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DISCLAIMER
STATEMENT

The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by individual
FDA reviewers. Such conclusions and recommendations do not necessarily represent the final
position of the individual reviewers, nor do they necessarily represent the final position of the
Review Division or Office. We have brought the administration of epidural steroid injections (ESI)
and the risk of serious neurologic adverse reactions to this Advisory Committee in order to gain the
Committee’s insights and opinions, and the background package may not include all issues relevant
to the final regulatory recommendation and instead is intended to focus on issues identified by the
Agency for discussion by the advisory committee. The FDA will not issue a final determination on
the issues at hand until input from the advisory committee process has been considered and all
reviews have been finalized. The final determination may be affected by issues not discussed at the
advisory committee meeting.
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MEMORANDUM

Date: October 29, 2014

From: Judith A. Racoosin, MD, MPH
Deputy Director for Safety
Division of Anesthesia, Analgesia, and Addiction Products
Office of Drug Evaluation 1l, CDER, FDA

Sally Seymour, MD

Deputy Director for Safety

Division of Pulmonary, Allergy, and Rheumatology Products
Office of Drug Evaluation 1l, CDER, FDA

Rigoberto Roca, MD

Deputy Division Director

Division of Anesthesia, Analgesia, and Addiction Products
Office of Drug Evaluation 1l, CDER, FDA

Sharon Hertz, MD

Acting Division Director

Division of Anesthesia, Analgesia, and Addiction Products
Office of Drug Evaluation 1l, CDER, FDA

To: Chair, Members, and Invited Guests
Re: Overview of the November 24-25, 2014 Meeting of the Anesthetic and Analgesic

Drug Products Advisory Committee to Discuss the risk of serious neurologic
adverse reactions associated with epidural steroid injections.

Epidural injection of corticosteroids is a common procedure performed in the United States for
the management of radicular pain associated with pain related to the spine. However, CDER has
never approved an injectable corticosteroid product for administration via epidural injection.
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Because injectable corticosteroids are not FDA-approved for this route of administration, the
epidural injection of corticosteroids is considered an “off-label” use. Off-label use of medication
is common and part of the practice of medicine; however, off-label use introduces challenges in
determining the risk-benefit balance of a medication. In addition, the procedural aspects of
epidural injections may have implications on the risk of serious neurologic events and can
complicate assessing the role of the corticosteroid in the adverse event.

The document that follows will provide the background and regulatory history for this safety
issue, summarize findings from the Agency’s reviews, and the topics for discussion for the
upcoming meeting. Specifically, detailed information about the following aspects of this issue
will be provided:
1. Background and Regulatory History
2. The use of epidural steroid injections (ESI) in the management of spinal pain syndromes
3. An overview of the efficacy data reported in the literature and limitations of the studies
conducted to collect those data
4. Summaries of the safety data in animals and humans for this use of corticosteroids, based
on FDA’s review of the literature and the FDA Adverse Event Reporting System
Estimates of the frequency of ESI
6. Background on FDA’s Safe Use Initiative and information about the expert panel
convened to make recommendations for safe use of ESI
7. Regulatory Requirements and Guidance Recommendations for the Relevant Sections of
the Product Labeling

o

At the meeting, you will be asked to discuss the risk of serious neurologic adverse reactions
associated with ESI administered to reduce inflammation for pain management. The committee
will also be asked to consider the efficacy of ESI and the overall risk-benefit balance of injecting
steroids in the epidural space to treat pain.

Again, we are grateful for your participation in this meeting and thank you for providing your
expertise and insight. We are hopeful that your discussions and deliberations at this meeting will
assist us in determining possible regulatory options, including, but not limited to, changes to the
product labeling.
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Draft Points to Consider

1. Discuss your understanding of the benefits of epidural corticosteroid injection for the
treatment of spinal pain. Considerations in the discussion may include the following:

a. Medical condition being treated
b. Location of the injection
C. Injection approach
d. Corticosteroid formulation
2. Discuss your understanding of the risks of epidural corticosteroid injection for the

treatment of spinal pain, particularly the potential neurological sequelae. Considerations in the
discussion may include the four factors listed in question 1 above.

3. Based on your discussions of the benefits and risks of epidural corticosteroid injection for
the treatment of spinal pain, do you recommend any modifications to class labeling (e.g., Boxed
Warning, Contraindication, modifications to the Warning statement)?

Discuss the rationale for your response and any important details to include in the
labeling.

4. Discuss any additional recommendations you have on this topic.
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1 Introduction

Thank you for your participation in the Anesthetic and Analgesic Drug Products Advisory
Committee (AADPAC) meeting to be held on November 24-25, 2014. As participants in the
AADPAC you provide important expert scientific advice and recommendation to the US Food
and Drug Administration (the FDA) on various regulatory decisions. The upcoming meeting is
being held to discuss the risk of serious neurologic adverse reactions associated with epidural
steroid injections (ESI) administered to reduce inflammation for pain management. The
committee will also consider the efficacy of ESI and the overall risk-benefit balance of injecting
steroids in the epidural space to treat pain. These considerations will assist the FDA in our
discussions of possible regulatory options, including but not limited to changes to the product
labeling.

Epidural injection of corticosteroids is a common procedure performed in the United States for
management of spinal pain. However, CDER has never approved an injectable corticosteroid
product for administration via epidural injection. Because injectable corticosteroids are not
FDA-approved for this route of administration, the epidural injection of corticosteroids is
considered an “off-label” use. Off-label use of medication is common and part of the practice
of medicine; however, off-label use introduces challenges in determining the risk-benefit
balance of a medication. In addition, the procedural aspects of epidural injections may have
implications on the risk of serious neurologic events and can complicate assessing the role of
the corticosteroid in the adverse event.

As described in the Regulatory History below, the FDA has been evaluating the issue of serious
neurologic events with ESI since 2009 and the FDA's Safe Use Initiative (SUI)[A] convened an
external expert panel in 2011 to work on this issue (See Section 8 below). Although FDA does
not regulate epidural injections, FDA does regulate medications that are injected during this
procedure. FDA can require manufacturers of corticosteroids to add safety information to
product labels, even if the safety information is related to off-label use. Recently the FDA
required a class Warning on injectable corticosteroids to include information about the risk of
serious neurologic events with ESI® (See Attachment 1). The purpose of this Advisory
Committee meeting is to discuss this safety issue and seek further recommendations for the
FDA from the Advisory Committee panel.

In this summary memorandum, information about the following aspects of this issue will be
provided to serve as starting points for the discussions that will take place during this Advisory
Committee meeting and the formulation of your answers to the questions posed by the FDA:

1. Background and Regulatory History
Page 3 of 63
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The use of epidural steroid injections (ESI) in the management of spinal pain syndromes
An overview of the efficacy data reported in the literature and limitations of the studies
conducted to collect those data

Summaries of the safety data in animals and humans for this use of corticosteroids,
based on FDA’s review of the literature and the FDA Adverse Event Reporting System
(FAERS)

Estimates of the frequency of ESI

Background on FDA’s Safe Use Initiative and information about the expert panel
convened to make recommendations for safe use of ESI

Regulatory Requirements and Guidance Recommendations for the Relevant Sections of
the Product Labeling

Page 4 of 63
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2 Regulatory History

In November 2009, Dr. James Rathmell, an anesthesiologist at Massachusetts General Hospital,
contacted the FDA regarding the use of depot formulations of steroids for transforaminal
epidural injections and the risk of catastrophic neurologic injuries. Based upon this inquiry, the
FDA initiated a safety review of serious neurologic events with ESLIY The safety review
included a review of the FDA Adverse Event Reporting System (FAERS) and reports in the
published literature associated with the five corticosteroid products marketed for injection:
betamethasone, dexamethasone, hydrocortisone, methylprednisolone, and triamcinolone. The
review team noted the serious nature of some of the post-marketing reports, including stroke,
paraplegia, quadriplegia, and spinal cord infarction, and also recognized that epidural injection
was an off-label use of corticosteroids. A summary of the FAERS data will be described
elsewhere in this document (see Section 5 and Attachments 2, 3, 4, and 5).

The findings of this review led the FDA to determine how best to address this safety issue while
taking into account that ESI are widely utilized in the practice of medicine to treat painful
conditions, which are common in the population, greatly affect the quality of life for the
patients, and have a considerable impact on society as well. The safety review team initially
recommended that a class Warning be added to the injectable corticosteroid product labels.
This proposal was presented to FDA’s Drug Safety Oversight Board (DSB) in September 2010.
The DSB is a panel of federal partners (AHRQ, CDC, CMS, DOD, HRSA, IHS, NIH, and VA) that
advises the FDA's Center for Drug Evaluation and Research (CDER) on how to address important
drug safety issues.’” The DSB raised concerns about the potential for unintended
consequences of the proposed class Warning for the injectable corticosteroids given that
patients may be considering alternatives for pain management such as opioid therapy or
surgery that carry their own inherent risks. The DSB also noted factors that add to the
complexity of understanding the cause of the safety issue, e.g., the injection technique and
location of the injection.

Because of the feedback from the DSB and based on additional internal discussion in CDER, the
FDA decided that the FDA’s Safe Use Initiative (SUI)[A] would be appropriate to address this
safety issue. The FDA’s Safe Use Initiative was created to facilitate public and private
collaborations within the healthcare community. The goal of the Safe Use Initiative is to reduce
preventable harm by identifying specific, preventable medication risks and developing,
implementing, and evaluating cross-sector interventions with partners who are committed to
safe medication use. The SUI convened a panel of experts on the topic and has been working
on the issue with them since 2011. Additional details of the SUI process will be discussed in
more detail in Section 8 of this document.

In the interim, in October 2010, Bristol-Myers Squibb submitted labeling supplements for
Kenalog-10 and Kenalog-40 Injection (triamcinolone acetonide injectable suspension) for the
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following: 1) to add ‘Not for Epidural or Intrathecal Use’ to the beginning of the product
labeling and 2) to modify an existing Warning statement about intrathecal use to incorporate
information about epidural use.® These labeling supplements were approved in June 2011.
Given the ongoing work by SUI, this labeling was not requested or required for other injectable
corticosteroids.

During 2012 and 2013, members of an organization called “Arachnoiditis Society for Awareness
and Prevention” contacted the FDA regarding the safety of ESI. This group has an interest in the
FDA’s ongoing review of the safety of ESI.

In 2014, because of additional concern about the neurological risks of ESI, the FDA required a
class Warning to be added to the product labels for injectable corticosteroid products to ensure
that healthcare providers are aware of the potential risk of serious neurologic events with ESI
and to remind healthcare providers that the FDA has not approved corticosteroids for epidural
injection. At the time the class Warning statement was announced in an FDA Drug Safety
Communication (April 2014), FDA also committed to holding an Advisory Committee meeting to
determine whether additional regulatory action is needed on this issue.’® The class Warning
language is shown below:

WARNING

Serious Neurologic Adverse Reactions with Epidural Administration

Serious neurologic events, some resulting in death, have been reported with
epidural injection of corticosteroids (see WARNINGS: Neurologic). Specific
events reported include, but are not limited to, spinal cord infarction, paraplegia,
guadriplegia, cortical blindness, and stroke. These serious neurologic events
have been reported with and without use of fluoroscopy. The safety and
effectiveness of epidural administration of corticosteroids have not been
established, and corticosteroids are not approved for this use.

A number of injectable corticosteroids are approved either as branded New Drug Application
(NDA) products or generic Abbreviated New Drug Application (ANDA) products. The following
list shows the approved NDAs for injectable corticosteroids, but note that not all of these
products may be commercially available.”! These products were required to update their
product labeling to incorporate the new Warning.

e betamethasone acetate; betamethasone sodium phosphate

- NDA 14602 (Celestone Soluspan by Merck Sharp Dohme)
e dexamethasone sodium phosphate

- ANDAs only
e hydrocortisone sodium succinate

- NDA 9866 (Solu-Cortef by Pharmacia and Upjohn [Pfizer])
e methylprednisolone acetate
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- NDA 11757 (Depo-Medrol by Pharmacia and Upjohn [Pfizer])
e methylprednisolone sodium succinate
- NDA 11856 (Solu-Medrol by Pharmacia and Upjohn [Pfizer])
e triamcinolone acetonide
- NDA 12041 and 14901 (Kenalog-10 and Kenalog-40 by Apothecon [Bristol
Myers Squibb])
e triamcinolone hexacetonide
- NDA 16466 (Aristospan by Sandoz)

Throughout the remainder of this document, the safety issue is described in more detail.

Although the FDA has updated the corticosteroid product labeling to include safety information

on ESI, the Advisory Committee panel will discuss whether further regulatory activities are
recommended.

Page 7 of 63

Page 14



3 Overview of Epidural Steroid Injections (ESI) for the Management of
Pain Syndromes

Back pain is the most common of all chronic pain disorders with lifetime prevalence reported to
be 54-80%. It is not uncommon for radicular pain to occur in conjunction with back pain, e.g.,
cervical radiculopathy with neck pain and sciatica with lower back pain. ESI for managing these
types of chronic pain are one of the most commonly performed interventions in the United
States. See Section 7 of this document for estimates of the frequency of ESI.

Epidural steroid injections are performed in the office setting, hospitals, and surgery centers by
a variety of healthcare providers, including anesthesiologists, nurse anesthetists, radiologists,
neurologists, physiatrists, and surgeons. Fluoroscopy is frequently used for guidance during
needle insertion and, along with the injection of contrast media, to confirm needle location
prior to injection of the corticosteroid, which is often mixed with a local anesthetic that is used
to confirm deposition of the corticosteroid near the affected nerves.

3.1 Features of injectable corticosteroids

In the published literature about ESI, the different corticosteroids are often classified as
‘particulate’ or ‘non-particulate’. This classification is noteworthy, because throughout the
published literature there are assertions that different types of corticosteroids (particulate vs.
non-particulate) have an impact on the efficacy and safety of ESI. The specific definition for
‘particulate’ and ‘non-particulate’ is not clear, but appears to be based upon particle size. The
FDA does not have definitions for ‘particulate’ and ‘non-particulate’ and does not use these
categories to classify injectable corticosteroids. Instead, the FDA describes injectable
corticosteroids as solutions or suspensions, but these categories may not necessarily
correspond to the literature categories of non-particulate vs. particulate. The different
injectable corticosteroids are shown in Table 1 below with information from FDA-approved
product labeling regarding solubility, excipients, and suspension vs. solution. Some excipients
were noted because of the potential impact on safety, e.g. potential neurotoxicity of benzyl
alcohol.

Table 1. Information about FDA-approved injectable corticosteroids

. . Tradename Sponsor Suspension | Solubility in Notable
Corticosteroid . . . .
or Solution in H,0 Excipients
Betamethasone Celestone Merck Sharpe Suspension | acetate form
acetate, Soluspan Dohme insoluble; .
. Benkalkoniu
betamethasone sodium .
. m Chloride
sodium phosphate phosphate
form soluble
Dexamethasone Generic only Multiple Solution Benzyl
. freely soluble
sodium phosphate Alcohol
Page 8 of 63
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Hydrocortisone Solu-Cortef Pharmacia and | Powder for
. . . ) . very soluble
sodium succinate Upjohn (Pfizer) | solution
Depo-Medrol | Pharmacia and | Suspension Benzyl
Methylprednisolone Upjohn (Pfizer) Alcohol
acetate Polyethylene
Glycol
Methylprednisolone | Solu-Medrol Pharmacia and | Powder for +/- Benzyl
. . . . . soluble
sodium succinate Upjohn (Pfizer) | solution Alcohol
Triamcinolone Kenalog-10 Bristol Myers Suspension Benzyl
acetonide Kenalog-40 Squibb Alcohol
Triamcinolone Aristospan Sandoz Suspension Benzyl
Hexacetonide Alcohol

These steroids are synthetic derivatives of the endogenous hormones of the adrenal cortex
(e.g., cortisol, or hydrocortisone when formulated as a drug) and have varying degrees of
aqueous solubility. Generally, synthetic corticosteroids are lipophilic and would generally be
formulated as suspensions (e.g., triamcinolone acetonide, triamcinolone hexacetonide,
methylprednisolone acetate, betamethasone acetate). But if the corticosteroids are derivatized
to include a salt moiety in their structure (betamethasone sodium phosphate, dexamethasone
sodium phosphate, methylprednisolone sodium succinate), they become water soluble and
formulations are generally solutions.

Researchers have performed microscopic analysis of several corticosteroid formulations to
evaluate particulate shape, size, and aggregation.[1;2] The authors noted that triamcinolone
acetate and methylprednisolone acetate tended to coalesce into large aggregates, but
dexamethasone generally did not have particles. Betamethasone is more complicated because
the FDA-approved formulation has both a soluble (salt) and insoluble (ester) component and
depending on the formulation of betamethasone analyzed, the microscopic analysis and
particle size could be different.

It is conceivable that the corticosteroid formulation could impact efficacy. For example, an
ester formulation that requires hydrolysis to release the active moiety may have longer time to
onset of action, but longer duration of effect.[3] In addition to efficacy considerations, with
suspension formulated steroids for injection, particle size/aggregation are likely important
parameters to consider due to the potential for embolism and infarction.[3-6]

It should also be noted that in addition to the FDA approved injectable corticosteroids, FDA
acknowledges the availability of compounded corticosteroids for injection that are being used
for ESI. The preparation of these products may impact the safety of ESIIC] Compounding is not
a topic for discussion at this meeting.
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One of the issues that may be raised at the AC meeting is whether the risk of serious neurologic
events differs with different corticosteroids. There are reports in the literature that there is an
increased risk of serious neurologic events with particulate corticosteroids compared to non-
particulate corticosteroids, and there have been criticisms of the FDA for requiring a Warning
on all the corticosteroids.[H][7] These assertions are challenging for the FDA for several reasons.
As noted above, FDA does not categorize corticosteroids as ‘particulate’ or ‘non-particulate’. In
addition, it is difficult to compare event rates based upon spontaneous post-marketing reports,
and the use patterns of ‘particulate’ or ‘non-particulate’ corticosteroids may vary. Finally, the
level of evidence needed to support labeling one or more corticosteroids as safer than another
would be quite high.

3.2 Approaches for ESIs

In addition to the variety of corticosteroid products available, there are several approaches
utilized for epidural injections including: interlaminar, transforaminal, and caudal. The
approach used is determined by the type of pain being treated, the anatomic area where the
steroid deposition is to occur, and the level of comfort the treating clinician has with each of
the injection approaches. The approach used may impact the risks for intravascular or
intrathecal injection.

The interlaminar injections are performed by inserting the needle between (midline), or
adjacent and parallel to (paramedian), the spinous processes of two vertebrae and traversing
the ligamentum flavum to the epidural space. (See Figure 1, position A)

The transforaminal approach to the epidural space is generally done using fluoroscopy to
identify the bony landmarks and confirm the injectate reaches the epidural space. The needle
is inserted into the skin over the lateral border of and approximately halfway between two
adjacent transverse processes at the interspace where the injectate is to be administered. The
needle is advanced toward the lower edge of the transverse process, near its junction with the
superior articular process. The needle is then directed towards the superior, lateral, anterior
aspect of the neural foramen. The goal is to position the needle in the triangle composed of
the pedicle, the nerve root, and the vertebral body. (See Figurel, position B)

A caudal injection is placed through the sacral hiatus. The needle is advanced into the caudal
canal to a point 1-2 cm beyond and posterior to the ventral plate of the sacrum. A catheter
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may be passed through the needle at this juncture to permit more cephalad injection of the
medications.
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Figure 1. Approaches for epidural injections: “A” demonstrates the interlaminar route of
administration; “B” represents the transforaminal route. [Figure 1, p. 177, from Cohen et al.[8]]
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4 Overview of Evidence Relating to the Efficacy of Epidural Steroid
Injections

To discuss the risks of ESI, it is important to also consider the benefit of ESI in order to make a
risk/benefit determination. Although corticosteroids are not FDA-approved for epidural
injection, they are widely reported as providing symptomatic benefit for patients. As
mentioned in the introduction, CDER has never approved an injectable corticosteroid product
for administration via epidural injection. Therefore, the only available efficacy information is
that reported in the published literature. Although such information may be useful for
evaluating the efficacy of a particular product, there are a number of limitations of reports
published in the medical literature that should be taken into consideration when weighing the
value of the reported findings. These include:

1. Limited descriptions of the protocols that preclude a determination of whether subject
selection bias, amendments to the protocol during the trial, and other
methodological issues may have influenced the trial outcome.

2. Limited descriptions of the conduct of the trial that would allow an assessment of the
validity of the findings based on protocol deviations.

3. Lack of original datasets that would allow verification of the statistical analyses and
conclusions.

4. Limited ability to assure that the trial was conducted as reported and to verify that the
data are legitimate.

Despite these potential shortcomings, it may be possible to draw reliable conclusions from the
literature when multiple investigators from different institutions conduct similarly designed
trials that produce similar results. For epidural corticosteroid injections, the results of
numerous clinical trials have been reported in the literature; however, the findings are often
mixed and comparisons are difficult to make due to differences in trial designs, e.g.,
corticosteroid(s) evaluated, pain syndrome evaluated, method of administration of study drugs,
choice of comparator, endpoints studied, and duration of follow-up. As such, this overview will
touch on systematic reviews or meta-analyses of randomized controlled trials that attempted
to summarize the findings of groups of trials of ESI efficacy.

In 2007, Abdi et al. [9] performed a systematic review of the literature using Agency for
Healthcare Research and Quality (AHRQ) criteria for the evaluation of randomized and non-
randomized trials and the Cochrane Musculoskeletal Review Group’s criteria for randomized
trials to evaluate the efficacy of various types of epidural steroid injections (interlaminar,
transforaminal, and caudal), in the management of various types of chronic pain (axial and
radicular) in the neck and low back regions. The results of their literature search are
summarized below in Figure 2.
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Figure 2. Literature search results [Fig. 1 p. 188 from Abdi et al. [9]]

Articles reviewed from database search (EMBASE, PubMed,
and ISI Web of Science) = 336
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RCT - randomized, controlled trial

Using pain relief as the primary outcome measure and defining short-term improvement as
lasting < 6 weeks duration and long-term relief as lasting > 6 weeks duration, they reported the
following results from their analyses of the “included studies.”

Table 2. Results from Abdi et al systematic review[9]

Type of Pain Method of Injection Level of Evide.nce fc_)r Level of Evide.nce f?r
Short-Term Pain Relief | Long-Term Pain Relief
Cervical radiculopathy Interlaminar Moderate Moderate
Cervical nerve root Transforaminal Moderate Moderate
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Type of Pain Method of Injection Level of Evidence for Level of Evidence for
Short-Term Pain Relief | Long-Term Pain Relief

Lumbar nerve root Transforaminal Strong Strong
Lumbar radicular Lumbar interlaminar Strong Limited
Lumbar radicular Lumbar transforaminal Strong Moderate
Lumbar radicular pain
post lumbar Moderate Moderate
laminectomy
Lumbar spinal stenosis Transforaminal Limited Limited
Lumbar radiculopathy Caudal epidural Strong Moderate
Post-lumbar
laminectomy Caudal epidural Strong Moderate
syndrome

Based on these findings, the authors drew the following conclusions:

1. There is moderate evidence for interlaminar epidurals in the cervical spine and limited
evidence in the lumbar spine for long-term relief.

2. The evidence for cervical and lumbar transforaminal epidural steroid injections is
moderate for long-term improvement in managing nerve root pain.

3. The evidence for caudal epidural steroid injections is moderate for long-term relief in
managing nerve root pain and chronic low back pain.

In 2008, Staal et al. [10] reported on a systematic review of the literature conducted with a
focus on randomized, controlled trials, and then, in 2009, updated their search of the Cochrane
Central Register of Controlled Trials, MEDLINE, and EMBASE databases up to March 2007 for
trials that were reported in English, French, German, Dutch, and Nordic languages [11].
Included in their analyses were studies on the effects of injection therapy involving epidural,
facet, or local sites for subacute or chronic low back pain. Their search identified 18 trials
involving 1,179 subjects. The injection sites included the epidural space, facet joints, and
trigger points. All trials involved the use of corticosteroids, but the use of local anesthetics and
other drugs with the corticosteroid was not a basis for exclusion. At the time of their initial
review, they concluded that there was insufficient evidence to support the effectiveness of
injection therapy; however, they noted that the heterogeneity of the studies may have limited
the ability to draw definitive conclusions. To reduce heterogeneity in the updated review, the
authors classified the studies first according to the target tissue of the injection, second
according to the therapeutic agent that was used, and then, if possible, these strata were
further subdivided into placebo-controlled trials and those that compared injections with other
treatments. Furthermore, the authors excluded studies dealing specifically with the treatment
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of radiculopathy, having assessed this use of epidural steroids in a previous review, which is
also presented later in this document. The following criteria were used by the authors for
inclusion into the review:

1. The treatment had to include injection therapy for pain relief.
2. Studies about injections into sacroiliac joints and studies in which the drugs were

administered by means of a catheter and not directly by means of an injection were
excluded.

The study had to have incorporated some outcome measure of pain. These outcomes
were evaluated by the authors over both the short-term (< 6 weeks) and long-term (> 6
weeks).

The clinical relevance of the studies was assessed based on the following five questions and the
extent to which they were addressed in a positive fashion:

1.

w

Are the patients described in detail so that you can decide whether they are comparable
to those that you see in your practice?

Are the interventions and treatment settings described well enough so that you can
provide the same for your patients?

Were all clinically relevant outcomes measured and reported?

Is the size of the effect clinically important? (A 20% improvement in pain scores and a
10% improvement in functioning outcomes were considered by the authors to be
clinically important.)

Are the likely treatment benefits worth the potential harms?

Their analyses, related to the use of epidural steroids, were divided into three categories:
steroids versus placebo injections; steroid injections versus other treatments; and steroids
combined with local anesthetics versus other treatments.

They found that there was limited evidence that epidural steroid injections were not
significantly different from placebo injections in the short-term (based on a single trial involving
48 patients). There was moderate evidence for pain relief and limited evidence for work
disability that epidural corticosteroid injections were not significantly different from placebo
injections in the short term (based on one trial involving 35 patients).

Comparing epidural steroid injections to other treatments, there was limited evidence in the
literature that the effects of epidural steroid injections were not significantly different from:

NSAIDs for pain relief in the short term based on a single trial of 206 patients who were

status post laminectomy[12];

Intrathecal midazolam for pain relief and general improvement both in the short and

intermediate term for 28 patients enrolled in a single trial[13]; and
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e Epidural morphine, which was eventually combined with corticosteroids and
administered epidurally, for pain relief in the short and intermediate term in a single
trial involving 22 patients who were status post laminectomy[14].

Lastly, they noted that there was moderate evidence, based on two trials involving 56 patients,
that there was no significant difference in the amount of analgesia provided between epidural
steroid blocks with ropivacaine and epidural steroid blocks with bupivacaine.

Based on their analyses, the authors made the following three conclusions relevant to the
current discussion:

1. Thereis limited evidence that epidural corticosteroid injections are no more effective
than placebo injections for general improvement and work disability.

2. There is moderate evidence that epidural corticosteroid injections are no more effective
than placebo injections for pain relief.

3. There is limited evidence that epidural corticosteroid injections are no more effective
than other drug treatments for pain relief and general improvement.

In 2009, Roberts et al. [15] reviewed the literature evaluating the efficacy of lumbosacral
transforaminal epidural steroid injections (TFESIs) in the treatment of radicular pain.
Specifically, they searched MEDLINE, EMBASE, and the Cochrane database for the period
between 1950 and May 2008. The authors restricted their review to those studies that were
randomized controlled trials (RCTs), published in English, and which evaluated the efficacy of
fluoroscopically guided TFESIs. The authors analyzed the studies utilizing a quality checklist
modeled after the 2001 CONSORT Statement: Revised Recommendations for Improving the
Quality of Reports of Parallel-Group Randomized Trials. In all, they identified nine studies that
included a majority of these items. Based on factors which included study design, inclusion
criteria, symptom duration, randomization protocol, blinding protocol, intervention, control,
outcomes, follow-up, dropout, and statistical analysis, each study was assigned a level of
evidence: | (highest quality based on the randomized controlled design with either a significant
difference between treatments or no significant difference but a narrow confidence interval) or
Il (high quality based on prospective cohort study or randomized controlled trial design and
factors that detracted from the quality, e.g., low (80%) follow-up, low power, poor
randomization technique, unblinded evaluators). The studies were also divided according to
the control treatment. Lastly, the overall evidence was graded as A (good), B (fair), C
(conflicting/poor quality), or | (insufficient). Five of the nine trials that were analyzed compared
transforaminal epidural steroid injections to a control that permitted the efficacy of the steroid.
The author’s reviews of those trials are summarized Table 3 below.
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Table 3. Efficacy evaluations of transforaminal epidural steroid injections (Table 4, pp. 662-662, from Roberts et al.[15])
Reference Number of Outcome Time of Level of
Patients Control Intervention Measure- Results Strengths | Weaknesses .
Year . . Measures Evidence
Selection Criteria ments
48 patients; leg 1-2 para- | 1-3 TFESIs Roland- Preinject- | Successful Length of | Lack of Il
pain greater than | spinal with Morris ion, 3and | outcome if follow-up | blinding of
back pain with saline lidocaine score, visual | 6 weeks Roland-Morris (1.4y). patients
symptoms > 6 wk, | trigger and numeric and 3, 6, score improved [Trigger and
MRI with HNP point betamethas | painscore, |and12 by 5 or more, point treating
with <50% injections | one (n = finger-to- months pain reduced by |injection | physicians
intervertebral (n=23). | 25). floor post- greater than as a . Raw data
foraminal distance, injection. | 50% and a control. and
narrowing. and a 0-4 patient baseline
Vad et patient satisfaction characteri
al.[16] satisfaction score of at least stics not
2002 score. 2 at one year given.
post-injection.
84% of
intervention
group and 48%
of control group
had a successful
outcome, which
is statistically
significant.
60 patients; TFIl with TFIl with Verbal 1,3,6 There wereno  |[Uniform Non- [l
Devulder history of spinal | bupivacai | bupivacaine | rating score | months statistically patient blinded
etal.[17] surgery for disk | ne and , (0-4). post- significant selection | study.
1999 herniation with | hyaluroni | hyaluronida injection. | differences EMG and | Chronic
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EMG confirming | dase se (n =20) between groups. [imaging nerve
chronic nerve vs. TFESI Overall, pain to deter- | pathology
pathology and with relief most mine populatio
imaging bupivacaine prominent after [chronic n cannot
confirming nerve , 1 month, but nerve be
fibrosis. methylpred decreased at3  |path- generalize

nisolone (n and 6 months.  |ology. d. Patient

=20) vs. baseline

TFESI with characteri

bupivacaine stic not

, given.

hyaluronida

se,

methylpred

nisolone (n

= 20). Each

group

received 2

injections 1

week apart.
55 patients; 1-4 TFIs 1-4 TFESIs Operative 13-28 Significantly Significa | Secondary | |
lumbar radicular | with with intervention | months fewer patientsin | nt outcome
pain with bupivacai | bupivicaine post- the follow- measures

Riew et radiographic ne (n= and injection. | intervention up (13- | only
al.[18] confirmation of | 27). betamethas group (29%) 28 obtained
nerve-root one pursued surgery, | months) | for non-
2000 . . .

compression. (n=28). compared with . operative
Each patient the control Patient | group.
considered a group (67%). and
surgical surgeon
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candidate by the blinded
patient and the to the
surgeon. interven
tion.
160 patients; leg | A single A single Back and leg | Immediat | Statistically Patients | Control I
pain greater than | saline TFl | TFESI with VAS, ely after significant and group was
back pain for 3-28 | (n =80). | Methylpred | Oswestry, the results: physicia | not a true
weeks. nisolone Nottingham | injection, | immediately, leg | ns were | placebo.
and Health 2and 4 pain decreased blinded | Patients
bupivicaine | Profile, weeks by 61% in to the were
(n=280). physical post- treatment group | interven | limited to
exam, cost. | injection compared with tion. only 1
and 3, 6, 44% in control Large injection.
and 12 group; at 2 populati
months weeks, on size.
Karppinen post- improvement in | Long
et al. [19] injection. | all measures follow-
2001 (except Schober) | up.
in both groups,
with TFESI
superior to
control for leg
pain, straight leg
raise, Schober
and patient
satisfaction; at 3
months, controls
had less back
pain than TFESI;
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at 6 months,
controls had less
back pain and
leg pain. At 1y,
there was no
difference in
outcome
measures, but
both groups
improved.
86 patients; Assingle Asingle Oswestry, 6 and 12 Improvement in Patient | Duration I
chronic unilateral | TFESI TFESI with VAS for weeks both groups for s and of
radicular pain with bupivacaine | back and post- leg pain, physici | symptoms
that failed Bupivacai | and radicular injection. | Oswestry, and ans was
conservative ne only methylpred | pain, walking distance, | were greater in
treatment. (n=43). | nisolone (n | changein but no blinded | the
=43). walking statistically tothe | treatment
distance, significant interve | group
and difference ntion. compared
Ng et . .
al.[20] pat'lent s between the 2 with the
5005 satisfaction groups. Only the controls.
level. duration of The
symptoms control
demonstrated a group is
predictive not a true
response—the placebo.
shorter the Patients
duration of were
symptoms, the limited to
better the only 1
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response to the
injection.

injection.

TFESI = transforaminal epidural steroid injections; MRI = magnetic resonance imaging; HNP = herniated nucleus pulposus; EMG =

electromyogram; TFI = transforaminal injection; VAS = visual analog scale.
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Based on their analysis, the authors conclude the following regarding the use of steroids when
injected using a transforaminal approach to the epidural space:
e In patients with radicular pain secondary to herniated nucleus pulposis or spinal stenosis
who are surgical candidates, TFESI is a surgery-sparing intervention compared with TFI
of bupivacaine [11]. Grade of Recommendation: A
e |n patients with sub-acute to chronic radicular symptoms, a single TFI of bupivacaine or
saline alone has similar effects on both short-term and long-term pain and disability as a
single TFESI [12,14]. Grade of Recommendation: A
e |n patients with chronic nerve fibrosis and failed back surgery syndrome, pain relief is
similar with a TFI of bupivacaine and hyaluronidase, a TFl of bupivacaine and
methylprednisolone, and a TFI of bupivacaine, hyaluronidase, and methylprednisolone
[10]. Grade of Recommendation: B

In 2012, Pinto et al [21] published their findings from a systematic review and meta-analysis of
randomized, placebo-controlled trials assessing the efficacy of epidural corticosteroid injections
in patients with sciatica. They searched the International Pharmaceutical Abstracts, PsycINFO,
MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, and CINAHL over the period
extending from the earliest records to April 27, 2012. The search strategy included keywords
related to randomized, controlled trials; sciatica; and corticosteroids. In addition to the
electronic searches, their team “hand-searched” the reference lists of eligible clinical trials and
previous systematic reviews. The search was restricted to trials published in English.

Studies were eligible if they were randomized, controlled trials evaluating epidural
corticosteroid injections compared with similar placebo interventions. Studies of the three
anatomical approaches generally used for administering epidural corticosteroids, i.e., caudal,
interlaminar, and transforaminal, were eligible. The authors considered “placebo”
interventions as administration of an inert, i.e., no pharmacologic activity or innocuous
substance (e.g., regular saline solution) either into the epidural space (to mimic epidural
corticosteroid injection) or adjacent spinal tissue (e.g., subcutaneous, intramuscular, or
interspinous). They also included clinical trials where a local anesthetic with a short duration of
action was used in both the active treatment and control groups. To be eligible, clinical trials
had to include only patients diagnosed with “sciatica,” or other pain conditions, e.g., nerve root
compression or disc herniation, where the pain radiated below the knee.

Patients were classified as having acute (< 6 weeks), subacute (6 to 12 weeks), chronic (212
weeks), or mixed duration of symptoms. To enhance patient homogeneity, trials that reported
the inclusion of patients who previously had surgery or patients with sciatica due to spinal canal
stenosis were not included; however, trials that included patients with foraminal stenosis or
lateral recess stenosis were considered eligible. Trials with mixed populations were eligible if
the data for the subgroup of participants with sciatica could be clearly identified.
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Eligible trials were required to report at least one of the following outcome measures:
e Overall pain intensity (when not specified as leg or back pain)
e Leg pain intensity
e Back pain intensity
e Disability status

The authors assessed trial methodological quality with the Physiotherapy Evidence Database
scale. The data extracted from the trials included the mean differences and 95% Confidence
Intervals (Cls) or means (final values or change in score), Standard Deviations (SDs), and sample
sizes. When there was insufficient information in the trial reports, the authors took the
additional steps of contacting the investigators or estimating the data using methods
recommended in the Cochrane Handbook for Systematic Reviews of Interventions. Lastly, the
GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach was
used to evaluate the overall quality of the evidence using an adapted version of the criteria
advocated by the Cochrane Back Review Group. Specifically, the GRADE classification was
downgraded by 1 level for each of 4 factors considered:
I. Design limitations (> 25% of participants from studies with low methodological quality
[Physiotherapy Evidence Database score < 7 points])
IIl. Inconsistent results (< 75% of participants from studies with findings in the same
direction)
[ll. Imprecision (< 300 participants for each outcome)
IV. Reporting bias (a funnel plot showing evidence of small study effects)

Outcome data were extracted and grouped into 4 time points of assessment: immediate term
(< 2 weeks after randomization), short term (> 2 weeks but < 3 months), intermediate term (> 3
months but < 12 months), and long term (= 12 months) follow-up evaluations. When several
time points fell within the same category, the time point closest to 1 week for the immediate
term, 8 weeks for the short term, 6 months for the intermediate term, and 12 months for the
long-term was used. When more than one outcome measure was used to assess pain or
disability, the outcome measure described as the primary outcome measure for the trials was
included in the review. Scores for pain intensity and disability were converted to scales from 0
(no pain or disability) to 100 (worst possible pain or disability). Pain intensity measures used to
calculate pooled effects were visual analog scale scores (range, 0 to 100) and numerical rating
scale scores (range, 0 to 10); the disability measures pooled in the meta-analysis were Oswestry
Disability Index scores (range, 0 to 100) and Roland—Morris Questionnaire scores (range, 0 to
24). The numerical rating scale and Roland—Morris Questionnaire scores were converted to the
same 0-to-100 scale as in the visual analog scale and Oswestry Disability Index.

For the primary analysis, trials considered clinically homogeneous were grouped according to
outcomes (pain and disability) and assessment time points (immediate term, short term,
intermediate term, and long term). When trials presented more than one possible placebo-
controlled intervention, the authors extracted data from the comparison group that they
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thought most closely mimicked the epidural injection procedure and that they considered most
likely to be inert. Pooled estimates were calculated using a random-effects model. For effect
size calculation, overall pain was pooled together with leg pain based on the observation that
leg pain is usually worse than back pain in patients with sciatica.

Secondary exploratory analyses included subgroup analyses to examine whether the short-term
efficacy of epidural corticosteroid injections on leg pain varied by epidural injection approaches
(caudal vs. interlaminar vs. transforaminal), type of placebo (epidural anesthetic vs. epidural
saline vs. interspinous saline), and definition of sciatica (clinical assessment vs. required
concordant imaging evidence). Pooled estimates for each subgroup were calculated using a
random-effects model.

A total of 23 trials were ultimately included in the review. Epidurally administered
corticosteroids investigated included methylprednisolone, prednisone or prednisolone,
triamcinolone, and betamethasone. Thirteen of the trials evaluated the interlaminar approach
for administration of the epidural steroids. The transforaminal and caudal approaches were
investigated in 6 and 4 trials, respectively. The results for the meta-analysis of the weighted
mean difference (WMD) for leg pain and disability or shown in the two figures below.

For short-term follow-up of leg pain, there were 14 trials involving 1,316 patients included in
the analysis. Pooling showed a significant effect favoring epidural corticosteroids (/* = 10%;
mean difference, -6.2 [95% Cl, -9.4 to -3.0]) on a scale from 0 to 100. For short-term follow-up
of back pain, there were 6 trials involving 723 patients. The authors found that there was no
short-term effect of epidural corticosteroid injections on this parameter (I = 0%; mean
difference, 0.5 [CI, -3.9 to 4.8]). For disability, the authors pooled 10 trials involving 1,154
patients and found a significant effect of epidural corticosteroid injections compared with
placebo (l2 = 0%; mean difference, -3.1 [Cl, -5.0 to -1.2]). They determined that the overall
quality of evidence for the short-term effect of epidural corticosteroid injections was the same
for leg pain, back pain, and disability outcomes, which was high quality, according to the GRADE
classification.

For long-term follow-up, leg pain, back pain, and disability showed similar non-significant
results. A total of 7 trials involving 714 patients were pooled for the analysis of leg pain. The
data failed to show long-term relief of leg pain when compared with placebo (P = 15%; mean
difference, -4.8 [Cl, -10.2 to 0.7]). For back pain, 3 trials involving 453 patients were pooled. For
these, there was a non-significant effect (Iz = 0%; mean difference, 3.4 [Cl, =2.4 t0 9.2]). For
disability, the authors were able to pool data from 6 trials involving 691 patients and found
there was no difference between corticosteroids and placebo (Iz = 22%; mean difference, -2.7
[Cl, -6.8 to 1.3]). The GRADE classification for the three components of the long-term analyses
was rated as high quality.

In their discussion of the results, the authors stated that there is high-quality evidence showing

that epidural corticosteroid injections have small, short-term effects on leg pain and disability
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compared with placebo in patients with sciatica but no effect in the long term and no effect on
back pain over either the short or long term. The small between-group effects of 6 and 3 points
observed, respectively, for pain and disability (on a scale of 0 to 100) were considered
insufficiently large to be judged clinically meaningful by either patients or clinicians.
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Figure 3. Weighted Mean Difference for leg pain (Figure 2, p. 872, from Pinto et al.[21]). [Note
that the reference citations are from the article and are not incorporated into this document.]

Leg Pain

Author, Year (Reference)

Short-term follow-up

Caudal
approach

Inkar

Bush and Hillier, 1991 (38)

Iversen et al, 2011 (45)

Manchikanti et al, 2011 (50)

Kl et al, 1984 (47)

I

approach

Transforaminal Karppinen et al, 2001 (46)

approach

Helliwell et al, 1985 (44)
Carette et al, 1997 (39)
Valat et al, 2003 (61)
Arden et al, 2005 (37)*

Manchikanti et al, 2010 (51) 35

Ng et al, 2005 (53)
Tafazal et al, 2009 (59)

Ghahreman et al, 2010 (43)

Cohen et al, 2012 (40)

Long-term follow-up

Caudal
approach

Interlaminar

approach

Transforaminal Karppinen et al, 2001 (46)

approach

*Price et al. reported data from the same trial.

Bush and Hillier, 1991 (38)

Iversen et al, 2011 (45)

Manchikanti et al, 2011 (50) &0

Arden et al, 2005 (37)*

Manchikanti et al, 2010 (51) 35

Vad et al, 2002 (60)

Favors Corticosteroids

Corticosteroids Placebo WMD (95% CI)
Patients, n Mean Patients,n Mean
Pain Score Pain Score
(SD) (SD)
12 - 11 - - 21
37 37.6(23.6) 35 42.4(25.0) —— 6.2
60 34.0(17.0) 60 41.0 (18.0) —4 12.8
19 222(21.6) 16  17.7 (21.6) — 41
20 -25.0(20.0) 19 -7.0(13.0) —— 6.7
77 -26.5(36.0) 79 -22.5(344) —— 7.3
43 22.1(20.1) 42 24.8(25.7) —— 7.5
120 -15.0(32.0) 108 -15.0(32.0) —— 9.4
35.0(11.0) 35 39.0 (12.0) B 14.6
80 - 80 - B 6.4
40 -21.0(26.6) 41 -22.0 (25.6) —— 6.1
65 -26.1(26.6) 59 -18.6(26.1) —— 8.1
28 41.0(30.0) 37 55.0(26.0) — 4.6
28 - 30 - — 3.9
Pooled Effect 12=10% L 3
T T T T
-50.0 -250 0.0 25.0 50.0
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12 - M - —_— T 31
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33.0(12.0) 35 39.0 (13.0) ‘I‘ 218
78 i 80 = - 14.3
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Pooled Effect 12=15%
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Weight, % WMD (95% CI)
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-23
1.0
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-14.0
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-59
-6.0

(-42.3 to 16.3)
(17510 5.7)
(-12.6 to 0.6)
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Figure 4. Weighted Mean Difference for disability (Figure 3, p. 873, from Pinto et al.[21]). [Note
that the reference citations are from the article and are not incorporated into this document.]

Disability Author, Year (Reference) Corticosteroids Placebo WMD (95% CI) Weight, % WMD (95% CI)
Patients,n Mean Patients,n Mean
Disability Disability
Score Score
Short-term follow-up (SD) (SD)
Caudal Iversen et al, 2011 (45) 37 228(12.1) 35 24.7 (14.3) 9.3 -1.8 (-7.9104.3)
approach Manchikanti et al, 2011 (50) 60 27.2(13.0) 60 33.0 (14.4) 14.5 -5.8 (-10.7 to -0.9)
Interlaminar Carette et al, 1997 (39) 77 - 79 - 9.2 -3.2 (-94t03.0)
approach Valat et al, 2003 (61) 43 35.4(22.5) 42 37.9 (22.5) 3.8 25 (-1211t7.1)

Arden et al, 2005 (37)* 120 -13.0(17.0) 108 -10.0(18.0)
Manchikanti et al, 2010 (51) 35 276 (9.2) 35  30.8(10.4)

16.9 -3.0 (-7.5t01.5)
16.5 -32 (-7.8101.4)

R

Transforaminal Karppinen et al, 2001 (46) 80 - 80 - 10.3 -1.5 (-7.3t04.3)
approach Ng et al, 2005 (53) 40 -12.9(17.7) 41 -7.8(19.2) 5.4 =51 (13110 2.9)
Tafazal et al, 2009 (59) 65 -8.8(16.9) 59 -8.5(16.1) 10.3 -0.3 (-6.1t05.5)
Cohen et al, 2012 (40) 28 - 30 = 39 -5.9 (-15.4to0 3.6)
Pooled Effect 1?7=0% -3.1 (-5.0t0-1.2)
T T T

T
-50.0 —25.0 0.0 25.0 50.0
Favors Corticosteroids ~ Favors Placebo

Long-term follow-up

Caudal Iversen et al, 2011 (45) 34 18.8(12.1) 33 14.1(14.7) 17.0 4.7 (-1.6t011.0)
approach Manchikanti et al, 2011 (50) 60 26.2 (14.0) 60 31.0(15.5) 196  -4.8 (-10.1t0 0.5)
Interlaminar Arden et al, 2005 (37)* 120 -16.0(23.0) 108 -14.0(24.0) 17.6 -2.0 (-8.1t04.1)
approach Manchikanti et al, 2010 (51) 35 25.6 (8.8) 35  30.4(11.0) 214 —4.8 (-9.5t0-0.1)
Transforaminal Karppinen et al, 2001 (46) 78 = 80 = 16.6 04 (-6.1t06.9)
approach Vad et al, 2002 (60) 25 79(21.2) 23 23.8(21.2) —a— 81 -159 (-2791t0-3.9)

Pooled Effect 12=22% -2.7 (-6.8101.3)

T T T T T
-50.0 -25.0 0.0 250 50.0

Favors Corticosteroids ~ Favors Placebo

*Price et al. reported data from the same trial.
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In 2013, Cohen et al. [8] reported on their review of the literature in an effort to assess the
efficacy of epidural steroid injections based on a number of factors including injection
technique, region of the spine that was injected, dose and injectate administered, type of
steroid, underlying pathology, and medical specialty of the investigators. Trials for their review
were selected by searches of the PubMed, MEDLINE, EMBASE, and OVID databases from 1953
to February, 2013. Controlled trials, comparative-effectiveness studies, review articles, and
case reports were all considered for inclusion, without language restrictions. In addition, the
authors searched the reference lists of all articles for pertinent references that were missed
during the initial screening.

Evidence was weighted using the Oxford Centre for Evidence Based Medicine consensus
guidelines when relevant, and perceived bias. Levels of evidence cited in referenced systematic
reviews were either based on US Preventive Services Task Force (USPSTF) criteria or, if classified
by another scale, conveyed descriptively. For comparative effectiveness studies, i.e., type of
epidural steroid injection [ESI] and type of corticosteroid, evidence of superiority was described
using USPSTF levels of certainty. The authors identified 13 studies that met their inclusion
criteria; their findings are summarized in Table 4 below.
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Table 4. Summary of studies comparing transforaminal, interlaminar, and caudal epidural steroid injections (Table 3, pp 178-

179, Cohen et al.[8])

Ref
e:;‘::\ce Design Subjects Interventions Results Comments
TF: 40 mg triamcinolone Patients with
. . +4 mLNS ventral epidural
Ackerman and . 90 Patients with . . TF ESI > IL ESI
Randomized ) IL: 40 mg triamcinolone + spread, more
Ahmad[22] . S1 radiculopathy or caudal ESI at .
evaluator-blinded 4 mL NS common in TF ESI
2007 from HNP . . 24 wk
C: 40 mg triamcinolone + group, had better
19 mL NS outcomes
60 Z?]ti'li?éia"lv'th TF and IL: 80 mg No difference
Candido et al[23] Randomized radiculopath methylprednisolone + 1 | between TF ESI Study
2008 pathy mL NS + 1 mL 1% and ILESIupto | underpowered
from HNP lidocaine 6 mo
and DDD
42 Patients with TF: 40 mg triamcinolone
Gharibo et unilateral +1mL0.25% TF ESI > IL ESI Short follow-u
al.[24] Randomized radiculopathy bupivacaine at 2-wk follow- eriod P
2011 from disk disease | IL: 80 mg triamcinolone + up P
<ly 2 mL 0.25% bupivacaine
No diff
. 30 Patients with TFand IL: 3.75 mg o difference TF ESI > IL ESI for
Kolsi et al.[25] . L . between TFESI | . .. .
Randomized sciatic or femoral cortivazol + 2 mL 0.5% initial mean pain
2000 . . : and IL ESI up to
neuralgia lidocaine score decrease
4 wk
TF ESI > IL ESI I I
Kraemer et . ) TF, IL, and paravertebral SI>ILESI > ntra'lm'u§cu ?r
. 182 Patients with o paravertebral steroid injection
al.[26] Randomized LBP Injections local anesthetic | added in saline
1997 not described
upto3mo group
Lee et al.[27] Randomized 192 Patients with | TF: 20 mg triamcinolone TF ESI > IL ESI TF injections
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Reference
Year

Design

Subjects

Interventions

Results

Comments

2009

evaluator-blinded

axial LBP due to
HNP or SS

+4 mL 0.5% lidocaine
IL: 40 mg triamcinolone +
8 mL 0.5% lidocaine

upto4 mo

received half IL
ESI dose on each
side. Differences
between groups

greater for SS

patients

Rados et al.[28]

64 Patients with
chronic unilateral

TF: 40 mg
methylprednisolone + 3 mL
0.5% lidocaine

No difference
between TF ESI

TF ESI contained
half the steroid

2011 Randomized lumbar IL: 80 m and IL ESI dose and > 50%
radiculopathy m'ethylpgrednisolone +8mL | through6mo less LA
0.5% lidocaine
31 Patients with
Thomas et lumbosacral TFand IL: 5 mg TEESI > IL ES| Fluoroscopy used
al.[29] Randomized . dexamethasone in 2-mL for TF ESI, while
(2003) radiculopathy | o i UPTO6MO | ko) done blindly

from HNP <3 mo

Lee et al.[30]
2009

Retrospective

233 Patients with
lumbosacral
radiculopathy
from SS or HNP TF

TF small volume: 40 mg
triamcinolone + 2 mL 0.5%
lidocaine

TF large volume: 40 mg
triamcinolone + 8 mL 0.5%
lidocaine

IL: 40 mg triamcinolone + 8
mL 0.5% lidocaine

C: 40 mg triamcinolone + 15
mL 0.5% lidocaine

Satisfaction
and pain
scores:
TFESIand IL
ESI > caudal ESI
upto2mo
Function: TF ESI
> IL ESI > caudal
ESI

Functional
benefits of TF ESI
more pronounced

at 2 wk.
Injectate volumes
not standardized
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Reference

Year Design Subjects Interventions Results Comments
TF: 1.5-3 mg
betamethasone + 1 mL 1% TF ESI and
lidocaine caudal ESI 9 IL Longer pain
ESI at 1- to 3- duration in
Manchikanti et . 1?210I mgo(lje'pol_ 10 mo follow-up, caudal
. . . +
Retrospective 225 Patients with | 'C Y Preanisoione but no ESI group.
al. . mL 0.5% lidocaine, with 80 . ) .
case-control LBP and leg pain . difference Variable steroid
1999 mg methylprednisolone on ]
subsequent injections between dose in TF ESI and
groups at 3- to variable
6- and 6-to 12- | follow-up period

C: 80 mg depo-
methylprednisolone + 1Y
mL 0.5% lidocaine

mo follow-up

40 Patients with

TF: 80 mg
methylprednisolone + 1-2

Higher baseline

Schaufele et Retrospective lumbosacral mL 2% lidocaine szriEEII:;(I)-I:Ec)SvI\;— pain scores in IL
al.[31] case-control radiculopathy up period ESI group.
2006 from single-level | IL: 80 mg . Short follow-up
HNP methylprednisolone + 2-3 averaging 3 wk period
mL 1% lidocaine
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Reference

methylprednisolone + 2Y3
mL 2% lidocaine

Year Design Subjects Interventions Results Comments
TF:80mg No difference
38 Patients with mft:;'lff;edn'.mlone *1-2 | petween TFESI
Smith et al.[32] Retrospective lumbosacral mt 276 fidocaine and IL ESI; Study
2010 case-control radiculopathy IL: 80 mg variable follow- underpowered
from SS ' up averaging 4-

6 wk

Mendoza-Lattes
et al.[33]
2009

Retrospective
case-control

93 Patients with
mostly lower
lumbar
radiculopathy

Caudal: up to 3 injections of
2 ml of 40 mg/mL depo-

methylprednisolone or 3 ml
of 6 mg/mL betamethasone

Transforaminal: up to 3
injections of a 1:1 solution
containing 1.5-2 mL of
bupivacaine 0.25% mixed
with depo-
methylprednisolone or
betamethasone

C =TF through
2-y follow-up

16 Patients lost to
follow-up.
Equivalent rates
of surgery
between groups.
Low volumes
used for caudal
injections.
Included some
patients with
stenosis and
spondylolisthesis

C indicates caudal; LA, local anesthetic; SS, spinal stenosis; DDD, degenerative disk disease.
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Based on the findings, the authors concluded that a majority of the studies support the
superiority of transforaminal ESI to IL or caudal ESI. Transforaminal ESI was superior to IL ESI or
caudal in 5 of 8 randomized controlled trials comparing the two routes, and 3 of 5 retrospective

studies. Of the two studies failing to show superiority of the TF approach, according to the

authors, one was underpowered and used a variation on the classic IL approach; the other

trended in the direction favoring TFESIs.

The authors also noted what they considered to be paradoxical phenomenon in that their

review of randomized clinical trials found that a higher proportion of controlled studies

evaluating caudal ESIs were positive than those evaluating IL ESls

The authors also searched the literature for studies comparing the efficacy of ESI based on the

type of steroid used. They were able to identify six studies; three of which were randomized,

and three of which were retrospective. The authors summarized the findings from these

studies as indicated in Table 5 below.

Table 5. Summary of studies comparing the efficacy of different steroids used in epidural
steroid injections (from Table 4, p. 182, Cohen et al.[8])

radiculopathy

B: Triamcinolone 60 mg

Reference
Design Subjects Interventions Results
Year
30 Patients with | TF ESI with 0.75Y1 mL 4% -
Dreyfuss et . . . . Nonsignificant
. unilateral lidocaine + either: .
al.[34] Randomized . trend favoring
cervical A: Dexamethasone 12.5 mg . .
2006 particulate steroid

Lee et al.[35]

Retrospective

159 Patients
with cervical
radiculopathy

TF ESI with either:
A: Dexamethasone 10 mg

Nonsignificant
trend favoring

LBP referred for

A: Betamethasone 15 mg

2003 who failed ”.- ES| B: Triamcinolone 40 mg particulate steroid
or had previous
surgery
IL ESI with 10 mL consisting
. 60 Patients with | of 2 mL 0.25% bupivacaine L
Kim and , . Nonsignificant
Brown|[36] Randomized lumbar + NS + either: trend favorin
5011 Single-blind | radiculopathy > | A: Dexamethasone 15 mg articulate steriid
6 mo B: Methylprednisolone 80 P
mg
. TF ESI with 1 mL 1% Particulate >
106 Patients . . . .
Park et al.[37] . i lidocaine + either: nonparticulate
Randomized with lumbar . .
2010 radiculopath A: Dexamethasone 7.5 mg steroid for pain
pathy B: Triamcinolone 40 mg reduction
. 52 Patients with | IL ESI with either: Particulate >
Noe and Retrospective

nonparticulate
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Ref . . .
eterence Design Subjects Interventions Results
Year
Haynsworth[38] ESI B: Methylprednisolone 80 steroid for pain
2003 mg reduction,
improvement in
disability
. TF ESI with 1 mL of 1% No difference in
. 441 Patients . . . .
Shakir et al.[39] . ) ) lidocaine + either: pain score
Retrospective with cervical )
2013 radiculopath A: Dexamethasone 15 mg reduction
pathy B: Triamcinolone 40 mg between groups

The authors considered these data, i.e., those evaluating the different types of steroids used in
ESls, to be mostly limited to underpowered randomized or retrospective studies comparing
“particulate” to “nonparticulate” corticosteroids. Of the three randomized studies, two
reported a non-significant benefit in favor of the “particulate” steroid group, whereas the
largest trial, with 106 subjects, reported a statistically significant difference between
treatments favoring “particulate” steroids. In the 3 retrospective studies, one found
“particulate” steroids to be significantly better than the “nonparticulate” comparator; one
showed a trend toward superiority for “nonparticulate” steroids in patients with cervical
radiculopathy; and the third study found no difference between the two classes of steroids for
cervical TF ESI. Thus, the authors concluded that there was evidence, albeit with a low degree
of certainty, that “particulate” steroids provide superior relief compared to “nonparticulate”
steroids.

In 2014, Jamison et al. [40] reported the results of their evidence-based review of the literature
related to the use of epidural injections for the lysis of adhesions (LOA) in the treatment of pain
related to spinal stenosis and for radicular pain related to herniated discs. They noted that
spinal stenosis may result from multiple causes including hypertrophy of the facet joints or
ligamentum flavum, spondylisthesis, intervertebral disc herniation, and congenitally short
pedicles. They further noted that, in the absence of surgery, the causes of adhesions are not
well understood, but they occur in the presence of inflammatory processes. Because the causal
relationship between adhesions and pain has not been clearly established, the mechanism(s) of
action by which epidural injections may provide relief is less certain, e.g., disruption of
adhesions, dilution of inflammatory mediator, better spread of medication to the site from
which the pain emanates.
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Articles included in the review were selected from searches of PubMed, Medline and EMBASE
databases from 1970 through 2013. The authors used the search terms "epidural lysis of

nmmn nmn nn

adhesions, "lysis of adhesions," "epidural neuroplasty," "epidural adhesions," "epidural scar

nn

tissue," "chronic pain," and "pain epidemiology." Controlled trials, comparative-effectiveness
studies, review articles, and case reports were all considered for inclusion without language
restrictions. The authors took the additional step of searching the reference lists of all articles
for pertinent references that were missed during the initial screening. They found that the
body of literature pertaining to epidural lysis of adhesions contained several systematic reviews
and a relatively small number of randomized studies from a select group of investigators.
Evidence of benefit in the settings of spinal stenosis and failed back surgeries were generally
positive with ratings ranging from fair to strong. The randomized studies that were frequently
cited were summarized by the authors in tabular form which is reproduced in Table 6 below

with those studies that permit an assessment of the effects of epidural steroids highlighted in
gray.
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Table 6. Randomized studies analyzed by Jamison et al (Table 1, p. 68 from Jameson et al. [40])

Reference
Year Design Subjects Interventions Results Comments
Spinal Stenosis
I.  control/caudal e Superior pain relief
50 patients injection a'nd at3,6 ar"ld 12 e Only 25 patients per
. . . . normal saline months in Group I . .
Manchikanti with radicular " LOA with hvoertonic 26% of G " intervention
. [ ]
etal.[41] Randomized pain and . P ’ ? .r.oup . e Unclear effect of
) saline had significant pain e
2009 central spinal . . targeted steroid in
. Both groups received relief at 12 months
stenosis Group Il

epidural steroid and local
anesthetic

compared to 4% in
Group |

Failed Back Surgery

120 patients

l.control/caudal injection
and normal saline

e Superior pain relief
at3,6and 12
months in Group |l

e More repeat
procedures in Group

Manchikami I1. LOA with hypertonic
. h/o lumbar . e 73% of Group Il Il
et al.[42] Randomized saline o .
surgery and . had significant pain e Unclear effect of
2009 . Both groups received . o
low-back pain . . relief at 12 months targeted steroid in
epidural steroid and local
. compared to 12% Group Il
anesthetic )
in Group |
I. caudal
38 patients h/o Il caud.al with . §uper|or pain relief
Yousef et . hyaluronidase in Group Il at 6 and e Catheter was not
Randomized, lumbar surgery .
al.[43] . Both groups received 12 months, also used
double-blind and low-back . .. .
2010 ain steroid, 10 mL of local decreased opioid e Small sample size
P anesthetic and 30 mL of intake
hypertonic saline
60 patients h/o .  Steroid and local e Percentage of
Kim et al.[44] . lumbar surgery anesthetic patients reporting Short follow-up
Randomized . . .
2012 and low-back 1. Hyaluronidase and significant relief at Catheter not used

pain with

local anesthetic

12 weeks greatest
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Reference

Year Design Subjects Interventions Results Comments
radiculopathy lll.  Steroid, in group 1l (52.2%
hyaluronidase and compared to 0% in
local anesthetic Groups | and 11)
All medications via
interlaminar injection
Chun-jing et 92 patients h/o I.  Control/epidural e Group | intervention
al.[45] Randomized, lumbar surgery steroid VAS in Group Il significantly not well-described
2012 double-blind and radicular II.  LOA with 50-80 mL | improved at 6 months e Type of saline not

pain

saline, steroid

described

Radiculopathy

I Hypertonic saline
plus hyaluronidase

e Similar results in all
four groups with
overall 80-88%

81lpatients " Hvbertonic saline improvement at
Heavner el with III. N\c/:mal saline discharge, 25-69% e No control group
al.[46] Randomized radiculopathy ' . at 12 months e 24 patients dropped
V. Normal saline plus L
1999 and low-back . ¢ Non-significant out
ain hyaluronidase trend of hvpertoni
P All groups received steroid retr.l : ype. .onlc
and local anesthetic patients requiring
less repeat
procedures
e Significant
improvement in
I.  Control/caudal Groups Il and Ill at e Unclear when
Manchikanti . 75. patients injection . all time perloFIs, additional
Randomized, with low-back Il Normal saline but better relief procedures were
el al.[47] . . . . . . .
2004 double-blind pain and/or Il Hypertonic saline with hypertonic performed in
radiculopathy | All groups received epidural saline: 72% had at relation to data
steroid and local anesthetic least 50% collection
improvement at 12
mo compared to
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Reference

Year Design Subjects Interventions Results Comments
60% in Group Il
99 patients e Significant e Unable to assess
Veihelmann with I Physical therapy improvement in data for 6 and 12
et al.[48] Randomized radiculopathy Il LOA with hypertonic VAS and ODI in month follow-up
2006 and low-back saline Group Il at 3 e Type and frequency
pain months of PT unclear
.  Steroid and local .« P - ¢
anesthetic e:;cerl ageo i e Short follow-up
. Il Hyaluronidase and p_a I?',‘ s repo. ing e (Catheter was not
. 61patients . significant relief at
Kim et al. with low-back local anesthetic 3 K tast | used
[44] Randomized . lll.  Steroid, \weeks greatest in e Started with 101
pain and . group Il (70.4% ) .
2011 . hyaluronidase and o patients, 40 patients
radiculopathy . compared to 31.3%
local anesthetic . excluded from final
.. . in Group 11, 44.4% .
All medication via . analysis
. L in Group 1)
interlaminar injection
.  Placebo (subcutaneous
catheter)
. 0, -
S _ 90 patients . LOA Wlth. local _ 93% ofF-irouP Il had at least e Three-day protocol
Randomized, . anesthetic, steroid, 50% pain relief at 12 used
et al (2013). . with . . s
double-blind . hypertonic saline and months compared to 69% e Significant placebo
[49] radiculopathy . .
hyaluronidase in Group | effect
Both groups had physical
therapy
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There were only three randomized trials that included treatment arms which allowed some
assessment of the efficacy of steroids administered in the epidural space. These trials involved
patients with radicular pain associated with the lumbar spine. Coadministration of the steroids
with other agents, e.g., local anesthetics, hyaluronidase, and saline, limit the ability to fully
discern the magnitude of the effect steroids had in the pain relief observed. With no controlled
studies evaluating the role of cervical LOA for the treatment of spinal stenosis and disc
herniation, it is not possible to evaluate the possible role of epidural steroids in the related pain
syndromes. The authors drew the following conclusions relevant to the use of epidural steroids
in the treatment of pain associated with adhesions:

1. There is weak positive evidence that LOA is more effective than conventional caudal
epidural steroid injections for failed back surgery syndrome and spinal stenosis, and that
LOA is more effective than sham adhesiolysis and conservative management for
lumbosacral radiculopathy.

2. Factors that may contribute to the enhanced efficacy compared to traditional epidural
steroid administration include the high volume administered, the use of hypertonic
saline, and to a lesser extent the use of hyaluronidase and a navigable catheter to
mechanically disrupt scar tissue and guide medication administration.

In 2014, Chang-Chien and colleagues [50] published the findings of their systematic review of
studies reported in the literature that compared the efficacy of transforaminal epidural steroid
injections (TFESI) to interlaminar epidural steroid injections (ILESI) for treating unilateral
lumbosacral radicular pain (LSRP). The authors used the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines as the standards for conducting the
review. The primary studies for analysis were controlled trials in which patients were
randomized to TFESI or ILESI. Non-randomized studies were to be considered as part of a
secondary review, if only a small number of randomized controlled trials were found. The
authors excluded studies that had poorly described needle placement methodology, did not
use fluoroscopic guidance for needle placement, did not report standardized pain scores at
defined follow-up intervals, or did not provide statistical analyses of the results.

Their literature search utilized Medline (PubMed), Cochrane Central Register of Controlled
Trials (CENTRAL), and Scopus databases. These were searched for relevant English language
publications from 1966 through August, 2013. The Cochrane Risk of Bias Tool was utilized to
assess for bias in the identified prospective studies. The Newcastle-Ottawa Scale (NOS) was
used to assess the quality of the identified non-randomized trials. The United States Preventive
Services Task Force (USPSTF) level of evidence classification was used to grade the level of
evidence for each of the studies.
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The authors analyzed the available data by comparing differences in age, pain, and functional
improvement between TFESI and ILESI using independent samples t-test; differences in gender,
level of injection, or type of corticosteroids between the two groups were analyzed by x2 test.
Forest plots and I? calculation were performed for comparing pain and functional
improvements following the treatments.

The authors identified eight studies that satisfied the criteria for inclusion in their analyses.
They noted that some of the studies included caudal epidural steroid injection as part of their
research protocol. For these studies, only the data from TFESI or ILESI were included for
analysis. Table summarizes the findings for the eight studies.
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Table 7. Summary of studies comparing transforaminal and interlaminar approaches to epidural steroid injections (Table 8,
p. E517, from Chang-Chien et al. [50]

Reference Cause of Duration of Pain Functional
Year Study Type Lumbar TFESI ILESI Follow- U Improvement | Improvement
Radicular Pain P TFESI vs. ILESI | TFESI vs. ILESI
n=20 n=18
Gharibo et Prospective L:E?I?::t[i)olzc triari(;i:\njone triari(;irnnjone
H - 0, (o) 0, o)
aé.(gii] B“I?:jr:jo(rr;zfl) and/or +1mL0.25% | +2mL0.25% 10-16 days |73.4% vs. 44.3%|43.6% vs. 49.3%
Spinal Stenosis |bupivacaine At 2|bupivacaine Vol:
levels 4mL
. . n=28 n=29
Candido et Prospec.tlve Lumb?r PISC 80 mg MPA 80 mg MPA
al[52] Bandomlzed Herniation +1mL1% +1mL1% 1 month 16.5:/0 VS. 23.1:/0 N/A
5008 Single-Blinded . and/or ~ |lidocaine + 1 mL lidocaine 6 months 25.5% vs. 39.2% N/A
(Level 1) Spinal Stenosis NSS +1 mL NSS
Prospective Lumbar Disc n=32 n=32
Rados et al.[52] , Herniation 40 mg MPA 80 mg MPA + . . \ .
5011 Randomized and/or +3mL0.5% 8 mL 0.5% 24 weeks 45.6% vs. 43.5%| 28.3% vs. 25%
(Level 1) . . . . . .
Spinal Stenosis lidocaine lidocaine
Ackerman and Prospective Lumbar Disc n=30 n =30
Ahmad(52 R dp ed Herniation 40 mg 40 mg 2 weeks 72.1% vs. 35.2%53.3% vs. 60.6%
mad(52] ! an omlzel and/or triamcinolone |triamcinolone + 24 weeks N/A N/A
2007 Blinded (Level 1) Spinal Stenosis | +4 mLNSS 4 mL NSS
Kolsi et al.[53] Prospective Lumbar Disc n=17 n=13
N SIZEOC?OI Randomized Herniation 3.75mg 3.75mg 28 days 62.8% vs. 63.5%|34.8% vs. 50.9%
Double- Blinded and/or Cotivazol Vol: | Cotivazol Vol:
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Reference Cause of Duration of Pain Functional
Year Study Type Lumbar TFESI ILESI Follow- U Improvement | Improvement
Radicular Pain P TFESI vs. ILESI | TFESI vs. ILESI
n=19 n=19
Smith et al.[54] Retrospective . . 80 mg MPA 80 mg MPA +
2010 Case-control | Spinal Stenosis | +1-2 mL 2% 2-3mL1% 4- 6 weeks 30.5% vs. 39.5% N/A
(Level 11-3) lidocaine lidocaine
Vol: 3-4 mL Vol: 4-5 mL
n=115 n==64
. Lumbar Disc 40 mg 40 mg
Retrospective ..
Lee et a|[30] Case-cF:JntrIZI Herniation triamcinolone triamcinolone 1 month 78.0% v. 64.5% N/A
2009 (Level 1) and/or +20r8mL0.5%| +8mLO0.5% 2 months 68.2% vs. 51.6% N/A
Spinal Stenosis lidocaine lidocaine
\/ol- R ar 9 ml \/ol- 9 ml
Lumbar Disc n=20 n=20
Schaufele et Retrospective Herniation 80 mg MPA 80 mg MPA
al.[55] Case-control and/or +1-2mL2% +2-3mL 1% 2-3 weeks |45.8% vs. 19.2% N/A
2006 (Level 1) Spinal Stenosis lidocaine lidocaine
i Vol: 3-4mL Vol: 4-5 mL
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The authors noted that there were important caveats and limitations that need to be
considered when evaluating their findings. These included:

1. There was a lack of consistency between the studies cited for inclusion and exclusion
criteria.

2. There was a lack of consistency or standardization of doses, injectate volumes or types
of glucocorticoids utilized for either TFESI or ILESI between studies, or even between the
different approaches used in the same study.

3. There was a lack of standardization of follow-up periods or for the number or the type
of interval treatments, including additional injections, performed in either group.

4. No consensus was identified between the need for the addition or lack of the addition
of local anesthetic to the steroid, or to the type of local anesthetic or dose used, which
was disparate in all studies.

5. Astandardized approach to the interlaminar space for ILESI and to the intervertebral
foramen during TFESI was absent.

6. Needle type, gauge, and rate of injection varied among studies.

7. Statistical methodologies were applied in a disparate manner in many of the studies
which met inclusion criteria.

Based on these findings, the authors concluded that, “based on the 5 randomized, controlled
trials consisting of 249 subjects which directly compared TFESI to ILESI for unilateral
lumbosacral pain secondary to disc herniation/degeneration, there is high quality evidence to
support a finding of no clinically significant difference in efficacy for pain relief or functional
improvement between the 2 techniques at all follow-up “intervals.”

In summary, there are numerous clinical trials reported in the literature that have assessed the
efficacy of epidural steroid injections for the treatment of pain related to the spine. As
indicated by the systematic reviews described above, it is, at best, difficult to utilize the
available data to consistently demonstrate the efficacy of this use of corticosteroids. How best
to evaluate the benefit of ESI in the face of the multiple and heterogeneous factors associated
with the injections themselves and evaluations of pain relief that follow the injections will be a
topic of the Advisory Committee panel discussion at the meeting.
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5 Summary of Division of Pharmacovigilance Review of Cases from
FDA’s Adverse Event Reporting System and the Medical Literature

The Division of Pharmacovigilance Il (DPV) evaluated cases identified in the FDA Adverse Event
Reporting System (FAERS) database and reviewed the published medical literature for an
association between serious neurologic adverse events and the use of epidural steroid
injections (ESIs). The Division of Anesthesia, Analgesia, and Addiction Products (DAAAP)
requested that DPV provide an up-to-date assessment of the FAERS data and the medical
literature which describe ESIs and catastrophic neurologic events and also provide an
assessment of a potential association of arachnoiditis with injectable corticosteroids.

DPV’s analysis of the FAERS cases (including 18 published case reports) and the medical
literature suggests an association between the use of ESIs and serious neurologic adverse
events (see Attachment D). DPV identified 131 FAERS cases of serious neurologic adverse
events, including 41 cases of arachnoiditis. Serious neurologic adverse events in addition to
arachnoiditis include paraparesis/paraplegia, quadriplegia, spinal cord infarction, stroke,
thrombosis/thromboembolism, sensory disturbances, nerve injury, blindness, seizures,
bowel/bladder dysfunction, and psychological/behavioral changes. The FAERS data and the
medical literature suggest that use of imaging does not eradicate the risk of serious neurologic
outcomes.

Medical organizations and other groups outside of FDA often refer to injectable steroids as
either “particulate” (methylprednisolone acetate, triamcinolone acetonide or hexacetonide,,
betamethasone acetate, betamethasone acetate/betamethasone sodium phosphate) or “non-
particulate” (dexamethasone sodium phosphate, betamethasone sodium phosphate,
methylprednisolone sodium succinate, hydrocortisone sodium succinate). For the purpose of
the review, DPV considered the suspensions to be “particulates” and the solutions to be “non-
particulates”. Serious neurologic adverse events were reported with both types of
preparations. The case series generated for this review contains many more reports for
“particulate” steroids (n = 116) compared with “non-particulate” steroids (n=4). Eleven cases
did not report a formulation. It is not known whether this difference reflects greater utilization
of “particulate” steroids or greater toxicity. All five of the cases reporting a fatal outcome
among the case series reported the use of “particulate” steroids, although the cause of death in
two cases (both reporting arachnoiditis) was due to completed suicide.

The published medical literature is extensive, although much of it focuses on efficacy. Itis
acknowledged by virtually all authors that serious neurologic events can occur in association
with epidural steroid injections. Although there is no generally agreed upon estimate of
frequency, these events are generally considered to be rare. Despite the fact that there are
published cases of serious neurologic events in diverse settings, there is a general consensus
that transforaminal injections are less safe than interlaminar or caudal injections; that
“particulate” steroids can lead to embolic events if injected intravascularly whereas “non-
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particulates” will not; and imaging to confirm appropriate needle placement prior to injection is
of value. However, there are no large scientific studies that support a single approach or
formulation as being safer than another.

The 41 cases of arachnoiditis reported with ESI use did not provide sufficient clinical detail to
make a reasonable assessment regarding causality. The majority of reports were submitted by
consumers (n=37) and 39 cases reported “particulate” corticosteroid injection. Only one case
reported a route (interlaminar) and seven cases reported the injection site (1 cervical, 4 lumbar,
1 lumbar/sacral, 1 sacral).

In summary, serious or catastrophic neurologic events following ESI are reported in a broad
range of settings, and no single mode of administration has been identified as free of risk with
any degree of certainty. Most cases reported administration of a “particulate” steroid and
there was an imbalance seen for transforaminal injections, compared with the interlaminar or
caudal routes. However, any implication for differential risk is limited due to lack of reliable
information about utilization of different formulations or routes of administration.

It is important to note that FAERS data have limitations. First, there is no certainty that the
reported event was actually due to the product. FDA does not require that a causal relationship
between a product and event be proven, and reports do not always contain enough detail to
properly evaluate an event. Further, FDA does not receive reports for every adverse event or
medication error that occurs with a product. Many factors can influence whether or not an
event will be reported, such as the time a product has been marketed and publicity about an
event. Therefore, FAERS data cannot be used to calculate the incidence of an adverse event or
medication error in the U.S. population.

See Attachment 2 for the full review. Attachments 3, 4, and 5 are previous reviews of this topic.
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6 Relevant Pre-clinical Data

There are two publications regarding corticosteroid injection in animal models that may provide
some useful information. The articles are summarized briefly here.

. Okubadejo et al.[56] in a small pilot study with male pigs compared the effects on the
CNS of the intra-arterial passage of particulate methylprednisolone acetate versus soluble
dexamethasone sodium phosphate or prednisolone sodium succinate. The study found that all
pigs that received particulate methylprednisolone had serious neurologic sequelae (eosinophilic
neuronal necrosis involving midbrain, brainstem, and temporo-occipital lobe) and required
ventilatory support. None of the animals that received soluble dexamethasone or prednisolone
had noticeable deficits. There appeared to be a strong relationship between the presence of
particulate steroids and the observed CNS findings; however, the study was small (2 to 4
animals per treatment group) and lacked appropriate vehicle-control groups.

J Dawley et al.[57] conducted a prospective in vivo study in Wistar rats to examine
whether intravascular injection of particulate and non-particulate steroids leads to
microembolization. Five steroid products were tested: Depo-Medrol (listed as particulate
formulation), Depo-Medrol carrier, Solu-Medrol (listed as non-particulate formulation),
Decadron and normal saline. Neurological deficits were observed in the Depo-Medrol (N=4/11)
and Solu-Medrol groups (N= 1/8) but not the other treated groups. Brain lesions were observed
in these animals. Cerebral hemorrhage was observed in Depo-Medrol (N=11), Depo-Medrol
carrier (N=6), Solu-Medrol (N= 6) treated animals. Hemorrhagic lesions were observed as
follows: Depo-Medrol (N=8/11), Depo-Medrol carrier (N=3/6), Solu-Medrol (N= 8/8), Decadron
(N=0/5) and normal saline (N=0/6). Evans Blue leakage was observed in animals treated with
Depo-Medrol and Solu-Medrol at approximately 2 hours post treatment but not saline,
suggesting that these drug formulations damaged the brain tissue to compromise the blood-
brain-barrier. Decadron did not induce injury under the study conditions.

Based on these data, both particulate and non-particulate steroids can induce CNS
injury. There were some limitations in this study as it relates to the current human CNS effects.
First, this study did not evaluate the same route of administration as that where the clinical CNS
toxicities were observed, the sample size for each group was small and variable in the study
report, and similar toxicities were not observed in these animals as those observed in the clinic
(no clinical observations, no deaths, no seizures) despite significant brain damage after three
days post-treatment.
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7 Estimates of the Frequency of Epidural Steroid Injections (ESI)

To assess the potential impact of regulatory actions on the conduct of ESI, FDA sought to
estimate the frequency of ESl in the U.S. population. Since there is no national database in
which to identify patients undergoing medical procedures, it was decided to examine electronic
healthcare data available to the Agency for several subpopulations in the U.S. These included
Centers for Medicare and Medicaid Services (CMS or Medicare) data, which provides close to a
census on health care for those over the age of 65 years, as well as Mini-Sentinel data which
can provide characteristics of recipients of ESI in younger populations, despite the fact that the
counts of patients are not nationally projected. Further description of these data sources is
provided below.

Following discussions with FDA’s internal subject matter experts, a decision was made for both
data sources to use the HCPCS codes listed in Table 8 for our definition of epidural steroid
injections in electronic healthcare data. The last four codes in the table were used to define the
subset of transforaminal ESI.

Table 8. CPT codes for epidural injection used in the Medicare and Mini-Sentinel queries

Current Procedural Terminology (CPT) codes indicating epidural injection

62289 Injection other than anesthetic, antispasmodic, contrast, or neurolytic solutions; lumbar or caudal epidural

Injection(s), of diagnostic or therapeutic substance(s) (including anesthetic, antispasmodic, opioid, steroid,
other solution), not including neurolytic substances, including needle or catheter placement, includes contrast
62310 for localization when performed, epidural or subarachnoid; cervical or thoracic

Injection(s), of diagnostic or therapeutic substance(s) (including anesthetic, antispasmodic, opioid, steroid,

other solution), not including neurolytic substances, including needle or catheter placement, includes contrast
62311 for localization when performed, epidural or subarachnoid; lumbar or sacral (caudal)

Injection(s), including indwelling catheter placement, continuous infusion or intermittent bolus, of diagnostic or|

therapeutic substance(s) (including anesthetic, antispasmodic, opioid, steroid, other solution), not including

neurolytic substances, includes contrast for localization when performed, epidural or subarachnoid; cervical
62318 or thoracic

Injection(s), including indwelling catheter placement, continuous infusion or intermittent bolus, of diagnostic or|

therapeutic substance(s) (including anesthetic, antispasmodic, opioid, steroid, other solution), not including

neurolytic substances, includes contrast for localization when performed, epidural or subarachnoid; lumbar or
62319 sacral (caudal)

64479 Cervical'Thoracic transforaminal epidural injections;

64480 Cervical'Thoracic transforaminal epidural injections add-on
64483 Lumbar/sacral transforaminal epidural injections

64484 Lumbar/sacral transforaminal epidural injections add-on
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Table 9 below lists the HCPCS “J-codes” that were used to identify the corticosteroid injection.

Table 9. CPT codes for epidural injection used in the Medicare and Mini-Sentinel queries

Code Description of Procedure
10702 Injection, betamethasone acetate 3 mg and betamethasone sodium phosphate 3 mg
10704 Injection, betamethasone sodium phosphate, per 4 mg

11020 Injection, methylprednisolone acetate, 20 mg

J1030 Injection, methylprednisolone acetate, 40 mg

11040 Injection, methylprednisolone acetate, 80 mg

11094 Injection, dexamethasone acetate, 1 mg

J1100 Injection, dexamethasone sodium phosphate, 1 mg

11700 Injection, hydrocortisone acetate, up to 25 mg

J1710 Injection, hydrocortisone sodium phosphate, up to 50 mg

11720 Injection, hydrocortisone sodium succinate, up to 100 mg

12640 Injection, prednisolone sodium phosphate, to 20 mg

12650 Injection, prednisolone acetate, up to 1 ml

12920 Injection, methylprednisolone sodium succinate, up to 40 mg
12930 Injection, methylprednisolone sodium succinate, up to 125 mg
13300 Injection, triamcinolone acetonide, preservative free, 1 mg

13301 Injection, triamcinolone acetonide, not otherwise specified, 10 mg
13302 Injection, triamcinolone diacetate, per 5 mg

13303 Injection, triamcinolone hexacetonide, per 5 mg

11095 Injection, dexamethasone acetate, per 8 mg

7.1 Medicare

The Centers for Medicare and Medicaid Services (CMS) provided the results of a query aimed to
enumerate the frequency of ESI over the period January 2009- March 2014 for beneficiaries
aged 65 or older. The beneficiary must have been continuously enrolled in Parts A and B for two
days prior to the index date. The index date for epidural injection must have occurred within 2
days of receiving at least one injectable J-code, and vice versa.

Over the approximately 5 year study period, 6.6 million ESI were administered to 1.4 million
patients over the age of 65 years. Figure 5 below depicts the number of ESI per month during
the study period.

Page 49 of 63

Page 56



Figure 5. Number of Epidural Injections per Month in Medicare January 2009-March 2014
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The non-transforaminal approach was slightly more commonly used than the transforaminal
approach (52% of injections vs. 48% of injections, respectively). Over the five year period, the
number of ESI trended upward modestly (no statistical testing was done to confirm this
observation). The age distribution of recipients for ESI was 52% in age 65-74, 36% in age 75-84,
and 12% in age 85+; the sex distribution was 63% female and 37% male. The interquartile
range (25-75%) for number of ESl in a calendar year was 1-3. In a given year, 95% of patients
had eight ESI or fewer.

7.2 Mini-Sentinel

Mini-Sentinel is a pilot project sponsored by the FDA to create an active surveillance system -
the Sentinel System - to monitor the safety of FDA-regulated medical products. Mini-Sentinel
uses pre-existing administrative and claims data from multiple sources. Mini-Sentinel is part of
the FDA’s Sentinel Initiative, which is exploring a variety of approaches for improving the
Agency’s ability to quickly identify and assess safety issues.
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FDA requested an estimate of the frequency of epidural steroid injections in the Mini-Sentinel
Distributed Database (17 data partners encompassing 175 million patients) This database is not
designed to be representative of the US population, and therefore the number of recipients
identified is less important than their characteristics. FDA’s desire was to use Mini-Sentinel
data to characterize recipients of ESI in the younger population, but covered by commercial
insurance.

Epidural steroid use was defined as at least one HCPCS code defining the procedure and at least
one HCPCS code defining the product within two days of each other. The time window for the
request was January 1, 2000 to June 30, 2013; however, because the number of patients in the
Mini-Sentinel Distributed Database varies by year, only the total number and characteristics of
ESI from the most recent full year of data are presented (2012).

In 2012, among patients 0-59 years old in the MS distributed database with a minimum of
medical coverage and in any care setting (combined inpatient and outpatient), there were
262,301 ESI (using codes listed above) among 150,572 patients. Among these 150,572
recipients of ESI, 54% were female. ES| were administered more frequently with age; 44% of ESI
were administered to patients 50-59 years old and 32% of ESI were administered to patients
40-49 years old. The transforaminal approach was utilized for 42% of the ESI in that year.

FDA will be exploring further possibilities for obtaining national estimates of use in the U.S.
population under the age of 65 years, and will present these to the committee if available by
the meeting date. It is clear, however, from the utilization data that ESI are widely
administered, particularly in middle-aged to elderly patients, with many receiving more than
one such injection.
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8 FDA’s Safe Use Initiative and the Recommendations from the Expert
Working Group

To address concerns related to medication-related risks, the FDA created its Safe Use Initiative
(SUI) in 2009 to create and facilitate public and private collaborations within the healthcare
community. The goal of the SUl is to reduce preventable harm by identifying specific,
preventable medication risks and developing, implementing and evaluating cross-sector
innovations with partners who are committed to safe medication use. It works with
stakeholders to respond to the challenges of managing risks associated with the way
medications are used.

SUI facilitated the organization of an expert Working Group of key stakeholders created to
understand the causes of the neurologic injuries associated with epidural steroid injections and
devise strategies to mitigate their risk. The Working Group consisted of experts external to the
FDA who have published scientific studies or scholarly works on the topic of epidural steroid
injections, and SUIl representatives helped convene and facilitate meetings without actively
participating in the deliberations or decision-making process.

Members of the Working Group include the following: James P. Rathmell, M.D. (Lead), Honorio
T. Benzon, M.D. (Co-lead), Charles Aprill, M.D., Nikolai Bogduk, M.D., Paul Dreyfuss, M.D., Marc
Huntoon, M.D., M.D., Daniel Riew, M.D., Richard Rosenquist, M.D., Natalia S. Rost, M.D., Ph.D.,
and Mark Wallace, M.D. The Working Group drafted, discussed, and formulated a set of clinical
considerations to minimize the risk of catastrophic neurological injury associated with epidural
steroid injections. Following the development of the initial set of clinical considerations, input
was sought from national medical organizations whose members are involved in the care of
patients with spinal pain syndromes. The purpose of these clinical considerations is to provide
guidance to medical practitioners, not to inform a particular regulatory action.

The preliminary clinical considerations from this Working Group were presented orally in a
panel session titled “Transforaminal Epidural Steroid Injections & the FDA Safe Use Initiative”
that was held during the American Society of Anesthesiologists (ASA) 2013 Annual Meeting in
San Francisco, CA on October 12, 2013.

Following the ASA meeting, the clinical considerations were further discussed by the Working
Group and the representatives of the national medical organizations described above, and have
been assembled into a manuscript and submitted for publication; the manuscript is in the peer
review process.
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8.1 Chronology of FDA Safe Use Initiative (SUI) interactions with the Epidural
Steroid Injection (ESI) Expert Working Groupt and the national medical
organizations

April 2011

Discussion held between SUl and Dr. Rathmell regarding the catastrophic
neurologic adverse events of epidural steroid injections and best
practices/guidelines in place

Decision made to gather a group of experts from different specialties to discuss the
issue.

Dr. Rathmell recommended a list of experts

Nov 2011 e First teleconference held with expert group: SUI oriented the group to SUI’s
mission and objectives; initial discussion of ESI safety
March 2012 e Second teleconference: discussion of a plan to move forward to draft a list of

practice measures upon which to seek consensus
Decision made to invite national pain management organizations for input on the
practice measures document

Aug-Dec 2012

Practice measures document sent to national pain management organizations for
input
Responses received from national pain management organizations

Jan 2013 e Meeting with the expert group and representatives of pain management
organizations to go through the responses received from the organizations.

June 2013 e Decision made to present developing practice measures document at the annual
American Society of Anesthesiologists (ASA) meeting

Sept 2013 e Meeting with expert panel and pain management organizations’ representatives
for final input on the practice measures document

Oct 2013 e Presentation at ASA meeting on expert panel activities including discussion of the
organizational voting on practice measures

Dec 2013 e First draft of manuscript with practice measures recommendations completed

Winter-Spring
2014

Manuscript undergoes revision

May 2014

SUI presents information about its mission and objectives to the Multi-Society Pain
Workgroup*

Sept-Oct 2014

Manuscript submitted to a peer-reviewed journal for publication

*The leadership of the expert panel sought the input of the Multi-Society Pain Workgroup (that had been
convened for other purposes by CMS)
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9 Regulatory Requirements and Guidance Recommendations for the
Relevant Sections of the Product Labeling

A familiarity with the pertinent regulatory requirements and guidance recommendations of the
prescribing information is important for determining how the risk information about serious
neurologic adverse events should be communicated in the injectable corticosteroid labeling.

9.1 Prescribing Information
The prescribing information is written for healthcare providers and must:[58]

e Contain a summary of the essential scientific information needed for the safe and
effective use of the drug,

e Be informative and accurate and neither promotional in tone nor false or misleading in
any particular, and

e Be updated when new information becomes available that causes the labeling to
become inaccurate, false, or misleading.

9.2 Adverse Reactions

For the purposes of prescription drug labeling, an adverse reaction (AR) is an undesirable effect
reasonably associated with the use of the drug. This definition does not include all adverse
events observed during use of a drug, only those for which there is some basis to believe there
is a causal relationship between the drug and the occurrence of the adverse event.[59]

9.3 Boxed Warning

The BOXED WARNING section of the labeling must be the first section in the FULL PRESCRIBING
INFORMATION, must be surrounded by a “box” (i.e., a single black line), and must contain
“contraindications or serious warnings, particularly those that may lead to death or serious
injury.”[60] This section must briefly explain the clinically significant adverse reaction or risk
and refer to more detailed information in the CONTRAINDICATIONS or WARNINGS AND
PRECAUTIONS sections. A boxed warning is ordinarily used to highlight for prescribers one of

the following situations:!"

e Thereis an AR so serious™ in proportion to the potential benefit from the drug (e.g., a
fatal, life-threatening or permanently disabling AR) that it is essential that it be
considered in assessing the risks and benefits of using a drug;

e Thereis a serious AR [59] that can be prevented or reduced in frequency or severity by
appropriate use of the drug (e.g., patient selection, careful monitoring, avoiding certain
concomitant therapy, addition of another drug or managing patients in a specific
manner, avoiding use in a specific clinical situation); or
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e FDA approved the drug with restrictions to assure safe use because FDA concluded that
the drug can be safely used only if distribution or use is restricted [e.g., certain Elements
to Assure Safe Use (ETASU) under Risk Evaluation and Mitigation Strategies (REMS)].

A boxed warning can also be used in other situations [60]:

e To highlight a warning that is especially important to the prescriber.

e For a drug that poses risk-benefit considerations that are unique among drugs in a drug
class (e.g., when the drug is the only one in its class to have a particular clinically
significant AR or risk and is indicated as a second line therapy because of that clinically
significant AR or risk).

Boxed warnings are more likely to be based on observed serious AR, but there are instances
when a boxed warning based on an expected AR would be appropriate. For example, an
Embryofetal Toxicity boxed warning would be appropriate for a drug based on evidence in
humans or animals that drugs in its pharmacologic class pose a serious risk of developmental
toxicity during pregnancy, even though no AR was seen with the drug [60}.

9.4 Warnings and Precautions

The WARNINGS AND PRECAUTIONS section should describe serious or clinically significant AR
that have occurred with the drug or risks that are expected to occur (e.g., based on the drug
class; animal data raise substantial concern about the potential occurrence of the AR in
humans). This section “must be revised to include a warning about a clinically significant hazard
as soon as there is reasonable evidence of a causal association with a drug; a causal relationship
need not have been definitely established.”[61] The following factors can be used in
determining if AR are clinically significant [60]:

e The relative seriousness of the disease or condition being treated.

0 Non-serious AR caused by drugs intended to treat minor, self-limiting conditions
may be considered clinically significant.

0 However, those same AR caused by drugs intended to treat serious or life-
threatening conditions (e.g., malignancies) may be considered much less clinically
significant and not appropriate for inclusion in this section.

e A high absolute risk or rate of AR occurrence

e An AR that may lead to a potentially serious outcome unless an action is taken (e.g.,
dosage reduction or discontinuation) to prevent a serious outcome

e An AR that could be prevented or managed with appropriate patient selection,
monitoring, or avoidance of concomitant therapy.

e An AR that can significant affect patient compliance particularly when non-compliance
has potentially serious consequences.
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Each WARNINGS AND PRECAUTIONS subsection should include a succinct description of a topic
and should contain the following (if known) [60, 61]:

e A succinct description of the serious or clinically significant AR or risk
e Known risk factors for the AR

e Outcome

e Numerical estimate of the risk or AR rate

e Steps to take to prevent, mitigate, monitor, or manage the AR

9.5 Contraindications

The CONTRAINDICATIONS section must describe situations in which the drug should not be
used because the risk of use (e.g., certain potentially fatal AR) clearly outweighs any possible
therapeutic benefit. These situations include the use of the drug in a subpopulation of patients
that have a substantial risk of being harmed by the drug and for whom no potential benefit
makes the risk acceptable. Known hazards and not theoretical possibilities must be listed [62].

Contraindications may be based on [60]:
e Observed AR

e Anticipated AR supported by data (e.g., pharmacology, chemistry, or drug class data; or
animal data) and the likelihood and severity of the AR.
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10 References

Website and Product Labeling References

http://www.fda.gov/drugs/drugsafety/safeuseinitiative/default.htm

http://www.fda.gov/Drugs/DrugSafety/ucm394280.htm

http://www.fda.gov/Drugs/GuidanceComplianceRegulatorylnformation/Surveillance/Ad
verseDrugEffects/ucm210293.htm

. http://www.fda.gov/aboutfda/centersoffices/officeofmedicalproductsandtobacco/cder/
ucm082129.htm

The Warning statement in the approved Kenalog-10 and Kenalog-40 labeling reads as
follows, “Neurologic: Epidural and intrathecal administration of this product is not
recommended. Reports of serious medical events, including death, have been
associated with epidural and intrathecal routes of corticosteroid administration (see
ADVERSE REACTIONS: Gastrointestinal and Neurologic/Psychiatric).”

FDA Orange Book < http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm>
(accessed on October 22, 2014)

. Multistate outbreak of fungal meningitis and other infections.
http://www.fda.gov/Drugs/DrugSafety/FungalMeningitis/default.htm (accessed
October 22, 2014)

. https://www.asahqg.org/For-Members/Advocacy/Washington-Alerts/ASA-Formally-
Responding-to-FDA-Warning-on-Injection-of-Corticosteroids-into-Epidural-Space.aspx

See the Warnings and Precautions, Contraindications, and Boxed Warning Sections of
Labeling guidance.
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https://www.asahq.org/For-Members/Advocacy/Washington-Alerts/ASA-Formally
http://www.fda.gov/Drugs/DrugSafety/FungalMeningitis/default.htm
http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm
http://www.fda.gov/aboutfda/centersoffices/officeofmedicalproductsandtobacco/cder
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/Ad
http://www.fda.gov/Drugs/DrugSafety/ucm394280.htm
http://www.fda.gov/drugs/drugsafety/safeuseinitiative/default.htm

For the purposes of prescription drug labeling, a serious AR is an AR that results in the
following outcomes: Death, life-threatening AR, inpatient hospitalization or
prolongation of existing hospitalization, a persistent or significant incapacity or
substantial disruption of the ability to conduct normal life functions, or a congenital
anomaly or birth defect. Furthermore, AR may be considered serious if they jeopardize
the patient and require medical or surgical intervention to prevent one of the outcomes
listed in this definition. See the Warnings and Precautions, Contraindications, and Boxed
Warning Sections of Labeling guidance.
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