the intersection of pain
and OUD is described in more in detail in Chapter 3.
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Progress and Future Directions
in Research on Pain and

Opioid Use Disorder

The past several years have seen a number of advances in research on
pain and opioid use disorder (OUD). This chapter provides a brief over-
view of some of these key developments, with a focus on those that have
taken place since the publication of the 2011 Institute of Medicine (IOM)
report Relieving Pain in America (IOM, 2011). It also identifies areas for
future research to inform efforts by the U.S. Food and Drug Administra-
tion (FDA) and other organizations to address the opioid epidemic. The
chapter reviews developments and research needs in basic pain research;
the neurobiology of the reward pathway and the intersection of pain and
OUD; preclinical and translational research, including the development of
new analgesics; clinical pain research, including optimizing opioid analgesia
in the context of comprehensive pain management and opioid risks, the role
of interventional pain therapies, and the potential of precision health care;
and research at the intersection of pain and OUD. The chapter concludes
with a summary that includes the committee’s recommendation for this
portion of its charge. The evidence presented in this chapter strongly argues
for research to elucidate the biology of pain, to discover novel nonaddictive
analgesics, and to refine substantially the ability to deliver analgesia at the
level of the individual patient—that is, precision analgesia.
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BASIC PAIN RESEARCH

Opioid Analgesics

The search for an effective means of relieving pain and suffering has
been ongoing since the dawn of civilization. What overarching lessons have
been learned and successes achieved that may help propel identification of
the next generation of analgesic agents with reduced risk of addiction or
organ toxicity? Clearly opioid analgesics, originally derived from the opium
poppy and acting principally at the p opioid receptors (MOPRs), represent
one of the most effective analgesic classes to date. Much of modern syn-
thetic opioid analgesic development revolves around the original action
of morphine at the MOPRs. The success of exogenous opioids in treating
painful conditions reflects the fact that MOPRs are expressed at multiple
sites along the pain detecting and modulating pathway, which includes
specialized peripheral sensory neurons, signaling through the dorsal horn
of the spinal cord, and ultimately transmission to and from multiple centers
of the brain. Therefore, MOPR activation functions in a highly coordinated
manner to provide a reduction in pain perception.

Unfortunately, MOPR activation also is linked to a range of unwanted
side effects, including its action on reward centers (dependence, addiction);
reduced intestinal motility (constipation); and suppression of respiratory
drive, which can result in overdose and death (Fields, 2007). Until recently,
it had been fanciful to consider that the analgesic properties of MOPR ago-
nists could be separated from these unwanted side effects. However, as a
result of leveraging advances in MOPR signaling, it is now appreciated that
Gi/o coupling drives predominantly analgesic responses, whereas MOPR
coupling to B-arrestin may drive opioid reward and respiratory depression.
The concept of identifying a G protein “biased” ligand that can preferen-
tially activate the Gi/o analgesic linkage of MOPR signaling away from
B-arrestin is being pursued through classical screening of compounds (Chen
et al., 2013b; DeWire et al., 2013) and computational screening of MOPR-
biased ligand candidates (Manglik et al., 2016). Although it remains to
be seen whether these MOPR-biased candidates will translate into useful
analgesics in humans, encouraging steps are being taken, including an active
clinical trial of one of the candidate compounds (DeWire et al., 2013).

Inflammation

A tissue’s response to injury, whether caused by infection, trauma,
metabolic catastrophe, progression of disease/cancer, or ischemia, involves
a complex cellular cascade of responses designed to alert and protect the
organism and begin the process of healing. This response typically entails
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inflammation of the affected tissue and pain and/or heightened pain sen-
sitivity (hyperalgesia and allodynia, respectively) that when it persists can
degrade a person’s quality of life. Inflammation that continues well past
the period of expected healing or despite appropriate treatment remains
one of the great medical challenges. Regardless of its source, the manage-
ment of inflammatory pain often is limited to the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) for short periods because of the reduced
risk of gastrointestinal bleeding, kidney injury, and adverse cardiovascular
effects. Given the multiple overlapping pathways recruited during inflam-
mation, effective analgesic management would appear to require action at
multiple points of the inflammatory cascade, analogous to the sites of action
of opioids throughout the pain pathway. What research advances in this
area show promise for the development of novel analgesic strategies that
would both spare protective and restorative pathways and act effectively
against inflammatory pain?

Part of the answer may lie at the intersection between the primary affer-
ent nociceptor (peripheral nervous system) and the innate immune system
(Guan et al., 2016). Nociceptors are specialized C-type and thinly myelin-
ated Ad sensory neurons dedicated to the detection of painful stimuli, espe-
cially products of inflammation. Two important receptor channels, TRPV1
and TRPA1, expressed in nociceptors, have been identified and found
to respond to multiple endogenous inflammatory products and noxious
physical stimuli (Julius, 2013; Schumacher, 2010; Zygmunt and Hogestitt,
2014). Importantly, because of the relatively high level of TRPV1/TRPA1
expression in nociceptors (rather than in sensory neurons responsible for
simple touch or proprioception), the development of a high-affinity antago-
nist has been pursued in the hope of identifying compounds capable of
blocking nociceptor activation (pain) despite the ongoing tissue production
of inflammatory mediators. Considerable challenges have arisen in the clini-
cal translation of TRPV1 antagonists with the concurrent development of
hyperthermia (fever) due to core temperature dysregulation (Gavva et al.,
2008). Research is ongoing to devise a TRPV1 antagonist that provides
analgesia while maintaining the detection of acute pain and central homeo-
static mechanisms (Gomtsyan and Szallasi, 2015). Investigation into the
development of TRPA1 receptor antagonists for the treatment of pain also
is ongoing (Schenkel et al., 2016).

While efforts to develop clinically useful TRP channel antagonists are
under way, numerous complementary efforts are focused on identifying and
blocking the action of inflammatory mediators at prostanoid and purinergic
receptors. These receptor systems play multiple roles, including augment-
ing the responsiveness of TRPV1 under inflammatory conditions. In this
regard, one of the principal proinflammatory products of arachidonic acid
metabolism, the prostanoid PGE,, is understood to drive inflammatory
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hyperalgesia through various receptor subtypes (Chen et al., 2013a). For
example, the inflammation and pain that arise from endometriosis have
been linked to EP2 and EP4 receptor activation, and specific antagonists
acting at these receptor sites show therapeutic promise in preclinical models
(Arosh et al., 2015; Greaves et al., 2017). Moreover, the development of
antagonists to certain purinergic (ATP [adenosine triphosphate]-gated chan-
nel) receptor subtypes (P2X3) and the metabotropic P2Y receptor show
promise in the treatment of inflammatory pain (Burnstock, 2016; Park and
Kim, 2017; Viatchenko-Karpinski et al., 2016).

Another perspective is the observation that pain-transducing compo-
nents are upregulated under persistent tissue inflammation/injury. Therefore,
the relative overexpression (or underexpression) of critical gene products
within the pain pathway (peripheral and central) represents both a point of
dysregulation and, in turn, an opportunity to better study what is driving
changes in nociceptive gene expression, one type of plasticity change pro-
posed to drive chronic pain. Research into whether there is a plausible way
to reverse such pathophysiologic changes in a network of genes, perhaps
through the control of nuclear transcription factors or micro—ribonucleic
acids (RNAs), is emerging (Chu et al., 2011; Neumann et al., 2015; Zavala
et al., 2014).

Pain Transmission

The ability of nociceptor activation to signal the central nervous system
of real or impending tissue damage relies on the transmission of that sig-
nal by specialized voltage-gated sodium channels (VGSCs) that propagate
depolarizing action potentials along axons. As presented in Chapter 2,
the analgesic properties of local anesthetic action rely on the ability to
block VGSCs expressed in nociceptors. Although the pharmacology of local
anesthetics has been exploited for anesthesia and analgesia based on their
discrete application adjacent to nerves and the spinal cord, their general
properties to block all sodium channels, including those expressed in heart
and motor neurons, have significantly limited their widespread application
as analgesic agents. With advances in molecular pharmacology and genetics
over the past decade, one subtype of VGSCs has risen to prominence as a
plausible analgesic target. Nav1.7 is a VGSC that has been linked to human
pain conditions, based on defects in its gene SCN9A leading to either loss-
of-function (congenital insensitivity to pain) or gain-of-function mutations
that drive a rare spontaneous pain syndrome (erythromelalgia), as well as
other painful neuropathies. The development of Nav1.7-selective blocking
agents has been highly challenging; however, several lead candidates have
emerged and are under advanced preclinical testing or clinical trial (Cao
et al., 2016; Shcherbatko et al., 2016). Research on selective antagonists
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of other members of this family of VGSCs (Nav1.8, 1.9) is under way, but
also faces tremendous challenges.

Beyond the proposed Nav1.7 selectivity of candidate blocking agents,
properties that allow blockade of only activated (open) forms of the chan-
nel may provide an additional measure of clinical safety and reduction of
potential offsite effects. Research in this area may also reveal the effective-
ness of previously established pharmaceuticals for subsets of neuropathic
pain conditions, such as carbamazepine, an agent typically reserved for
the treatment of trigeminal neuralgia (Alexandrou et al., 2016; Geha et
al., 2016). Whether this class of channel blockers will be applicable to a
broad range of neuropathic pain conditions or only for rare conditions
is unknown. Given the limited scope of existing disease-based preclinical
models of neuropathic pain and the complexity of the human genetic and
epigenetic factors that influence susceptibility, much more work is required
to synthesize these concepts for broader therapeutic utility.

Despite their prominent role in the detection of noxious stimuli (pain
transduction), primary afferent nociceptors do not necessarily encode the
final perception of pain. Rather, perception of pain is the result of a com-
plex set of neural, glial, and cellular connections with both ascending and
descending modulatory components (for a review, see Peirs and Seal, 2016).
The basic structure of this pain pathway begins with the majority of noci-
ceptive input entering the central nervous system through the spinal dorsal
horn, roughly dividing into the superficial layers of the dorsal spinal cord
as well as input into deeper layers associated with non-nociceptive sensory
input, such as simple touch. Whether at superficial or deeper spinal levels,
nociceptive input is dynamically regulated by both local spinal circuits and
synaptic connections with descending pathways onto the secondary-order
dorsal horn neurons. Following crossover, nociceptive signaling is trans-
mitted to higher centers via the spinothalamic tracts that split, divide, and
project into and through multiple brain nuclei within the pons, midbrain,
and thalamic regions. Although the somatosensory cortex is considered a
potential resting place for the perception of pain, the experience of pain is
inherently complex and dependent on multiple brain regions.

Building on advances in the peripheral nociceptors mentioned above, a
better understanding of spinal neural circuits, especially those that modu-
late mechanical allodynia, could reveal modality-specific excitatory micro-
circuits and distinct pain pathway “gates” that could be modified to better
treat inflammatory and neuropathic pain (Peirs and Seal, 2016). Although
interventions capable of selectively influencing the perception of pain at
higher brain centers remain elusive, advances in understanding of the cog-
nitive processing of pain perception offer hope. Something as apparently
simple as distraction that reduces pain illustrates that the perception of
pain relies on cognitive processes and learning (Wiech, 2016). Therefore,
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a detailed understanding of placebo analgesia and how individual expecta-
tions of an effective resolution of pain impact the success of any particular
analgesic strategy is a critical area for further research (see the discussion
of placebo analgesia in Chapter 2).

Innate Immunity

Intersecting with the transduction/transmission of nociceptive pain is
activation of the innate immune system designed to initiate the acute inflam-
matory response to both infectious and sterile injury (Guan et al., 2016).
In the case of bacterial infection, innate immune responses are triggered
through pattern recognition receptors (PRRs) by components of microor-
ganisms known as pathogen-associated molecular patterns (PAMPs) and/
or by factors released by stressed or injured host cells that are collectively
known as damage-associated molecular patterns (DAMPs) (Takeuchi and
Akira, 2010). The binding of PAMPs or DAMPs to their cognate PRRs
triggers a cascade that ultimately leads to the expression and/or activation
of numerous inflammatory mediators including cytokines and chemokines
with enhanced leukocyte trafficking and activation within tissues. PRRs are
expressed not only in leukocytes but also in glial and neuronal cells and
are postulated to contribute to neuropathic pain and other pain syndromes,
such as sickle cell disease (Guan et al., 2016; Qi et al., 2011). DAMPs
also can induce acute inflammation via PRRs and have been implicated in
chronic neuropathic pain.

Although early leukocyte responses are designed to contain the extent
of infection or injury, dysregulation of the inflammatory response with
overexpression of proinflammatory mediators can be deleterious. In this
regard, monocytes and macrophages are major contributors to later-phase
inflammatory infiltrates and are well known to drive peripheral hyperalge-
sia (Ji et al., 2016). CCL2, a monocytic chemokine linked to neuropathic
pain, also has been implicated in inflammatory pain, in part through its
action on CCR2-expressing macrophages and the release of reactive oxygen
species (ROS) (Hackel et al., 2013). With recent advances in understand-
ing of the structure of CCR2 and its binding to antagonists (Zheng et al.,
2016), it may be hoped that a new generation of CCR2 antagonists with
properties to treat both inflammatory and neuropathic pain will emerge.

Members of the toll-like receptor (TLR) family and the receptor for
advanced glycation end products (RAGE) are emerging as significant con-
tributors to the pathogenesis of inflammation and pain (Brederson et al.,
2016), as both are bound and activated by multiple endogenous agonists,
including high-mobility group box 1 protein (HMGB1). TLRs also are
expressed on monocytes and macrophages. Targeting cross-talk molecules
such as HMGBI1 and its receptors represents a novel direction in inflamma-
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tion and chronic pain research. Since the immune system and nervous sys-
tem are linked bidirectionally, there is evidence that activation of TLR- and
RAGE-dependent pathways contributes to the development of chronic pain.
Importantly, TLR agonists can directly activate nociceptors and increase
levels of TRPV1 expression in dorsal root ganglion neurons (Wadachi and
Hargreaves, 2006). Since the TLR4 and RAGE agonist HMGB1, a molecule
previously associated with sepsis, has emerged as an important participant
in neuroinflammatory pain states, strategies based on the blockade of
HMGB1 and/or downregulation of the overexpression of TLR4 or RAGE
also represent novel directions in inflammatory pain research.

Although this section has thus far focused on either blocking or down-
regulating proinflammatory receptors/factors, an alternative paradigm is the
enhancement of molecules that combat excessive inflammation and pain.
Within this category is another class of molecules with therapeutic potential
in the treatment of inflammatory pain—resolvins—which not only regulate
the resolution of acute inflammation but also can directly inhibit nociceptor
activation (Park et al., 2011; Xu et al., 2013). However, evidence for their
importance as an endogenous system regulating inflammation is lacking
(Skarke et al., 2015).

Emerging from basic science on the metabolism of the insect juvenile
hormone mimic R20458 (Gill et al., 1972, 1974), a new group of chemi-
cal mediators—the epoxy fatty acids (EpFAs)—has come to light and been
found to play important roles in cellular signaling and pain (Zhang et al.,
2014). Following purification of the enzyme (soluble epoxide hydrolase
[sEH]) responsible for the degradation (hydrolysis) of this class of fatty
acids, inhibitors of the sEH enzyme were developed. It was found that inhi-
bition of sEH prevented experimental models of acute inflammation and
concomitant pain behaviors (Schmelzer et al., 2005). Curiously, other mod-
els of pain not considered “inflammatory,” such as mechanical nerve injury
or diabetic neuropathy, also were prevented by sEH inhibition (Inceoglu et
al., 2012). More recently, research has focused on the mechanism underly-
ing the prevention of experimental neuropathic pain, with a focus on the
prevention of subcellular organelle stress in the peripheral nervous system.

EpFA-mediated analgesia, if translated successfully to treat human
pain, may represent a promising analgesic approach. EpFA is inactive in the
absence of pain, is nonsedating, is active over a large range of pain models,
synergizes with NSAIDs, and has no addictive properties in rodents. Its
preclinical profile has been shown to be as good as or better than that of
other medications currently used to treat neuropathic pain, and it may have
other applications in the field of pain that have yet to be explored.
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Neuropathic Pain

Following peripheral nerve injury, spinal cord microglia, the tissue-
resident immune-like macrophages of the central nervous system, become
activated, signaling the central nervous system in a pattern of neuroinflam-
mation (Guan et al., 2016). The pain associated with partial nerve injury
is of a type that appears to engender fundamentally different mechanisms
driving the sensation of pain. This is exemplified not only by certain unique
characteristics of the associated painful sensations but also by the relative
resistance of this pain to analgesics typically effective in the treatment of
inflammatory pain, such as NSAIDs. The pain is incited by a range of
insults, from postherpetic neuralgia, to diabetic neuropathy, to traumatic
disruption (surgical interventions), to chemotherapy. From the perspective
of the nervous system, the chronic pain resulting from such injuries may
represent the consequence of unexpected survival.

Despite the extensive use of anticonvulsants, tricyclic antidepressants,
opioids, and topical preparations, the majority of patients suffering from
chronic neuropathic pain obtain only partial relief in the face of significant
medication side effects (see also Chapter 2). Efforts to develop new and more
effective therapies rely on understanding of the underlying mechanism(s) of
neuropathic pain, an area of ongoing research. Understanding how spinal
microglia drive neuropathic pain may hold promise for the development of
a new class of analgesic agents. Based on findings derived from experimen-
tal models of nerve injury, research continues to focus on the role of microg-
lial activation in the development of chronic neuropathic pain and possible
therapeutic targets (Ji et al., 2014). Importantly, the link between peripheral
nerve injury and microglial activation has been poorly understood. A recent
study identified colony-stimulating factor 1 (CSF1) as a critical signaling
factor, upregulated in injured sensory neurons and transported to the spinal
cord, where it targeted the microglial CSF1 receptor (CSF1R). Moreover,
the downstream microglial membrane adaptor protein DAP12 was required
for nerve injury upregulation of pain-related microglial genes and the ensu-
ing experimental neuropathic pain behaviors. These findings suggest that
both CSF1 and DAP12 are potential targets for further investigation and
pharmacotherapy of neuropathic pain (Guan et al., 2016).

However, spinal microglial activation is not triggered solely by nerve
injury, as there is evidence that certain peripheral inflammatory stimuli
(e.g., formalin) can activate spinal microglia that can be reduced by the
downregulation of microglial p38 (Tan et al., 2012). Surprisingly such
formalin-induced spinal microglial activation cannot be blocked by local
anesthetic treatment of the peripheral nerve, suggesting multiple routes of
microglial activation. Under these inflammatory conditions, it has been
proposed that caspase-6 (CASP6) is upregulated in the central terminals of
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primary afferent neurons and is released in the spinal cord. The resultant
cascade activates spinal cord microglia and stimulates microglial TNF
(tumor necrosis factor)-a synthesis and release through p38 and extracel-
lular signal-regulated kinase (ERK)-mediated pathways. The blockade of
spinal CASP6 under painful pathophysiologic conditions such as bone
cancer, sickle cell disease, and inflammatory bowel disease may represent
an important research opportunity in analgesic development.

The Need for Improved Research Methods

If the perception of pain is not “caused” by a single factor, looking
for a single, highly restricted receptor target may be an inherently limited
approach from the outset. The notion of a “blockbuster” analgesic drug
that can be utilized on a widespread population basis with little physician
oversight, propelled forward by a simple pain model in genetically identical
male rodents, is fraught with difficulties. Absent a change in approach, the
current problem with the use of opioids in the treatment of severe chronic
pain may be repeated. One size clearly does not fit or help all. Therefore,
research aimed at determining the impact of genetics, sex, and other vari-
ables in experimental models of pain is essential. Another critical stumbling
block is the inability to translate reliably what appeared to be extremely
promising preclinical analgesic targets developed in rodents (mice or rats),
but when tested in humans had little to no analgesic efficacy and/or were
associated with intractable adverse effects/toxicity. As described elsewhere,
the development of humanized preclinical models of pain (in vitro and in
vivo) will be required to establish more reliably clinically relevant basic and
translational pain science. Progress in this regard cannot come too soon,
as investigators are experiencing increased pressure to demonstrate earlier
and earlier proof of concept. Providing additional review and revision of
current pain research methods and models may hold promise for a more
successful translation of the basic science of pain.

The need for improved research methods is evidenced by the fact that,
despite robust research in pain-related areas of neuroscience, inflammation,
and other fields, few novel analgesics have been introduced in the past 20
years. New drugs have been designed primarily to interact with established
targets such as opioid receptors, cyclooxygenase, neurotransmitter reuptake
proteins, and previously targeted ion channel constituents. Thus, while
drugs offering improved pharmacokinetics and side effect profiles are avail-
able, the efficacy of pharmacological tools has not improved appreciably.
This failure is not due to a lack of targets identified using animal models.
In fact, analgesic programs targeting NK1 receptors, NMDA (N-Methyl-
D-aspartate) receptors, cytokine/chemokine signaling, and other targets
strongly supported in animal studies have been successful in bringing mol-
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ecules to advanced stages of human testing, only to have poor efficacy and
side effects halt their development. The costs of these failures have been
high. This failure of translation has been widely recognized, and many have
commented on the challenges facing this type of research (Chaplan et al.,
2010; Clark, 2016; Mao, 2012; Woolf, 2010).

One of the principal problems believed to limit analgesic develop-
ment efforts relates to the pain models selected for laboratory use. Many
investigators and pharmaceutical companies have used models bearing
little similarity to the clinical syndromes they were intended to represent.
For example, such irritants as carrageenan and formalin often are used to
represent inflammatory pain such as that resulting from trauma-induced
tissue injury or inflammatory arthritis even though there is little evidence
for shared mechanisms. Another example is the common use of models of
nerve injury, typically within days of the occurrence of injuries. The typical
forms of clinical neuropathic pain, however, often do not entail discrete
injury to isolated branches of peripheral nerves (e.g., diabetic neuropathy)
and may entail symptoms present for years. Degenerative diseases of the
joints and axial spine, as well as trauma, are among the most common
etiologies for pain complaints bringing patients to pain clinics (Crombie et
al., 1998), but animal models designed specifically to mimic these condi-
tions are employed relatively infrequently in pain research. For many types
of pain, there are models possessing higher face validity, and they might
be used preferentially. It is also possible, although more expensive and
perhaps less convenient, to use large-animal models for some types of pain
studies, such as large-breed dogs for studies of osteoarthritis, which may
occur naturally or after surgically induced injuries (Brimmo et al., 2016;
Harman et al., 2016; Knazovicky et al., 2016). Likewise, analgesic research
in dogs and other species that develop cancers has been employed success-
fully (Brown et al., 2015).

Another approach to selection of a laboratory pain model is to choose
one for which there is strong evidence of a mechanism present in the test
animal that likely exists in the human pain patient as well (Woolf, 2010).
Such a model would in theory provide a system in which observations
might be most relevant to improving analgesia in clinical populations. Yet
while laboratories are starting to adopt this approach, understanding of the
mechanisms supporting pain conditions, including back pain, fibromyalgia,
and others, is relatively limited, which in turn limits the confidence one can
have in the selection of laboratory models.

A set of factors closely related to pain models themselves comprises
factors known to affect the prevalence of painful diseases, pain intensity,
rates of response to treatments, and side effects of medications. Many such
factors have been identified, including sex, weight, age, nutritional status,
genetic background, depression, and anxiety (see also the discussion of
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differences in pain experiences and treatment effectiveness among subpopu-
lations in Chapter 2). Clearly, some of these factors are more easily repre-
sented in laboratory research than others. Relevant laboratory observations
demonstrating the importance of some of these factors are the mouse strain
dependence in displaying nociceptive sensitization after nerve injury (Mogil
et al., 1999), the strain dependence of responsiveness to analgesics such as
opioids (Liang et al., 2006), and the sex dependence of analgesic responses
to modulators of glial activity (Brings and Zylka, 2015). Likewise, genetic
differences have a strong impact on the degrees of tolerance (Liang et al.,
2006), physical dependence (Liang et al., 2006), and use of reinforcement
behaviors (Berrettini et al., 1994) displayed by laboratory animals, suggest-
ing that care is necessary in selecting a particular strain or breed of animal
for pain and analgesic research.

A second major area of concern surrounding the use of animals in
preclinical pain research involves the types of measures used in assessing
pain-like responses. Because pain is defined as a sensory and emotional
experience, one cannot directly infer that pain in animals is identical to that
experienced by humans. Researchers therefore tend to rely on behavioral
responses. Some of the more popular methods for assessing “pain” in ani-
mals actually assess withdrawal behaviors in response to noxious stimuli,
such as heat and mechanical pressure applied to an animal’s hind paw.
These evoked responses are rapidly available, readily quantifiable, and easy
for laboratory staff to employ, but they do not well represent major drivers
of clinical pain complaints, which are more likely to involve spontaneous
pain (Maier et al., 2010). In some types of pain syndromes, allodynia can
be reduced by the use of medication; however, the resulting differences in
spontaneous or overall pain are small (Rauck et al., 2015). To address this
problem, laboratories have recently turned to more sophisticated methods
of testing involving operant pain models or models in which place prefer-
ence is used to detect an ongoing aversive pain state (King et al., 2009b).
Quantifying flinching, guarding, vocalization and other nonevoked pain
measures may also provide means of assessing spontaneous aspects of pain.
Another approach to assessment of the effects of a candidate analgesic
molecule on model animals involves quantifying an activity or function,
such as running on an exercise wheel or the normalization of abnormal
gait (Amagai et al., 2013; Cobos et al., 2012; Ishikawa et al., 2015). Con-
ducting such measurements in the preclinical setting is consistent with the
Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) guidelines for analgesic research, which emphasize incorporat-
ing measures of function into clinical studies (Turk et al., 2003).

Beyond the models and measures used for preclinical research, however,
is the issue of improving the transparency of reporting and reproducibility
of the research. Problems related to faulty study design, inappropriate data
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processing, and other procedural issues are believed to contribute to the
poor reproducibility of laboratory results, an issue that results in approxi-
mately $28 billion in wasted research and development efforts each year in
the United States (Freedman et al., 2015). To address these problems two
sets of guidelines have been developed. First is the Animals in Research:
Reporting In Vivo Experiments (ARRIVE) guidelines (Drummond et al.,
2010), aimed at enhancing the transparency of laboratory research by
requiring the reporting of details of the experimental design, animal care,
disposition of animal subjects, blinding of investigators, and other factors
potentially affecting the experimental results. A second, related effort is
the construction and dissemination of the guidelines of the Preclinical Pain
Research Consortium for Investigating Safety and Efficacy (PPRECISE)
Working Group (Andrews et al., 2016), which stress the identification of
a primary hypothesis and outcome measure, as well as the use of power
calculations to justify cohort sizes.

Summary

Basic pain research is progressing across multiple interconnected fronts.
These include mechanisms related to MOPR-biased analgesia, inflamma-
tion, pain transmission, innate immunity, and treatment of neuropathic
pain. MOPR-biased analgesia may one day allow the separation of opioid-
induced analgesia from opioid-induced respiratory depression or addiction
by uncoupling MOPRSs from the B-arrestin pathway. The diverse approaches
discussed in this section demonstrate that one-size-fits-all pain management
is neither achievable nor preferable, however, and that difficulties in trans-
lating discoveries into clinical pain medicine persist. Further studies to
determine the impact of clinical characteristics (e.g., genetics and sex) are
necessary to improve experimental models of pain.

The translation of the basic science of pain into effective therapies is
limited by the failure of preclinical models to reflect the human condition
and the inability to target pain networks. The development of humanized
preclinical models of pain (in vitro and in vivo) could be instrumental to
more reliably establishing clinically relevant basic and translational pain
science. Such models could incorporate the functional as well as the organic
response to pain, and assess pain’s affective and cognitive components.
Such research would benefit from quantitative biomarkers of pain and its
relief that translate from model systems to humans, as well as studies of
the impact of sex and aging on pain. These efforts, in turn, would require
precise molecular phenotyping of both animal models of pain and patients
to identify those models with the highest predictive validity for specific
human pain phenotypes. The reproducibility of basic pain research and its
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subsequent impact on clinical pain medicine could be improved through
more rigorous reporting guidelines and greater transparency.

THE NEUROBIOLOGY OF THE REWARD PATHWAY AND
THE INTERSECTION OF PAIN AND OPIOID USE DISORDER

Neurobiology of the Reward Pathway

Although multiple brain regions constitute a reward network, the
mesolimbic system is a key network node that regulates reward. Dopamine
(DA) transmission in the mesolimbic system via the ventral tegmental area
(VTA) to the nucleus accumbens (NAc) has long been recognized for its role
in motivation (Wise et al., 1995). Natural rewards, as well as rewarding
drugs (such as opioids), activate mesolimbic neurons to elicit DA release in
the NAc (Devine et al., 1993; Giuliano et al., 2013; Le et al., 2009; Xiao
and Ye, 2008). DA neurons in the VTA respond by burst firing following
salient stimuli, and phasic bursting of DA neurons is sufficient to produce
reward-seeking behavior (Kim et al., 2013; Tsai et al., 2009). The GAB-
Aergic input onto DA neurons includes the NAc, the ventral pallidum, the
rostromedial tegmental nucleus (RMTg), and the bed nucleus of stria termi-
nalis, among others, and has been estimated to make up at least 70 percent
of synaptic input onto DA neurons (Matsui et al., 2014; Omelchenko and
Sesack, 2005; Tepper and Lee, 2007; Watabe-Uchida et al., 2012).

The opioid system is involved in modulating pain and reward. Opi-
oid receptors are a group of G protein-coupled receptors divided into
three families: the MOPRs, the delta opioid receptors (DOPRs), and the
kappa opioid receptors (KOPRs). These receptors are activated by three
classes of endogenous opioid peptides—beta-endorphin, dynorphin, and
enkephalin—that are derived from three precursor peptides. The selectivity
and distribution of the opioid peptide and receptor systems suggest that
encephalin and beta-endorphin act through the MOPRs and DOPRs, and
dynorphin through the KOPRs. The opioid receptors and their peptides
are distributed throughout the central and peripheral nervous system in a
distinct but overlapping manner (Mansour et al., 1988). The MOPRs are
widely distributed throughout the brainstem, midbrain, and forebrain struc-
tures, and mediate most of the analgesia and reinforcing effects of opioid
agonists such as morphine (Kieffer and Gavériaux-Ruff, 2002). DOPRs,
on the other hand, are highly expressed in forebrain regions (Mansour et
al., 1988). Activation of DOPRs produces minimal analgesia in acute pain
models but develops an analgesic effect in rodent models of chronic pain
(Cabhill et al., 2007; Pradhan et al., 2011). KOPR and MOPR expression
overlaps throughout the brain. MOPRs located in the mesolimbic pathway
are thought to mediate the reinforcing properties of opioids and natural
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reinforcers via regulation of extracellular DA within the NAc (Devine et al.,
1993; Giuliano et al., 2013; Le et al., 2009; Xiao and Ye, 2008). This effect
is mediated by inhibition of GABA release in the VTA through activation of
local presynaptic MOPRs on GABA interneurons or on GABA projections
from the RMTg (Matsui et al., 2014; Siuda et al., 2015). MOPR activa-
tion on these GABA neurons then leads to an increase in DA release in the
NAc through a disinhibition mechanism (Johnson and North, 1992) and/
or through local activation of MOPRs in the NAc core and shell (Hipdlito
et al., 2008).

In contrast to MOPRs, KOPR agonists block the rewarding effects of
MOPR agonists by acting to decrease DA release in the NAc (Niikura et al.,
2010). As mentioned above, KOPR and MOPR expression overlaps widely
throughout the brain, and in these regions the two have a “push-and-pull”
relationship. Expression of KOPRs has been detected in the VTA, NAc,
prefrontal cortex, amygdala, and other areas implicated in the modula-
tion of reward (Peckys and Landwehrmeyer, 1999; Shippenberg, 2009).
KOPR activation in the NAc leads to dysphoria and other aversive effects
(Land et al., 2008; Shirayama et al., 2004; Van’t Veer and Carlezon, 2013).
Expression and release of dynorphin, the endogenous KOPR agonist, is
dynamically regulated by reward, stress, and the opioid or other drug taken
(Carlezon et al., 1998; Land et al., 2008). Thus, these dynorphin/KOPR-
mediated alterations in reward states are likely to be directly linked with
changes in DA transmission.

Neurobiology of the Pain Processing Pathway

As described by Garland and colleagues (2013), the brain actively regu-
lates nociception via interactions between descending pain modulatory sys-
tem (Heinricher et al., 2009; Reynolds, 1969) and corticocortical networks
(Rainville, 2002) rather than passively receiving nociceptive information
from the body. The descending pain modulatory system influences nocicep-
tive input from the spinal cord through a network of cortical, subcortical,
and brainstem structures (including the prefrontal cortex, anterior cingulate
cortex, insula, amygdala, hypothalamus, periaqueductal grey region, rostral
ventromedial medulla, and dorso-lateral pons) (Tracey and Mantyh, 2007).
This system is believed to be the means by which the central nervous system
inhibits nociceptive signals at the spinal outputs (Heinricher et al., 2009).
Endogenous and exogenous opioids have been found to relieve pain by
targeting the descending pain modulatory system, particularly in the peri-
aqueductal grey region of the brain, which is involved in processing the pla-
cebo analgesia (Besson, 1999; Tracey, 2010). In addition, acute single-dose
administration of opioids has been found to lead to analgesia in healthy
individuals by reducing sensory evaluation processes, as is demonstrated by
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reductions in activation of brain regions that correspond with lower-level
afferent processes (Wagner et al., 2007; Wise et al., 2002) and by modula-
tion of neurotransmission in the substantia gelatinosa of the dorsal horn of
the spine (Le Bars et al., 1980; Yaksh, 1987).

In addition, a recent review alluded to earlier highlights the influence
of cognitive processes on pain perception (Wiech, 2016). It is thought
that pain perception is determined by expectations and their modification
through learning. The powerful influence of cognitive processes and learn-
ing mechanisms on the way pain is perceived is highlighted by placebo
analgesia and pain relief through distraction (see also Chapter 2).

Opioid analgesia operates through both neuropharmacologic and psy-
chological mechanisms. In addition to lessening the sensory aspects of
pain, opioids may alleviate the affective dimensions of pain (e.g., suffering)
(Garland et al., 2013). Analgesia induced through acute opioid administra-
tion in healthy individuals has been found to operate in part through the
modulation of neural circuits that play a role in the regulation of attention,
emotion, and neurovisceral integration (Becerra et al., 2006; Oertel et al.,
2007; Thayer and Lane, 2009; Wagner et al., 2007). As with other drugs
that are misused, opioids also stimulate mesolimbic DA reward systems
(Johnson and North, 1992), and opioid-induced DA release in the NAc
associated with positive mood and reward may promote pain management.
While most of the available evidence regarding the psychobiological mecha-
nisms of opioid-induced analgesia comes from research involving healthy
individuals exposed to pain induction in the laboratory setting, the devel-
opment of co-occurring chronic pain and OUD over time may modify the
neurobiological response to opioids in ways that are of clinical importance
(Garland et al., 2013), as discussed in the next section.

Neurobiology of the Intersection Between Pain and Opioid Use Disorder

It is well documented that positive reinforcement is decreased in the
presence of chronic pain (Cahill et al., 2013; Hipdlito et al., 2015; Leitl et
al., 2014a,b; Martin et al., 2004; Shippenberg et al., 1988). This chronic
pain-induced alteration has been linked to a decrease in reinforcer-induced
dopaminergic transmission (Hipdlito et al., 2015; Loggia et al., 2014; Nii-
kura et al., 2010). Despite this evidence, only a few preclinical studies have
assessed the impact of pain on opioid intake. Most studies have used a
conditioned place paradigm to test the reinforcing properties of opioids in
rodents undergoing neuropathic or chronic pain (Cahill et al., 2013; Narita
et al., 2005; Ozaki et al., 2002; Taylor et al., 2015). Of interest, Wu and
colleagues (2014) revealed that the known reinforcing doses of morphine
were unable to induce a place preference under painful conditions. How-
ever, animals exposed to chronic pain developed a clear preference for the
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morphine-paired side when the dose of morphine was increased (Wu et al.,
2014). In line with these findings, rodents self-administering opioids while
experiencing pain showed a decrease in their consumption of low drug doses
compared with controls (Hipdlito et al., 2015; Lyness et al., 1989; Martin
and Ewan, 2008; Taylor et al., 2015; Wade et al., 2013), but this opioid
consumption increased when high doses were accessible (Hipdlito et al.,
2015). Together these important results suggest a rightward shift in the dose
response for opioid consumption in conditions of chronic pain that corre-
lates with modifications in dopaminergic transmission from the VTA to the
NAc (Hipolito et al., 2015). The dopaminergic release in the NAc is highly
controlled by the opioid system, and Hipolito and colleagues (2015) dem-
onstrated that inflammatory pain induces a desensitization of MOPRs in the
VTA. These changes in opioid receptor function lead to decreased heroin-
and DAMGO ([p-Ala2, N-MePhe*, Gly-ol]-enkephalin)-induced DA release
in the NAc. As mentioned above, the KOPR system may also be involved in
these changes in DA release. Evidence points to a role for the KOPR system
in many of the changes induced by chronic pain (Cahill et al., 2014).

In conjunction with the data showing that inflammatory pain decreases
morphine- and heroin-induced NAc DA release and impairs the rewarding
effects of morphine (Hipdlito et al., 2015; Narita et al., 2005), Narita and
colleagues (2005) showed that pain-induced attenuation in place preference
can be reversed by systemic or local NAc blockade of KOPRs using nor-
binaltorphimine (NorBNI), a highly selective antagonist for KOPRs. The
aversive component of exogenous KOPR stimulation, measured by place
preference conditioning, also is suppressed when animals are experiencing
inflammatory pain conditions (Shippenberg et al., 1988), suggesting the
presence of a kappa opioid tone during painful conditions that induces a
sustained dysphoric state.

There is, however, some controversy regarding the role of the dynorphin/
kappa opioid system in the regulation of reinforcing properties of reward
during pain. Some studies showed that KOPR antagonism did not reverse
the pain-induced decrease in intracranial self-stimulation of the mesolim-
bic pathway in rats (Leitl et al., 2014a,b). These discrepancies could be
explained by the presence of hot and cold spots (areas that appear particu-
larly attuned to either accentuate or suppress reward response), two distinct
areas in the NAc shell in which activation of KOPRs can drive either aver-
sive or reinforcing behaviors (Al-Hasani et al., 2015; Castro and Berridge,
2014). Systemic application of KOPR antagonists likely targets both of
these discrete areas, while microinjections of KOPR agonists/antagonists
to specifically target these discrete areas in the NAc could yield opposing
behaviors and interpretations.

Finally, it is important to acknowledge the role of other brain regions
(besides the VTA and the NAc) critical in the regulation of pain, stress, and

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24781

Pain Management and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks of ...

PROGRESS AND FUTURE DIRECTIONS IN RESEARCH 135

reward responses. The amygdala is very much involved in the processing
of both positive and negative valence (see the review by Janak and Tye,
2015). Specifically, the basolateral amygdala (BLA) and the central nucleus
of the amygdala play important roles in affective pain, in addition to better-
studied roles in the processing of mood and fear disorders, as well as rein-
forcement (Pare and Duvarci, 2012; Veinante et al., 2013). More recently,
it has been shown that the habenula and NAc¢ dopaminergic neurons drive
inhibitory antireward tone during stress and pain conditions (Lee and Goto,
2011). The lateral hypothalamus, a region critical to positive reinforce-
ment, also plays a role in the pain response through sensory mechanisms
(Ezzatpanah et al., 2015). These structures contribute as well to increases
in norepinephrine, corticotropin-releasing hormone (CRH), vasopressin,
hypocretin, and substance P, driving a stress-like emotional state.

Summary

Pain and reward are processed by overlapping brain structures. This
finding is supported by clinical and preclinical evidence showing that posi-
tive or negative reinforcement (i.e., rewarding properties of opioids or the
rewarding effect of pain relief, respectively) is decreased by the presence
of pain. In this regard, preclinical studies have shown that pain promotes
opioid dose escalation in animals with a prior history of opioid intake.
However, additional studies are needed at both the preclinical and clinical
levels. Much of the available evidence regarding the mechanisms underlying
opioid analgesia and reward comes from studies of healthy individuals, and
such studies would benefit from including individuals with chronic pain.

PRECLINICAL AND TRANSLATIONAL RESEARCH

Development of New Analgesics

Despite the complexity entailed in researching pain described thus far,
modern approaches examining pain at the genetic and mechanistic levels
are relatively recent. Much more remains to be discovered by researchers
seeking to translate their findings into clinical applications. This section
describes some of these opportunities toward the development of nonaddic-
tive alternatives to the opioid analgesics currently on the market.

Biased Opioid Receptor Ligands

The concept of ligands interacting with receptors differentially to mod-
ulate their interaction with downstream signaling pathways and effector
systems has been extant for decades but has gained considerable traction in
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the past 5 years (Kenakin, 2015; Reiter et al., 2012). The recognition that
receptor conformation may be dynamically and variably altered by interac-
tion with distinct ligands has coincided with the emergence of diverse tools
relevant to dissection of spatiotemporal patterns of opioid receptor (OR)
signaling, consequences of downstream pathway activation, and the in vivo
consequences of such biased approaches. Developments of direct relevance
to the opioid field include structural elucidation of u, k, and 8 ORs in the
basal and bound state; intracellular OR domains complexed with the rat
rhodopsin receptor (optogenetic activation); and tissue-specific deletions
of ORs and their endogenous ligands in mice (Bruchas and Roth, 2016).
Although the clinical importance of these discoveries remains to be estab-
lished, several examples illustrate the speed at which this field is evolving.

Engagement of MOPRs by a ligand such as morphine recruits both
inhibitory guanosine-5'-triphosophate (GTP) binding proteins such as Gi/o
and p-arrestin, which serves ultimately to terminate G protein-dependent
signaling. The By subunit of the G protein dissociates, permitting the o
subunit to inhibit adenylate cyclase and indirectly activate kinases such as
JNK (c-Jun N-terminal kinases) and ERK. In the meantime, the By subunit
activates inwardly rectifying potassium channels to increase membrane
hyperpolarization and inhibit voltage-gated calcium ion channels and hence
neuronal hyperpolarization. These actions combine to explain the analgesia
consequent to MOPR activation (Dogra and Yadav, 2015). However, ligand
engagement also activates G protein receptor kinases that phosphorylate
the intracellular tails of ORs, attracting p-arrestins that result directly and
indirectly in activation of the ERK and p38 signaling pathways. Experi-
ments in B-arrestin-depleted mice revealed this to be the pathway that may
drive such effects as tolerance, respiratory depression, and constipation
with certain opioids, such as morphine (Raehal and Bohn, 2014). Yet while
the ability to segregate analgesic efficacy from a range of troubling adverse
effects has clear translational implications, screening for such biased ligands
is complicated by contextual influences that complicate translation of ligand
bias from in vitro systems to rodent systems, let alone to humans (Kenakin,
2015). Nonetheless, several promising examples have emerged (Gupta et
al., 2016; White et al., 2014), and one compound already has advanced
from encouraging results of conserved analgesia with reduced respiratory
and gastrointestinal adverse effects in 200 abdominoplasty patients in phase
II to a larger randomized trial (Kingwell, 2015).

An exciting element of this work is the increasing recognition of OR
heterodimerization as an in vivo phenomenon and the possibility that what
are regarded as specific OR ligands may also engage, perhaps preferen-
tially, heterodimers, perhaps to augment their analgesic efficacy. Screen-
ing approaches have yielded bivalent ligands, antibodies, and membrane
permeable peptides that target heterodimers, for example, of the MOPRs/
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DOPRs. These approaches, combined with approaches mentioned above,
should clarify the underlying biology and the promise of such heterodimers
as drug targets (Fujita et al., 2015). Heterodimerization may extend beyond
the OR family; for example, heterodimerization of the KOPRs with the
neurotensin receptor induces a switch of the former from G protein activa-
tion to B-arrestin-based signaling (Liu et al., 2016).

Abuse-Deterrent Formulations of Opioids

Although not representing an innovation in changing the intrinsic
activity of opioid action, abuse-deterrent formulations (ADFs) are opioid
medications that have been reformulated to reduce the likelihood that
the medication will be “abused.” For example, some opioids have been
reformulated to discourage manipulation by either making the pill difficult
to manipulate or rendering it ineffective or unpleasant once manipulated.
In addition to ADFs currently on the market, such as agonist/antago-
nist combinations (e.g., oxycodone plus naloxone) and crush-resistant
extended-release (ER) formulations (e.g., oxymorphone), a number of new
technologies are in development. These include formulations designed to
limit the rate or extent of release of opioids when multiple pills are ingested;
cause the pill to turn to gel if dissolved; irritate the nasal passages if snorted;
and slow the release of the drug into the brain, thereby reducing euphoria
(Bulloch, 2015). Many opioid analgesics, such as morphine, activate pri-
marily the MOPRs, which relieves pain but is also associated with such side
effects as respiratory depression. KOPR agonists currently in development
are intended instead to activate the KOPRs, potentially providing pain relief
without the MOPR-associated side effects (Beck et al., 2016).

Eicosanoids, Cannabinoids, and Transient Receptor Potential Channels

As mentioned in Chapter 2, prostaglandins E, and I, particularly but
not exclusively formed by cyclooxygenase (COX)-2, mediate pain and
inflammation; suppression of their formation accounts for the analgesic and
anti-inflammatory actions of NSAIDs. Unfortunately, COX-2-dependent
formation of these same eicosanoids serves a protective function in the
cardiovascular system, where their suppression has resulted in myocardial
infarction and stroke; hypertension and heart failure; and in mice, evi-
dence of accelerated atherogenesis (Grosser et al., 2010). For these reasons,
attention has focused on the microsomal prostaglandin E (PGE) synthase
(S)-1, the enzyme downstream of COX that largely accounts for PGE,
formation (Chandrasekhar et al., 2016). When this enzyme is blocked or
deleted, its prostaglandin H2 (PGH2) substrate, formed by COX, is avail-
able for rediversion to other PG synthases. Global deletion of microsomal
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prostaglandin E synthase (MPGES)-1 in mice largely retains the analgesic
efficacy of NSAIDs as assessed in mice, but augments rather than depresses
prostacycline (PCI2). This coincides with attenuation or abrogation of the
enhanced thrombogesis, hypertension, and atherogenesis seen in COX-2
knockout mice (Yang and Chen, 2016). Indeed, deletion of MPGES-1 in
myeloid cells conserves this profile (Chen et al., 2014), and the impact of
targeting macrophage MPGES-1 is under investigation. A phase II study of
an MPGES-1 inhibitor found rediversion to augment PGI2 formation in
volunteers (Jin et al., 2016). An open question is how faithfully MPGES-1
inhibitors will conserve the analgesic efficacy of NSAIDs in human pain
syndromes, given that in some settings in rodent models, PGI2 has been
shown to mediate pain and inflammation (Sugita et al., 2016). PGE2 acti-
vates 4 E prostanoid (P) receptors. As mentioned previously, EP3 mediates
the hyperthermic effects of PGE2 and the EP1 (Johansson et al., 2011),
EP2 (Ganesh, 2014), and EP4 (St-Jacques and Ma, 2014) receptors, just
as the I prostanoid receptor (Honda et al., 2006) may mediate pain. While
antagonists for all four of these receptors have been developed, it is unclear
how safely such drugs could be used as analgesics given the importance of
these PGs in cardioprotection.

These PGs mediate pain, at least in part, by sensitizing transient receptor
potential (TRP) channels in nociceptors to activation by thermal, mechani-
cal, or chemical stimuli. TRPs have particular relevance to the neuropathic
pain that complicates diabetes, traumatic nerve injury, and chemotherapeu-
tic drug administration. Besides PGs, other inflammatory mediators, such
as bradykinin, nitric oxide (NO), and nerve growth factor (NGF), can sub-
serve a similar function (Basso and Altier, 2017). Aside from the PG metab-
olites of arachidonic acid, p450 catalyzed metabolites (epoxyeicosatrienoic
acids [EETs]) can sensitize nociceptors, especially TRPA1 and TRPV4,
and deletion and inhibition of the soluble epoxide hydrolase that catalyzes
their formation has shown promise in preclinical models (Wagner et al.,
2016). Yet while TRPs themselves (TRPV1/A1, TRPV4/MS8) have emerged
as diverse and attractive targets for analgesic drug development given their
role in inflammatory and neuropathic pain, concurrent impairment of their
endogenous signaling functions (e.g., thermal regulation for TRPV1) may
limit their clinical application (Dai, 2016; Mickle et al., 2016). Indeed, the
fact that TRPs sustain some physiological functions, such as thermoregula-
tion and hyperthermia, has complicated the early human pharmacology of
TRPV1 antagonists. Also in model systems, their role may be highly context
dependent: they serve as protective cellular sensors of warning signals under
physiological conditions, but may contribute to pain and inflammation
under pathological conditions (Dai, 2016).

Cannabinoids are lipids closely related to the eicosanoid family. The
principal endogenous cannabinoids, anandamide and 2-arachidonoylglyc-
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erol (2-AG), are formed in postsynaptic neurons and act centrally on can-
nabinoid receptor type 1 (CB1) G protein-coupled receptors (GPRs) that
are expressed on presynaptic neurons, thereby regulating neurotransmitter
release. Although there is some evidence that they are also expressed cen-
trally, CB2 receptors generally are expressed peripherally on both neurons
and immune cells. The principal psychoactive constituent of cannabis,
A9-tetrahydro cannabinol (THC) is active on both CB1 and CB2 recep-
tors. Anandamide levels are regulated by its breakdown through the action
of fatty acid amide hydrolase (FAAH), while 2-AG levels are regulated
by monoacylglycerol lipase (MAGL), which accounts for ~85 percent of
the hydrolysis, and by o/f hydrolase domain-containing 6 (ABHD6) and
ABHD12, which also hydrolyze 2-AG to arachidonic acid and glycerol.
Cannabinoids act as well on other receptors, such as GPR18 and GPRS5S,
and may act in concert with TRP channels and MOPRs (Maguire and
France, 2016) in a bidirectional manner (Zador and Wollemann, 2015) to
modulate the expression of pain.

Cannabinoid action in the amygdala is of particular interest given the
coincidence of pain with depression and the modulating effects of canna-
binoids on both the physical perception of and emotive response to pain
(Huang et al., 2016). Cannabinoids have been shown to be effective in
several settings as analgesics in humans, albeit limited by central side effects
such as drowsiness. There is some evidence for sex-dependent differences in
mice in the analgesic response to cannabinoids (Cooper and Haney, 2016).
Legalization of cannabis use for cancer pain has been advancing at the state
level. Beyond the development of biased agonist ligands for cannabinoid
receptors as novel analgesics with an improved adverse effect profile (Diez-
Alarcia et al., 2016; Mallipeddi et al., 2016), interest in enhancing the
formation of anadamide by inhibition of FAAH (Guindon, 2017; Pawsey
et al., 2016) has been tempered by a severe reaction (a cerebellar syndrome
including generalized ataxia, dysarthria, and nystagmus) to at least one
such compound in healthy volunteers (Kerbrat et al., 2016).

Sodium Channel Blockade

VGSCs are crucial to the transmission of electrical signals in sensory
neurons, and specific patterns of sodium current activity, such as persis-
tent and resurgent currents, also are likely to be relevant to nociception
(Barbosa and Cummins, 2016). The importance of sodium channels in
pain is illustrated nicely by human genetics; gain-of-function mutations of
Nav1.7, Nav1.8, and Nav1.9, which are expressed preferentially in periph-
eral neurons, cause pain in such syndromes as erythromelalgia (Brown,
2016; Rolyan et al., 2016), while loss-of-function mutations of Nav1.7
result in loss of pain in otherwise healthy people (Emery et al., 2016). A
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painful neuropathy caused by the chemotherapeutic oxaliplatin has been
linked to mutations in Nav1.6, a VGSC linked also to the conversion of
acute to chronic pain (Barbosa and Cummins, 2016). Optogenetic silencing
of Nav1.8 positive afferents alleviates inflammatory and neuropathic pain
(Daou et al., 2016).

While mutational analysis has tied pain perception particularly to the
a subunit of VGSCs, auxiliary subunits, such as , and multiple auxiliary
proteins, such as fibroblast growth factor homologous factors, may bind to
and regulate o subunits and modulate aspects of nociception. Acid-sensing
ion channels (ASICs) are activated with acidification of the synaptic cleft
and exhibit specificity for sodium, although some also allow passage
of calcium. Gene depletion in mice has implicated ASICs in mechano-
sensation, and several drugs targeting ASICs are in clinical trials (Boscar-
din et al., 2016).

VGSCs are complex drug targets given their multiple subunits, numer-
ous configurations, and auxiliary binding proteins and the necessity of
restricting targeting to the periphery. For example, to achieve selectivity
with respect to tissue expression requires avoiding disruption of cardiac
conductivity. Selectivity also may be enhanced by targeting microproteins
to less conserved elements of VGSCs, such as voltage sensing, rather than
pore residues (Barbosa and Cummins, 2016; Shcherbatko et al., 2016).

Nerve Growth Factor

NGEF sensitizes and proliferates nociceptors augmenting the response to
painful stimuli and has an established place in both neuropathic and inflam-
matory models of pain. Proliferation of nociceptor axons and terminals in
target tissues is a particular feature of NGF action in cancer pain (Miyagi
et al., 2016), driving a dramatic increase of small nerve fiber proliferation
in bone (Kelleher et al., 2017). Perhaps unsurprisingly, NGF is believed
to play an important role in the transition of acute to chronic pain. NGF
(and its pro-NGF form) activates (1) a high-affinity tropomyosin receptor
kinase (trk)A receptor, selectively expressed on peripheral terminals of Ad
and peptidergic unmyelinated C fibers, and (2) a lower-affinity, more ubig-
uitously expressed and promiscuous p75 neurotropin receptor, a member
of the TNF receptor superfamily. While activation of the former promotes
neuronal proliferation, activation of the latter promotes apoptosis. Despite
these contrasting effects, the two receptors also can interact to modulate
downstream effects, adding a layer of complexity that is incompletely
understood. Although several anti-NGF monoclonal antibodies completed
phase III trials and were effective analgesics, they also accelerated disease
progression in patients with osteoarthritis and were put on clinical hold in
2010 by the FDA (Chang et al., 2016). This hold was released in March
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2015, and translational and clinical trials (Miller et al., 2017) of diverse
therapeutic modalities, including sequestration of free NGF, prevention of
NGF binding, and inhibition of trk function, are being pursued (Chang et
al., 2016).

Interleukin (IL)-6

This T cell-derived cytokine plays a central role in host defense against
infection but also has been implicated in neuropathic pain. Unlike NGF,
which is restricted to the periphery but transported retrogradely along
axons complexed with its trkA receptor, IL-6 is upregulated in the central
nervous system, where it promotes neuronal proliferation and restrains
apoptosis. Both IL-6 and its soluble receptor can sensitize nocireceptors.
This has prompted interest in the possibility that targeting the sIL-6R, leav-
ing the canonical IL-6R untouched, might achieve analgesia while leaving
the immunologic functions of the cytokine intact (Kelleher et al., 2017).

Emerging Drug Targets

Human genetic studies have revealed a relationship between variants
in guanosine triphosphate (GTP) cyclohydrolase 1, which reduces tetra-
hydrobiopterin (BH4), and decreased pain. In mice, production of BH4
is increased by damaged nerves and attendant infiltrating macrophages,
while reduction of BH4, by interfering with its degradation, reduces injury-
induced hypersensitivity without interfering with the protective properties
of nociception (Latremoliere et al., 2015). BH4 is an essential cofactor for
enzymes relevant to generation of catecholamines, NO, and serotonin, all of
which are mediators of hypersensitivity. For example, nitric oxide synthase
(NOS)1 in neurons and NOS2 in macrophages have cumulative effects
on NO generation and hypersensitivity (Choi et al., 2016; Kuboyama et
al., 2011).

Purinoreceptors are activated by adenosine (P1) or adenosine triphos-
phate (ATP)/adenosine diphosphate (ADP) (P2; P2X ion channels and
P2Y G protein-coupled receptors). Such nucleotides are released by most
cells in response to mechanical stimulation and are rapidly inactivated by
ecto-ADPases. P2Y-dependent ATP-induced hyperalgesia is transduced via
TRPV1 channels. P2X7 receptors mediate pain caused by the chemothera-
peutic oxaliplatin, while activation of glial P2Y12 receptors appears to be
important in neuropathic pain. P2X3, P2X2/3, P2X4, P2X7, and P2Y12
have attracted attention as drug targets for both neuropathic and inflamma-
tory pain (Burnstock, 2016; Matsumura et al., 2016; Teixeira et al., 2016).

Other areas of emerging interest include the potential of potassium
channel openers as analgesics (Busserolles et al., 2016) and elucidation of
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the role of store-operated calcium channels in the biology of nociception
(Munoz and Hu, 2016).

Summary

A number of opportunities have emerged in recent years toward the
development of nonaddictive alternatives to the opioids available on the
market. Those of direct relevance to opioids include biased ligands directed
at opioid receptors and continued development of new abuse-deterrent
technologies. Other developments include inhibitors of the microsomal
PGE synthase, drugs targeting VGSCs, anti-NGF biologics, transient recep-
tor potential cation channel antagonists, cannabinoid receptor agonists,
excitatory amino acid receptor blockers, anticytokine signaling drugs, neu-
romodulation, and agents directed at other targets. Specialized channels
expressed in primary afferent nociceptors, such as TRP channels, serve
as cellular sensors of actual or impending tissue injury and are targets
for a new class of analgesic development. The selective blockade of pain
transmission from the sensory terminals to the spinal cord may be possible
through targeting of subtypes of VGSCs.

CLINICAL RESEARCH

Clinical pain research has continued since the IOM (2011) report
Relieving Pain in America was issued. As discussed in Chapter 2 of the pres-
ent report, opioids, while effective in the short and intermediate terms, lack
data to support their chronic long-term use. Moreover, significant adverse
effects are associated with chronic use of high-dose opioids (Chou et al.,
2015). Research aimed at separating the beneficial pain-relieving effects of
opioids from those that cause harm is under way (Manglik et al., 2016;
Schneider et al., 2016). This section summarizes promising clinical research
into the management of pain and opioid risk, including nonpharmacologic
and interventional approaches, and the potential role of precision health
care in improving clinical practice and health outcomes with respect to pain
management.

Optimizing Opioid Analgesia in the Context of
Comprehensive Pain Management and Opioid Risk
Opioid Prescribing for Chronic Pain

Many professional organizations have published standards of care for
judicious prescribing of opioids for chronic pain (Dowell et al., 2016; Mai
et al., 2015; Nuckols et al., 2014). Full disclosure of the risks versus benefits
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of initiating opioid therapy is encouraged, along with individual assess-
ment of the risk of opioid misuse. Several instruments have been developed
to assess this risk based on patient self-report, including the Screener and
Opioid Assessment for Patients in Pain, Revised (SOAPP-R) (Butler et al.,
2009), the Opioid Risk Tool (ORT) (Webster and Webster, 2005), and the
Current Opioid Misuse Measure (COMM) (Butler et al., 2010), among
others. Such instruments can be used along with other information to guide
decision making regarding an appropriate pain management plan. A review
that involved an analysis of studies on the accuracy of the SOAPP-R, the
ORT, and other instruments for predicting opioid misuse showed mixed
results, with several studies having methodological shortcomings (Chou et
al., 2015). Another review of studies on instruments (including the COMM
and other self-report measures) used to assess the safety, efficacy, or misuse
of current opioid therapy found that most studies demonstrated statistical
significance, but had bias and generalizability limitations. Data on feasibil-
ity of use in clinical settings were limited by a lack of testing in those set-
tings (Becker et al., 2013). Additional research could examine the accuracy
of opioid risk assessment tools across multiple populations, including their
role in improving outcomes related to misuse, overdose, and OUD, and test
their use in clinical practice (Becker et al., 2013; Chou et al., 2015).
Given the potential to reduce dose-dependent risks, opioid dose reduc-
tion in the context of long-term opioid therapy is an area of ongoing
research. Von Korff and colleagues (2016) report results from an inter-
rupted time series analysis in Washington State examining changes between
2006 and 2014 in percentages of (1) patients being prescribed opioid ther-
apy in doses exceeding 120 morphine-equivalent dose (MED)/day, and (2)
patients receiving excess opioid days supplied. After release of a state-level
chronic pain management guideline, as well as a health plan’s initiative to
reduce high-dose opioid prescribing, the authors found that while prescrib-
ers exposed to the state guideline alone decreased high-dose prescribing
(from 20.6 percent to 13.6 percent) and excess opioid days supplied (from
20.1 percent to 14.7 percent), those prescribers additionally receiving guid-
ance from the health plan initiative displayed significantly higher decreases
on the same metrics (from 16.8 percent to 6.3 percent and 24 percent to
10 percent, respectively) (Von Korff et al., 2016). Similarly, research on an
opioid dose reduction program in a U.S. Department of Veterans Affairs
(VA) health care system found dramatic relative changes in prescribing of
a variety of opioid medications before and after program implementation
(notably, with a parallel increase in prescription of oxycodone immediate-
release [IR]) (Westanmo et al., 2015). Importantly, the authors report that
patient complaints were lower than they had anticipated, but stress that
prescribers, despite believing that patient safety had improved, continued to
express a need for more comprehensive pain management services. Becker
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and colleagues (2017) report similar success at an Opioid Reassessment
Clinic to which high-complexity patients with pain (e.g., with co-occurring
OUD) could be referred by primary care physicians.

Stepped Care

Stepped care is a patient-centered, multimodal approach to pain man-
agement that emphasizes treatment goals and a stepwise modification plan
should goals fail to be reached or other complications arise (Cleeland et al.,
2003). Research demonstrates improved outcomes for patients with chronic
pain compared with usual care, including reduced pain-related disability,
pain interference, and pain severity (Bair et al., 2015), and the approach
also is associated with improved quality of life and cost savings (Hill et
al., 2011). The Stepped Care to Optimize Pain Care Effectiveness (SCOPE)
study showed success at integrating stepped care models into the primary
care setting through the use of telehealth mechanisms (e.g., automated
symptom monitoring via phone or Internet, with related optimization of
analgesic management) (Kroenke et al., 2014).

Nonpharmacologic Pain Therapies

As discussed in Chapter 2, nonpharmacologic therapies are a promising
option for various types of pain, and research has begun to formally estab-
lish associations with improved outcomes. For example, multiple studies
have demonstrated the effectiveness of various nonpharmacologic thera-
pies in chronic low back pain. Massage has been found to be superior for
improving function and decreasing pain compared with usual care, with
benefit extending many weeks after treatment (Cherkin et al., 2011). Simi-
larly, Lamb and colleagues (2012) report durable improvement in pain and
disability outcomes 1 year after group cognitive-behavioral therapy for low
back pain; their long-term data indicate an average duration of effect of
34 months. Randomized trials studying other treatment modalities, such as
tai chi, yoga, stretching classes, spinal manipulation, and physical therapy,
also have demonstrated effectiveness for such conditions as low back pain,
subacute neck pain, and osteoarthritis (Bronfort et al., 2012; Sherman et
al., 2011; Wang et al., 2016).

Interventional Pain Therapies

Research in the area of interventional pain therapies, traditionally
comprising small case series, observational studies, nonrandomized trials,
and trials without controls, is slowly improving in quality. (See Chapter 2
for further discussion of these therapies.) Low back and neck pain account
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for the majority of medical visits for pain and the majority of disability in
industrialized nations. Epidural steroid injections, most often administered
for painful radiculopathy, are the most frequently performed of all pain
procedures (Bicket et al., 2015), and epidural injections for chronic radicu-
lar pain have increased dramatically over the past 10 years (Manchikanti
et al., 2013). The mechanism of pain relief from the injections remains
unclear. Unlike NSAIDs, which are cyclooxygenase inhibitors resulting in
prostaglandin reduction, steroids act via the lipoxygenase pathway, reduc-
ing leukotriene formation. Steroids also inhibit phospholipase A2, the
enzyme responsible for arachidonic acid production (Bagai and Bal, 2009).

The data on efficacy for epidural steroid injections are varied despite
more than 45 randomized controlled trials (RCTs) and many reviews.
Review articles by interventional physicians tend to find more positive
results relative to reviews by noninterventional physicians, and patient
selection is important in the variability of the results (Cohen et al., 2013).
A review of articles published from 1953 to 2013 found that there was
evidence of a positive result lasting less than 3 months from epidural steroid
injections in more than half of the controlled studies in selected individuals,
and the incidence of serious complications was rare if the injections were
administered with proper precautions. More positive results were seen
with use of transforaminal versus interlaminar or caudal techniques, and
in radicular pain from lumbar herniated disc compared with spinal stenosis
or axial pain (Cohen et al., 2013).

A systematic review of 3,641 patients in 43 studies evaluating control
injections found that what is injected in the epidural space is not as impor-
tant as previously thought, and injection of steroid may not be essential
for pain relief. Epidural injection of local anesthetic only or even saline
may provide similar results, a finding that may have relevance in diabetic
patients with radicular pain (Bicket et al., 2013). Spine surgery rates also
have increased significantly over the past 10 years, as has disability from
spinal pain. A 2015 systematic review and meta-analysis of 26 studies, 22
of which were RCTs, provided unconvincing results regarding the surgery-
sparing effect of epidural steroids. There was moderate evidence, falling
short of statistical significance, that epidural steroid injections had a small
effect on preventing surgery in the short term, and there was no effect on
the need for surgery in the long term (Bicket et al., 2015).

An area in which research activity has recently increased is the field of
neuromodulation for the treatment of pain. Spinal cord stimulation (SCS)
has been used to treat neuropathic pain of the extremities for many years
(Deer et al., 2014). A 2005 RCT found that SCS provided superior anal-
gesia and was more cost-effective relative to repeat surgery for failed back
surgery patients with persistent lumbar radicular pain who were candidates
for surgery (North et al., 2005).
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A Cochrane review found that SCS provided better pain relief and
analgesic sparing with decreased amputations compared with standard
conservative treatment for nonreconstructable chronic critical leg ischemia
(Ubbink and Vermeulen, 2013). Although lumbar radicular pain frequently
is treated successfully with SCS, low back pain often is more challenging.
Traditional SCS is at 40-60 Hz. High-frequency (10 kHz) SCS recently
emerged as another form of SCS, and evidence for the claim of superior
relief of low back and leg pain is discussed below.

With the emergence of new paresthesia-free SCS it is now possible to
conduct placebo-controlled trials. In an RCT of 198 patients with chronic
back and leg pain, 84.5 percent of participants who received the 10 kHz
SCS experienced 50 percent relief of their back pain and 83 percent relief
of their leg pain at 3 months. By contrast, participants who received tra-
ditional SCS experienced 43.8 percent and 55.5 percent reductions in
their back and leg pain, respectively (Kapural et al., 2015). Likewise, a
multicenter RCT showed that high-frequency stimulation provided at least
50 percent relief of low back and leg pain and was superior to traditional
low-frequency SCS for 2 years (Kapural et al., 2016).

The new burst SCS, like high-frequency stimulation, is paresthesia-free.
Burst stimulation (40 Hz burst with five spikes at 500 Hz/burst) is described
as using both spinal and supraspinal analgesic mechanisms in relieving pain
and suffering. Electroencephalogram (EEG) activity and current density
were measured in the anterior cingulate and prefrontal cortex of patients
with SCS with traditional tonic (40 Hz), burst, and placebo stimulation.
Pain was reduced with tonic stimulation, then further reduced with burst
stimulation, with EEG activity suggesting a supraspinal effect. Prior func-
tional magnetic resonance imaging studies had demonstrated that tonic
stimulation modulates the lateral pain pathways, whereas burst stimulation
activates both the medial affective and lateral pain pathways (DeRidder et
al., 2010). A small randomized, placebo-controlled trial comparing tonic,
burst, and placebo stimulation found that all types of SCS provided better
analgesia relative to placebo. Burst stimulation improved back, limb, and
general pain by more than 50 percent, versus 30-52 percent relief with
tonic stimulation (DeRidder et al., 2013). More recently, spinal stimulation
has been compared with a more selective targeting of the dorsal root gan-
glion (DRG) for the treatment of complex regional pain syndromes, with
promising outcomes (Deer et al., 2017).

It is important to note that clinical research on interventional pain
therapies often is observational and involves low numbers of patients.
Nonetheless, some organizations are attempting to extract quality data
from these studies that practitioners can apply to their practice. The Spine
Intervention Society (SIS) has published guidelines on intervention for spine
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pain (SIS, 2014), and a few reviews suggest that adherence to these guide-
lines may improve outcomes.

Clinical interventions for the treatment of chronic headache also have
been investigated. For example, cervical medial branch injections can be
administered to provide analgesia for cervicogenic headache and neck pain.
A 2016 systematic review of eight publications on radiofrequency denerva-
tion found that if performed as described by SIS guidelines, cervical radio-
frequency neurotomy is effective, with minor risks. (One of the authors
served in the standards division of SIS.) The majority of patients were
pain-free at 6 months, and more than one-third were pain-free at 1 year.
The number of sessions needed to provide complete pain relief was two,
and side effects were minor and temporary (Engel et al., 2016).

When peripheral nerve blocks are performed for headaches, they are
most often occipital, particularly for posterior headaches. A review of
five RCTs of greater occipital nerve blocks, four of which were double-
blinded, found that all were small studies with 4- to 8-week follow-up that
showed partial or complete relief of headache. The addition of a steroid to
local anesthetic was not found to offer additional benefit (Ambrosini and
Schoenen, 2016).

Botulinum toxin was FDA approved in 2010 for chronic migraine in
patients who experienced at least 15 headaches per month for 3 or more
months and whose headaches had migraine features for at least 8 of those
days (Khalil et al., 2014). The largest double-blind, placebo-controlled tri-
als were all industry sponsored (Aurora et al., 2011).

Precision Health Care and Pain Management

Precision health care is focused on defining a true disease state/condition
using pathophysiological mechanisms, congruent with the concept of clini-
cal validity. In contrast, personalized health care applies to optimization of
a therapeutic approach specific to an individual versus a population. This
section highlights the differences in these concepts as applied to the state of
the science on opioid prescribing for chronic pain management.

Diagnosis of Chronic Pain

Pain diagnosis currently depends on clinical examination and test-
ing (laboratory, imaging) to identify the etiology of the pain. The pain
condition is described in terms of the pain’s location (e.g., orofacial pain,
temporomandibular joint disorder, migraine, low back pain) and/or type
(somatic pain is caused by injury to skin, muscles, bone, joints, or connec-
tive tissues and is nociceptive; visceral pain arises from the internal organs
and is nociceptive; and neuropathic pain is presumed to be caused by a
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demonstrable lesion or disease of the peripheral or central somatosensory
nervous system). Duration of pain is commonly defined as acute (less than
6 weeks), subacute (6-12 weeks) or chronic (more than 12 weeks). In
many instances, pain has no identifiable cause (i.e., is idiopathic), a feature
that largely encompasses many of the pain syndromes diagnosed today,
such as complex regional pain syndrome, fibromyalgia, and chronic pelvic
pain. Even for the most common chronic musculoskeletal pain condition,
chronic low back pain, many cases have no identifiable etiology (Giesecke
et al., 2004).

Studies suggest that genetics contribute substantially to the risk of
developing chronic pain (Hocking et al., 2012; Nielsen et al., 2012). In an
analysis of data from a Scottish cohort study (n = 7,644 people in 2,195
extended families), for example, the heritability of any chronic pain and
severe chronic pain was found to be 16 percent and 30 percent, respectively,
after adjusting for shared household effects, age, body mass index, occupa-
tion, and physical activity, among other factors (Hocking et al., 2012). A
systematic review of more than 50 twin studies of pain showed heritability
of 50 percent for migraine, tension-type headache, and chronic widespread
pain; 35 percent for back and neck pain; and 25 percent for irritable bowel
syndrome (Nielsen et al., 2012). Other than rare monogenetic familial pain
conditions (e.g., familial migraine with aura or erythromelalgia), however,
chronic pain does not follow the Mendelian transmission model but encom-
passes aggregates of endophenotypes, each of which may be governed by
Mendelian law (Zorina-Lichtenwalter et al., 2016). Criteria for the endo-
phenotype construct state that the endophenotypes must (1) be associated
with the disease of interest, (2) be heritable, (3) be manifest in subjects inde-
pendently of active pathology, and (4) cosegregate with disease in pedigree
studies (Gottesman and Gould, 2003). Endophenotypes of chronic pain
include the pain phenotype (location, severity, frequency, duration, presence
of peripheral and central sensitization such as hyperalgesia and allodynia)
and associated symptoms, including anxiety, depression, and sleep distur-
bance (Zorina-Lichtenwalter et al., 2016).

Precision health care could improve diagnosis of pain by using omic
approaches (genomics, metabolomics) to understand the pathophysiology
of specific pain conditions and symptom phenotypes, along with advanced
imaging techniques to detect functional changes in pain processing. There
is significant interest in this area with respect to the potential for improv-
ing the prediction and diagnosis of pain, as well as advancing preventive
strategies. At present, however, studies using candidate gene approaches
have largely failed in reproducibility.

In summarizing the literature on analysis of single nucleotide polymor-
phisms (SNPs) associated with chronic pain, more than 200 of which are
known to exist, Crow and colleagues (2013) note that three (GCH1, which
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encodes GTP cyclohydrolase; COMT, an enzyme that eliminates catechol-
amines; and OPRM1, the MOPR gene) are particularly noteworthy for
demonstrating the often contradictory findings in the field.

Studies of healthy volunteers and patients reporting persistent leg pain
have shown associations between lower pain ratings and a GCH1 hap-
lotype (Campbell et al., 2009; Tegeder et al., 2006). In a larger cohort,
however, neither the same association nor even the same haplotype was
identified (Kim and Dionne, 2007), and similarly negative results were
found in patients from a different ethnic population with HIV-associated
neuropathy (Wadley et al., 2012). Likewise, research into the association
between pain and COMT has thus far produced inconclusive and contra-
dictory evidence. The first COMT SNP associated with pain was reported
in 2003 (Zubieta et al., 2003) and has been confirmed in multiple patient
and healthy volunteer groups (Diatchenko et al., 2005, 2006; Mukherjee et
al., 2010), as well as animal models (Segall et al., 2010). Nevertheless, con-
troversy exists over the importance of the original SNP (Val158Met) (Kim
et al., 2006), and the association between increased pain and other COMT
variants does not replicate across populations. For example, no association
was found between chronic pain and COMT SNPs in a large study of more
than 7,000 people (Hocking et al., 2010). Rather, the authors found an
entirely different haplotype within the ADRB2 gene (responsible for encod-
ing the beta-2 adrenergic receptor) that predicted both pain severity and
duration, even after controlling for gender, social class, body mass index,
and other confounding factors (Hocking et al., 2010). Finally, while rela-
tionships between pain and SNPs in OPRM1 have been reported for more
than a decade (Bond et al., 1988; Wendel and Hoehe, 1998), a larger meta-
analysis was unable to confirm these findings (Walter and Lotsch, 2009).

Heterogeneity in chronic pain may explain this lack of consensus,
as inter- and intracohort variability could confound results (Crow et al.,
2013). Thus, moving toward a more mechanism-based pain syndrome clas-
sification, aided by rigorous phenotyping, is a promising next step (Maier
et al., 2010). Another issue, common in genetic association studies, is
the exceedingly population-specific nature of findings, resulting in varying
results across different ethnic cohorts.

Moreover, genome-wide association studies often capture gene variants
that are more common (e.g., with a minor allelic frequency of =5 percent).
Discouragingly small effect sizes frequently are identified for most variants,
which explain only a fraction of the genetic contribution to a particular
condition (Hardy and Singleton, 2009). More successful approaches could
include examining structural variation, such as copy number variation
(WTCC, 2010), or even highly penetrant rare variants (e.g., those with
a minor allelic frequency of less than 1 percent) (Gibson, 2011). Recent
studies examining variants in European, South Asian, and African popula-
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tions used exon sequencing across large cohorts and found the vast majority
of variants (about 90 percent) to be rare (Nelson et al., 2012; Tennessen
et al., 2012). In a healthy twin cohort study, an attempt to demonstrate an
association between pain sensitivity and rare variants was inconclusive, but
the authors (Williams et al., 2012) did identify a cluster of 30 genes within
the angiotensin II pathway that segregated with thermal pain perception.

Better methods for precisely identifying the mechanisms underlying
an individual patient’s pain could improve pain management. If clinical
research is focused on advancing the methods of pain phenotyping and
classification of pain endophenotypes, therapeutics can be targeted to the
individual’s physiology. Such potential avenues being explored in patients
with chronic pain include quantitative sensory phenotyping, imaging
of peripheral nociceptors, study of pain mediators in bodily fluids (i.e.,
“inflammatory soup”), and the genetic and epigenetic approaches outlined
above (Sommer, 2016).

Among patients with chronic pain, however, variability in the etiologies
and types of pain and the high frequency of mental health comorbidities
in this population (Campbell et al., 2015) make it difficult to determine
whether long-term opioid analgesics are effective for improving pain sever-
ity, function, and quality of life (Chou et al., 2015; Knaggs, 2015; Robinson
et al., 2015; Sehgal et al., 2013). Until researchers and clinicians have a bet-
ter understanding of the mechanisms underlying chronic pain and improved
diagnostic accuracy for chronic pain conditions is achieved, the treatment
of chronic pain will continue to be driven by a hypothesis about the source
of pain and traditional trial and error.

Pain Modulation Profile

Painful conditions can undergo modulation, either suppression or aug-
mentation at the central nervous system. The inhibitory modulation system
is known to be activated by painful stimuli, exercise, and muscle contrac-
tion (Nir and Yarnitsky, 2015). The exact mechanisms of pain modulation
are not fully understood; however, it is widely believed that activation of
the endogenous opioid system and release of peripheral and central beta-
endorphins (Bement and Sluka, 2005; Stagg et al., 2011) play a major
role in this phenomenon. Other suggested mechanisms include activation
of neurotransmitters such as serotonin and norepinephrine (Dietrich and
McDaniel, 2004) and involvement of the adenosinergic (Martins et al.,
2013) and endocannabinoid systems.

A faulty pain modulation system has been shown to be associated
with such chronic pain conditions as fibromyalgia (Graven-Nielsen et al.,
2000; Price et al., 2002; Staud et al., 2003), tension-type headache, mus-
culoskeletal pain (Ashina et al., 2006; Pielsticker et al., 2005), trigeminal
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neuropathies (Nasrin-Heir et al., 2015), migraine (Weissman-Fogel et al.,
2003), chronic low back pain (Kleinbohl et al., 2006), irritable bowel syn-
drome (King et al., 2009a), and temporomandibular disorders (Maixner
et al., 1998; Raphael et al., 2009; Sarlani and Greenspan, 2005; Sarlani et
al., 2004). Among healthy subjects, pain modulation competence is reduced
with age (Edwards et al., 2003), which may explain the increase in chronic
pain among older adults.

Recent studies have shown that patients with less efficient pain modu-
lation suffer more from chronic postsurgical pain (Yarnitsky et al., 2008)
and experience greater therapeutic efficacy from certain medications, such
as duloxetine, relative to patients with a normal pain modulation system
(Yarnitsky et al., 2012). This finding may suggest that a pain modulation
profile can be used as a tool for predicting the development of chronic pain
and individualized pain management outcomes (Yarnitsky, 2015). Further
research could examine the association among pain modulation profile,
pain intensity, and treatment outcome in various chronic pain conditions
and in response to various treatment options.

Relevance to Opioid Prescribing for Chronic Pain

Studies estimate that approximately 50 percent of the likelihood an
individual will suffer from addiction has a genetic basis (Meshkin et al.,
2015). The exposure to opioid medications in the health care setting could
be a triggering event for some people (as noted in Chapter 2). In addi-
tion, individual differences in drug metabolism affect opioid efficacy. For
instance, some opioids, such as hydrocodone and codeine, are known to
be pro-drugs, and require metabolic conversion to an active metabolite
(e.g., hydromorphone and morphine, respectively) for pharmacodynamic
benefit. Genetic polymorphism of the enzyme CYP2D6 has been reported
to lead to variable hydrocodone and codeine metabolism (Monte et al.,
2014). Patients with deficient CYP2D6 activity produce very low concentra-
tions of active drug, leading to suboptimal pain relief. In contrast, patients
with duplication of active CYP2D6 genes are ultra-rapid metabolizers and
produce relatively high concentrations of active drug, which can lead to
toxicity. Therefore, testing the metabolic profile of the patient ahead of
prescribing could assist with the selection of an opioid medication.

Genetic screening tests have been developed based on identified
genes involved in opioid response, opioid metabolism, and addiction
risk (Arthur, 2013; Deer et al., 2013). Further research could determine
whether these tools can guide pain management practice by providing
prescribers with important information regarding patients’ risk for opioid
tolerance and OUD.
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Summary

The movement toward pragmatic, practice-based trials is an important
current trend in pain research. Many such trials are still under way, but they
represent a critical step forward in clinical pain research. The ideal balance
of opioid reduction in the context of more comprehensive pain management
(e.g., stepped care models) continues to be investigated. Nonpharmaco-
logic therapies can be effective, particularly for lower back pain, and can
have long-lasting effects on such outcomes as pain intensity and disability.
Interventional techniques to relieve pain hold promise, but research on
these techniques is still developing. Precision health care (broadly defined)
has the potential to improve clinical pain research and management. How-
ever, further research could better characterize the association among pain
modulation profiles, pain intensity, and treatment outcomes in various pain
conditions and in response to various treatment options.

INTERSECTION OF PAIN AND OPIOID USE DISORDER

As discussed briefly at the end of Chapter 2, pain and reward are
processed within overlapping brain structures. Before this report turns in
earnest from pain management and relevant research to addressing the opi-
oid epidemic, this section addresses several key issues related to the critical
intersection of the two. In keeping with the focus of this chapter, research
gaps are identified that if filled could prove crucial to helping to resolve the
current Crisis.

Motivations for Initiating Misuse of Prescription Opioids

As indicated in the discussion of terminology in Box 1-2 in Chapter 1,
this report uses the term “misuse” to refer to any use of prescription opioids
outside the specifications of a prescription, whether by patients for whom
the drugs have been prescribed or by other persons. This definition encom-
passes a heterogeneous cluster of situations, such as using medications
without a prescription, using more medication than prescribed, combining
prescribed drugs with other drugs or alcohol, and engaging in activities not
recommended while taking the medication. A number of studies have found
that misuse of prescription opioid medications is common (SAMHSA,
2013), although how common is difficult to determine in light of the wide
range of motivations and behaviors encompassed by the term and the var-
ied circumstances under which patients for whom opioids were lawfully
prescribed initiate misuse. The purpose of this section is to anchor the dry
term “misuse” in the diverse desires and frailties of humankind and the
vicissitudes of social life, and to call attention to the need to operationalize
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various motivations and behaviors bearing on the transition from initiation
of use of prescription opioids to misuse and subsequent problems.

Pervasiveness of Misuse

Any prescription medication that produces pleasurable effects or poten-
tial functional benefits poses an inherent risk of misuse. For instance,
using leftover antibiotics to treat a self-diagnosed sinus infection or using
nonprescribed Adderall (indicated for the treatment of attention deficit
hyperactivity disorder and narcolepsy) to facilitate studying for a school test
constitutes prescription drug misuse. In addition to alleviating pain, opioid
medications can produce feelings of pleasure, relaxation, and contentment
(NIDA, 2017), and because of their broad effects, it can be challenging to
determine specifically why people initiate misuse. As a consequence, some
motives for misuse (e.g., the undertreatment of pain) may be difficult to
recognize. How opioid medications are prescribed can further complicate
the task of classifying misuse. Under the directive of a health professional
to “take when necessary to control pain,” patients have flexibility in deter-
mining how often they use a dose of a prescription opioid they have been
prescribed. If patients are using opioid medications in a way they believe
is necessary to control their pain, the concept of misuse may not apply or
be impossible to distinguish from prescribed use. This can generally pose
a challenge to prescribers because opioids can produce tolerance, meaning
that with use over time, they become less effective. In an effort to control
pain, a logical clinical outcome might be to increase the medication dose,
something the patient may desire. It is therefore unsurprising that a number
of studies have found that the most common type of opioid medication mis-
use involves users self-escalating the prescribed dose. Among an 85-patient
sample being discharged from the emergency department, for example,
Beaudoin and colleagues (2014) discovered that 42 percent self-reported
misusing their opioid medications. Of those misusers, 92 percent reported
escalating their dose without a health care provider’s direction, while 36
percent reported using the drug for a reason other than pain.

Equally important, opportunities for misuse of opioid medications may
arise as a benign consequence of a patient (or a patient’s parent or guardian)
not knowing the proper way to take or store the medication or dispose of
medication that is unused. In a large study (n = 501) of 8th and 9th graders,
for example, Ross-Durow and colleagues (2013) found that 46 percent
of the adolescents had been prescribed controlled medications, including
pain medications, in the past 6 months, and the majority had unsupervised
access to these drugs. Patients may even share their opioid medications in
an honest effort to help others, such as family members, who are in pain
(Kennedy-Hendricks et al., 2016).
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Pain

The complexity of the relationship between pain and addiction is high-
lighted by the multiple trajectories of opioid misuse. Consider, for example,
an all-too-common trajectory reported in open-ended/qualitative interview-
ing: a person is prescribed opioids for a legitimate pain condition and then
starts using more than was prescribed after becoming tolerant to the drug’s
effects. Increases in level of use can also produce neurobiologic effects
that, in turn, can create a new motive for increased use. Because patients
are now taking higher doses, or after exhausting their supply have begun
to experience symptoms of opioid withdrawal, a more potent form and/or
route of administration (e.g., injecting) may become appealing, or heroin
may become an alternative because it costs less and involves fewer barriers
to use relative to opioid medications (Mars et al., 2014). The motive for
misuse of opioid medication thus transitions from initial prescribed use to
control pain, to misuse to manage pain, to nonmedical use, and then finally
to heroin use. If a person is in acute pain from an injury, it is commonly
believed that opioids will act to help relieve the suffering that follows,
regardless of its duration and whether the source is prescribed or non-
medical. As this example illustrates, however, as use of opioids continues
from days to weeks to months, the motivation to continue using them may
become more complex, going well beyond the drugs’ original purpose or
capability, and being in pain and not having legitimate (i.e., prescribed) or
consistent access to opioids may motivate some people to seek and misuse
these drugs.

Another common scenario is described by Rigg and Monnat (2015),
who found that in rural areas of the country with large populations of
laborers who worked in mining and other intensely physical industries,
levels of untreated or undertreated chronic pain were high. Because of
the limited numbers of health care facilities in these often-remote areas,
prescribing large volumes of pain medicines was a common and efficient
practice. It should also be noted that early in the opioid epidemic, these
communities did not have local heroin markets to compete with pain medi-
cations, which allowed the demand for those medications to grow unabated
and saturate the community.

Such scenarios may be attributable to a host of factors, such as difficul-
ties in diagnosing and measuring pain, variations in prescribers’ training
and practices, and the maldistribution of health care facilities and health
care providers. These localized factors may, in turn, be a product of much
larger shortcomings of the health care system that have unintended conse-
quences. Some studies have shown that people of color are less likely than
whites to be prescribed opioids (Pletcher et al., 2008; Singhal et al., 2016),
while others have shown that providers may have different expectations
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regarding the risk of opioid misuse based on a patient’s race (Becker et al.,
2011; Vijayaraghavan et al., 2011). Although on balance this observation
may be equivocal with regard to the current opioid crisis, such structural
barriers demonstrate why misuse may occur more frequently among certain
groups than others.

Emotional Distress

The pain-relieving and other effects of opioids (e.g., the feelings of
pleasure, relaxation, and contentment that opioids can induce) (NIDA,
2017) may give rise to use of these drugs to manage stress, depression,
anxiety, or other acute psychological states or chronic mental health dis-
orders (DiJulio et al., 2016; Feingold et al., 2017; Vorspan et al., 2015),
which may be caused or worsened by social conditions (such as poverty,
unemployment, lack of opportunity, and hopelessness). In these instances
of misuse, the intended medical indications of opioids to alleviate physical
pain may be coopted by treatment of these mental or social conditions. In
the absence of a diagnosed medical condition verifying physical pain, this
sort of misuse often is viewed as unacceptable. Nevertheless, people do use
opioid medications to self-medicate. Even if this type of use is characterized
as nonmedical use, users may perceive specific benefits in relieving some
health-related conditions. Complicating this situation is the co-occurrence
of mental health challenges and other chronic conditions, especially func-
tionally debilitating pain. The inability to work, walk, or engage in enjoy-
able activities can greatly impact even the most resilient of patients with
extensive coping skills and supports, leading to depression, anxiety, and
potentially initiation or reinitiation of substance misuse. Data support the
correlation between depression (Turner and Liang, 2015) and diagnosis of
substance use disorder (SUD) (Zedler et al., 2014) among people prescribed
opioids as a risk factor for overdose. Moreover, medications used to treat
anxiety and depression (e.g., benzodiazepines) may be coprescribed with
an opioid, contributing to an increased risk of overdose (Park et al., 2015;
Sun et al., 2017). The ways in which the dynamics of hopelessness, lack
of opportunity, poverty, undertreated pain (both physical and emotional),
and reduced access to medical care have collided with nonmedical use of
opioids are perhaps most obvious in the rural communities devastated by
the opioid epidemic discussed above. It should be noted, moreover, that
during the time in which these communities were being inundated with
these medications from pill mills and other legal and illegal suppliers, they
were also suffering from the effects of an economic recession.
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Nonmedical Use

As motives for the initiation of misuse of opioid medications become
increasingly removed from or unrelated to the drugs’ original or intended
medical purpose, one could argue that the term “misuse” no longer applies.
The final, and perhaps most important, group to consider here are the many
people who misuse prescription opioids with no pretense, thought, or con-
cern regarding their medical uses. Here the ability of these drugs to alter
consciousness in a pleasurable way motivates use, and such misuse is simply
another form of illegal recreational drug use. There is no intended medical
purpose for the use, and the user is only seeking the euphoric condition
these drugs produce. A major challenge for understanding the problems
and consequences associated with the initiation of opioid misuse is identify-
ing the different ways people might misuse these drugs while understand-
ing that misusers may have multiple motives for their use and that their
motives may change or adapt over time. Distinguishing empirically between
motivations related to alleviation of pain or distress and reward seeking is
a challenging but important task at both the neural and experiential levels.

Considerations for Research on Pain and Opioid Use Disorder

Much attention in the literature has been paid to pain as a potential
precondition in some opioid misuse and addiction (Fishbain et al., 2008,
Martell et al., 2007; Wasan et al., 2009). Pain is a trigger for self-medication,
and is without question a significant risk factor for opioid misuse (Amari
et al., 2011). However, one of the challenges hindering understanding of
opioid risks in pain patients is the lack of consensus on the definition of
terms such as “misuse,” “problematic use,” and “aberrant use” (as reflected
in the COMM questionnaire; the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition [DSM-IV]; Portenoy’s Prescription Drug
Use Questionnaire [PDUQ]; the Brief Risk Interview; ORT; the Aberrant
Drug Behavior Index; and the Prescription Opioid Therapy Questionnaire).
Even if these assessments are used accurately, clinicians often are unable to
predict misuse and addiction liability. For instance, chronic pain patients
may develop tolerance and physical dependence, often in the absence of an
OUD diagnosis, yet still resort to such aberrant behaviors as dose escala-
tion to control poorly alleviated pain (Back et al., 2009). Even if there were
universal agreement on the definition of misuse, efforts to use self-report
assessments to identify pain patients who may be at risk for opioid misuse
have been largely ineffective (Chou et al., 2014). An important first step in
adequately identifying opioid risk is characterization of the neurobiologi-
cal interaction between chronic pain and opioid use. Given the role of the
brain’s reward circuitry in opioid addiction (Martin-Soelch et al., 2001;
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Ross and Peselow, 2009), discussed earlier, this circuit is an ideal target for
study of pain-induced vulnerability to opioid risk.

Treating chronic pain while avoiding misuse is particularly difficult in
patients with a history of SUD. This is not an inconsiderable problem given
that an estimated 5-17 percent of the U.S. population has a diagnosed SUD
(Prater et al., 2002; SAMHSA, 2014; Warner et al., 1995). Unfortunately,
nearly half of chronic pain patients with SUD diagnoses have reported that
opioids prescribed to relieve their pain were the root cause of their disor-
der (Jamison et al., 2000). It is well established that prior substance use
(including use of nicotine and alcohol) is a strong predictor of opioid misuse
(Novy et al., 2012; Turk et al., 2008). At the same time, however, there
is a significant risk of undertreating people with serious pain, particularly
if the SUD diagnosis involves opioids. In fact, 80 percent of methadone
maintenance patients in one study reported recent pain, and 37 percent
reported chronic pain (Rosenblum et al., 2003). It is this population in
particular that is at greatest risk; the presence of pain creates a vicious
downward spiral (described by Garland et al., 2013) whereby pain may
trigger hypervigilance and catastrophizing and lead to self-medication. The
relative low cost and abundance of heroin (compared with prescription opi-
oid analgesics) is an important motivating factor when patients transition
from prescription opioids to illicit drugs (Cicero et al., 2015). This cascade
of events substantially increases the risk for misuse and overdose, given
the unpredictable purity of illicit fentanyl and heroin (DEA, 2015; Mars et
al., 2015). On the other hand, a recent meta-analysis (Dennis et al., 2015)
suggests that pain may actually be a protective factor in the consumption
of illicit opioids. These discrepancies in the literature further highlight the
importance of mechanistic investigations into the neurobiology of opioid-
treated pain in populations with prior opioid exposure.

Considerations Relating to Developmental Neuroscience and Adolescence

Exposure to opioids at a vulnerable point in time increases the potential
for SUD, and younger age is a known vulnerability (85 percent of SUDs are
manifested by age 35 [Trigeiro et al., 2016]). Nonmedical use of opioids in
adolescence has been classified into subtypes, including reward seeking (or
sensation seeking) and self-treatment for various sources of pain. In the lat-
ter group, prescription opioids are thought to be used to self-treat physical
pain and psychological symptoms following traumatic or stressful events
(Young et al., 2012). In one survey of 7th to 12th graders, for example, the
most common reason for nonmedical use was “to relieve pain” (n = 91,
62.8 percent), followed by “to get high” (n = 23, 15.9 percent) and “to
experiment” (n = 16, 11.0 percent). Of this sample, 12.3 percent (n = 323)
were identified as medical users, 2.7 percent (n = 70) as nonmedical self-
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treaters, and 2.5 percent (n = 66) as nonmedical sensation seekers. Thus,
pain provides a pathway to adolescent misuse of opioids, which began to
rise in the 1990s in concert with the development of stronger medications
and more aggressive pain treatment (although rates for 12th graders are
down significantly from a peak of 9.5 percent in 2004 [Johnston et al.,
2017]). And high school seniors who misuse prescription pain medica-
tions are more likely to misuse other controlled substances as young adults
(McCabe et al., 2013).

More generally, as noted earlier in this report, nonmedical use of opi-
oids is most prevalent among young adults aged 18-25, and exposure to
opioids represents a major risk for OUD. Risk taking, including experimen-
tation with illicit drugs and alcohol, peaks in adolescence and young adult-
hood (IOM and NRC, 2011, 2015), laying the groundwork for substance
misuse. During this developmental period, social, cognitive, and biological
factors combine to create inordinate vulnerabilities to substance misuse
and, ultimately, SUD (Casey et al., 2011; Reyna and Farley, 2006; Rudolph
et al., 2017). Although many of these outcomes play out over a lifetime,
increases in overdose deaths caused by heroin and synthetic opioids can be
detected beginning at age 15 (Rudd et al., 2016a,b). Understanding these
developmental factors is an essential part of designing effective risk com-
munications, public health programs, and policies to combat nonmedical
use of opioids. Moreover, prevention and intervention at this stage of life
has tremendous potential for improving lifelong educational, economic,
and health outcomes.

Specifically, behavioral and brain research indicates that adolescents
are more responsive to rewards (e.g., food, money, and drugs) than are
children or adults, and this is related to their risk taking (Bjork and Pardini,
2015; Galvan et al., 2007; Reyna et al., 2011; Romer and Hennessy, 2007).
Neurodevelopmental theories of risk taking build on this finding and point
to the earlier maturation of subcortical reward and emotional circuitry,
especially in the amygdala and striatum, compared with emotional regula-
tion and cognitive control areas of the brain (e.g., prefrontal cortex [Casey
et al., 2015]). In addition, connectivity between these regions develops. For
example, resting-state connectivity analyses have shown greater connectiv-
ity between the amygdala (an emotion area used as a seed region) and the
prefrontal and parietal cortices (e.g., the right middle frontal gyrus, left
cingulate gyrus, left precuneus, and right inferior parietal lobule) in risk-
taking compared with non-risk-taking adolescents (Dewitt et al., 2014).
(Note that greater rather than lesser connectivity between emotional and
cognitive systems, as postulated in neural imbalance models, is associated
with risk taking, a contradiction that could be resolved by further research.)
Nevertheless, research supports the conclusion that the risk of SUD is pres-
ent for young people without psychological disease because these drugs
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hijack the normal reward system, which is already primed and is less likely
to be inhibited by cognitive control systems.

Neural imbalance between reward responsiveness and cognitive con-
trol appears to be an inevitable product of brain maturation. Although
brain development is known to be shaped by experience, however, not
enough is known about how experience (and what specific features of
experience) sculpts the brain. For example, research could examine what
kinds of experience lead to what kinds of brain growth, pruning, and
neural connectivity and the functional implications of these developments
for human behavior. Indeed, Feldstein Ewing and colleagues (2017) have
shown that response to treatment for SUD in adolescents is associated
with changing connectivity to the orbitofrontal part of the brain. Thus,
considering research on risk taking as a whole, it is likely that adolescent
brain development can be modified by specific experiences that reduce
vulnerabilities to SUD.

In addition, effects of cognitive representation (i.e., how people “frame”
or interpret the gist of their options) on risk taking have been established,
and initial research has demonstrated that these mental representations can
be modified and that doing so can reduce self-reported risk taking in adoles-
cents (e.g., Fischhoff, 2008; Reyna and Mills, 2014). These effects illustrate
the fact that pain, SUD, and other psychological phenomena are a function
of subjective constructions rather than purely objective reality. Cognitive
representations influence risk perceptions, risk preferences, and emotional
responses, which in turn determine decisions to misuse substances. These
decisions also occur in a social context that determines behavior, but is
rarely understood beyond noting superficial differences in demographics
or countries. Social norms are just one example of a highly relevant social
factor. Social norms interact with developmental and individual differences
in risk taking, changing the frequencies and kinds of risk taking manifested
in adolescence (Mills et al., 2008; Rudolph et al., 2017; Steinberg et al.,
2017). Therefore, cognitive representation, reward responsiveness, and
cognitive control are likely modifiable—providing inroads for prevention
and treatment—and their effects on vulnerability to SUD require a deeper
mechanistic understanding of the interplay among social, cognitive, emo-
tional, and neurobiological factors.

Basic Research on the Intersection Between Pain and Opioid Use Disorder

As discussed earlier, opioids, like other drugs that are misused, acti-
vate the structures within the mesolimbic reward pathway via MOPRs,
DOPRs, and KOPRs. Binding of opioid agonists within this circuitry elicits
the release of the neurotransmitter dopamine, which is critically involved
in encoding reward and reinforcement. It is worth noting that pain relief
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itself is rewarding, a phenomenon that is attributed to the activation of this
system (Becker et al., 2012). Data from both human and animal studies
indicate that chronic pain induces dramatic changes in the functionality
of the reward system, both directly through diminished dopamine neuro-
transmission and indirectly through dysregulation of the opioid receptor
systems (Hipodlito et al., 2015; Martikainen et al., 2015; Narita et al.,
2004; Taylor et al., 2015). During inflammatory pain, MOPRs in this
circuitry are desensitized, which may be due to a pain-induced increase in
the release of endogenous opioid peptides (Schrepf et al., 2016). There is
also top-down management of these processes by the hippocampus, given
the role this structure plays in the reinstatement of drug-seeking behavior
(Portugal et al., 2014). Pain-induced alterations in the reward pathway,
including the altered value of reward and opioids (Loggia et al., 2014),
could play a vital role in the vulnerability of patients to opioid misuse.
Despite recent efforts to characterize pain-induced sensitivity to opioids,
many unanswered questions remain. Although heroin use has recently
been linked to several genetic polymorphisms (Hancock, 2015; Nelson et
al., 2016), these have not been studied specifically in pain patients. The
identification of “abuse-vulnerable” genetic markers or implementation of
other biological screening tools would be of great utility, given the relative
inadequacy of self-report and provider assessments of “abuse liability”
(Chou et al., 2014).

The alterations in the dopaminergic system induced by either pain or
stress can generate long-term modifications in the reinforcing values of
opioids and thus lead to misuse. Therefore, it is important to elucidate how
these modifications manifest at the cellular level in the mesolimbic pathway.
To date, few studies have assessed the impact of pain and stress together
on opioid intake in rodent models. One critical factor that is particularly
pertinent when studying chronic pain-induced disorders is experimen-
tal/sampling time. Many preclinical models used previously were deemed
failures (Yalcin and Barrot, 2014), but this may simply have been due to
timing. Many of the same studies carried out during the first 3 weeks of
pain induction versus after the first 3 weeks have shown strikingly opposite
results (see the review by Yalcin and Barrot, 2014).

In addition to the importance of improving models of chronic pain and
stress to assess their involvement in misuse liability, a deeper understanding
of the intricate details of neuromodulation and signaling within key brain
structures is critical. Recently, two studies revealed that KOPR activation
in discrete regions of the NAc not only is anhedonic and aversive but also
can be reinforcing (Al-Hasani et al., 2015; Castro and Berridge, 2014).
Remarkably, these studies revealed the presence of both hedonic and anhe-
donic KOPR areas in the NAc in both mice and rats (Al-Hasani et al., 2015;
Castro and Berridge, 2014). These findings enhance understanding of the
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complexity of the KOPR system in regulating the rewarding and aversive
components of external stimuli and demand further study of how these
newly identified systems modulate the pain experience.

There is clear comorbidity between chronic pain and stress-induced
pathologies. Concomitant dysregulation of mesolimbic dopaminergic trans-
mission is thought to increase vulnerability to opioid misuse. To reduce
the misuse potential of opioid analgesics, a better understanding of the
interactions between pain and stress systems is required. Stress-related sys-
tems, such as the kappa opioid system, have been identified as key to the
regulation of dopamine release during pain and stress. This system may be
crucially involved in driving the pathological changes that result in misuse
and potential fatalities.

Summary

A major challenge for understanding the problems and consequences
associated with the initiation of opioid misuse is identifying the different
ways in which people may misuse these drugs while understanding that mis-
users may have multiple motives that may evolve over time (e.g., pain relief;
management of stress, depression, or anxiety). These complexities need to
be borne in mind as this report reviews the scientific literature bearing on
the use and misuse of prescription opioids and strategies for ensuring the
public’s health.

An important first step in identifying opioid risk is characterization
of the neurobiological interaction between chronic pain and opioid use.
Pain is a trigger for self-medication and a significant risk factor for opioid
misuse. Treating chronic pain while avoiding misuse is particularly prob-
lematic for patients with a prior history of SUD, and more evidence could
help determine the degree of risk for OUD when people with serious pain
are undertreated.

During adolescence and young adulthood, social, cognitive, and biolog-
ical factors combine to create inordinate vulnerabilities to substance misuse
and, ultimately, SUD. Effective prevention and treatment of OUD requires a
deeper mechanistic understanding of how cognitive representation, reward
responsiveness, and cognitive control interact in the developing brain; their
interplay with pain; how these factors are shaped by the social context
of risk taking in youth; and how these factors can be modified to reduce
unhealthy risk taking.

A better understanding of the interactions among pain, reward, and
stress systems, including pain-induced alterations in the reward pathway,
will help inform and reduce the misuse potential of opioids.
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SUPPORT FOR RESEARCH

In the absence of an institute dedicated to pain medicine, it appears
that the National Institute on Drug Abuse (NIDA) has been the partner
most willing to venture beyond its initial mandate in support of education
and research for state-of-the-art pain management and prevention. This
initiative has taken the form of various workshops, editorials, and position
papers (Reuben et al., 2015; Volkow et al., 2016), but these have been
mainly supportive efforts, valuable insofar as they help chart a course for-
ward but unable to meet the need for a sustained research program. Mov-
ing forward, it will take a unified mandate across all National Institutes
of Health (NIH) institutes to muster the resources needed to adequately
address the area of pain medicine and, in turn, the opioid crisis. A recent
commitment by NIDA and NIH to invest in overdose-reversal interven-
tions, treatments for OUD, and nonaddictive treatments for chronic pain
holds great promise (Volkow and Collins, 2017).

SUMMARY AND RECOMMENDATION

Chronic pain and OUD represent complex human conditions affecting
millions of Americans and causing untold disability and loss of function.
Helping individuals experiencing chronic pain regain meaningful function
will require the development of therapies beyond new medications alone.
Little is known about why individuals who use prescribed opioids to allevi-
ate pain develop OUD, yet this outcome has become a driving force in the
opioid epidemic. Research aimed at improving understanding of OUD and
the relationships among pain, opioids, and the brain reward pathways is
an essential prerequisite for developing successful treatments. Research is
needed to improve understanding of the neurobiology of pain and support
the discovery of innovative treatments, including nonaddictive analgesics
and nonpharmacologic approaches at the level of the individual patient.

Recommendation 3-1. Invest in research to better understand pain
and opioid use disorder. Given the significant public health burden of
pain and opioid use disorder (OUD) in the United States, the National
Institutes of Health, the Substance Abuse and Mental Health Services
Administration, the U.S. Department of Veterans Affairs, industry, and
other relevant research sponsors should consider greater investment
in research on pain and OUD, including but not limited to research
aimed at
* improving understanding of the neurobiology of pain;
* developing the evidence on promising pain treatment modalities
and supporting the discovery of innovative treatments, including
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nonaddictive analgesics and nonpharmacologic approaches at the
level of the individual patient; and

* improving understanding of the intersection between pain and
OUD, including the relationships among use and misuse of opioids,
pain, emotional distress, and the brain reward pathway; vulner-
ability to and assessment of risk for OUD; and how to properly
manage pain in individuals with and at risk for OUD.
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Trends in Opioid Use,
Harms, and Treatment

Not since the HIV/AIDS epidemic has the United States faced as devas-
tating and lethal a health problem as the current crisis of opioid misuse and
overdose and opioid use disorder (OUD). Current national trends indicate
that each year more people die of overdoses—the majority of which involve
opioid drugs—than died in the entirety of the Vietnam War, the Korean
War, or any armed conflict since the end of World War II. Each day 90
Americans die prematurely from an overdose that involves an opioid (Rudd
et al., 2016b), leaving families and friends bereft. The opioid epidemic’s
toll is felt across the life span and in every sociodemographic group, but
more heavily burdens vulnerable populations, such as those in economi-
cally depressed areas of the country. This chapter updates key statistics
regarding use and misuse of prescription opioids, identifies risk factors for
opioid-related harms, describes the recent increase in use of heroin and
illicitly manufactured synthetic opioids and its relation to the prescription
opioid epidemic, describes the impact of prescription opioids on illicit
markets, reviews the current state of surveillance systems, and summarizes
recent trends in treatment of OUD and use of naloxone to prevent overdose
deaths. The committee selected these topics to discuss in particular for their
relevance to the U.S. Food and Drug Administration’s (FDA’s) exercise of its
authority to regulate pharmaceutical opioid products (analgesics, agonists,
and antagonists). Each aspect of this chapter identifies considerations that
should be taken into account when weighing the societal perspective and
public health impact relevant to these products when they are being consid-
ered for new drug approval or during post-market surveillance.
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TRENDS IN PRESCRIPTION OPIOID USE AND MISUSE

Medical prescriptions for opioids started to increase sharply in the mid-
to late 1990s (NIDA, 2014). Shortly thereafter, nonmedical opioid use also
started to increase markedly, reaching a peak of 2.7 million new users in
2002 (Kolodny et al., 2015). The annual number of new nonmedical users
slowly declined to about 1.8 million in 2012 (SAMHSA, 2013b), but the
overall pool of people continuing to use nonmedically is very large. From
1999 to 2011, hydrocodone use increased more than two-fold, oxycodone
use more than five-fold (Jones, 2013b), and the mortality rate of opioid-
related overdose almost four-fold (Chen et al., 2014). Overdose mortality is
the most dramatic consequence of increased opioid use, but it is not the only
one; rates of emergency room visits for nonmedical opioid use (SAMHSA,
2013a), neonatal abstinence syndrome (NAS) (Patrick et al., 2012), and
OUD treatment admissions all have soared since 2002 (SAMHSA, 2010).

While death rates associated with opioid overdose have increased for
virtually every population group, the rates are highest among males under
age 50 (CDC, 2015a). In Massachusetts during the period 2013-2014, 76
percent of opioid overdose deaths occurred among people under the age of
50, and men aged 18 to 34 had opioid-related death rates nearly three times
higher than those of women of the same age (Massachusetts Department of
Public Health, 2016). Opioid-related death rates also were higher among
those who had recently been released from prison, those who obtained opioid
prescriptions from multiple pharmacies, and those who obtained prescription
opioids in combination with other scheduled medications.

The age group with the greatest past-year nonmedical use of opioids
is young adults aged 18 to 25, yet the greatest use (i.e., exposure) of pre-
scription opioids is among adults aged 26 and older. Substance Abuse and
Mental Health Services Administration (SAMHSA) data indicate that most
people who report prescription opioid misuse in current cohorts initiated
use in their early to late 20s, which may explain why prescription opioid
mortality disproportionately affects adults aged 25 to 54 (CDC, 2016c).
More recent data show an overlap in these age-related demographics with
respect to current use of heroin and, more disturbingly, the coincident
increase in overdose deaths caused by heroin and synthetic opioids other
than methadone among people aged 15 and older (Rudd et al., 2016). It
is important to acknowledge that data on overdose deaths may be subject
to misclassification with respect to intent (i.e., whether the overdose was
intentional or unintentional), especially for older, medically ill patients pre-
scribed medications, whose deaths may not be followed up with toxicology
testing and may not be referred to a medical examiner as a drug-involved
or suspicious death. Misuse and aberrant opioid use behaviors also may
manifest differently in older adults (Beaudoin et al., 2016; Henderson et
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al., 2015), and given the aging U.S. population, the role of suicidal intent
in prescription opioid poisoning in older adults is an area of active inquiry
(Rocket et al., 2010; West et al., 2015).

The full extent of the public health consequences of prescription opi-
oids is further complicated by the increased availability of heroin, which is
less expensive than prescription opioids in the black market (DEA, 2013),
and by the fact that so many who develop OUD from prescription opioids
switch to heroin. In one study, about 80 percent of current heroin users
reported that they began with prescription opioids (Muhuri et al., 2013).
Therefore, the public health effects of prescription opioids and heroin are
intertwined (Kolodny et al., 2015). Between 2001 and 2011, the rate of
admission to treatment for OUD involving heroin doubled among non-
Hispanic whites aged 20 to 34 (it stayed relatively constant for all other age
groups among whites and for all age groups among non-Hispanic blacks),
and the rate of heroin overdose deaths increased more than 2.5-fold among
whites aged 18 to 44 (CDC, 2014; SAMHSA, 2013a). The cumulative effect
is a 200 percent increase in opioid-involved overdoses from 2000 to 2014
(Rudd et al., 2016) concordant with increases in nonmedical prescription
opioid use (Calcaterra et al., 2013; Cerda et al., 2013; Kenan et al., 2013).
In more recent years, national initiatives to reduce opioid prescribing have
modestly decreased the number of prescription opioids dispensed (Dart
et al., 2015). However, many people who otherwise would have been
using prescription opioids have transitioned to heroin use, with a resulting
three-fold increase in heroin-involved overdose deaths from 2010 to 2014
(Compton et al., 2016). Indeed, the overall frequency of heroin deaths has
been accelerating since 2010 (see Figure 1-2 in Chapter 1).

Risk Factors for Prescription Opioid Misuse and Overdose

Despite the unsettling trends described above, a more nuanced exami-
nation indicates that not all prescription opioid medications confer simi-
larly heightened risk. The causal pathways from the onset of pain to opioid
exposure and to potential negative consequences such as misuse, drug seek-
ing related to undertreatment of pain (Green and Chambers, 2015; Vadivelu
et al., 2017), OUD, and overdose are difficult to disentangle, and represent
an area of active research and investigation (Stumbo et al., 2017). Multiple
post-marketing studies currently under way for extended-release (ER)/long-
acting (LA) opioids (see Annex Table 6-1 in Chapter 6) may shed light on
the timing and sequence of and precursors to the development of problem
use and OUD and the incidence of nonfatal and fatal overdose among
patients prescribed opioids for the treatment of chronic noncancer pain.

Characteristics of opioid medication and how they are prescribed can
affect the risk of nonmedical use and other harms. Three key characteristics

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24781

Pain Management and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks of ...

190 PAIN MANAGEMENT AND THE OPIOID EPIDEMIC

of opioid medications that have been found to influence the risk of harms
include the chemical compound, the formulation, and the intended route of
administration. Also salient are the number of pills prescribed and dosage,
as well as other prescribing patterns.

Chemical Compound

Neuropsychological experiments demonstrate that “likability,” and
therefore “abuse liability,” is greater for some compounds than others. In
seminal work by Comer and colleagues (2008) among a sample of patients
dependent on heroin, laboratory experiments compared the likability of
oxycodone, fentanyl, buprenorphine, and morphine with that of heroin.
Findings indicated that across several validated subjective scales, oxycodone
scored most favorably among participants, while buprenorphine scored
lowest. Translating data from laboratory-based, controlled abuse liability
studies to the community and clinic to examine possible increased risk
is more challenging. However, several studies provide insight into “real-
world” abuse liability and risk variation by compound. One means by
which demand for a compound can be deduced is through street price.
Taking availability into account, one recent study found that the street
price of buprenorphine/naloxone was lower than that of buprenorphine
single-entity and of methadone (Larance et al., 2015). Interestingly, these
findings are congruent with those of the laboratory-based abuse liability
studies noted earlier.

Another indicator of a compound’s risk is seen in mortality data. Unless
the chemical entity is a novel one, it is difficult to differentiate branded
from generic products as causal in an unintentional opioid poisoning death.
Nevertheless, overdose death data show key compound-level trends, taking
methadone as an example. Ray (2015) reports high overdose risk associ-
ated with use of methadone medications (for pain), and a 2017 analysis
of methadone deaths and prescribing from 2007 to 2014 conducted by
the U.S. Centers for Disease Control and Prevention (CDC) found that
although methadone accounted for about 1 percent of all opioid prescrip-
tions, overall methadone-related deaths accounted for 22.9 percent of all
opioid-related mortality in 2014 (Faul et al., 2017). These findings have
been replicated in other studies, suggesting that certain compounds are
more likely to be misused and potentially lead to greater health conse-
quences in the absence of preventive measures. Novel compounds, such as
tapentadol (Nucynta), designed specifically to avoid tampering and reduce
risk while achieving pain control, exhibit promising post-marketing epide-
miologic data across a number of misuse and risk indicators (Butler et al.,
2015; Dart et al., 2016; McNaughton et al., 2015), findings that warrant
further examination in longitudinal studies.
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Formulation

Another characteristic of a medication that may influence the risk of
harm is its formulation, specifically whether it is an ER/LA or immediate-
release (IR) formulation. The FDA’s Risk Evaluation and Mitigation Strategy
(REMS) for ER/LA opioids anticipated that greater risks would be associated
with opioids that increased the possible time of exposure through longer-
time-release formulations. In fact, while further research is needed, available
data show that ER/LA and IR formulations are associated with different
types of elevated risk. ER/LA formulations are associated with increased
risks of diagnosis of substance use disorder (SUD) and nonfatal and fatal
opioid overdose (Braden et al., 2010; Miller et al., 2015; Zedler et al., 2014).
However, limited data suggest that IR, short-acting opioid medications also
may be associated with various morbidities and nonmedical use. Relative to
ER/LA formulations, for example, these medications have been found to be
indicated more often in poison center data as medications of misuse, and are
associated with higher rates of nonfatal injury, including motor vehicle and
pedestrian crashes and falls (Iwanicki et al., 2016). Moreover, an IR medi-
cation may be the first opioid of exposure over the course of one’s lifetime
(SAMHSA, 2016a), given the routine use of these drugs following dental and
surgical procedures, as discussed in Chapter 2. These data suggest that both
ER/LA and IR opioids warrant measures to reduce risks that can arise with
their use. Indeed, the FDA plans to expand its REMS program for opioids to
include IR formulations (FDA, 2017b).

Combination opioid products, especially those coformulated with nal-
oxone (e.g., Targaniq [oxycodone/naloxone] and Suboxone [buprenorphine/
naloxone]) may be associated with lower rates of misuse and nonmedical
use by other than intended routes of administration (i.e., by injection or
insufflation) compared with their single-entity counterparts (Davis et al.,
2013; Larance et al., 2015; Walsh et al., 2016). Although coformulations
may help prevent misuse and OUD (Raffa et al., 2014), epidemiologic stud-
ies to explore these differences further are needed, and some such studies
are under way (Degenhardt et al., 2015).

Route of Administration

A final characteristic that may elevate the risk of an opioid medica-
tion is its intended route of administration. Many preparations are used in
ways other than prescribed and may be manipulated to extract the active
pharmaceutical ingredient. For instance, pills may be crushed in the mouth,
insufflated, smoked, or injected with few physical barriers to use, and
a transdermal patch’s active pharmaceutical ingredients may be chewed,
sucked, or extracted and prepared for injection. It is well substantiated that
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drugs used by insufflation and injection, in particular, enter the bloodstream
and hasten the opioid’s crossing of the blood-brain barrier, generating a
faster onset of action, which in turn is associated with a greater risk of
overdose and of developing OUD (EMCDDA, 2016).

Some prescription opioid preparations approved in recent years make
crushing the pill more difficult or may be formulated to deter tampering.
These abuse-deterrent formulations (ADFs) are reviewed more extensively
in Chapter 5, but it is worth noting here that the level of tampering and
prevalence of use by unintended routes associated with an opioid will influ-
ence its public health consequences. For example, a new and comprehensive
analysis by Alpert and colleagues (2017) shows that the reformulation of
OxyContin from a non-ADF to an ADF prescription opioid was linked to
higher-than-expected rates of subsequent heroin use, especially in places
with persistently high rates of opioid misuse. The authors estimate that
up to 80 percent of the increase in heroin use could be attributed to the
formulation change. Likewise, the ADF Opana ER (oxymorphone ER) has
been associated with several injection-related harms, linked to the same
ADF preparation applied to OxyContin. Because of these injection-related
harms, in June 2017 the FDA requested that Opana ER be removed from
the market by its manufacturer (FDA, 2017a).

In a retrospective 24-month cohort study based on National Poison
Data System data, Copelan and colleagues (2017) found intentional mis-
use and suspected suicidal intent to be significantly lower among patients
using a 7-day buprenorphine transdermal system/patch than among those
taking other ER/LA opioid analgesics examined. On the other hand, data
from a recent Australian study showed that, 2 years after the introduction
of a buprenophine-naloxone film, levels of injection and diversion were
comparable between the film and methadone and buprenorphine-naloxone
tablets among ou