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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

JAZZ PHARMACEUTICALS, INC.,

Plaintiff,
v. C.A. No. 21-691-GBW

AVADEL CNS PHARMACEUTICALS,
LLC,

Defendant.
JAZZ PHARMACEUTICALS, INC.,, et al.,

Plaintiffs,
V. C.A. No. 21-1138-GBW

AVADEL CNS PHARMACEUTICALS,
LLC,

Defendant.
JAZZ PHARMACEUTICALS, INC,, et al.,

Plaintiffs,
V. C.A. No. 21-1594-GBW

AVADEL CNS PHARMACEUTICALS,

LLC, I

Defendant.

AVADEL’S AMENDED FINAL NON-INFRINGEMENT CONTENTIONS

Pursuant to the Scheduling Order entered in the above-captioned actions on December 21,
2021 (see D.I. 29),! Defendant Avadel CNS Pharmaceuticals, LLC (“Avadel”), hereby provides
Plaintiffs Jazz Pharmaceuticals, Inc. and Jazz Pharmaceuticals Ireland Limited (collectively “Jazz”

or “Plaintiffs”) its final Non-Infringement Contentions regarding the asserted claims of U.S. Patent

I All matters listed in the caption above are proceeding on a coordinated schedule. All docket cites
are to matter C.A. No. 21-cv-1138-MN unless otherwise noted.
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Nos. 8,731,963 (the “’963 patent”); 10,758,488 (the “’488 patent”); 10,813,885 (the “’885
patent”); 10,959,956 (the “’956 patent”); 10,966,931 (the “’931 patent”); 11,077,079 (the “’079
patent”), and 11,147,782 (the “’782 patent”) (collectively the “Asserted Patents”).
L. INTRODUCTION

A. Asserted Claims

On September 7, 2021, Jazz provided Avadel with its Initial Infringement Contentions
pursuant to Paragraph 4(c) of the Delaware Default Standard for the 963 patent, the *488 patent,
the ’885 patent, the *956 patent, and the 931 patent. In those Initial Infringement Contentions,

Jazz asserted that FT218, as described in Avadel’s New Drug Application (“NDA”) No. 214755

(“Avadel’s NDA),will ntin [
e R

“Sustained Release Patents”). Jazz further asserted that “Avadel’s activities in connection with
the manufacture, use, sale, offer for sale and/or importation” of FT218 will infringe -
I (ihc REMS Patent”).2

On December 7, 2021, Jazz provided Avadel with its Initial Infringement Contentions for

the 079 and ’782 patents (collectively, the “Resinate Patents”). In those Initial Infringement

Contentions, Jazz asserted that FT218 will infringe claims _

B. Avadel’s FT218 Product
Avadel’s FT218 product is a formulation of sodium oxybate designed to treat excessive
daytime sleepiness (EDS) or cataplexy in adults with narcolepsy. Unlike Jazz’s sodium oxybate

products, which are twice-nightly formulations that require patients to wake up in the middle of

2 As addressed below, it is unclear what Jazz actually accuses with respect to the REMS patent.

2
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the night, FT218 is a revolutionary once-nightly formulation of sodium oxybate that avoids
interrupting the patient’s nighttime sleep. Because narcolepsy is a sleep disorder, waking up in
the middle of the night for treatment is counterintuitive and presents a major problem for patients.
FT218 therefore meets a significant need that is unmet by Jazz’s twice-nightly sodium oxybate
products.

FT218 is a composition of sodium oxybate
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FT218 will be dispensed through a Risk Evaluation and Mitigation Strategy (“REMS”) to

ensure that the product is distributed safely. The REMS for FT218 will be called the LUMRYZ

rems. [
I = ==

C. Reservation of Rights

Avadel provides these Final Non-Infringement Contentions based on information that is
currently available to it. Avadel reserves the right to supplement and/or amend these Final Non-
Infringement Contentions under the Local Rules or any other applicable Rules or order of the Court

based upon, among other things, Plaintiffs’ Final Infringement Contentions, newly discovered or

4



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 6 of 776 PagelD #: 9301

newly understood grounds for non-infringement obtained through discovery, the Court’s
construction of the asserted claims, and/or as discovery proceeds in this case, including based on
expert discovery disclosures and on any discovery materials that have not yet been produced or
provided, upon fact and expert depositions, or upon further investigation. For example, no
depositions have yet been conducted in this case, and Avadel reserves the right to rely on evidence
developed during fact depositions as evidence of non-infringement.

Avadel’s Final Non-Infringement Contentions are also limited by the information provided
by Jazz in its Initial Infringement Contentions and Plaintiffs’ responses to Avadel’s discovery
requests, many of which are deficient or incomplete. Indeed, Jazz’s Initial Infringement
Contentions and discovery responses are wholly inadequate, and although Avadel has pointed out
to Plaintiffs a large number of deficiencies, Jazz has not remedied them. Avadel reserves the right
to supplement these Final Non-Infringement Contentions after Jazz provides complete and proper
contentions and discovery responses.

These Final Non-Infringement Contentions are also made pursuant to Rule 502 of the
Federal Rules of Evidence. To the extent that these Final Non-Infringement Contentions contain
any information protected from disclosure by the attorney-client privilege, the attorney work-
product doctrine, the common-interest privilege, the joint-defense privilege, or any other
applicable privilege, doctrine, or immunity, the disclosure of such in these Final Non-Infringement
Contentions is inadvertent and does not constitute a waiver of any such privilege, doctrine, or
immunity. The information set forth herein is provided without waiving: (1) the right to object to
the use of any statement for any purpose at trial or a deposition in this or any other action on any

appropriate grounds; (2) the right to object to any discovery or other request for information
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involving or based upon any statements made herein; or (3) the right to revise, correct, supplement,
or clarify any of the statements made herein at any time.

Additionally, the Final Non-Infringement Contentions set forth herein for the independent
claims of the Asserted Patents are incorporated by reference into the Final Non-Infringement
Contentions for any asserted claims that depend from such independent claims, as if such
contentions were fully set forth therein. Further, the division of claim elements, and any
parenthetical references, are not intended to be a modification of the claim language or an
admission that the claims should be so construed, but rather is done for purposes of convenience
of reference. These Final Non-Infringement Contentions respond to Jazz’s Initial Infringement
Contentions, and do not act to affirm or admit narratives provided by Jazz.

In providing these Final Non-Infringement Contentions, Avadel reserves and does not
waive any and all claims, contentions, or arguments regarding the factual and/or legal details of
these Contentions. These Final Non-Infringement Contentions are not designed to represent all
evidence supporting non-infringement; rather, where specifics are provided, they provide
examples of the manner in which the accused product does not infringe the asserted claims of the
Asserted Patents. All citations to evidence are illustrative, and Avadel reserves the right to rely
upon other portions of cited documents, or additional documents to support non-infringement,
including all documents relied upon by Plaintiffs as purportedly showing infringement. Any
omission of other specific citations or evidence does not constitute waiver of any right to rely upon
such additional evidence at a later date, including for purpose of trial.

II. AVADEL’S FT218 PRODUCT DOES NOT INFRINGE THE SUSTAINED
RELEASE PATENTS
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A. Jazz’s Contentions Do Not Establish That Avadel’s FT218 Contains a
“Sustained Release” Portion as Claimed

All the asserted claims of the Sustained Release Patents recite a “sustained release”
limitation. As an initial matter, Jazz’s Initial Infringement Contentions are vague, incomplete, and
unintelligible as to this limitation, and do not satisfy the disclosure requirements under the Local
Rules or establish that the subject limitation is satisfied. Jazz has also set forth no evidence for its
conclusory assertion that this limitation is met under the doctrine of equivalents. As explained
below, Jazz cannot meet its burden of establishing that Avadel infringes the asserted claims of the
Sustained Release Patents either literally or under the doctrine of equivalents at least because
FT218 does not contain a “sustained release” portion under either party’s proposed construction

of this term.?

Disputed Term; Avadel’s Proposed Jazz’s Proposed

Patents and Claims Construction Construction

“sustained release” (Avadel) | a gradual, extended release, as | Plain and ordinary meaning,
opposed to releasing a|ie., the portion of the

“sustained release portion” | majority of the drug within an | formulation that is not

(Jazz) hour wupon exposure to | immediate release and that
intestinal pH releases over a period of time
’488 Patent Claims 1-12, 866
Patent Claims 1-15; ’956
Patent Claims 1-20, 23-
25;°931 Patent Claims 1-15
1. Avadel Does Not Infringe The “Sustained Release” Portion Limitation

Under Avadel’s Proposed Construction

Jazz cannot meet its burden of establishing that FT218 has a “sustained release” portion

under Avadel’s proposed construction. As used in the asserted claims of the Sustained Release

3 As set forth in Avadel’s Invalidity Contentions dated October 13, 2021, the asserted claims of
the Sustained Release Patents are invalid. Because invalid claims cannot be infringed, Avadel’s
FT218 does not infringe any of the asserted claims of the Sustained Release Patents for this
separate reason.
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Patents, “sustained release” describes “a gradual, extended release, as opposed to releasing a

majority of the drug within an hour upon exposure to intestinal pH.”

Avadel’s FT218 product does not have a “sustained release” portion and cannot meet this

limitation of the asserted claims of the Sustained Release Patents.
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Jazz’s contentions do not articulate any basis for infringement under Avadel’s proposed
construction (which reflects the meaning advanced by Jazz during prosecution to distinguish the
prior art). See, e.g., Jazz’s Initial Infringement Contentions at 27. Instead, Jazz merely asserts, in
conclusory fashion, that “Avadel’s NDA uses the terms ‘controlled release’ and ‘sustained release’
interchangeably,” and that “Avadel’s proposed package insert states that Avadel’s NDA Product
‘contains a blend of immediate-release and controlled-release granules.”” See, e.g., Jazz’s Initial
Infringement Contentions at 27. Jazz’s conclusory citations to these documents—which do not
refer or relate to how the term “sustained release” is used in the asserted claims of the Sustained

Release Patents—does not show infringement under Avadel’s proposed construction.

11
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_ As an initial matter, Jazz’s contentions as to this

limitation are vague, incomplete, and unintelligible, and do not satisfy the disclosure requirements
under the Local Rules or establish that the subject limitation is satisfied. Jazz has also set forth no

evidence for its conclusory assertion that this limitation is met under the doctrine of equivalents.

13
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C. Jazz’s Contentions and Expert Reports Fail to Establish That Avadel’s FT218
Product Contains And Releases Gamma-hydroxybutyrate As Claimed

The independent claims of the Sustained Release Patents recite a formulation (or method
of using a formulation) comprising immediate release and sustained release portions, “each portion
comprising at least one pharmaceutically active ingredient selected from gamma-hydroxybutyrate
and pharmaceutically acceptable salts of gamma-hydroxybutyrate.” See, e.g., 488 patent, claim 1
preamble. The claims further recite that the sustained release portion of the formulation, and in
some cases the formulation itself, release certain percentages of its gamma-hydroxybutyrate by
specified time periods. See, e.g., ’488 patent claims 1-4, 12; 885 patent claims 1-3, 13-15; 956
patent, claims 1-4, 10, 11; 931 patent claims 1-3, 13-15. For example, the claims require that the
“sustained release portion release greater than about 40% of its gamma-hydroxybutyrate by about
4 to about 6 hours when tested in a dissolution apparatus 2 in deionized water at a temperature of
37° C and a paddle speed of 50 rpm,” that “the formulation releases at least about 30% of its
gamma-hydroxybutyrate by 1 hour and a paddle speed of 50 rpm,” and that “the formulation

releases greater than about 90% of its gamma-hydroxybutyrate by 8 hours when tested in a

16



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 18 of 776 PagelD #: 9313

dissolution apparatus 2 in deionized water at a temperature of 37° C and a paddle speed of 50
rpm.” See e.g., *488 Patent claim 1.

Jazz’s infringement contentions and expert report of Dr. Little fail to identify any “gamma-
hydroxybutyrate” present in or released from any portion of Avadel’s FT218 product. “Gamma-
hydroxybutyrate,” according to its plain and ordinary meaning, is the negatively charged or anionic
form (conjugate base) of gamma-hydroxybutyric acid. The specification of the Sustained Release
Patents is fully consistent with this meaning, with both the specification and claims contrasting
“gamma-hydroxybutyrate” with “pharmaceutically acceptable salts of gamma-hydroxybutyrate.”
See e.g., *488 patent claim 1 (“A formulation comprising immediate release and sustained-release
portions, each portion comprising at least one pharmaceutically active ingredient selected from
gamma-hydroxybutyrate and pharmaceutically acceptable salts of gamma-hydroxybutyrate”); id.
at 5:35-38. Indeed, the suffix “ate” is used to denote an anion. See Nomenclature of Organic
Chemistry: TUPAC Recommendations and Preferred Names 2013 at P-72.2.2.2.1.1,
https://iupac.qmul.ac.uk/BlueBook/P7.html#7202020201 (“the endings ‘ate’ or ‘ite’ [are used] to
name anions derived from acids.”). Jazz never sought a construction of the term “gamma-
hydroxybutyrate” that departs from its plain and ordinary meaning.

In its final infringement contentions concerning the sustained release patents, Jazz
asserted that further testing would show that the alleged “sustained release portion” of Avadel’s
FT218 product releases “gamma-hydroxybutyrate,” the anionic compound recited in various claim
elements. Specifically, Jazz asserted:

Further, testing of Avadel’s NDA Product, as well as potential testimony from Avadel and

potential third parties, will show that the sustained release portion of Avadel’s NDA

Product releases greater than about 40% of its gamma-hydroxybutyrate by about 4 to about

6 hours when tested in a dissolution apparatus 2 in deionized water at a temperature of 37°
C. and a paddle speed of 50 rpm.

17
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Jazz Final Infringement Contentions, at 55.

However, Dr. Little’s expert report contains no testing for gamma-
hydroxybutyrate. Instead, Dr. Little’s report relies solely on information about the presence of
sodium oxybate in Avadel’s FT218 product and the release of sodium oxybate from Avadel’s
FT218 product. See, e.g., Little Rpt. at 99 28-31, 62-68. Thus, neither Jazz in its contentions, nor

Dr. Little in his expert report, have pointed to any evidence of the presence or release of the claimed

“gamma-hydroxybutyrate” from Avadel’s FT218 product. _
I iy failing (and being unable) to

identify any of the claimed “gamma-hydroxybutyrate” present in or released from Avadel’s FT218
product, Jazz has not demonstrated that Avadel’s FT218 product meets each and every limitation
of the Asserted Claims of the Sustained Release Patents. Nor has Jazz advanced any theory that
Avadel’s FT218 product infringes the Asserted Claims under the doctrine of equivalents.

III. THERE IS NO INFRINGEMENT OF THE ASSERTED CLAIMS OF THE REMS
PATENT

As noted supra, Jazz asserts that Avadel will infringe claims 1-23, 25, and 28 of the REMS
patent.* Jazz contends that “Avadel’s activities in connection with the manufacture, use, sale, offer
for sale and/or importation of the drug product that is the subject of Avadel’s NDA will constitute
direct infringement under 35 U.S.C. § 271(a) and indirect infringement under 35 U.S.C. §§ 271(b)

and (c) of the asserted claims.” Jazz’s Initial Infringement Contentions at 2.

4 As set forth in Avadel’s invalidity contentions dated October 13, 2021, the asserted claims of the
REMS Patent are invalid. Because invalid claims cannot be infringed, Avadel does not infringe
any of the asserted claims of the REMS Patent for this separate reason.

18
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Avadel disputes that Jazz’s infringement contentions establish infringement of claims 1-

23, 25, and 28 of the REMS patent. Avadel does not infringe the asserted claims of the REMS

Patent under either party’s claim construction for at least the reasons described below.

Disputed Term;
Patent and Claims

Avadel’s Proposed
Construction

Jazz’s Proposed
Construction

“[single]/[central] computer

database”

’963 patent claims 1, 4, 5, 7-9,
14,21-23, 25

One and only one computer
database, having the recited
functionality

No construction necessary

“reconcile
inventory/reconciling
inventory/cycle counted and
reconciled”

’963 patent claims 1, 20, 23,
28

Checking whether there is a
mismatch ~ between  the
aggregate amount of a drug
reported in physical inventory
and the aggregate amount in
the database

No construction necessary

“database query that identifies
that the narcoleptic patient is a
cash payer/ database
queries . . . for identifying:
that the narcoleptic patient is a
cash payer...”

’963 patent claims 1, 23, 25

Plain and ordinary meaning,
which is the query identifies
that the form of payment used
by the patient was physical
currency

No construction necessary

A. Jazz’s Contentions Do Not Establish Infringement Under § 271(e)(2)(A)

Jazz has not established an act of infringement under § 271(e)(2)(A).

1. Avadel Does Not Infringe the REMS Patent Under Avadel’s Proposed
Construction of the Asserted Claims

The asserted claims of the REMS Patent are properly construed as directed to systems and
not to methods. As set forth in Avadel’s motion for judgment on the pleadings,’ because the REMS

Patent is directed to a system and not a method, it was not properly Orange-Book listed. There is

>D.L 21, C.A. No. 21-691-MN, and all other filings related to that motion, the full contents of
which are incorporated herein as though fully set forth.
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no infringement under 35 U.S.C. § 271(e)(2)(A) for a patent like the REMS Patent, which claims
neither a drug nor its use. Jazz’s infringement contentions thus cannot establish infringement
under § 271(e)(2)(A).

2. Avadel Does Not Infringe the REMS Patent Under Jazz’s Proposed
Construction of the Asserted Claims

In its opposition to Avadel’s motion for judgment on the pleadings (D.I. 43 C.A. No. 21-
691-MN), Jazz identified purported method steps that it contended were required by the asserted
claims of the REMS Patent. See infra. Performing those steps is not in fact claimed in the asserted
claims of the REMS Patent, and for that reason, Avadel believes that Jazz will not obtain a
construction that their performance is required to infringe. Additionally, during the parties’ claim
term exchange, Jazz did not propose any terms for construction, tacitly conceding that the asserted
claims do not require re-writing to add the non-existent methods steps that Jazz included in its
opposition brief. Avadel is thus aware of no explanation for Jazz’s assertion of infringement under
§ 271(e)(2)(A).

B. Jazz’s Contentions Do Not Establish Direct or Indirect Infringement of the
Asserted Claims of the REMS Patent

Jazz has not established that there is direct or indirect infringement with respect to the
asserted claims of the REMS Patent.

1. Avadel Does Not Infringe the REMS Patent Under Avadel’s Proposed
Construction of the Asserted Claims

The asserted claims of the REMS Patent are properly construed as directed to systems and
not to methods. Jazz’s infringement contentions cite the “use, distribution and/or administration
of Avadel’s NDA Product” as the purportedly infringing conduct, claiming that such use,
distribution, and/or administration of the drug “(e.g., by Avadel, doctors, pharmacies, other

healthcare professionals, and/or patients) pursuant to Avadel’s REMS Program will meet, literally
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or under the doctrine of equivalents, each limitation in claim 1 and will constitute direct
infringement of claim 1.” Jazz Initial Infringement Contentions at 3. Jazz has known that Avadel
contends the REMS Patent covers systems and not methods since at least Avadel’s July 23, 2021
motion for judgment on the pleadings (D.I. 21, C.A. No. 21-691-MN), and yet Jazz, in its
September 7, 2021 infringement contentions, accused only actions—use, distribution, and/or
administration. Jazz has identified no factual basis in its contentions that Avadel will use any
system having the required elements of the asserted claims. Jazz has also not identified what action
it contends constitutes infringement under 35 U.S.C. § 271(a) in the event that the claims of the
REMS Patent are system claims, and has also failed to meet its burden in that regard.

Because indirect infringement requires an act of direct infringement, Jazz’s failures to
plausibly allege direct infringement under Avadel’s proposed construction render Jazz’s indirect
infringement contentions likewise deficient. Jazz also has not identified facts constituting the
additional elements of either induced infringement or contributory infringement.

2. Avadel Does Not Infringe the REMS Patent Under Jazz’s Proposed
Construction of the Asserted Claims

Even under Jazz’s proposed construction, there is no direct or indirect infringement. If, as
Jazz contends, the REMS Patent “claims methods of using a computer-implemented system . . . .,”
then Jazz has also failed to identify an act of direct infringement by or attributable to a single actor.
Jazz vaguely alleges that the “use, distribution and/or administration of Avadel’s NDA Product
(e.g., by Avadel, doctors, pharmacies, other healthcare professionals, and/or patients) pursuant to
Avadel’s REMS Program will meet, literally or under the doctrine of equivalents, each limitation
in claim 1 and will constitute direct infringement of claim 1.” Jazz’s Initial Infringement

Contentions at 3. But even assuming arguendo that the individual steps of the method were carried

out by actors on Jazz’s non-exhaustive list of possible actors, that would not constitute direct
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infringement unless all steps were performed by the same actor or the actions fit within some other

accepted mode of proving direct infringement, neither of which Jazz alleges. Indeed, Jazz does

not identify that any actor allegedly performs any particular step, let alone that any single actor

allegedly performs all of the steps of any asserted claim under Jazz’s proposed construction. For

example, in its opposition to Avadel’s motion for judgment on the pleadings, Jazz identified the

following as method steps (all bullet points are quotes from Jazz’s opposition, D.I. 43, C.A. No.

21-691-MN):

Identifying “a physician or other prescriber of the company’s prescription drug
and information to show that the physician or other prescriber is authorized to
prescribe the company’s prescription drug”

Reconciling “inventory of the prescription drug before the shipments for a day or
other time period are sent.”

Identifying any “indicator of a potential misuse, abuse or diversion by the
narcoleptic patient.”

Notifying “the physician that is interrelated with the narcoleptic patient” if any
indicators of misuse are detected.

“Selectively block[ing] shipment of the prescription drug to the patient” based
upon identification of abuse potential.

“Shipp[ing] to the narcoleptic patient if no potential misuse, abuse or diversion is
found.”

Identifying ““an insurer to be contacted for payment for prescription drugs of an
associated patient.”

Identifying “a current pattern or an anticipated pattern of abuse of the prescription
drug.”

Performing these steps is not in fact claimed in the asserted claims of the REMS Patent,

and for that reason, Avadel believes that Jazz will not obtain a construction that their performance

is a requirement to infringe. But assuming arguendo that they were, Jazz’s infringement

contentions do not identify any individual who allegedly performs these steps, much less a single
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actor that performs all of them. Nor has Jazz even attempted to articulate any basis for attributing
the actions of various actors to Avadel. Given the circumstances, Avadel reserves the right to
dispute any allegation that Jazz makes later in the case on this issue and preserves its ability to
argue that Jazz has waived its ability to later advance such a contention. Jazz’s infringement
contentions thus do not establish an essential element of Jazz’s burden to show infringement if
these claims are method claims.

Because indirect infringement requires an act of direct infringement, Jazz’s failures to
plausibly describe a factual basis for direct infringement under Jazz’s proposed construction render
Jazz’s indirect infringement contentions likewise deficient. Jazz also has not identified facts
constituting the additional elements of either induced infringement or contributory infringement,
including identification of an entity that direct or controls the performance of all the method steps
or the existence of a joint enterprise.

C. Jazz’s Contentions Do Not Establish That the LUMRYZ REMS Contains a
[Single]/[Central] Computer Database

Avadel does not infringe the asserted claims of the REMS Patent at least because the
LUMRYZ REMS does not contain a single/central computer database. As an initial matter, Jazz’s
contentions as to this limitation are vague, incomplete, and unintelligible, and do not satisfy the
disclosure requirements under the Court’s practices or establish that the subject limitation is
satisfied. Jazz has also set forth no evidence for its conclusory assertion that all limitations are
met under the doctrine of equivalents. In order to properly assert a doctrine of equivalents theory,
Jazz needed to provide detail on an element-by-element basis, which it has not done.

1. The LUMRYZ REMS Does Not Contain a “[Single]/[Central]
Computer Database” and Thus Does Not Infringe the REMS Patent
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Under Avadel’s Proposed Construction

Avadel proposes to construe this term to mean “one and only one computer database,

having the recited functionality.”

Avadel’s REMS system therefore does not meet this claim limitation, either literally or under the
doctrine of equivalents.

That the LUMRYZ REMS does not have a single/central computer database also means
that multiple other claim elements of the asserted claims of the REMS Patent are not satisfied, as

those claim elements repeat the requirement for a single/central database and/or address
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functionality of the claimed (but not present) single/central computer database. As an illustrative
example, several dependent claims, including, e.g., claims 4, 8, 14, and 22 impose further
limitations on the single/central computer database. Because the LUMRYZ REMS lacks the
recited single/central computer database, the additional elements likewise are necessarily not
present. For that reason, too, there is no infringement of the REMS Patent.

2. The LUMRYZ REMS Does Not Infringe the REMS Patent Under

Jazz’s Proposed Construction of “[Single]/[Central] Computer
Database”

Jazz states that no construction is necessary and therefore does not propose an alternative
to Avadel’s construction. But the plain language of the subject claim terms establishes the
requirement for a single database and forecloses relying on multiple databases to establish the
presence of this limitation in Avadel’s REMS system. All of Avadel’s non-infringement
arguments set forth above apply equally even should the Court determine that it is not necessary

to construe this claim.

are vague, incomplete, and unintelligible, and do not satisfy the disclosure requirements under the

As an initial matter, Jazz’s contentions as to this limitation

Court’s practices or establish that the subject limitation is satisfied. Jazz has also set forth no

evidence for its conclusory assertion that all limitations are met under the doctrine of equivalents.
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In order to properly assert a doctrine of equivalents theory, Jazz needed to provide detail on an

element-by-element basis, which it has not done.

=

Jazz’s Contentions Do Not Establish That the LUMRYZ REMS Has the
Recited “Reconcile Inventory/Reconciling Inventory/Cycle Counted and
Reconciled” Functionality

Avadel does not infringe the asserted claims of the REMS Patent at least because the
LUMRYZ REMS does not have the functionality to reconcile inventory in accordance with these
claim terms. As an initial matter, Jazz’s contentions as to this limitation are vague, incomplete,
and unintelligible, and do not satisfy the disclosure requirements under the Court’s practices or
establish that the subject limitation is satisfied. Jazz has also set forth no evidence for its

conclusory assertion that all limitations are met under the doctrine of equivalents. In order to

26



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 28 of 776 PagelD #: 9323

properly assert a doctrine of equivalents theory, Jazz needed to provide detail on an element-by-
element basis, which it has not done.
1. The LUMRYZ REMS Does Not Have the Recited Inventory

Reconciliation Functionality and Thus Does Not Infringe the REMS
Patent Under Avadel’s Proposed Construction

Avadel proposes to construe these terms to mean “[c]hecking whether there is a mismatch
between the aggregate amount of a drug reported in physical inventory and the aggregate amount

in the database.”

\9}
-
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For the reasons set forth above, the LUMRYZ REMS does not literally meet this limitation.
Jazz has also set forth no evidence for its conclusory assertion that this limitation is met under the
doctrine of equivalents. Further, Jazz is precluded from asserting that this limitation is met under
the doctrine of equivalents as a result of pharmacy audits or other steps to track the amount of drug
in a pharmacy’s possession. The “inventory reconciliation” limitation was amended in claim 1 to
overcome a rejection over the prior art disclosing tracking the amount of drug in an order (’963
File History, 07/25/2013 Amendment, Applicant Remarks, at 11), and Jazz is thus estopped from

asserting infringement over claim scope through the doctrine of equivalents. Furthermore, Jazz’s
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attempts to essentially eliminate this import of this claim term are belied by the PTAB’s reliance
on it during the IPR proceedings.

2. The LUMRYZ REMS Does Not Infringe the REMS Patent Under
Jazz’s Construction of the Inventory Reconciliation Limitations

Jazz states that no construction is necessary and therefore does not propose an alternative
to Avadel’s construction or explain what the term could mean other than Avadel’s proposed
definition. Furthermore, the plain language of this claim term requires that the REMS system
perform a comparison between the physical inventory and the amount of product as reflected in
the database. All of Avadel’s non-infringement arguments set forth above apply equally even
should the Court determine that it is not necessary to construe this claim.

F. Jazz’s Contentions Do Not Establish That the LUMRYZ REMS Performs a

“Database Query That Identifies That the Narcoleptic Patient Is a Cash

Payer/Database Queries . . . for Identifying: That the Narcoleptic Patient Is a
Cash Payer...”

Avadel does not infringe the asserted claims of the REMS Patent at least because the
LUMRYZ REMS does not have the functionality to perform these steps. As an initial matter,
Jazz’s contentions as to this limitation are vague, incomplete, and unintelligible, and do not satisfy
the disclosure requirements under the Court’s practices or establish that the subject limitation is
satisfied. Jazz has also set forth no evidence for its conclusory assertion that all limitations are
met under the doctrine of equivalents. In order to properly assert a doctrine of equivalents theory,
Jazz needed to provide detail on an element-by-element basis, which it has not done.

1. The LUMRYZ REMS Does Not Have the Recited Database Query

Functionality and Thus Does Not Infringe the REMS Patent Under
Avadel’s Proposed Construction

Avadel proposes that these terms have their plain and ordinary meaning, which is the

recited database query identifies that the form of payment used by the patient was physical
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For the reasons set forth above, the LUMRYZ REMS does not literally meet this limitation.
Jazz has also set forth no evidence for its conclusory assertion that this limitation is met under the

doctrine of equivalents. Further, Jazz is precluded from asserting that this limitation is met under
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the doctrine of equivalents by queries other than ones specifically identifying whether the
narcoleptic patient is a cash payer. During prosecution, Jazz specifically amended the asserted
claims to include this “cash payer” limitation in order to overcome an Examiner rejection over the
prior art (see "963 patent File History, 12/31/13 Amendment), and Jazz is thus foreclosed from
asserting infringement with regard to said limitation by way of the doctrine of equivalents. And
once again, Jazz’s attempt to effectively eliminate this claim term is belied by the PTAB’s reliance
on it during the IPR proceedings.

2. The LUMRYZ REMS Does Not Infringe the REMS Patent Under
Jazz’s Construction of the Database Query Limitations

Jazz states that no construction is necessary and therefore does not propose an alternative
to Avadel’s construction or explain what the term could mean other than Avadel’s proposed
definition. Furthermore, the plain language of this claim requires determining whether the
narcoleptic patient is paying in cash. All of Avadel’s non-infringement arguments set forth above
apply equally even should the Court determine that it is not necessary to construe this claim.

G. Jazz’s Contentions Do Not Establish That the LUMRYZ REMS Possesses an
“Exclusive Database”

Avadel does not infringe Claims 4 and 21 of the ’782 Patent at least because Jazz has failed
to demonstrate that FT218 includes an “exclusive database.” The *782 patent does not provide a
meaning for the term “exclusive database,” and Jazz’s contentions as to this limitation are vague,
incomplete, and unintelligible, and do not satisfy the disclosure requirements under the Court’s
practices or establish that the subject limitation is satisfied. In particular, Jazz’s infringement
contentions with respect to claim 4 assert that the LUMRYZ REMS will include a “single
database”—which as set forth above, it will not—"“that is an exclusive database” with no
explanation to support its conclusory assertion. Nor has Jazz asserted that this claim limitation of

claim 4 may be met under the doctrine of equivalents, much less provide a detailed explanation,
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on an element-by-element basis, for how this limitation would allegedly be met under the doctrine
of equivalents. With respect to claim 21, Jazz’s infringement contentions once again assert, in
conclusory fashion, that the limitations of the claim, including the “exclusive database limitation”
are met by the LUMRYZ REMS. Nor has Jazz provided any explanation for its assertion that the
limitations of claim 21, including the “exclusive database” limitation, are met under the doctrine
of equivalents, much less provide a detailed explanation, on an element-by-element basis, for how
this limitation would allegedly be met under the doctrine of equivalents.

IV. AVADEL’S FT218 PRODUCT DOES NOT INFRINGE THE RESINATE
PATENTS

All of the asserted claims of the Resinate Patents recite either a “controlled release
component” or “modified release particles” limitation. As an initial matter, Jazz’s contentions as
to these limitations are lacking, vague, and confusing, and do not satisfy the disclosure
requirements under the Court’s practices or establish that the subject limitations are satisfied. Jazz
has also set forth no evidence for its conclusory assertions that these limitations are met under the
doctrine of equivalents. As explained below, Jazz cannot meet its burden of establishing that
Avadel infringes the asserted claims of the Resinate Patents either literally or under the doctrine
of equivalents at least because FT218 does not contain either a “controlled release component” or

“modified release particles” under either party’s proposed construction.®

Disputed Terms; Avadel’s Proposed Jazz’s Proposed

Patents and Claims Construction Construction

“controlled release | Resinate compositions | A formulation component
component” characterized by having at | with an active pharmaceutical

least one of the active | ingredient having a release
’079 Patent Claims 1-3, 5-12, | components having a release | over a period of at least about
and 14-18 2 to about 8 hours

® As set forth in Avadel’s Invalidity Contentions dated January 14, 2022, the asserted claims of the
Resinate Patents are invalid. Because invalid claims cannot be infringed, Avadel’s FT218 does
not infringe any of the asserted claims of the Resinate Patents for this separate reason.
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over a period of at least about
2 to about 8 hours

“modified release particles”

>782 Patent Claims 1-24

Particles that are resinate
compositions characterized by
having at least one of the
active components having a
release over a period of at least
about 2 to about 8 hours

Plain and ordinary meaning,
i.e., particles containing an
active pharmaceutical
ingredient with a release
profile that is different from
that of an immediate release

particle

A. Jazz’s Contentions Do Not Establish That FT218 Satisfies the “Controlled
Release Component” Limitation of the ’079 Patent

1. Avadel Does Not Infringe the 079 Patent Under Avadel’s Proposed
Construction of “Controlled Release Component”

Independent claims 1 and 10 of the 079 patent require the presence of a “controlled release
component.” Under Avadel’s proposed construction, a “controlled release component” is

construed as “resinate compositions characterized by having at least one of the active components

having a release over a period of at least about 2 to about 8 hours.”
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7 Jazz does not contend that FT218’s IR meet the “controlled release component” limitation. See
e.g., December 7, 2021, Plaintiff’s Initial Infringement Chart, at 5, 11-12 (citing the immediate
release and controlled release components of FT218 as meeting the limitation “wherein the
oxybate formulation comprises an immediate release component and a controlled release
component”).
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B. Jazz’s Contentions and Expert Reports Fail to Establish That Avadel’s FT218
Product Will be Used in a Method of Treatment Comprising Administering A
Single Daily Dose Comprising Sodium Oxybate, and Opening A Sachet
Containing A Solid Oxybate Formulation

Avadel does not infringe the Asserted Claims of the 079 patent at least because Jazz has

failed to demonstrate that Avadel’s FT218 product will be used in a method of “administering a
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single daily dose to the patient, the single daily dose comprising an amount of oxybate equivalent
to from 4.0 g to 12.0 g of sodium oxybate...wherein the administering comprises opening a sachet
containing a solid oxybate formulation.” 079 patent, claim 1. “Oxybate,” according to its plain
and ordinary meaning, is the negatively charged or anionic form (conjugate base) of gamma-
hydroxybutyric acid. This is consistent with the use of the term in the specification, e.g., id. at
8:25-27 (“drugs including GHB as well as prodrugs such as GBL, salts, isomers, polymorphs, and

solvates thereof”) and the express definition in the specification, id. at 3:59-61. Indeed, the suffix

13 2

ate” is used to denote an anion. See Nomenclature of Organic Chemistry: TUPAC
Recommendations and Preferred Names 2013 at P-72.2.2.2.1.1,
https://iupac.qmul.ac.uk/BlueBook/P7.html#7202020201 (“the endings ‘ate’ or ‘ite’ [are used] to
name anions derived from acids.”). Jazz never sought a construction of the term “gamma-
hydroxybutyrate” that would depart from its plain and ordinary meaning. What’s more, the 079
patent specification defines “gamma-hydroxybutyrate” and “oxybate” as the “negatively charged
or anionic form (conjugate base) of gamma-hydroxybutyric acid.” Id. at 3:59-61. Thus, even if

the plain meaning were something other than the negatively charged or anionic form (conjugate

base) of gamma-hydroxybutyric acid, the patentee’s lexicography controls. At the very least,.

Jazz has only pointed to evidence that Avadel’s FT218 product includes “sodium oxybate

2

contained within unit dose stick packs. See Jazz 5/6/2021 Final Infringement Contentions at 215-
216; Little Expert Rpt. at 9 348-49, 28-31. Again, in its final infringement contentions, Jazz
suggested that it would perform testing to establish the presence of oxybate (i.e., “gamma-

hydroxybutyrate”) in Avadel’s FT218 product:
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Further, testing of Avadel’s NDA Product, as well as potential testimony from Avadel and

potential third parties, will show that the sustained release portion of Avadel’s NDA

Product releases greater than about 40% of its gamma-hydroxybutyrate by about 4 to about

6 hours when tested in a dissolution apparatus 2 in deionized water at a temperature of 37°

C. and a paddle speed of 50 rpm.

Jazz Final Infringement Contentions, at 55.

However, Dr. Little’s report contains no testing for oxybate pursuant to the plain and
ordinary meaning of that term in the 079 Patent. In relying only on evidence that Avadel’s FT218
product includes “sodium oxybate,” rather than “oxybate,” Jazz has failed to prove that Avadel’s
FT218 product will be (or can be) administered as a single daily dose, wherein “administering
comprises opening a sachet containing a solid oxybate formulation,” as the Asserted Claims
require. Jazz has also failed to demonstrate that Avadel’s FT218 Product will or can be
administered in “a single daily dose to the patient, the single daily dose comprising an amount of
oxybate equivalent to from 4.0 g to 12.0 g of sodium oxybate,” and has not pointed to any evidence
or testing showing presence of 4.0 g to 12 g of gamma-hydroxybutyrate in a single dose of
Avadel’s NDA product. Nor has Jazz advanced any theory that Avadel’s FT218 Product will be

used in a manner that infringes the Asserted Claims under the doctrine of equivalents.

C. Jazz’s Contentions Do Not Establish That Avadel’s FT218 Satisfies the
“Modified Release Particles” Limitation of the *782 patent

1. Avadel Does Not Infringe the °782 Patent Under Avadel’s Proposed
Construction

Independent claims 1 and 14 of the *782 Patent require the presence of “modified release
particles.” Under Avadel’s proposed construction, the term “modified release particles” is
properly construed as “particles that are resinate compositions characterized by having at least one

of the active components having a release over a period of at least about 2 to about 8 hours.”
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_ [ ] _ FT218 therefore does not infringe independent claims 1

and 14 of the *782 patent. Because the remaining asserted claims of the *782 patent depend from
claims 1 and 14 and incorporate this limitation, FT218 does not infringe those claims for the same

reasons.
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D. Jazz’s Contentions and Expert Reports Fail to Establish That Avadel’s FT218
Product Is a “Formulation of Gamma-hydroxybutyrate” Comprising
“Immediate Release” and “Modified Release” Particles “Comprising Gamma-
hydroxybutyrate.”

Avadel does not infringe the Asserted Claims of the *782 patent at least because Jazz has
failed to demonstrate that Avadel’s FT218 product is a formulation of gamma-hydroxybutyrate
comprising “a plurality of immediate release particles comprising gamma-hydroxybutyrate" and
“a plurality of modified release particles comprising gamma-hydroxybutyrate.” 782 patent, claim
1. “Gamma-hydroxybutyrate,” according to its plain and ordinary meaning, is the negatively
charged or anionic form (conjugate base) of gamma-hydroxybutyric acid. This is consistent with
the use of the term in the specification, e.g., id. at 8:26-28 (“drugs including GHB as well as
prodrugs such as GBL, salts, isomers, polymorphs, and solvates therecof”) and the express
definition in the specification, id. at 3:60-62. Indeed, the suffix “ate” is used to denote an anion.
See Nomenclature of Organic Chemistry: [UPAC Recommendations and Preferred Names 2013
at P-72.2.2.2.1.1, https://iupac.qmul.ac.uk/BlueBook/P7.html#7202020201 (“the endings ‘ate’ or
‘ite’ [are used] to name anions derived from acids.”). Jazz never sought a construction of the term
“gamma-hydroxybutyrate” that would depart from its plain and ordinary meaning. What’s more,
the *782 patent specification defines “gamma-hydroxybutyrate” and “oxybate” as the “negatively
charged or anionic form (conjugate base) of gamma-hydroxybutyric acid.” Id. at 3:60-62. Thus,
even if the plain meaning were something other than the negatively charged or anionic form

(conjugate base) of gamma-hydroxybutyric acid, the patentee’s lexicography controls. At the very
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least, the term excludes sodium oxybate because the specification distinguishes between gamma-
hydroxybutyrate and its salts. 1d. at 8:26-28.

Jazz has only pointed to evidence that Avadel’s FT218 product is a formulation that
contains granules comprising sodium oxybate. See Jazz 5/6/2021 Final Infringement Contentions
at 225-26; Little Expert Rpt. at 4§ 394-96, 28-31. Again, in its final infringement contentions, Jazz
suggested that it would perform testing to establish the presence of gamma-hydroxybutyrate in
Avadel’s Product:

Further, testing of Avadel’s NDA Product, as well as potential testimony from Avadel and

potential third parties, will show that the sustained release portion of Avadel’s NDA

Product releases greater than about 40% of its gamma-hydroxybutyrate by about 4 to about

6 hours when tested in a dissolution apparatus 2 in deionized water at a temperature of 37°

C. and a paddle speed of 50 rpm.

Jazz Final Infringement Contentions, at 55.

But Dr. Little’s Expert Report contains no such testing data. In relying only on evidence
that Avadel’s FT218 Product contains sodium oxybate, rather than gamma-hydroxybutyrate, Jazz
has failed to (and cannot) prove that Avadel’s FT218 product is a formulation of gamma-
hydroxybutyrate comprising a plurality of immediate release particles comprising gamma-
hydroxybutyrate and a plurality of modified release particles comprising gamma-hydroxybutyrate,
as the Asserted Claims require. Nor has Jazz advanced any theory that Avadel’s FT218 product

infringes the Asserted Claims under the doctrine of equivalents.

E. Jazz’s Contentions Do Not Establish That Avadel’s FT218 Satisfies the “Unit
Dose” Limitation of Claims 14-24 of the 782 patent

Avadel does not infringe Claims 14-24 of the *782 Patent at least because Jazz has failed
to demonstrate that FT218 includes a “unit dose” of a formulation of gamma-hydroxybutyrate.
The *782 patent does not provide a meaning for the term “unit dose,” and Jazz’s contentions as to

this limitation are vague, incomplete, and unintelligible, and do not satisfy the disclosure
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requirements under the Court’s practices or establish that the subject limitation is satisfied. In
particular, Jazz’s infringement contentions only assert that FT218 is “a formulation of gamma-
hydroxybutyrate” without providing any explanation for how FT218 allegedly meets the “unit
dose” requirement. Nor has Jazz asserted that this claim limitation may be met under the doctrine
of equivalents, much less provide a detailed explanation, on an element-by-element basis, for how
this limitation would allegedly be met under the doctrine of equivalents.

F. Jazz’s Contentions Do Not Establish That Avadel’s FT218 Satisfies the “Blood
Concentration” Limitations of Claims 11, 12, and 19 the *782 patent

Avadel does not infringe Claims 11, 12, and 19 of the *782 patent at least because Jazz has
failed to demonstrate that FT218 meets the requirement of providing the recited blood
concentrations of gamma-hydroxybutyrate. Claim 11 requires providing gamma-hydroxybutyrate
“blood concentration ranging from 10 mg/mL to about 40 mg/mL” while claims 12 and 19 require
providing gamma-hydroxybutyrate “blood concentration ranging from 15 mg/mL to about 30
mg/mL.” Jazz’s contentions as to these limitations are vague, incomplete, and unintelligible, and
do not satisfy the disclosure requirements under the Court’s practices or establish that the subject
limitation is satisfied, at least because the limitations recite a range of gamma-hydroxybutyrate

blood concentrations that are likely fatal in humans.
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I, Steven R. Little, Ph.D., submit this declaration in support of Plaintiffs Jazz
Pharmaceuticals, Inc.’s and Jazz Pharmaceuticals Ireland Limited’s (together, “Jazz”)
Supplemental Opening Markman Brief to offer my opinion on the meanings of “gamma-
hydroxybutyrate” and “oxybate,” as used in the claims of the patents-in-suit, to one of ordinary

skill in the art at the time of invention.

I EXPERT QUALIFICATIONS
A. Educational and Professional Background

1. My curriculum vitae includes my degrees, positions, honors, awards, publications,
invited talks at universities as well as national and international conferences, presentations, and
service through active membership in a wide variety of scientific societies and as a peer reviewer
for a wide variety of scientific journals. See Ex. 33.!

2. I received my Ph.D. in Chemical Engineering from the Massachusetts Institute of
Technology (MIT) as a National Science Foundation Graduate Research Fellow. I received the
American Association for Advancement of Science’s (AAAS) Excellence in Research Award for
my thesis research. I received my Bachelor of Engineering in Chemical Engineering at
Youngstown State University where I graduated Summa Cum Laude with minors in both
Chemistry and Mathematics.

3. I am currently the Chair of the Department of Chemical Engineering as well as
the William Kepler Whiteford Endowed Professor of Chemical Engineering, Bioengineering,
Pharmaceutical Sciences, Immunology, Ophthalmology and the McGowan Institute for

Regenerative Medicine at the University of Pittsburgh. I am also the Director of the Controlled

I “Ex. _,” cited herein refers to exhibits attached to Jazz’s Supplemental Opening

Markman Brief.
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Release and Biomimetic Research Laboratories at the University of Pittsburgh. In September
2021, I was appointed to the special rank of “Distinguished Professor” by the Chancellor of the
University of Pittsburgh, which is the University’s highest honor for faculty and recognizes
extraordinary, internationally recognized scholarly attainment in the field.

4. As Chair of the Department of Chemical Engineering, my responsibilities include
serving as the Executive Director of all major functions of the Department, such as the Chemical
Engineering research enterprise of the faculty as well as oversight of the instruction of all
chemical engineering graduate and undergraduate courses and other educational activities.

5. As a member of the faculty of the Department of Chemical Engineering,
Bioengineering, Pharmaceutical Sciences, Immunology, Ophthalmology and the McGowan
Institute for Regenerative Medicine at the University of Pittsburgh, my responsibilities include
instruction of courses including Biomaterials, Introduction to Controlled Release Systems, and
Fundamentals of Transport Processes (aka Transport Phenomena) including mass transport
issues such as diffusive and convective mass transport processes.

6. As Director of the Controlled Release and Biomimetic Research Laboratories at
the University of Pittsburgh, my responsibilities include serving as the principal investigator on
over $25M of research activities over the past fifteen years in the area of controlled release
systems and sustained release systems. The laboratories consist of approximately 10-15 full- and
part-time researchers, including research assistant professors, post-doctoral associates, Ph.D.
students, master’s students, and undergraduate researchers. My work is funded by the National
Institutes for Health, the National Science Foundation, the US Food and Drug Administration,
the U.S. Army, the U.S. Department of Defense, the Defense Advanced Research Projects

Agency (DARPA), the American Heart Association, the Commonwealth of Pennsylvania, the
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Arnold and Mabel Beckman Foundation, the Wallace H. Coulter Foundation, the Camille and
Henry Dreyfus Foundation, Research to Prevent Blindness, several industrial sources, and
several internal Centers and Institutes.

7. I was previously elected and served in the position of Representative of Special
Interest Groups on the Board of Directors of the Society for Biomaterials (an international
organization) by the Society’s membership. In this capacity, I was responsible for overseeing the
direction of the Divisions of the society (called “Special Interest Groups”), their educational
programs, the annual program for its national and international conferences in the area of
controlled release and drug delivery, and the promotion of controlled release and drug delivery
research, amongst other things. I have also been previously appointed as the Representative of
the Board of Directors for Focus Groups in the Controlled Release Society, which established
Focus Groups in the areas of Oral Drug Delivery, Ocular Drug Delivery, Nanomedicine and
Nano-Scale Drug Delivery, Gene Delivery and Gene Editing, Biomimetic Drug Delivery,
Immuno Drug Delivery, and Transdermal and Mucosal Drug Delivery.

8. Since 2004, I have published over 100 peer-reviewed publications and peer
reviewed book chapters in the areas of controlled release, sustained release, and immediate
release in well-known journals such as Journal of Controlled Release, Proceedings of the
National Academy of Sciences, Advanced Materials, Pharmaceutical Research, Molecular
Pharmaceutics, Angewandte Chemie, Journal of Materials Chemistry, Journal of the American
Chemical Society, Biomaterials, Journal of Biomedical Materials Research Part A, Journal of
Molecular Medicine, and Science, Advances. I have been invited to speak over 80 times about

my research at national and international venues.
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9. Since 2004, I have been the primary inventor on over 30 issued and pending
patents (with 3 of these being licensed for use by industry to date).

10.  Iam also a co-founder of Qrono Inc. Controlled Release Solutions, a specialty
pharmaceutical company focused upon treatments for head and neck cancer. I am also a co-
founder of Oraxis Inc., a startup focused upon treatments for inflammatory diseases and disease
of destructive inflammation.

B. Honors and Awards

11.  Ihave received a number of national and international awards, including the 2021
Distinguished Service Award from the Controlled Release Society, the 2015 Curtis McGraw
Research award by American Society Engineering Education (“ASEE”; the only winner in the
US in all engineering disciplines), Research to Prevent Blindness’ Innovative Ophthalmology
Research Award Winner in 2014, one of only two Chemical Engineering “Camille Dreyfus
Teacher-Scholars” in 2012, both a Phase I and Phase II Wallace H. Coulter Translational
Research Award Winner (2010 and 2013), the only recipient (worldwide) of the Society for
Biomaterials Young Investigator Award in 2012, the only recipient (worldwide) of the
Controlled Release Society’s Young Investigator Award in 2019, one of only 16 “Beckman
Young Investigators” by the Arnold and Mabel Beckman Foundation in 2008, the American
Heart Association Career Development Award, and the recipient of a K-Award from the United
States National Institutes for Health.

12. I currently stand as the only individual in University history to receive all three
“Chancellor’s Distinguished Awards” (Distinguished Research in 2012, Distinguished Teaching
in 2013, and Distinguished Service in 2019). I also have been elected as a Fellow of the
Biomedical Engineering Society (BMES), a Fellow of the American Institute for Medical and

Biological Engineering (AIMBE), a Fellow of the Controlled Release Society (CRS), and a
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Fellow of the American Institute for the Advancement of Science (AAAS). In June of 2022, I
was elected to the status of Fellow to the National Academy of Inventors (one of the four U.S.

National Academies).

I1. MATERIALS CONSIDERED

13. I submit this declaration in support of Jazz’s Supplemental Opening Markman
Brief. The materials that I have reviewed in support of my opinions include: the patents-in-suit?;
the prosecution histories for the 488, 079, and *782 patents; Jazz’s and Avadel’s proposed
claim constructions; Avadel’s Amended Final Noninfringement Contentions; and any other
documents cited herein.

14. The opinions below are based on the education, knowledge, and experience that I
have acquired during my time practicing, teaching, and consulting in the field of pharmaceutical
sciences, as well as the information available to me as of the date of this declaration.

15.  Ireserve the right to rebut any expert opinion, argument, or additional documents
offered by Avadel in support of its proposed claim constructions. I further reserve the right to
modify or expand my opinions to the extent that I may learn of information not currently
available to me, including, but not limited to, information provided in Avadel’s Responsive
Markman Brief and any evidence and/or declarations submitted therewith. I further reserve the
right to modify or expand my opinion to the extent that the Court adopts any construction that

differs from those proposed by Jazz.

2 The “patents-in-suit” refers to U.S. Patent Nos. 10,758,488 (“the *488 patent,” Ex. 3),
10,813,885 (“the *885 patent™), 10,959,956 (“the *956 patent”), 10,966,931 (“the *931 patent”),
11,077,079 (“the 079 patent,” Ex. 24), and 11,147,782 (“the *782 patent,” Ex. 27). I sometimes
refer to the *488, *885, 956, and "931 patents, collectively, as the “Sustained Release Patents.”
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16. Compensation for my time on this case is my standard rate of $1200 per hour.
Payment is in no way contingent upon the substance of my testimony or the outcome of this case.

III. PERSON OF ORDINARY SKILL IN THE ART

17.  Tuse the following definition of a POSA in my opinions: someone who has at
least a Ph.D. in Pharmaceutical Sciences, Chemistry, or Chemical Engineering (or related field)
and 2 to 4 years of experience in the field of drug delivery technology or a similar technical
field. Alternatively, such a person may have had a lower educational level (such as a M.S. or
even a B.S. academic degree) in one of those fields with commensurately more experience in
formulating pharmaceuticals and drug delivery. It is further my opinion that a POSA may rely
on individuals with knowledge and experience in the treatment of narcolepsy.

IV.  THE PARTIES’ PROPOSED CONSTRUCTIONS

18.  Tunderstand from counsel that the parties have proposed the following

constructions for the disputed term “gamma-hydroxybutyrate”/“oxybate”:

Claim Term Jazz’s Proposal Avadel’s Proposal
“gamma- Plain and ordinary meaning: i.e., | the negatively charged or anionic
hydroxybutyrate” | (1) gamma-hydroxybutyric acid or | form (conjugate base) of gamma-
(Sustained Release | (2) the negatively charged or hydroxybutyric acid
Patent Family) anionic form (conjugate base) of
gamma-hydroxybutyric acid

“gamma- the negatively charged or anionic | the negatively charged or anionic
hydroxybutyrate” | form (conjugate base) of gamma- | form (conjugate base) of gamma-
/ “oxybate” hydroxybutyric acid hydroxybutyric acid
(’079/°782 Patent
Family)

19.  Further, based on my review of Avadel’s Amended Final Non-Infringement

Contentions and discussions with counsel, I understand that Avadel contends that its construction
of “gamma-hydroxybutyrate” and “oxybate” is distinct from, or excludes, salts of gamma-

hydroxybutyrate such as sodium gamma-hydroxybutyrate, which is also referred to as sodium
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oxybate. Ex. 1, Avadel’s Final Non-Infringement Contentions at 18, 37. As explained further
below, I disagree that the negatively charged anionic form excludes salts of gamma-
hydroxybutyrate.

V. BACKGROUND

20.  Asused in the art, the term “gamma-hydroxybutyrate” would be understood to
encompass the gamma-hydroxybutyrate negative anion, gamma-hydroxybutyric acid, and other
forms of gamma-hydroxybutyrate such as salts. See Ex. 34, Gamma-Hydroxybutyrate
Monograph, Scientific Working Group for the Analysis of Seized Drugs (2005).

21.  Anacid is a molecule that is capable of donating a hydrogen ion (H") in a
reaction. Ex. 35, McGraw-Hill Dictionary of Scientific and Technical Terms. Gamma-

hydroxybutyric acid has the following structure:

22. The negatively charged gamma-hydroxybutyrate anion (the conjugate base of

gamma-hydroxybutyric acid)’® has the following structure:

Ex. 34, Gamma-Hydroxybutyrate Monograph.
23. The hydrogen atom of gamma-hydroxybutyric acid that is capable of being
donated in a reaction is covalently bonded to an oxygen atom in the carboxylic acid. This

covalent bond (O-H) is circled in red below:

3 A conjugate base is a reaction product that results when a hydrogen is donated from an
acid (here, gamma-hydroxybutyric acid).
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A covalent bond is one where two atoms share a pair of electrons. Here the sharing of electrons
is between an oxygen within the carboxylic acid (the -COOH functional group, circled in green
above) and hydrogen.

24. When gamma-hydroxybutyrate is in the salt form, the negatively charged gamma-
hydroxybutyrate anion is ionically bonded to a positively charged cation, such as sodium. The

structure of sodium gamma-hydroxybutyrate, or sodium oxybate, is shown below:

The bond between the positive and negative ion is known as an ionic bond, or electrostatic bond.
An ionic bond is one where one atom transfers one or more electrons to another atom. Here, the
sodium atom donates an electron to become a positively charged cation and gamma-
hydroxybutyrate accepts an electron to become a negatively charged anion. The gamma-
hydroxybutyrate anion can be combined with different cations such as calcium, potassium, or
magnesium to form different gamma-hydroxybutyrate salts. Regardless of what is used as the
cation, however, the salt form of gamma-hydroxybutyrate always contains the negatively
charged gamma-hydroxybutyrate anion, which is ionically bound to the positively charged cation
(e.g., sodium).

25.  Insolid form, the negatively charged gamma-hydroxybutyrate anion and
positively charged sodium cation that make up sodium oxybate are held together by electrostatic
forces. Notably, the negatively charged gamma-hydroxybutyrate anion (on its own without any
other bonded counter-ion) cannot exist in solid form on its own because it cannot satisfy

electroneutrality (meaning that a negatively charged ion must be neutralized to form a stable
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solid). In order to satisfy electroneutrality, there must be either a covalent bond with a hydrogen
atom in the form of gamma-hydroxybutyric acid or an ionic bond, for example, with a sodium
cation in the form of sodium oxybate. Consequently, in my opinion, it would be understood by a
POSA that a reference to a solid dosage form containing gamma-hydroxybutyrate would
necessarily either mean gamma-hydroxybutyric acid or the gamma-hydroxybutyrate anion with
something ionically bound to it such as a cation.

26.  Prior art references discussing the use of gamma-hydroxybutyrate also confirm
that the term was understood to refer to both gamma-hydroxybutyric acid and salts containing
the gamma-hydroxybutyrate anion. For example, a 1977 article by Mamelak refers to “sodium
y-hydroxybutyrate” as “GHB.” Ex. 7 at 273.* Similarly, an article by Broughton from 1979
refers to the “sodium salt of gamma-hydroxybutyrate” and “GHB” interchangeably. Ex. 9 at 2.
Further, a published patent application by Liang refers to “Sodium gamma-hydroxybutyrate
(GHB or sodium oxybate).” Ex. 11 at [0002]. In addition, other references refer to “gamma-
hydroxybutyric acid” or “y-hydroxybutyric acid” as “GHB.” See Ex. 12, Ferrara (1992) at 231;
Ex. 13, Gallimberti (1989) at 787; Ex. 15, Gessa (1993) at 224; Ex. 17, Palatini (1993) at 353;
Ex. 18, Roth (1966) at 421; Ex. 20, Snead (1981) at 579 (referring to both “y-hydroxybutyrate”
and “gamma-hydroxybutyric acid” as “GHB”). Accordingly, in my opinion, a POSA would
have understood gamma-hydroxybutyrate to refer to both gamma-hydroxybutyric acid and the

gamma-hydroxybutyrate anion (e.g., in salt form).

4 «y”is the Greek letter for “gamma.”
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VI. THE PATENTS-IN-SUIT
A. The Sustained Release Patents

217. There is not any definition of “gamma-hydroxybutyrate” provided in the
Sustained Release Patents. Instead, in my opinion, the patents use the term “gamma-
hydroxybutyrate” consistent with how a POSA would have understood as described above,
namely in the form of gamma-hydroxybutyric acid (with a covalent O-H bond) or in the form of
the gamma-hydroxybutyrate anion, including a form that is ionically bound to something such as
a cation in the salt form.

28.  For example, the Sustained Release Patents refer to controlled release drug
formulations produced as unit dosage forms for oral administration. Ex. 3, 488 patent at 1:26-
28. Those patents go on to describe “[a]n example of a drug that is administered at a high dose,
has a low molecular weight, and high water solubility, is gamma-hydroxybutyrate (GHB),
particularly the sodium salt of GHB.” Id. at 1:38-41. In my opinion, this portion of the
specification is describing sodium gamma-hydroxybutyrate as a specific form of the drug
gamma-hydroxybutyrate that may be used in the inventions. This identification of the sodium
salt as a specific form is in agreement with my opinion expressed above that a POSA would
understand the term “gamma-hydroxybutyrate” to be inclusive of gamma-hydroxybutyric acid or
forms where something is ionically bound to the negatively charged gamma-hydroxybutyrate
anion such as a cation (which would be a salt). See supra at 99 24-25.

29. The patents further describe making products with “forms of GHB, such as the
sodium salt of GHB.” Ex. 3, *488 patent at 5:18-19. The specification provides the structure of
the sodium salt form of gamma-hydroxybutyrate, including the positively charged sodium cation

and the negatively charged gamma-hydroxybutyrate anion:

10
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Id. at 4:55-60. In addition, all of the examples of the Sustained Release Patents refer to using
either sodium oxybate or calcium oxybate. Id. at 19:21, 21:29, 24:28, 24:60-61, 25:23. Asa
POSA would expect, there are no examples or discussion in the Sustained Release Patents of the
negatively charged gamma-hydroxybutyrate anion alone (excluding neutral, bound forms) being
used to make a dosage form. Accordingly, in my opinion, a POSA would understand that the use
of term “gamma-hydroxybutyrate” in the Sustained Release Patents would include various forms
of gamma-hydroxybutyrate such as salt forms that would be stable as a solid, rather than
excluding such forms.

30. My opinion is also supported by the claims of the Sustained Release Patents. The
claims of the Sustained Release Patents require “[a] formulation comprising immediate release
and sustained release portions, each portion comprising at least one pharmaceutically active
ingredient selected from gamma-hydroxybutyrate and pharmaceutically acceptable salts of
gamma-hydroxybutyrate, wherein . . .” the formulation or sustained release portion “releases [a
certain percentage] of its gamma-hydroxybutyrate [within a certain period of time].” See, e.g.,
Ex. 3 at 27:24-44. In my opinion, a POSA would understand that the language “its gamma-
hydroxybutyrate” is referring to the gamma-hydroxybutyrate initially contained in the sustained
release portion or formulation, which the claims say can be “selected from gamma-
hydroxybutyrate and pharmaceutically acceptable salts of gamma-hydroxybutyrate.” 1d. My
opinion is supported by the specification which explains release profiles in terms of release of
“the drug initially contained” within the dosage form. Id. at 5:63-6:8. As such, it is my opinion

that a POSA would understand that the “gamma-hydroxybutyrate” that is being released can be

11
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in the form of gamma-hydroxybutyric acid or salts of gamma-hydroxybutyric acid (e.g., the
sodium salt form of gamma-hydroxybutyrate). It is also my opinion that a POSA would further
recognize the sodium salt of gamma-hydroxybutyrate to be within the scope of the claims based
on dependent claims of the Sustained Release Patents, such as claims 6 and 7 of the *488 patent,
which require a salt form (including the sodium salt form) of gamma-hydroxybutyrate. 1d.

at 28:17-21.

31. My opinion is further supported by the prosecution history of the Sustained
Release Patents. In particular, Jazz’s application for the 488 patent was rejected by the Patent
Office based on a disclosure in the prior art reference Liang 2006 of “a controlled release oral
dosage form . . . comprising gamma-hydroxybutyric acid (‘gamma-hydroxybutyrate’) that may
be in the form of its potassium or sodium salt.” Ex. 22 at 10-11. One of the inventors for the
Sustained Release Patents, Clark Allphin, submitted a declaration in response to the rejection of
the claims. The declaration referred to formulations of the invention “wherein the sustained
release portion releases less than 10% of its GHB within the first hour and at least about 40% of
its GHB by 4 to 6 hours when it is tested at a neutral pH (i.e., in DI water).” Ex. 23 at 9 10. Mr.
Allphin described “the dissolution profile of a sustained release portion of a GHB formulation
meeting the limitations of the claims,” and stated that “[t]he sustained release portion contains
GHB (as sodium oxybate).” Id. at § 13. In my opinion, this shows that both the Patent Office
and Mr. Allphin viewed the term “gamma-hydroxybutyrate” as including sodium oxybate, rather
than excluding it. This use of “gamma-hydroxybutyrate” by the Patent Office and Mr. Allphin to
include a salt such as sodium oxybate is in agreement with how a POSA would understand that

term.

12
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B. The °079/°782 Patents

32.  Inthe ’079 and ’782 patents, the inventors provide a more specific definition of
“gamma-hydroxybutyrate” than how that term is used in the art in general, and in the context of
the Sustained Release Patents. Specifically, the 079 and 782 patent explicitly state that: “[a]s
used herein, the term gamma-hydroxybutyrate (GHB) or ‘oxybate’ refers to the negatively
charged or anionic form (conjugate base) of gamma-hydroxybutyric acid.” Ex. 24, *079 patent
at 3:59-61.

33.  Asdiscussed above, the term “gamma-hydroxybutyrate” was used in the art to
refer inclusively to gamma-hydroxybutyric acid and the negatively charged gamma-
hydroxybutyrate anion. See supra at 99 24-26. The more specific definition provided for
“gamma-hydroxybutyrate” in the specification of the 079 and *782 patents, however, would
make it clear to a POSA that the inventors were referring specifically to the anion rather than
gamma-hydroxybutyric acid.

34.  The claims of the 079 and ’782 patents refer to solid dosage forms of gamma-
hydroxybutyrate. Specifically, the claims of the 079 patent refer to “a sachet containing a solid
oxybate formulation.” Ex. 24, 079 patent at 24:57-63. The claims of the 782 patent refer to
“particles comprising gamma-hydroxybutyrate.” Ex. 27, 782 patent at 25:14-18. Given that the
negatively charged gamma-hydroxybutyrate anion cannot exist as a solid by itself, a POSA
would understand that the gamma-hydroxybutyrate anion must be ionically bound to something.

35. My opinion in this regard is supported by the specification of the 079 and *782
patents which refer to gamma-hydroxybutyrate being bound in either the salt form, or in an ion
exchange resin. For example, the specification refers to gamma-hydroxybutyrate being

administered as Xyrem, which is the sodium salt of gamma-hydroxybutyrate. Ex. 24,079
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patent at 3:59-4:3. The specification also describes a method of making “GHB” that cites an
article discussing the production of “Sodium y-Hydroxybutyrate.” Id. at 5:14-21.

36.  Anion exchange resin is a compound that attracts negatively or positively
charged ions. In the case of gamma-hydroxybutyrate, the negatively charged anion is bound to
the ion exchange resin. The specification of the 079 and °782 patents describes gamma-
hydroxybutyrate being “bound” to the resin. Id. at 15:33, 16:4, 16:27. In addition, all of the
examples of the 079 and °782 patents refer to gamma-hydroxybutyrate or oxybate being bound
to a resin. Id. at 22:24-24:55. These disclosures support my opinion that the gamma-
hydroxybutyrate or oxybate claimed in the 079 and ’782 patents represents that negatively
charged gamma-hydroxybutyrate anion bound to either a cation in salt form or an ion exchange
resin.

37.  Further, claims of the *079 and ’782 patent refer to a “single daily dose
comprising an amount of oxybate equivalent to from 4.0 g to 12.0 g of sodium oxybate”

(e.g., ’079 patent at 25:24-26) and a “formulation comprises an amount of gamma-
hydroxybutyrate equivalent to from 4.0 g to 12.0 g of sodium gamma-hydroxybutyrate”

(e.g., *782 patent at 25:42-44). In my opinion, this shows that the oxybate or gamma-
hydroxybutyrate claimed is contemplated to be bound to something such as a cation or a resin.
Specifically, the molecular weight of sodium oxybate is 126.0 g/mol. Ex. 34, Gamma-
hydroxybutyrate Monograph. The molecular weight of the negatively charged gamma-
hydroxybutyrate anion is 103.1. 1d. So, 4 g of sodium oxybate would be equivalent to 3.27 g of
the negatively charged gamma-hydroxybutyrate anion and 12 g of sodium oxybate would be
equivalent to 9.82 g of the negatively charged gamma-hydroxybutyrate anion. The inventors

could have just claimed these dosage amounts for the negatively charged gamma-

14
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hydroxybutyrate anion. Given, however, that the inventors claimed the dosage amount in terms
of “equivalent” to sodium oxybate shows, in my opinion, that a POSA would understand that the
gamma-hydroxybutyrate could be bound to different cations or resins having different molecular
weights such as, for example, calcium oxybate (246.27 g/mol), potassium oxybate (142.2 g/mol),
or sodium oxybate (126.0 g/mol).

38.  In addition, the file histories of the 079 and *782 patents do not indicate an intent
on the inventors’ behalf to define “gamma-hydroxybutyrate” or “oxybate” in a way that would
exclude salts of gamma-hydroxybutyrate. Instead, the Patent Office examiner and the inventors
both referred to forms that included salts. See, e.g., Ex. 28 at 5 (examiner rejecting 079 patent
based on reference “directed to sodium oxybate”); Ex. 30 at § 4 (inventor declaration responding
to rejection and stating “oxybate salts are known to be hygroscopic™); Ex. 31 at 6 (Patent Office
rejection citing reference to salts of GHB); Ex. 32 at 7-8 (Jazz responding to rejection by stating
that a reference teaches a “GHB-containing formulation”). Accordingly, in my opinion, a POSA
would understand that the Patent Office and the inventors did not interpret “gamma-

hydroxybutyrate” to exclude salts of GHB.

I declare under penalty of perjury that the foregoing is true and correct.

Dated: March 24, 2023
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CONTROLLED RELEASE DOSAGE FORMS
FOR HIGH DOSE, WATER SOLUBLE AND
HYGROSCOPIC DRUG SUBSTANCES

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/071,369, filed Mar. 24, 2011, which claims
the benefit of U.S. Provisional Application No. 61/317,212,
filed on Mar. 24, 2010, the contents of each of which are
incorporated herein by reference

TECHNICAL FIELD

This disclosure relates to controlled release drug compo-
sitions.

BACKGROUND

For some drugs, it is difficult to formulate a controlled
release dosage form that maintains an effective concentra-
tion of the drug over a sustained period of time. In particular,
drugs that are administered at a high dose, drugs having a
low molecular weight, and drugs with high water solubility
make formulation of a controlled release dosage form chal-
lenging. For example, in the context of a controlled release
drug formulation produced as a unit dosage form for oral
administration, drugs that must be administered at a high
dose constrain the amount of rate controlling excipients that
can be used in formulating a drug composition that is both
capable of sustained delivery of therapeutic doses of the
drug and exhibits a size and shape suited to oral adminis-
tration. Low molecular weight and high-solubility drugs
may also readily permeate films and matrices that might
otherwise be used to control release, and high solubility
drugs are not suited to some drug delivery approaches,
particularly where zero-order release kinetics are desired.
An example of a drug that is administered at a high dose, has
a low molecular weight, and high water solubility, is
gamma-hydroxy butyrate (GHB), particularly the sodium
salt of GHB.

Initial interest in the use of GHB as a potential treatment
for narcolepsy arose from observations made during the use
of GHB for anesthesia. Unlike traditional hypnotics, GHB
induces sleep that closely resembles normal, physiologic
sleep (Mamelak et al., Biol Psych 1977:12:273-288). There-
fore, early investigators administered GHB to patients suf-
fering from disorders of disturbed sleep, including narco-
lepsy (Broughton et al. in Narcolepsy, NY, N.Y.: Spectrum
Publications, Inc. 1976:659-668), where it was found to
increase total nocturnal sleep time, decrease nocturnal awak-
enings and increase Stage 3-4 (slow wave) sleep. Three
open-label and two placebo-controlled studies provided a
body of evidence demonstrating that improvements in noc-
turnal sleep were associated with a reduction in cataplexy
and improvements in excessive daytime sleepiness (Brough-
ton et al., Can J. Neurol Sci 1979; 6:1-6, and Broughton et
al., Can J. Neurol Sci 1980; 7:23-30).

An estimated 6 million Americans suffer the often bafiling
symptoms of fibromyalgia or chronic fatigue syndrome.
Patients with fibromyalgia, also referred to as fibromyalgia
syndrome, FMS or fibrositis syndrome, report widespread
musculoskeletal pain, chronic fatigue, and non-restorative
sleep. These patients show specific regions of localized
tenderness in the absence of demonstrable anatomic or
biochemical pathology, and patients suffering from fibro-
myalgia typically describe light and/or restless sleep, often
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reporting that they awaken feeling unrefreshed with pain,
stiffness, physical exhaustion, and lethargy. See, H. D.
Moldofsky et al., J. Muscoloskel. Pain, 1, 49 (1993). In a
series of studies, Moldofsky’s group has shown that aspects
of the patients’ sleep pathology are related to their pain and
mood symptoms. That is, patients with fibrositis syndrome
show an alpha (7.5 to 11 Hz) electroencephalographic
(EEG), non-rapid-eye-movement (NREM) sleep anomaly
correlated with musculoskeletal pain and altered mood.
Moldofsky has interpreted this alpha EEG NREM sleep
anomaly to be an indicator of an arousal disorder within
sleep associated with the subjective experience of non-
restorative sleep. See H. D. Moldofsky et al., Psychosom.
Med., 37, 341 (1975).

Fibromyalgia patients frequently report symptoms similar
to those of patients with post-infectious neuromyasthenia,
also referred to as chronic fatigue syndrome (CFS). CFS is
a debilitating disorder characterized by profound tiredness
or fatigue. Patients with CFS may become exhausted with
only light physical exertion. They often must function at a
level of activity substantially lower than their capacity
before the onset of illness. In addition to these key defining
characteristics, patients generally report various nonspecific
symptoms, including weakness, muscle aches and pains,
excessive sleep, malaise, fever, sore throat, tender lymph
nodes, impaired memory and/or mental concentration,
insomnia, and depression. CFS can persist for years. Com-
pared with fibromyalgia patients, chronic fatigue patients
have similarly disordered sleep, localized tenderness, and
complaints of diffuse pain and fatigue.

Scharf et al. conducted an open-label study to evaluate the
effects of GHB on the sleep patterns and symptoms of
non-narcoleptic patients with fibromyalgia (Scharf et al., J
Rheumatol 1998; 25: 1986-1990). Eleven patients with
previously confirmed diagnosis of fibromyalgia who
reported at least a 3-month history of widespread musculo-
skeletal pain in all body quadrants and tenderness in a least
5 specific trigger point sites participated in the study. Results
showed that patients reported significant improvements in
the subjective assessments of their levels of pain and fatigue
over all 4 weeks of GHB treatment as compared to baseline,
as well as a significant improvement in their estimates of
overall wellness before and after GHB treatment.

WO 2006/053186 to Frucht describes an open label study
of 5 patients with hyperkinetic movement disorders includ-
ing ethanol responsive myoclonus and essential tremor.
Sodium oxybate, a sodium salt of GHB, was reported to
produce dose-dependent improvements in blinded ratings of
ethanol responsive myoclonus and tremor and was said to be
tolerated at doses that provided clinical benefit.

XYREM® sodium oxybate oral solution, the FDA
approved treatment for cataplexy and excessive daytime
sleepiness associated with narcolepsy, contains 500 mg
sodium oxybate/ml water, adjusted to pH=7.5 with malic
acid. In man, the plasma half-life of sodium oxybate given
orally is about 45 minutes and doses of 2.25 grams to 4.5
grams induce about 2 to 3 hours of sleep (See, L. Borgen et
al., J. Clin. Pharmacol., 40, 1053 (2000)). Due to the high
doses required and very short half-life of sodium oxybate,
optimal clinical effectiveness in narcolepsy typically
requires dosing of the drug twice during the night, with
administration typically recommended at 2.5 to 4 hour
intervals. For each dose, a measured amount of the oral
solution is removed from the primary container and trans-
ferred to a separate container where it is diluted with water
before administration. The second dose is prepared at bed-
time and stored for administration during the night.
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Liang et al. (published U.S. patent application US 2006/
0210630 Al) disclose administration of GHB using an
immediate release component and a delayed release com-
ponent. The delayed release component of the formulations
taught in Liang et al., however, function in a pH dependent
manner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the delivery profile of sodium oxybate
controlled release formulations as described herein.

FIG. 2 shows the delivery profile of integrated dosage
forms as described herein having an immediate release
component and a controlled release component.

FIG. 3 provides a graph illustrating that the controlled
release profile of dosage forms prepared according to the
present description can be altered by altering the coating
weight of a functional coating.

FIG. 4 provides a graph further illustrating that the
controlled release profile of dosage forms prepared accord-
ing to the present description can be altered by altering the
coating weight of a functional coating.

FIG. 5 provides a graph illustrating that the controlled
release profile of dosage forms prepared according to the
present description can be altered by altering the amount of
pore former included within a functional coating.

FIG. 6 provides a graph further illustrating that the
controlled release profile of dosage forms prepared accord-
ing to the present description can be altered by altering the
amount of pore former included within a functional coating.

FIG. 7 provides a graph illustrating that the controlled
release profile of dosage forms prepared according to the
present description can be altered by varying the molecular
weight of a pore former included within a functional coating.

FIG. 8 provides a graph illustrating that suitable con-
trolled release profiles from dosage forms prepared accord-
ing to the present description can be achieved even with
functional coatings formed using different grades of the
same base polymer material.

FIG. 9A and FIG. 9B provide graphs illustrating the
effects of alcohol on the delivery profile of sustained-release
formulations prepared as described herein.

FIG. 10 provides a graph illustrating the controlled
release performance achieved by dosage forms as described
herein having functional coatings prepared from aqueous
dispersions of ethylcellulose as the base polymer.

FIG. 11 provides a graph illustrating the controlled release
performance achieved by dosage forms as described herein
incorporating calcium oxybate as the drug.

FIG. 12 provides a graph illustrating the plasma concen-
tration of sodium oxybate over time provided by a sodium
oxybate oral solution (Treatment A) and a sodium oxybate
controlled release dosage form as described herein (Treat-
ment B).

FIG. 13 provides a graph illustrating the plasma concen-
tration of sodium oxybate over time provided by a sodium
oxybate oral solution (Treatment A) and a sodium oxybate
controlled release dosage form as described herein (Treat-
ment C).

FIG. 14. provides a graph illustrating the plasma concen-
tration of sodium oxybate over time provided by a sodium
oxybate oral solution (Treatment A) and a sodium oxybate
controlled release dosage form as described herein dosed at
4 g (Treatment D) and 8 g (Treatment E).

DETAILED DESCRIPTION

Formulations and dosage forms for the controlled release
of a drug are described herein. Formulations described
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herein are suited to the controlled release of high dose drugs
that are highly water soluble. In addition, in certain embodi-
ments, the formulations described herein provide controlled
release of drugs that are highly hygroscopic, even where
such drugs must be administered at relatively high doses. In
particular embodiments, the controlled release formulations
are provided as a unit dosage form, and in one such
embodiment, the controlled release formulation is provided
as a coated tablet.

The formulations and dosage forms of the present inven-
tion can also include an immediate release component. The
immediate release component can form part of a controlled
release (CR) unit dosage form or may be a separate imme-
diate release composition. Therefore, an immediate release
(IR) component may be provided, for example, as a dry
powder formulation, an immediate release tablet, an encap-
sulated formulation, or a liquid solution or suspension.
However, the IR component may also be formulated as part
of a single dosage form that integrates both the IR and CR
components. In such an embodiment, the pharmaceutical
formulation may be provided in the form of the coated tablet
or capsule.

In specific embodiments, controlled release and immedi-
ate release formulations can be dosed together to a subject
to provide quick onset of action, followed by maintenance of
therapeutic levels of the drug substance over a sustained
period of time. However, because the controlled release
component and immediate release component described
herein need not be present in a single dosage form, as it is
used herein, the phrase “dosed together” refers to substan-
tially simultaneous dosing of the controlled release and
immediate release components, but not necessarily admin-
istration in the same dosage form. Dosing the controlled
release and immediate release components together offers
increased convenience, allowing patients to quickly achieve
and maintain therapeutic levels of a drug over a sustained
period of time, while reducing the frequency with which the
drug must be dosed. Furthermore, dosing the controlled
release and immediate release components together may
avoid the disadvantages of dosing regimens and formula-
tions that result in highly pulsatile plasma concentrations.

An example of a drug that may be used with the controlled
release dosage forms described herein is GHB. It should be
noted that embodiments of controlled release dosage forms
comprising GHB, and other drugs, are presented herein for
purposes of example only and not for purposes of limitation.
The formulations and unit dosage forms provided herein can
be utilized to achieve controlled release of GHB, as well as
pharmaceutically acceptable salts, hydrates, tautomers, sol-
vates and complexes of GHB. Suitable salts of GHB include
the calcium, lithium, potassium, sodium and magnesium
salts. The structure of the sodium salt of GHB, sodium
oxybate, is given as formula (I):

N&* “0—C—CH,—CH,—CH,—0—H

Methods of making GHB salts are described, for example, in
U.S. Pat. No. 4,393,236, which is incorporated herein by
reference.

Formulating GHB into a unit dosage form presents vari-
ous challenges, and such challenges are magnified in the
context of formulating a unit dosage form providing con-
trolled release of GHB. For instance, GHB is very soluble,
generally requires a relatively high dose, has a low molecu-
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lar weight, and exhibits a short circulating half-life once
administered. Therefore, a controlled release unit dosage
form of GHB should be configured to deliver large doses of
drug over a prolonged period of time, while being accept-
ably sized for oral administration. However, controlled
release formulations typically require the addition of sig-
nificant amounts of excipients or rate controlling materials
to control the delivery of drug, and the presence and need for
such materials often limits the drug loading available for a
given controlled release technology. Additionally, low
molecular weight drugs, such as GHB, typically exhibit high
permeability through films and matrices. Even further, high
water solubility increases drug mobility and may preclude
the use of some approaches utilized to achieved a controlled
release dosage form.

Another challenge to achieving a formulation capable of
delivering GHB over a sustained period of time is the fact
that some forms of GHB, such as the sodium salt of GHB,
sodium oxybate, are extremely hygroscopic. As used herein,
the term “hygroscopic” is used to describe a substance that
readily absorbs and attracts water from the surrounding
environment. The hygroscopic nature of sodium oxybate
presents significant challenges to the formulation, produc-
tion, and storage of dosage forms capable of delivering
sodium oxybate over a sustained period of time. Despite the
challenges noted, formulations and unit dosage forms pro-
viding controlled release of GHB are described herein.

A. Controlled Release Formulations

As used herein, the term “controlled release” describes a
formulation, such as, for example, a unit dosage form, that
releases drug over a prolonged period of time. The con-
trolled release compositions described herein may be pro-
vided as a unit dosage form suitable for oral administration.
In each embodiment of the controlled release compositions
described herein, the drug incorporated in such composi-
tions may be selected from GHB and pharmaceutically
acceptable salts, hydrates, tautomers, solvates and com-
plexes of GHB.

In certain embodiments, the controlled release composi-
tions described herein are formulated as unit dosage forms
that deliver therapeutically effective amounts of drug over a
period of at least 4 hours. For example, controlled release
unit dosage forms as described herein may be formulated to
deliver therapeutically effective amounts of drug over a
period selected from about 4 to about 12 hours. In specific
embodiments, the controlled release dosage forms described
herein deliver therapeutically effective amounts of drug over
a period selected from about 4, about 5, about 6, about 7,
about 8, about 9, about 10 hours, and about 12 hours. In
other such embodiments, the controlled release dosage
forms deliver therapeutically effective amounts of drug over
a period selected from a range of about 4 to about 10 hours,
about 5 to about 10 hours, about 5 to about 12 hours, about
6 to about 10 hours, about 6 to about 12 hours, about 7 to
about 10 hours, about 7 to about 12 hours, about 8 to about
10 hours, and from about 8 to about 12 hours. In yet other
embodiments, the controlled release dosage forms deliver
therapeutically effective amounts of drug over a period
selected from a range of about 5 to about 9 hours, about 5
to about 8 hours, about 5 to about 7 hours, and about 6 to
about 10 hours, about 6 to about 9 hours, and about 6 to
about 8 hours.

The compositions described herein facilitate production
of controlled release dosage forms that provide a substan-
tially constant drug release rate. In one embodiment, the
controlled release dosage forms may be formulated to
deliver not more than approximately 30% of the drug
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initially contained within the controlled release dosage form
in the first hour post-administration. When referencing the
amount of drug initially contained in the controlled release
dosage form or “initial drug content” of the controlled
release dosage form, for purposes of the present description,
such amount refers to the total amount of drug included in
the controlled release composition prior to administration to
a patient.

As is detailed herein, the controlled release dosage forms
according to the present description include a controlled
release component (also referred to as a controlled release
“formulation”) and, optionally, an immediate release com-
ponent (also referred to as an immediate release “formula-
tion” or an immediate release “coating”). In specific embodi-
ments, the controlled release dosage forms described herein
may be formulated to deliver drug to the gastro-intestinal
tract at desired rates of release or release profiles. For
example, in some embodiments, controlled release dosage
forms as described herein are formulated to release to the
gastro-intestinal tract not more than about 10% to about 60%
of the drug initially contained within the controlled release
component of the controlled release dosage form during the
first two hours post-administration, and not more than about
40% to about 90% of the drug initially contained within the
controlled release component of the controlled release dos-
age form during the first four hours post-administration. In
other embodiments, controlled release dosage forms as
described herein are formulated to release to the gastro-
intestinal tract not more not more than about 40% of the drug
initially contained within the controlled release component
in the first hour post-administration, not more than about
60% of the drug initially contained within the controlled
release component during the first two hours post-adminis-
tration, and not more than about 90% of the drug initially
contained within the controlled release component during
the first four hours post-administration. In still other
embodiments, a controlled release dosage form as described
herein may be formulated to release to the gastro-intestinal
tract not more than about 30% of the initial drug content in
the controlled release component in the first hour post-
administration, not more than about 60% of the initial drug
content in the controlled release component during the first
two hours post-administration, and not more than about 90%
of the initial drug content of the controlled release compo-
nent during the first four hours post-administration. In other
embodiments, a controlled release dosage form as described
herein may be formulated to release to the gastro-intestinal
tract not more than about 50% of the initial drug content of
the controlled release component during the first hour post-
administration, between about 50 and about 75% of the
initial drug content of the controlled release component after
two hours, and not less than 80% of the initial drug content
of the controlled release component after four hours post
administration. In still other embodiments, a controlled
release dosage form as described herein may be formulated
release to the gastro-intestinal tract not more than about 20%
of the initial drug content of the controlled release compo-
nent during the first hour post-administration, between about
5 and about 30% of the initial drug content of the controlled
release component after two hours, between about 30% and
about 50% of the initial drug content of the controlled
release component after 4 hours, between about 50% and
about 70% of the initial drug content of the controlled
release component after 6 hours, and not less than about
80% of the initial drug content of the controlled release
component after 10 hours post administration. In yet other
embodiments, a controlled release dosage form as described
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herein may be formulated to release to the gastro-intestinal
tract not more than about 20% of the initial drug content of
the controlled release component after the first hour post-
administration, between about 20% and about 50% of the
initial drug content of the controlled release component after
2 hours, between about 50% and about 80% of the initial
drug content of the controlled release component after 4
hours, and not less than 85% of the initial drug content of the
controlled release component after 8 hours post-administra-
tion. The rate and extent of the absorption of GHB varies
along the length of the GI tract with lower amounts absorbed
in the more distal portions (i.e., the ileum and the colon).
Due to the rapid clearance of GHB from the plasma, when
GHB is administered in an immediate release formulation,
even large doses of the drug (e.g., a dose of between about
2.25 g and 4.5 g) generally result in plasma levels below 10
ug/ml, within 4 hours of ingestion. In order to achieve
therapeutic efficacy, therefore, a second, equal, dose is often
required within 4 hours after administration of the first dose,
and some patients may require administration of a second as
soon as 2.5 hours after administration of the first dose. In
such an instance, in order to maintain therapeutic efficacy,
4.5 g to 9 g of drug must be administered to the patient in
two separate doses within 2 to 5 hours. This also requires
that the second dose be administered during the night, which
requires that the patient be awakened to take the second
dose. The result is that the Cmax/Cmin ratio of GHB over an
six hour period can be greater than 4 and is often greater than
8. In certain embodiments, for a given dose of GHB,
administration of GHB using controlled release dosage
forms as described herein can achieve a rapid rise in plasma
concentrations of GHB, but with a prolonged duration of
plasma levels above 10 pg/ml. In certain such embodi-
ments, a GHB controlled release dosage form as described
herein provides a Cmax to Cmin ratio of GHB over a
prolonged period of time after administration selected from
less than 3 and less than 2. Therefore, in specific embodi-
ments, the controlled release dosage forms described herein
provided controlled delivery of GHB that results in a Cmax
to Cmin ratio of GHB selected from less than 3 and less than
2 over a period of time selected from up to about 5 hours,
up to about 6 hours, up to about 7 hours, up to about 8 hours,
up to about 9 hours, and up to about 10 hours. For example,
in particular embodiments, the controlled release dosage
forms described herein provided controlled delivery of GHB
that results in a Cmax to Cmin ratio of GHB selected from
less than 3 over a period of time selected from up to about
5 hours, up to about 6 hours, up to about 7 hours, up to about
8 hours, up to about 9 hours, and up to about 10 hours, while
also providing GHB plasma concentrations of at least 10
pg/ml. over a period of time selected from up to about 5
hours, up to about 6 hours, up to about 7 hours, up to about
8 hours, up to about 9 hours, and up to about 10 hours. In
still other embodiments, the controlled release dosage forms
described herein provided controlled delivery of GHB that
results in a Cmax to Cmin ratio of GHB selected from less
than 2 over a period of time selected from up to about 5
hours, up to about 6 hours, up to about 7 hours, up to about
8 hours, up to about 9 hours, and up to about 10 hours, while
also providing GHB plasma concentrations of at least 10
pg/ml. over a period of time selected from up to about 5
hours, up to about 6 hours, up to about 7 hours, up to about
8 hours, up to about 9 hours, and up to about 10 hours.
Drug delivery performance provided by the dosage forms
described herein can be evaluated using a standard USP type
2 or USP type 7 dissolution apparatus set to 37° C.£2° C.
under the conditions described, for example, in the experi-
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mental examples provided herein. The dissolution media
may be selected from dissolution media known by those of
skill in the art such as at least one of purified water, 0.1N
HCI, simulated intestinal fluid, and others.

In particular embodiments, the controlled release formu-
lations described herein work to reduce inter patient vari-
ability in delivery of GHB. In particular, controlled release
formulations described herein provide time dependent
release of GHB over a sustained period of time. Previous
references have described targeted release dosage forms of
GHB that function in a pH dependent manner. However, due
to inter-subject variability in gastrointestinal pH conditions,
delivery of GHB from such dosage forms can be inconsis-
tent. Moreover, because relatively high doses of GHB are
typically required for therapeutic effect, unit dosage forms of
GHB are also relatively large and may be retained for a
period of time in the stomach, which can lead to intra- and
inter-patient variability in dose delivery of GHB from pH
dependent delivery systems due to variability in gastric
retention time. Further, patients with fibromyalgia have an
increased chance of also suffering from irritable bowel
syndrome (see, e.g., Fibromyalgia in patients with irritable
bowel syndrome. An association with the severity of the
intestinal disorder, Int J Colorectal Dis. 2001 August; 16(4):
211-5.) Irritable bowel syndrome is also associated with
delayed gastric emptying and variable gastric emptying (see,
e.g., Dyspepsia and its overlap with irritable bowel syn-
drome, Curr Gastroenterol Rep. 2006 August; 8(4):266-72.)
Therefore many patients with fibromyalgia and suffering
from irritable bowel syndrome may experience more vari-
ability in gastric transit or prolonged gastric transit. By
operating in a time dependent manner once placed in an
aqueous environment, controlled release formulations
described herein offer consistent GHB delivery characteris-
tics and reduce the likelihood of undesirable intra- and
inter-patient inconsistencies in dose delivery that may result
from variances in gastric retention time that can occur
between different patients and different patient populations.

Controlled release formulations described herein may be
formulated to completely release a drug within a desired
time interval. As has been reported, the bioavailability of
GHB decreases in the lower GI, with bioavailability decreas-
ing the lower the drug is delivered in the GI (See, e.g., U.S.
Patent Publication No. US2006/0210630). Therefore, in
certain embodiments, the controlled release dosage forms
are provided that deliver substantially all the GHB contained
therein over a sustained period of time that is long enough
to increase patient convenience, yet short enough to reduce
dosing of GHB in the lower GI. In specific embodiments,
controlled release GHB dosage forms are provided that
deliver approximately 90% or more of the GHB contained
within the controlled release formulation within about 4 to
about 10 hours of administration. For example, dosage
forms for the controlled release of GHB as described herein
may be formulated to deliver approximately 90% or more of
the drug included within the controlled release formulation
within about 4, 5, 6, 7, 8, 9, 10, or 12 hours of administra-
tion. In one such embodiment, a dosage form for the
sustained delivery of GHB according to the present descrip-
tion is formulated to deliver more than 90% of the GHB
included within the controlled release formulation within 12
hours post-administration. Such embodiments serve to not
only provide controlled release of GHB, but they also work
to deliver GHB where bioavailability is highest, which can
also provide increased dose consistency.

The controlled release dosage forms described herein may
comprise a relatively high concentration of drug that can, in
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some instances, harm a patient if the formulation releases the
drug at a rate that is faster than the intended sustained rate.
This rapid release of the drug is sometimes referred to as
“dose dumping.” To avoid this potential danger, certain
embodiments of the controlled release dosage forms
described herein may comprise formulations that are resis-
tant to dose dumping. Some users may intentionally attempt
to increase the drug release rate of the controlled release
dosage form using alcohol (e.g., potential abusers may take
the controlled release dosage form prior to, simultaneously
with, or after consuming an alcoholic beverage or, alterna-
tively, may seek to extract the drug from the controlled
release dosage form by placing the dosage form in solution
containing alcohol). Other users may take the dosage form
with alcohol, not necessarily in a manner considered abuse
of the drug or alcohol, but without regard for the potential
risks of dose dumping or contraindication of the two sub-
stances. In one embodiment, a controlled release dosage
form as disclosed herein may include a coating composition
that is resistant to alcohol or that does not dissolve substan-
tially faster in alcohol. In one such embodiment, the con-
trolled release dosage form may comprise the drug sodium
oxybate and include a coating composition including ethyl-
cellulose that is resistant to dose dumping in alcohol. In
another embodiment, the controlled release dosage form
may include a coating composition that is resistant to dose
dumping after administration. For example, the controlled
release dosage form may include a coating composition that
is resistant to dose dumping in the GI tract after being
exposed to gastric fluid and intestinal fluid.

In certain embodiments, the controlled release formula-
tions described herein are provided as a coated tablet com-
position having a controlled release core coated by a func-
tional overcoat. The composition of the controlled release
core provided in such embodiments facilitates high drug
loading, thereby, rendering the coated tablet suitable for
formulation and sustained delivery of drugs administered at
high doses. The functional overcoat works to control deliv-
ery of drug from the controlled release core and maintain the
structural integrity of the dosage form over time. In addition
to the controlled release core and functional overcoat, the
coated tablet composition as described herein may further
include a moisture barrier or cosmetic coating disposed over
the functional overcoat.

1. Controlled Release Component

Where the controlled release formulations described
herein are formulated as a coated tablet having a controlled
release core (CR core), the CR core includes at least one
drug substance to be delivered from the controlled release
dosage form. The drug included in the CR core may be
selected from GHB and pharmaceutically acceptable salts,
hydrates, tautomers, solvates and complexes of GHB.
Examples of suitable salts of GHB include the calcium,
lithium, potassium, sodium and magnesium salts. The CR
core is formulated and configured to be suitable for oral
administration. In one embodiment, coated tablets as
described herein may be administered to provide a dose of
GHB or a pharmaceutically acceptable salt, hydrate, tau-
tomer, solvate or complex of GHB in a range of about 500
mg to about 12 g of drug in one or more tablets. In particular
embodiments, a CR core included in a controlled release
dosage form according to the present description may
include an amount of drug selected from about 100 mg to
about 2,000 mg. In some such embodiments, the amount of
drug included in the CR core may be selected from up to
about 250 mg, 400 mg, 500 mg, 600 mg, 700 mg, 750 mg,
800 mg, 900 mg, 1,000 mg, 1,100 mg, 1,200 mg, 1,400 mg,
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1,500 mg, 1,600 mg, 1,700 mg, 1,800 mg, 1,900 mg, and
2,000 mg. In certain such embodiments, the amount of drug
included in a CR core as described herein may range from
about 500 mg to about 2,000 mg, such as, for example, about
500 mg to 1,000 mg, about 600 mg to 1,000 mg, about 600
mg to 900 mg, about 600 mg to 800 mg, about 700 mg to
1,000 mg, about 700 mg to 900 mg and about 700 mg to 850
mg. In other such embodiments, the amount of drug
included in a CR core as described herein may range from
about 700 mg to about 2,000 mg, such as, for example, about
700 mg to 1,500 mg, about 700 mg to 1,400 mg, about 700
mg to 1,300 mg, about 700 mg to 1,200 mg, about 700 mg
to 1,100 mg, about 700 ring to 1,000 mg, about 700 mg to
900 mg, and about 700 mg to 850 mg.

In one embodiment, the controlled release dosage form
comprises a CR core wherein the relative amount drug in the
CR core is at least 90% or greater by weight. In another
embodiment, the relative amount of drug in the CR core
ranges from between about 90% and 98%, about 91% and
98%, about 92% and 98%, about 93% and 98%, about 94%
and 98%, about 95% and 98%, about 96% and 98%, and
between about 97% and 98% by weight of the CR core. In
yet another embodiment, the relative amount of drug in a CR
core may be present at an amount selected from about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, and 98% by weight
of the CR core. In certain such embodiments, the amount of
drug in the CR core may range from about 94 to 98%, 94 to
97%, 94 to 96%, 95 to 98%, 95 to 97%, and 95 to 96.5 by
weight of the CR core.

In one embodiment, the controlled release dosage form
comprises a CR core that includes drug substance in com-
bination with one or more excipients, such as binders, fillers,
diluents, disintegrants, colorants, buffering agents, coatings,
surfactants, wetting agents, lubricants, glidants, or other
suitable excipients. In one embodiment, a CR core as
disclosed herein can include one or more binders that are
known for use in tablet formulations. In one such embodi-
ment, a CR core may include at least one binder selected
from hydroxypropyl cellulose (HPC), ethylcellulose,
hydroxypropyl methylcellulose (HPMC), hydroxyethyl cel-
Iulose, povidone, copovidone, pregelatinized starch, dextrin,
gelatin, maltodextrin, starch, zein, acacia, alginic acid, car-
bomers (cross-linked polyacrylates), polymethacrylates, car-
boxymethylcellulose sodium, guar gum, hydrogenated veg-
etable oil (type 1), methylcellulose, magnesium aluminum
silicate, and sodium alginate. In specific embodiments, the
CR core included in a controlled release dosage form as
disclosed herein may comprise binder levels ranging from
approximately 1% to 10% by weight. For example, the CR
core may include a binder in an amount selected from about
1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 6%, 7%,
8%, 9%, and 10% by weight. In certain such embodiments,
the amount of binder included in the CR core may range
from about 1 to 2%, 1 to 3%, 1 to 4%, 1 to 5%, 1 to 6%, 1
to 7%, 1 to 8%, 1 to 9% and 1 to 10% by weight.

The CR core may include one or more lubricants to
improve desired processing characteristics. In one embodi-
ment, the CR core may include one or more lubricants
selected from at least one of magnesium stearate, stearic
acid, calcium stearate, hydrogenated castor oil, hydroge-
nated vegetable oil, light mineral oil, magnesium stearate,
mineral oil, polyethylene glycol, sodium benzoate, sodium
stearyl fumarate, and zinc stearate. In another embodiment,
one or more lubricants may be added to the CR core in a
range of about 0.5% to 5% by weight. In particular embodi-
ments, a CR core as disclosed herein may comprise a
lubricant in a range of about 0.5% to 2% by weight, about



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 86 of 776 PagelD #: 9381

US 10,758,488 B2

11

1% to 2% by weight, about 1% to 3% by weight, about 2%
to 3% by weight, and about 2% to 4% by weight. In one such
embodiment, one or more lubricants may be present in the
CR core in an amount selected from about 0.5%, 1%, 1.5%,
2%, 2.5%, 3%, 3.5%, 4%, 4.5%, and 5% by weight. Still
lower lubricant levels may be achieved with use of a
“puffer” system during tabletting, which applies lubricant
directly to the punch and die surfaces rather than throughout
the formulation.

The CR core may also include one or more surfactants. In
certain embodiments, the CR core may include a tableted
composition that may comprise one or more surfactants
selected from, for example, ionic and non-ionic surfactants.
In one such embodiment, CR core may include at least one
anionic surfactant, including docusate sodium (dioctyl sul-
fosuccinate sodium salt) and sodium lauryl sulfate. In yet
another embodiment, the CR core may include at least one
non-ionic surfactant selected from including polyoxyethy-
elene alkyl ethers, polyoxyethylene stearates, poloxamers,
polysorbate, sorbitan esters, and glyceryl monooleate. In
specific embodiments, one or more surfactants included in a
CR core as disclosed herein may be present, for example, in
an amount of up to about 3.0% by weight of the CR core. For
example, in certain embodiments, the CR core may include
one or more surfactants present in a range selected from
about 0.01% to 3%, about 0.01% to 2%, about 0.01% to 1%,
about 0.5% to 3%, about 0.5% to 2%, and about 0.5% to 1%
by weight of the CR core.

The CR core included in controlled release dosage form
as disclosed herein may also include fillers or compression
aids selected from at least one of lactose, calcium carbonate,
calcium sulfate, compressible sugars, dextrates, dextrin,
dextrose, kaolin, magnesium carbonate, magnesium oxide,
maltodextrin, mannitol, microcrystalline cellulose, pow-
dered cellulose, and sucrose. In another embodiment, a CR
core may be prepared by blending a drug and other excipi-
ents together, and the forming the blend into a tablet, caplet,
pill, or other dosage form according to methods known by
those of skill in the art. In certain embodiments, a controlled
release formulation as described herein may comprise a
solid oral dosage form of any desired shape and size
including round, oval, oblong cylindrical, or triangular. In
one such embodiment, the surfaces of the CR core may be
flat, round, concave, or convex.

The CR core composition included in a controlled release
formulation provided as a coated tablet dosage form as
described herein may be manufactured using standard tech-
niques, such as wet granulation, roller compaction, fluid bed
granulation, and direct compression followed by compres-
sion on a conventional rotary tablet press as described in
Remington, 20” edition, Chapter 45 (Oral Solid Dosage
Forms).

II. Functional Coating Composition

Where the controlled release formulations as described
herein are provided as a coated tablet composition, the CR
core is coated with a functional coating. The coating com-
position works to preserve the integrity of the unit dosage
form post administration and serves to facilitate controlled
release of drug from the CR core. In certain embodiments,
the coating composition is formulated to facilitate controlled
release of a drug selected from GHB and pharmaceutically
acceptable salts, hydrates, tautomers, solvates and com-
plexes of GHB. In one such embodiment, the coating
composition is sufficiently robust to preserve the integrity of
the coated tablet pre- and post-administration, yet is subject
to disintegration or crushing as it passes through a patient’s
gastrointestinal tract and after all or substantially all the drug
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substance contained within the controlled release formula-
tion has been delivered. Such a feature reduces the risk that
bezoars formed from intact dosage form shells will form or
be maintained within the GI tract of a patient, which may be
of particular concern where the drug to be delivered must be
administered at high doses using multiple unit dosage forms.

In one embodiment, a functional coating composition as
disclosed herein may control, at least in part, the rate of
release of the drug to be delivered from the CR core into the
gastrointestinal tract. In one embodiment, the functional
coating composition provides a functional coat that partly or
fully covers the CR core included in the controlled release
dosage form. In one embodiment, the functional coating
composition as disclosed herein may include a polymer or
blends of compatible polymers that are water soluble or that
are water insoluble and selected to exhibit desired perme-
ability characteristics. In one embodiment, the functional
coating composition has a permeability that may be adjusted
according the solubility of the drug used in the CR core. In
one such embodiment, the functional coating composition
may comprise one or more water insoluble polymers that
may swell but do not substantially dissolve in the GI tract.
For example, in particular embodiments, a functional coat-
ing composition as disclosed herein may comprise a rate-
limiting film that includes at least one of ethylcellulose,
cellulose acetate, such as CA-398. In other embodiments,
the functional coating may include combinations of ethyl-
cellulose with ammonio methacrylate copolymers, such as
EUDRAGIT RS, EUDRAGIT RL, and combinations
thereof. Suitable ethylcellulose materials are readily com-
mercially available, and include, for example, ETHOCEL
ethylcellulose polymers. Where ethylcellulose is used to
form the functional coating, the physical characteristics of
the coating composition and residual shell may be modified
by adjusting the molecular weight of the ethylcellulose. For
example, different grades of ethylcellulose, including, but
not limited to, 4 cP, 7 ¢P, 10 cP, and 20 cP grades, may be
used to achieve a coating composition having desired physi-
cal characteristics.

A functional coating composition as disclosed herein may
include one or more base polymer and at least one pore-
former. In one embodiment, the base polymer content may
range from about 50% to about 80% by weight of the coating
composition. In certain embodiments, the base polymer may
be present in an amount ranging from about 50% to 75%,
about 55% to 75%, about 60% to 75%, and about 65% to
75% by weight of the coating composition. In one such
embodiment, the base polymer may be present in an amount
selected from about 50%, 55%, 60%, 65%, 70%, 75%, and
80% by weight of the coating composition. In cases where
a filler material is used (e.g., insoluble, non film-forming
material such as magnesium stearate, talc, or fumed silica),
these limits apply to the composition of the remaining
non-filler components in the film.

The permeability of the base polymer included in a
functional coating as described herein may be modified by
including a pore former in the base polymer. In one such
embodiment, the functional coating composition including
the pore former may be obtained by combining the pore
former with the base polymer material in solution according
to conventional techniques. A pore former as disclosed
herein may include at least one polymeric pore former, such
as hydroxyalkyl cellulose, hydroxypropyl methylcellulose,
hydroxypropy! cellulose, polyethylene glycols, polyvinyl
alcohol, povidone, copovidone, and poloxamers, such as
188 or 407. In one embodiment, a pore former as disclosed
herein may include at least one small-molecule pore former,
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such as a water soluble sugar or organic acid, including, for
example, citric acid or sorbitol. In one such embodiment, a
small-molecule pore former may be water soluble active
agent, such as a pharmaceutically acceptable salt of GHB. In
yet another embodiment, the pore former may comprise a
polymer that expands in the presence of the drug included in
the CR core, wherein expansion of the pore former may
cause an increase in permeability of the functional coating
composition. For example, in some embodiments, the func-
tional coating composition may comprise a pore former that
that expands or swells in the presence of sodium oxybate. In
one such embodiment, the pore former includes a suitable
carbomer.

Where used in the functional coating composition, a pore
former or a pore-forming agent can be selected to modify the
permeability of the coating composition provided over the
CR core. For example, the permeability of the functional
coating composition may be increased by including one or
more pore formers or pore-forming agents in the coating
composition. In one embodiment, the pore formers disclosed
herein may be soluble in water. In one such embodiment,
when a CR dosage form comprising a functional coating
composition with at least one pore former is swallowed by
a patient and contacted with gastric fluid, the water-soluble
pore formers may dissolve and form pores or channels in the
coating through which the drug is released. It is possible to
use an enteric component as part or all of the pore former in
the coating composition. Examples of such materials that
may be used as a pore former in the context of the present
description include cellulose acetate phthalate, methacrylic
acid-methyl methacrylate copolymers, and polyvinyl acetate
phthalate. However, incorporating enteric components in the
film may result in delivery characteristics that exhibit some
level of sensitivity to gastric and intestinal transit times.

Where included, the amount and nature of the pore former
included in the functional coating composition can be
adjusted to obtain desired release rate characteristics for a
given drug substance. In one embodiment, the functional
coating composition may include an amount of pore former
that ranges from about 20% to about 50% by weight of the
coating composition. For example, the pore former may be
present in an amount ranging from about 20% to 45%, about
25% to 45%, about 30% to 45%, and about 35% to 45% by
weight of the functional coating composition. In one such
embodiment, the pore former may be present in an amount
selected from about 20%, 25%, 30%, 35%, 40%, 45%, and
50% by weight of the functional coating composition.

The functional coating composition as disclosed herein
may also comprise one or more plasticizers. In certain
embodiments, the functional coating composition may
include a plasticizer such as triethyl citrate or dibutyl
sebacate. In one such embodiment, a plasticizer may be
present in the functional coating composition in an amount
ranging from about 5% to 15% by weight relative to the base
polymer. In certain embodiments, the functional coating
composition may include a plasticizer in an amount selected
from about 5%, 8%, 10%, 12%, and 15% by weight relative
to the base polymer.

The functional coating composition as disclosed herein
may also include an anti-tack agent. For example, certain
embodiments of the functional coating composition may
include an anti-tack agent selected from one or more of talc,
glyceryl monostearate, and magnesium stearate. Many of the
anti-tack agents are also suitable fillers. Addition of fillers,
especially magnesium stearate, is one way to make the film
more brittle and the dosage form more prone to crushing as
it transits through the GI. Depending on forces encountered

10

15

20

25

30

35

40

45

50

55

60

65

14

in the GI, varying the filler level in the film may allow one
to adjust the duration, or extent of drug delivered, at which
breach of the film and abrupt release of remaining contents
occurs.

The functional coating composition as disclosed herein
may be applied to a CR core at a weight that facilitates a
suitable combination of sustained drug release and dosage
form structural integrity. In certain embodiments, the func-
tional coating composition may be applied at a weight of
about 10 to about 100 mg. In particular embodiments, for
example, the functional coating may be applied at a weight
selected from about 20 to 60 mg, about 20 to 50 mg, about
20 to 40 mg, about 20 to 30 mg, about 30 to 60 mg, about
30 to 50 mg, about 30 to 40 mg, about 40 to 60 mg, about
40 to 50 mg, and about 50 to 60 mg. These ranges are useful
for oval tablets of about 500 mg to about 1000 mg in weight.
Alternatively, for a given tablet size or weights, the func-
tional coating composition as disclosed herein may be
applied at between about 2.5% and 7.5% of the tablet
weight. For example, in one such embodiment, where the
tablet is a 2,000 mg oval tablet, a functional coating com-
position may be applied at a weight ranging from about 50
mg to about 150 mg.

In addition to adjusting the amount or nature of the pore
former included in the functional coating composition, the
release rate of drug provided by the controlled release
dosage form disclosed herein may be adjusted by modifying
the thickness or weight of the functional coating composi-
tion. For example, a more rapid release rate will generally be
achieved as the amount of a given pore former included in
the functional coating composition is increased or the thick-
ness or weight of the coating composition applied over the
CR core is decreased. Conversely, a slower or more con-
trolled release may be achieved, generally, as relatively less
of a given pore former is included in the functional coating
composition or the thickness or weight of the coating
composition applied to the CR core is increased. Addition-
ally, in certain embodiments, the release rate of drug from
the CR core may be adjusted by modifying the water content
of the functional coating composition. For example, increas-
ing the water content of the functional coating composition
may increase the release rate of drug the CR core.

The functional coating compositions as disclosed herein
may be applied to a CR core according to conventional
coating methods and techniques. In one embodiment, the
functional coating composition as disclosed herein may be
applied using a conventional perforated pan coater. In
another embodiment, the functional coating composition
may be applied using an aqueous pan-coating process. In
one such embodiment, the use of an aqueous pan-coating
process may include the use of a latex dispersion. For
example, a latex dispersion such as SURELEASE may be
used for an ethylcellulose pan-coating process. In another
example, a latex dispersion such as EUDRAGIT RS 30 D
may be used in a pan-coating process for ammonio-meth-
acrylates. In yet another embodiment, the functional coating
composition may be applied using a solvent-based pan-
coating process. In one such embodiment, a solvent-based
pan-coating process may include the use of an alcohol
solvent, such as ethanol. For example, an alcohol-solvent
based pan-coating process may utilize a 95% ethanol and
5% water (w/w) solvent.

In one embodiment, the functional coating compositions
as described herein may be applied using a fluid bed coating
process such as a Wurster fluid bed film coating process. In
another embodiment, the functional coating composition
may be applied using a compression coating process. In yet
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another embodiment, the functional coating composition
may be applied using a phase inversion process. In certain
embodiments, the functional coating composition as dis-
closed herein may be applied over a suitable subcoating.

III. Moisture Barrier/Cosmetic Coatings

When a controlled release formulation or dosage form is
provided as a coated tablet, in some embodiments, it may be
coated with a moisture barrier or a moisture-resistant coating
composition. For example, a controlled release dosage form
as disclosed herein comprising GHB as the drug substance
may include a moisture barrier. In another example, a
moisture barrier may be particularly useful where sodium
oxybate is used as the drug substance. In one embodiment,
the moisture barrier may be a polyvinyl alcohol-based
coating, such as OPADRY AMB (Colorcon Inc., Harleys-
ville, Pa.). In another embodiment, the moisture barrier may
be a hydroxypropyl methylcellulose (HPMC)/wax-based
coating, such as AQUARIUS MG (Ashland Aqualon, Wilm-
ington, Del.). In yet another embodiment, the moisture
barrier may be a HPMC/stearic acid-based coating. The
moisture barrier as disclosed herein, in some embodiments,
may be formed using a reverse enteric material, such as
EUDRAGIT E, and may be coated from alcohol or alcohol/
water solutions or from an aqueous latex dispersion. In
embodiments where the controlled release dosage form is
provided as a tablet of about 500 mg-1000 mg in weight, for
example, the moisture barrier coating may be applied at a
weight selected from about 10 mg to about 60 mg/tablet and
about 25 mg to about 50 mg/tablet. In general, a minimum
weight is needed to ensure complete coverage of the tablet
in light of imperfections in the tablet surface, and a maxi-
mum weight is determined by practical considerations, such
as coating time, or by the need for better moisture protection.

As will be readily appreciated, the controlled release
dosage form can be further provided with a cosmetic top
coat. In one embodiment, a top-coat may be applied to an
existing coating composition such as a moisture barrier. In
certain embodiments, a cosmetic top-coat may include at
least one of HPMC and copovidone. For example, when the
controlled release dosage form includes a coated tablet
comprising sodium oxybate as the drug, a top-coat including
HPMC, such as for example an HPMC material selected
from one or more of HPMC E3, E5, or E15, may be applied
over a moisture barrier to improve the effectiveness of the
moisture barrier by reducing any seepage of sodium oxybate
and water from the surface of the coated tablet.
B. Immediate Release Formulations

The controlled release formulations described herein can
be dosed together with an immediate release (IR) formula-
tion. In one embodiment, the IR formulation may be pro-
vided as a separate formulation or dosage form that may be
dosed together with a dosage form provided by a controlled
release dosage form as described herein. The IR formulation
may be provided in any suitable form, such as a dry powder
formulation, a tablet or capsule unit dosage form, or a liquid
formulation such as a solution or suspension formulation. As
used herein, “immediate release” refers to a drug formula-
tion that releases more than about 95% of the drug contained
therein within a period of less than one hour after adminis-
tration. In particular embodiments, the IR component of the
compositions described herein release more than about 95%
of the drug contained therein within a period selected from
less than 45 minutes, less than 30 minutes, and less than 15
minutes post-administration. In other embodiments, the IR
component of the compositions described herein release
more than about 80% of the drug contained therein within a
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period selected from less than 45 minutes, less than 30
minutes, and less than 15 minutes post-administration.

In certain embodiments, the IR formulation is provided as
an immediate release component of a controlled release
dosage form as described herein. In one such embodiment,
the IR component is provided as a coating over a controlled
release component or formulation as described herein. A unit
dosage form that integrates both controlled release and
immediate release components can increase the convenience
and accuracy with which a drug such as GHB is dosed to
patients by providing a unit dosage form that not only
provides quick onset of action, but also sustained delivery of
GHB to the patient over a prolonged period of time. Fur-
thermore, where the drug to be delivered is selected from
GHB and pharmaceutically acceptable salts, hydrates, tau-
tomers, solvates and complexes of GHB, dosing controlled
release and immediate release formulations together may
avoid the disadvantages of the current GHB dosing regi-
mens, which can result in highly pulsatile plasma concen-
trations.

1. Immediate Release Component

When the immediate release formulation is provided as an
integrated IR component of a controlled release dosage
form, the amount of drug included in the IR component may
range from about 10% to 50% by weight of the total drug
included in the integrated dosage form. As used herein,
“integrated dosage form” refers to a single unit dosage form
that includes both immediate release and controlled release
components as described herein. For example, where the
drug to be delivered from the immediate release and con-
trolled release formulations incorporated into an integrated
dosage form is selected from GHB and pharmaceutically
acceptable salts, hydrates, tautomers, solvates and com-
plexes of GHB in some embodiments, the drug included in
the IR component may comprise about 10% to about 50% by
weight of the total drug included in the unit dosage form. In
one such embodiment, the drug included in the IR compo-
nent of an integrated dosage form may comprise about 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by weight
of the total drug included in the unit dosage form. For
example, an integrated dosage form as described herein may
contain 1000 mg sodium oxybate, wherein 100 mg to 500
mg sodium oxybate (10% to 50% by weight) is contained
within and delivered from the IR component and 500 mg to
900 mg sodium oxybate (50% to 90% by weight) is con-
tained within and delivered from the CR component.

Where the IR component is provided as a coating over a
controlled release dosage form, in certain embodiments, the
drug included in the IR component may account for between
about 75% and 98% by weight of the IR formulation. In the
context of describing an IR component provided over a
controlled release dosage form as described or disclosed
herein, the controlled release dosage forms referred to
include the controlled release formulations described herein,
including, in specific embodiments, CR cores coated with a
functional coating as described herein. Again, the drug
included in such an embodiment may be selected from GHB
and pharmaceutically acceptable salts, hydrates, tautomers,
solvates and complexes of GHB. In certain embodiments,
the IR component may comprise sodium oxybate in an
amount of selected from a range of between about 75% and
98%, between about 80% and 98%, between about 85% and
98%, between about 90% and 98%, and between about 95%
and 98% by weight.

An IR component formed as a coating over a controlled
release dosage form as disclosed herein may be applied as a
tableted overcoat according to conventional tablet coating
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and binding methods. Alternatively, an IR component
formed as a coating over a controlled release dosage form as
disclosed herein may be applied as a film coating, such as,
for example, from a solution containing a suitable amount of
drug and film former. In one such embodiment, wherein
sodium oxybate is the drug included in the IR component,
the coating forming the IR component may be coated over
a controlled release dosage form from a coating solution that
utilizes an alcohol and water solvent. For example, a suitable
immediate release coating may be formed using a 20%
solution of sodium oxybate in a 60%/40% (w/w) alcohol/
water solution that contains a suitable film-former.

Where the IR component is provided as a film coat and
includes one or more film-formers, suitable film formers
may be selected from, for example, copovidone, hydroxy-
propyl cellulose, HPMC, and hydroxymethyl cellulose
materials. An IR component containing sodium oxybate as
the drug can be applied as a suspension or as a solution by
adjusting the water content of the coating mixture. For a
suspension, little or no water is added to the alcohol, and the
example film formers should be suitable. To prepare a
solution, however, the water content of the solvent is
increased, for example to 40%, and a smaller set of film
formers would be suitable due to the precipitation of most
common film formers in the presence of sodium oxybate
solution. Hypromellose is one of several potential film
formers that is suitable. It is further possible, with more
difficulty, to apply the sodium oxybate from an aqueous
solution; however, the same limitations on film former
applies, and processing is complicated by the hygroscopic
nature of the drug. In one embodiment, the IR component
useful for use in a controlled release dosage form as
described herein includes 91% sodium oxybate and 9%
hypromellose (HPMC E-15) that is applied from a solution
containing 20% sodium oxybate and 2% HPMC E-15 in a
60/40 w/w ethanol/water solvent.

Where the IR component of an integrated dosage form is
provided as a coating over the controlled release dosage
form, the coating forming the IR component may further
include one or more of an anti-tack agent and a plasticizer
to facilitate processing and to improve film properties.
Furthermore, addition of one or more surfactants, such as
sodium lauryl sulfate, may improve the dissolution of IR
coatings that contain hydrophobic components (such as
anti-tack agents or water-insoluble film formers).

In embodiments where the IR component is provided as
a coating over a controlled release formulation as described
herein, the IR component may be positioned directly over
the functional coating of the controlled release formulation.
Where desired or necessary based on the drug to be deliv-
ered from the IR component and controlled release formu-
lation included in such an integrated dosage form, the outer
surface of the IR component may then be coated with a
moisture barrier layer. For example, where the drug deliv-
ered by the integrated dosage form is highly hygroscopic,
such as, for example, sodium oxybate, a moisture barrier
layer over the immediate release coating forming the IR
component may be provided.

The formulation and structure of integrated dosage forms
as described herein can be adjusted to provide a combination
of immediate release and controlled release performance
that suits a particular dosing need. In particular, the formu-
lation and structure of integrated dosage forms as described
herein can be adjusted to provide any combination of the
immediate release and controlled release performance char-
acteristics described herein. In particular embodiments, for
example, the drug delivered from an integrated dosage form
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as described herein is selected from GHB and pharmaceu-
tically acceptable salts, hydrates, tautomers, solvates and
complexes of GHB, and the integrated dosage form sustains
delivery of GHB over a period of from about 4 to about 10
hours. In one such embodiment, the IR component of the
integrated dosage form provides rapid onset of action,
releasing more than about 90% of the drug contained therein
within a period of time selected from less than one hour, less
than 45 minutes, less than 30 minutes and less than 15
minutes after administration, while the controlled release
composition included in the integrated dosage begins to
deliver drug as the IR component is released and continues
to deliver drug for a sustained period of between about 4 and
about 10 hours. In another such embodiment, the IR com-
ponent of the integrated dosage form provides rapid onset of
action, releasing more than about 90% of the drug contained
therein within a period of time selected from less than one
hour, less than 45 minutes, less than 30 minutes and less than
15 minutes after administration, while the controlled release
composition included in the integrated dosage begins to
deliver drug after the IR component is released and contin-
ues to deliver drug for a sustained period of between about
4 and about 10 hours.

Moreover, the ratio of drug release from the IR compo-
nent and CR component can be adjusted as needed to
facilitate a desired dosing regimen or achieve targeted
dosing. A dosage form as described herein that integrates
both IR and CR components may be formulated to deliver as
much as 2,000 mg of a desired drug, such as GHB or a
pharmaceutically acceptable salt, hydrate, tautomer, solvates
or complex of GHB. In particular embodiments, the total
amount of drug contained within an integrated IR/CR dos-
age form according to the present description may be
between about 500 mg and about 1,400 mg. For example, in
certain such embodiments, the total amount of drug may be
selected from between about 500 mg and 1,400 mg, about
500 mg and 1,200 mg, about 500 mg and 1,100 mg, about
600 mg and 1,200 mg, about 600 mg and 1,100 mg, about
600 mg and 1,000 mg, about 600 mg and 950 mg, about 600
mg and 850 mg, about 600 mg and 750 mg, about 750 mg
and 1,200 mg, about 750 mg and 1,100 mg, about 750 mg
and 1,000 mg, about 750 mg and 950 mg, and about 750 mg
and 850 mg. In an integrated IR/CR dosage form, the
relative amounts of drug delivered from the IR component
and CR components may be adjusted as desired as well. In
particular embodiments, the ratio of drug released from the
IR component to drug released from the CR component is
from about 1:2 to about 1:4. In certain embodiments, such
ratio is selected from about 1:2, 1:2.5, 1:3, 1:3.5 and 1:4.

In particular embodiments, the integrated dosage form
may be formulated such that the controlled release formu-
lation begins release of drug substantially simultaneously
with delivery of the drug from the IR component. Alterna-
tively, the integrated dosage form may be formulated such
that controlled release formulation exhibits a start-up time
lag. In one such embodiment, for example, the integrated
dosage form maybe formulated and configured such that
start-up of delivery of drug from the controlled release
composition occurs after delivery of drug from the IR
component is substantially complete. Where a start-up lag
time is desired, an enteric coating may be applied over the
controlled release component (e.g., over a functional coat-
ing), but such a coating would necessarily limit the start-up
lag to gastric residence and its associated variability. Use of
enteric pore-formers would also impart a start-up lag, and
such an embodiment would be more sensitive to food effects
and gastric motility. Where a less pH-sensitive start-up lag
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time is desired, the delay may be accomplished or adjusted
by the use of one or more coatings and films, including the
functional coating provided over a CR core and, where
utilized, the moisture barrier or cosmetic overcoats. In

20
TABLE 1C

Screen Analysis of Milled Granulation

. . . . Screen size Opening size Wt Retained
particular, start-up lag time as disclosed herein may be 5 US Std mesh microns (%)
adjusted by modifying the formulation, thickness, and/or
weight of the functional coating provided over the CR core, 4218 igg 15'}1
the moisture barrier layer or one or more non-functional or 60 250 198
cosmetic overcoats. 80 180 25.0
10 120 125 22.9
EXAMPLES 200 75 12.5
Pan <45 7.3
Example 1
Controlled Release Core 15 Example 2
A granulation used to form CR cores as described herein Functional Coating
was manufactured in a 25 L high shear granulator according
to the formula in Table 1A. Klucel EXF was divided into two Tablets from Example 1 were coated with a solution
equal portions; half of the Klucel EXF was dissolved in the 20 prepared according to the formulation in Table 2A. The
ethanql, and hal.f.was dry blended Wlth soodlum oxybate. The ethylcellulose was first added to a 95/5 w/w mixture of
material was initially granulate(j with 10% w/w ethanol and ethanol and water and stirred until dissolved. Next, the
thir,l tltre(liteq V(Vilth anolther 3.3 If) XV/ W efblianol solution to hydroxypropyl cellulose and dibutyl sebacate were added
achieve desired granule growth. A surtable wet mass was and stirred until completely dissolved. 4.7 kg of tablets from
obtained at a total ethanol concentration of 13.5% w/w. The 15 " .
.. . Example 1 were then charged to an 8" pan Driam tablet
wet granules were divided into two sub lots and then each . . o .
. . . . . coater and coated with the solution to 5.1 wt % gain (40
sub lot was dried in a 5-liter Niro fluid bed dryer. The dried . . .
. - mg/tablet). The tablets were then dried for 5 minutes in the
granules were combined and milled through a COMIL 4 then finall led in th b
equipped with a 14 mesh screen. Granulation parameters coater, and then fina oy cooled 1 the pan to an exhaust
and particle size distribution are shown in Tables 1B and 1C, 30 temperat.ure be.low 30° C. . o
respectively. The dissolution profile was measured in de-ionized water
The granulation was then combined with 2% magnesium using USP Apparatus 2 set to 37° C.£2° C. with pad.dles at
stearate lubricant, and tablets were compressed on a 16-sta- 50 rpm. Samples were anglyzed by HPLC. As ShOWI} inFIG.
tion press fitted with chrome-plated 0.325"x0.705" modified 1., the coated tgblets exhibited controlled release with dura-
oval tooling. The average tablet hardness was 10.7 kilo- 35 tion of e}pprommately 6 hours. The dosage form released
ponds. 12% of its contents after 1 hour, 34% after 2 hours, 71%
after 4 hours, 93% after 6 hours, and 99% after 8 hours.
TABLE 1A
TABLE 2A
Controlled Release Core Tablet Formulation 40
— TFomulation of Sodium Oxybate Sustained-Release Tablets
Ingredient(s) % wiw mg/tablet
- % of coat % w/w
1 Sodium Oxybate 96.0 750.0 Ingredient(s) solids  of tablet mg/tablet
2 Hydroxypropyl! cellulose, NF (Klucel EXF) 2.0 15.6
3 Ethanol, USP (200 proof)* 13.5 5 Sodium Oxybate tablet core 95.13  781.25
4 Magnesium Stearate, NF 2.0 15.6 45 6 Hydroxypropyl cellulose, NF 37.0 1.80 14.80
(Klucel EF)
TOTAL 100.0 781.2 7 Dibutyl sebacate 5.0 0.24 2.00
8 Ethylcellulose, NF (Ethocel Standard 58.0 2.82 23.20
*Granulation solvent, removed during drying step Premium 10)
TABLE 1B
Granulation Parameters
WET GRANULATION
GRANULATION SOLUTION ADDITION RATE (G/MIN) 250
TOTAL GRANULATION TIME (INCLUDING SOLUTION 7 MINUTES
ADDITION AND WET MASSING TIME)
IMPELLER SPEED (RPM) 300
CHOPPER SPEED (RPM) 1800
DRYING SUBLOT 1 SUBLOT 2
DRYING INLET TEMPERATURE (° C.) 70 70
TOTAL DRYING TIME (MIN) 17 18
EXHAUST TEMPERATURE AT END OF DRYING (° C.) 47 48
LOD (% WT LOSS) 0.84 0.92
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TABLE 2A-continued
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TABLE 3A-continued

Formulation of Sodium Oxybate Sustained-Release Tablets

Parameters for Immediate-Release Overcoating with 8" Driam Coater

% of coat % w/w
Ingredient(s) solids  of tablet mg/tablet
9 Ethanol, USP (200 proof)*
10 Purified water*
TOTAL 100.0 100.00  821.25
*Coating solvent, removed during processing
TABLE 2A
Coating Parameters for Driam 8" Pan Coater
CR COATING AVERAGE RANGE
INLET TEMPERATURE (° C.) 46 42-55
EXHAUST TEMPERATURE (° C.) 43 41-46
INLET AIRFLOW (PASCAL) >300 >300
ATOMIZATION PRESSURE (BAR) 2 2.0
SPRAY RATE (G/MIN) 35 32-37
PAN SPEED (RPM) 6 5-7
Example 3

Immediate-Release Overcoat

A solution of 20% sodium oxybate as active and 2.0%
hypromellose E-15 (HPMC E-15) as film-former was pre-
pared in 60/40 (w/w) ethanol/water. The coating solution
was manufactured by first dissolving the HPMC E15 in
water, then adding the ethanol and sodium oxybate. 3 kg of
750-mg strength sustained-release tablets from Example 2
were charged to a Driam tablet coater equipped with an 8"
pan and preheated to 40° C. The entire coating solution was
applied according to the parameters listed in Table 3A. The
tablet weight gain was monitored every 5 minutes, and the
coating was stopped when the entire solution was sprayed
(the theoretical weight gain is 33.5%). The tablets were dried
for 15 minutes; the tablets did not lose any weight during the
15 minute drying time, and so it was assumed that the drying
was complete. The tablets were then cooled in the pan to an
exhaust temperature of <30° C.

Analysis by HPLC revealed an overall potency of 961 mg,
and thus a drug overcoat potency of 211 mg. Dissolution
testing using USP Apparatus 2 set to 37° C.x2° C. with
paddles at 50 rpm, shown in FIG. 2, demonstrates substan-
tially the entire immediate-release overcoat is dissolved in
15 minutes and that controlled release is maintained for
approximately 6 hours thereafter. Higher amounts of drug
can be applied to the immediate release overcoat by using
higher amounts of coating solution and extending the coat-
ing time accordingly.

TABLE 3A

Parameters for Immediate-Release Overcoating with 8" Driam Coater

DRUG OVER-COATING AVERAGE RANGE
INLET TEMPERATURE (° C.) 59 55-63
EXHAUST TEMPERATURE (° C.) 51 50-53
PRODUCT TEMPERATURE (° C.) 43 41-49
INLET AIRFLOW (PASCAL) >300 >300
ATOMIZATION PRESSURE (BAR) 2 2
SPRAY RATE (G/MIN) 16 14-17
PAN SPEED (RPM) 8 7-8

5

10

15

25

30

35

40

45

55

60

o
o

DRUG OVER-COATING AVERAGE RANGE

TOTAL RUN TIME (HRS) 4 HRS 47 MIN (COATING)

15 MIN (DRYING)

The following examples illustrate aspects of the sus-
tained-release coating formulation with several evaluations
using tablets from Example 1.

Example 4

Effect of Membrane Weight with Poloxamer as
Pore Former in Functional Coating

One means of controlling dissolution is by adjustment of
the coating thickness, or amount of film applied to each
tablet. This was illustrated with a film consisting of 33%
poloxamer 188 (P188) and 67% ethylcellulose 10 cPs (EC-
10). The coating solution was prepared by dissolving 3.59
grams of EC-10 and 1.77 grams of P188 in a mixture of 80
grams denatured alcohol (“alcohol”) and 4 grams de-ionized
water. (Denatured alcohol, S-L-X manufactured by W. M.
Barr, is approximately a 50/50 w/w blend of methanol and
ethanol.)

Twelve tablets from Example 1 were coated in a Caleva
Mini-coater/Drier 2 under parameters listed in Table 4A.
Periodically, the tablets were removed and weighed to
determine film weight. Three tablets were removed at times
corresponding to 21 mg, 30 mg, 40 mg, and finally 60 mg
weight gain.

The dissolution profiles were measured with USP Appa-
ratus 7 (Vankel Bio-dis) set to 37° C.£2° C. and using a
dipping rate of 30/minute, tablets fixed in plastic holders and
intervals corresponding t0 0.5h, 1 h, 1.5h,2h,3h,4h, 5
h,6h,7h,8h, and 14 h (each interval is 50 ml volume). The
tubes were analyzed by conductivity, and results are calcu-
lated as percent of total amount. The results demonstrate that
controlled release is achieved with membrane weights rang-
ing from at least 21-60 mg/tablet, and that duration of
delivery increases as the membrane weight increases.

TABLE 4A

Standard Parameters for Sustained-Release Coating in
Caleva Mini-Coater/Drier 2

Parameter Setting
Batch size 3-12 Tablets
Inlet temperature 40° C.

Air flow setting 70-85%
Solution flow rate 18 ml/hr
Agitator setting 32
Atomization pressure 0.5 bar

Gun position Adjusted to achieve desired deposition

Example 5

Effect of Membrane Weight with Hydroxypropyl
Cellulose as Pore Former in Functional Coating

Following procedures of Example 4, 12 tablets from
Example 1 were coated with a film consisting of 36.5%
HPC-EF, 5.0% dibutyl sebacate (DBS), and 58.5% EC-10
(all percentages by weight) coated from a solution consisting
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of 7% solids in 95/5 alcohol/water. The results shown in
FIG. 4 demonstrate that controlled release over a relevant
time period is achieved with membrane weights ranging
from at least 21-60 mg/tablet, and that duration of delivery
increases as the membrane weight increases.

Example 6
Effect of Poloxamer Level in Functional Coating

In addition to adjustment of membrane weight, another
useful means of controlling release rate or duration is by
adjustment of the pore-former content of the formulation.
Following procedures of Example 4, two additional solu-
tions consisting of (a) 25% P188 by weight/75% EC-10 by
weight and (b) 40% P188 by weight/60% EC-10 by weight
were prepared as 7% (w/w) solutions in 95/5 alcohol/water.
In each of the two separate coatings, four tablets from
Example 1 were coated to 41 mg. The dissolution profiles
are shown in FIG. 5, along with that of the 40 mg set of
Example 4 for comparison. The results demonstrate that
poloxamer level can be adjusted at least over the range of
25%-40% by weight, while still providing controlled release
of the drug.

Example 7

Effect of Hydroxypropyl Cellulose Level in
Functional Coating

In a fashion similar to Example 6, the effect of HPC level
in the functional coating was evaluated over the range of
30%-50% by weight. Three separate coating solutions were
prepared with 30%, 40%, and 50% HPC-EF; 5% DBS; and
the balance EC-10. All solutions were prepared with 7%
total components in 95/5 alcohol/water. In each coating, 4
tablets from Example 1 were coated to 40-41 mg/tablet
weight gain. The dissolution profiles shown in FIG. 6
demonstrate controlled release of the drug was achieved
with HPC levels of at least 30-50% by weight.

Example 8

Effect of Hydroxypropyl Cellulose Molecular
Weight when used in Functional Coating

Hydroxypropy! cellulose is supplied in several molecular
weight grades, many of which may be suitable for use as
pore-formers in ethylcellulose films. Two such grades (Klu-
cel “EF” and “JF”, supplied by Ashland) corresponding to
80,000 daltons and 140,000 daltons were evaluated with
other components fixed. Following procedures of Example
4, solutions were prepared with 40% HPC, 5% DBS, and
55% EC-10 (all percentages by weight) using 7% total
components in 95/5 alcohol/water. In each coating, 4 tablets
from Example 1 were coated to 40-41 mg/tablet weight gain.
The results shown in FIG. 7 demonstrate a modest effect of
molecular weight and that the two grades tested provide for
acceptable release profiles.

Example 9

Effect of Ethylcellulose Molecular Weight or
Viscosity

Another consideration is the molecular weight, or viscos-
ity, of ethylcellulose. Two grades were evaluated, corre-
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sponding to 4 cPs and 10 cPs viscosity for a 5% solution.
Following procedures of Example 4, two solutions were
prepared corresponding to 58.5 wt % ethylcellulose (EC-4
or EC-10), 36.5 wt % HPC-EF, and 5.0 wt % DBS having
7% wiw total components in 95/5 alcohol/water. Tablets
from Example 1 were coated to 40 mg/tablet weight gain,
and dissolution profiles are shown as FIG. 8. The results
indicate both grades of ethylcellulose provide for acceptable
profiles, and suggest that other ethylcellulose grades (such
as 20 cPs) may also be acceptable.

Example 10

Demonstration of Alcohol Ruggedness of
Controlled Release Sodium Oxybate Tablets

Co-administration of sustained-release dosage forms with
alcoholic beverages is a relevant concern, as ethanol is
known to dissolve certain rate-controlling components that
would not otherwise be dissolved. In some dosage forms,
this may lead to dose-dumping. As ethanol is rapidly
absorbed in the stomach, a relevant test involves dissolution
of the dosage form in vodka (40% ethanol nominal) for 2
hours (representing gastric retention time), followed by
normal dissolution in de-ionized water.

This test was performed on sustained-release tablets from
Example 9 (36.5 wt % HPC EF, 5 wt % DBS, 58.5 wt %
EC-4). The analysis of sodium oxybate by conductivity was
corrected for the different response in vodka vs. de-ionized
water. The results shown in FIG. 9A indicate that dissolution
is slower in Vodka, and that no dose-dumping occurred.

Likewise, a similar test was performed on sustained-
release tablets with a film comprised of 33 wt % P188 and
67 wt % EC-10. Those results, shown in FIG. 9B, also
indicate slower release in vodka and no dose-dumping.

Example 11
Aqueous Coating of Controlled Release Film

Due to the hygroscopic nature of sodium oxybate, coating
the rate-controlling film from an alcoholic solution is desir-
able. However, use of ethylcellulose aqueous dispersions is
attractive for environmental and cost considerations. A film
consisting of 30 wt % HPC EF and 70 wt % Surelease
(aqueous ethylcellulose dispersion) was deposited on tablets
from Example 1 as follows. First, 1.37 grams of HPC EF
was dissolved in 22.6 grams de-ionized water. This was then
poured into 32.5 grams of Surelease E-7-19040-clear while
stirring. Fight tablets were coated in the Caleva Mini-coater/
Drier 2 with flow rate of 15 ml/hr and 58° C. inlet tempera-
ture. Samples removed at 24 mg and 40 mg were then tested
for dissolution, with no post-coating heat treatment. The
results are shown in FIG. 10.

Example 12
Calcium Oxybate Controlled Release

A controlled release dosage form for delivery of calcium
oxybate was prepared by generally following procedures of
Example 1 found in U.S. Pat. No. 4,393,296 (Klosa, Pro-
duction of Nonhygroscopic Salts of 4-Hydroxybutyric
Acid). The isolated calcium oxybate was milled to pass
through a 16-mesh screen. For this study, a small sample
comprising 9.3 grams of calcium oxybate was blended with
0.19 grams of sodium stearyl fumarate (Pruv, JRS Pharma,
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Rosenberg, Germany). 800 mg aliquots of this 98% calcium
oxybate and 2% sodium stearyl fumarate were then directly
compressed into tablets using 0.325"x0.705" modified oval
tooling and a Carver press with 1-ton applied force. Fol-
lowing procedures of Example 4, nine tablets were coated
with a film having 33% poloxamer 188 and 67% EC-10 from
a solution of 7% w/w solids in 95/5 alcohol/water. Two
tablets were removed at each intermediate coating weight
corresponding to 20 mg, 32 mg, 41 mg, and finally at 60 mg.
The dissolution profiles are shown as FIG. 11. These results
using calcium oxybate follow the general behavior of
sodium oxybate demonstrated in Example 4.

Example 13

Clinical Evaluation of Controlled Release Dosage
Forms

An open-ended, randomized, crossover study was con-
ducted to evaluate controlled release dosage forms as
described herein. The controlled release dosage forms were
formulated to deliver sodium oxybate and were compared to
a sodium oxybate oral solution (commercially available as
Xyrem® (sodium oxybate) oral solution). The study was
conducted in healthy male and female volunteers.

Four different sodium oxybate formulations were admin-
istered to patients. The first, designated herein as Treatment
A, was the sodium oxybate oral solution containing 375
mg/ml sodium oxybate. Treatments B through E, as desig-
nated herein, involved administration of three controlled
release dosage forms (Treatments B through D), with one of
the controlled release dosage forms being used to administer
two different doses of sodium oxybate (Treatments D and E).
The controlled release dosage forms administered as Treat-
ment B included 750 mg sodium oxybate per dosage form
and were produced with a CR core and functional overcoat
as described in Example 1 and Example 2, the controlled
release dosage forms administered as Treatment C included
750 mg sodium oxybate per dosage form and were produced
as described in Example 1 and Example 4, and the controlled
release dosage forms administered as Treatments D and E
included 1,000 mg sodium oxybate per dosage form and
were produced with a CR core (750 mg sodium oxybate),
functional overcoat, and IR overcoat (250 mg sodium oxy-
bate) as described in Examples 1 through 3.

Patients were divided into two groups. The first group
received Treatment A, Treatment B, and Treatment C over
the course of the clinical study, with a washout period
between each treatment. Treatment A was administered to
each patient as two 3 g doses given four hours apart (one
dose at time zero and the second dose four hours later), for
a total dose of 6 g sodium oxybate. Treatments B and C were
administered to each patient only at time zero, with each
treatment being administered as 8 tablets, providing a total
dose of 6 g sodium oxybate. Blood samples from each
patient were taken at various intervals and analyzed by
LC/MS for total sodium oxybate content in the plasma. A
total of 29 patients received Treatment A, a total of 19
patients received Treatment B, and a total of 19 patients
received Treatment C. The mean plasma concentration of
sodium oxybate over time achieved by each of the treat-
ments is shown in FIG. 12 (Treatment A and Treatment B)
and FIG. 13 (Treatment A and Treatment C), and a summary
of pharmacokinetic parameters provided by Treatments A
through C are provided in Table 5.
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TABLE 5

Summary of PK Parameters for Treatments A, B, C

AUClast AUCinf

Az T Cmax (hr*ug/ (hr*ug/
(1/hr) (hr) Tmax (hr) ¢ (ug/ml) ml) ml)
Treatment A
N 29 29 29 29 29 29
Mean 1.22 0.60 4.50 (0.5,4.75) 130.79 350.84 351.20
SD 0.27 0.13 31.52 11674 116.74
CV % 21.93 22.61 24.10 33.27 33.24
Mean 1.19 0.58 127.37 33333 33372
Treatment B
N 18 18 19 19 19 18
Mean 0.62 1.22  2.00 (1.50, 5.00) 41.78 18823 196.25
SD 0.16 0.40 1840 103.60 102.50
CV % 2644  32.58 44.03 55.04 52.23
Mean 0.59 1.17 3846 163.80 173.33
Treatment C
N 19 19 19 19 19 19
Mean 0.74 0.99 2.50(1.00, 5.00) 5049 221.64 222.60
SD 0.16 0.23 15.83  106.85 106.80
CV % 22.25 22.93 31.35 48.21 47.98
Mean 0.72 0.96 48.10  200.08 201.12

The second group was administered Treatment A, Treat-
ment D, and Treatment E during over the course of the
clinical study, with a washout period between each treat-
ment. Again, Treatment A was administered to each patient
as two 3 g doses given four hours apart (one dose at time
zero and the second dose four hours later), for a total dose
of 6 g sodium oxybate. Treatments D and E were adminis-
tered to each patient only at time zero. Patients receiving
Treatment D were administered 4 tablets at time zero,
providing a total dose of 4 g sodium oxybate, and patients
receiving Treatment E were administered 8 tablets at time
zero, providing a total dose of 8 g sodium oxybate. Blood
samples from each patient were taken at various intervals
and analyzed by LC/MS for total sodium oxybate content in
the plasma. A total of 30 patients received Treatment A, and
atotal of 30 patients received Treatments D and E. The mean
plasma concentration of sodium oxybate over time achieved
by each of the treatments is shown in FIG. 14, and a
summary of pharmacokinetic parameters provided by Treat-
ments A through C are provided in Table 6.

TABLE 6

Summary of PK Parameters for Treatments A, D, E

AUClast AUCinf
Az Tip Cmax (hr*ug/ (hr*ug/
(1/hr) (hr) Tmax (hr) ¢ (ug/ml) ml) ml)
Treatment A
N 30 30 30 30 30 30
Mean 1.08 0.71 4.50 (0.50, 5.50) 114.59 301.28 301.59
SD 0.31 0.27 2791 100.85 100.87
CV % 29.00  37.90 24.36 33.47 3345
Mean 1.03 0.67 111.20 28547 285.79
Treatment D
N 30 30 30 30 30 30
Mean 0.46 1.63 0.75 (0.50, 2.50) 25.10 6444  65.58
SD 0.14 0.47 7.33 2036 20.26
CV % 30.27  29.00 29.20 31.60  30.90
Mean 0.44 1.56 24.01 61.31 62.55



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 94 of 776 PagelD #: 9389

US 10,758,488 B2

27
TABLE 6-continued

Summary of PK Parameters for Treatments A, D, E

AUClast AUCinf
Az T Cmax (hr*ug/ (hr*ug/
(1/hr) (hr) Tmax (hr) ¢ (ug/ml) ml) ml)
Treatment E
N 30 30 30 30 30 30
Mean 0.59 1.36 1.00 (0.50, 5.00) 59.52  242.30 243.80
SD 0.20 0.64 17.72 117.15 116.79
CV % 3457 4691 29.71 4835 4791
Mean 0.55 1.25 56.89  216.33 218.12

2 Tmax is summarized as median (min, max).

It will be obvious to those having skill in the art that many
changes may be made to the details of the above-described
embodiments without departing from the underlying prin-
ciples of the invention. The scope of the present invention
should, therefore, be determined only by the following
claims.

The invention claimed is:

1. A formulation comprising immediate release and sus-
tained release portions, each portion comprising at least one
pharmaceutically active ingredient selected from gamma-
hydroxybutyrate and pharmaceutically acceptable salts of
gamma-hydroxybutyrate, wherein:

a. the sustained release portion comprises a functional
coating and a core, wherein the functional coating is
deposited over the core, wherein the core comprises at
least one pharmaceutically active ingredient selected
from gamma-hydroxybutyrate and pharmaceutically
acceptable salts of gamma-hydroxybutyrate wherein
the functional coating comprises one or more meth-
acrylic acid-methyl methacrylate co-polymers that are
from about 20% to about 50% by weight of the func-
tional coating; the sustained release portion comprises
about 500 mg to 12 g of at least one pharmaceutically
active ingredient selected from gamma-hydroxybu-
tyrate and pharmaceutically acceptable salts of gamma-
hydroxybutyrate; and the sustained release portion
releases greater than about 40% of its gamma-hydroxy-
butyrate by about 4 to about 6 hours when tested in a
dissolution apparatus 2 in deionized water at a tem-
perature of 37° C. and a paddle speed of 50 rpm;

b. the immediate release portion comprises about 75%
and about 98% by weight of at least one pharmaceu-
tically active ingredient selected from gamma-hy-
droxybutyrate and pharmaceutically acceptable salts of
gamma-hydroxybutyrate, and the amount of gamma-
hydroxybutyrate and pharmaceutically acceptable salts
of gamma-hydroxybutyrate in the immediate release
portion is about 10% to 50% by weight of the gamma-
hydroxybutyrate and pharmaceutically acceptable salts
of gamma-hydroxybutyrate in the formulation;

c. the formulation releases at least about 30% of its
gamma-hydroxybutyrate by one hour when tested in a
dissolution apparatus 2 in deionized water at a tem-
perature of 37° C. and a paddle speed of 50 rpm; and

d. the formulation releases greater than about 90% of its
gamma-hydroxybutyrate by 8 hours when tested in a
dissolution apparatus 2 in deionized water at a tem-
perature of 37° C. and a paddle speed of 50 rpm.

2. The formulation of claim 1 wherein the formulation

releases greater than about 90% of its gamma-hydroxybu-
tyrate by 7 hours when tested in a dissolution apparatus 2
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when tested in a dissolution apparatus 2 in deionized water
at a temperature of 37° C. and a paddle speed of 50 rpm.

3. The formulation of claim 1 wherein the formulation
releases greater than about 90% of its gamma-hydroxybu-
tyrate by 6 hours when tested in a dissolution apparatus 2
when tested in a dissolution apparatus 2 in deionized water
at a temperature of 37° C. and a paddle speed of 50 rpm.

4. The formulation of claim 1 wherein the sustained
release portion releases about 60% to about 90% of its
gamma-hydroxybutyrate by about 6 hours when tested in a
dissolution apparatus 2 in deionized water at a temperature
of 37° C. and a paddle speed of 50 rpm.

5. The formulation of claim 1 wherein the sustained
release portion comprises hydrogenated vegetable oil,
hydrogenated castor oil, or mixtures thereof.

6. The formulation of claim 1 comprising a calcium,
lithium, potassium, sodium or magnesium salt of gamma-
hydroxybutyrate or mixtures thereof.

7. The formulation of claim 6 comprising a sodium salt of
gamma-hydroxybutyrate.

8. The formulation of claim 1 wherein the immediate
release portion comprises 50% by weight of the total
gamma-hydroxybutyrate.

9. The formulation of claim 1, wherein the one or more
methacrylic acid-methyl methacrylate co-polymers com-
prise from about 30% to about 45% by weight of the
functional coating.

10. An oral dosage form comprising the formulation of
claim 1.

11. The formulation of claim 1 wherein the sustained
release portion releases about 10% or less of its gamma-
hydroxybutyrate by about 1 hour when tested in a dissolu-
tion apparatus 2 in deionized water at a temperature of 37°
C. and a paddle speed of 50 rpm.

12. A formulation of at least one pharmaceutically active
ingredient selected from gamma-hydroxybutyrate and phar-
maceutically acceptable salts of gamma-hydroxybutyrate,
comprising immediate release and a solid sustained release
portions:

a. wherein the immediate release portion comprises about
55 mg to 12 g of at least one pharmaceutically active
ingredient selected from gamma-hydroxybutyrate and
pharmaceutically acceptable salts of gamma-hydroxy-
butyrate;

b. wherein the sustained release portion comprises from
about 500 mg to 12 g of at least one pharmaceutically
active ingredient selected from gamma-hydroxybu-
tyrate and pharmaceutically acceptable salts of gamma-
hydroxybutyrate and a functional coating deposited
over a core comprising the at least one pharmaceuti-
cally active ingredient, wherein the functional coating
comprises one or more methacrylic acid-methyl meth-
acrylate co-polymers that are from about 20% to about
50% by weight of the functional coating; and the
sustained release portion releases greater than about
40% of its gamma-hydroxybutyrate by about 4 to 6
hours when tested in a dissolution apparatus 2 in
deionized water at a temperature of 37° C. and a paddle
speed of 50 rpm;

c. the formulation releases at least about 30% of its
gamma-hydroxybutyrate or salt thereof by one hour
when tested in a dissolution apparatus 2 in deionized
water at a temperature of 37° C. and a paddle speed of
50 rpm; and

d. the formulation releases greater than about 90% of its
gamma-hydroxybutyrate by 8 hours when tested in a
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dissolution apparatus 2 in deionized water at a tem-
perature of 37° C. and a paddle speed of 50 rpm.

#* #* #* #* #*



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 96 of 776 PagelD #: 9391

EXHIBIT 4



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 97 of 776 PagelD #: 9392

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

JAZZ PHARMACEUTICALS, INC.,

Plaintiff,
v. C.A. No. 21-691-GBW

AVADEL CNS PHARMACEUTICALS,
LLC,

Defendant.
JAZZ PHARMACEUTICALS, INC., et al.,

Plaintiffs,
v. C.A. No. 21-1138-GBW

AVADEL CNS PHARMACEUTICALS,
LLC,

Defendant.
JAZZ PHARMACEUTICALS, INC., et al.,

Plaintiffs,
v. C.A. No. 21-1594-GBW

AVADEL CNS PHARMACEUTICALS,
LLC,

Defendant.

SUPPLEMENTED OPENING EXPERT REPORT OF WILLIAM CHARMAN

HIGHLY CONFIDENTIAL
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CHARMAN OPENING REPORT
I. INTRODUCTION

1. I have been retained by counsel for Defendant Avadel CNS Pharmaceuticals, LLC
(“Avadel”) as an expert witness in the above captioned action.

2. I understand that Plaintiff Jazz Pharmaceuticals (“Jazz”) has filed a lawsuit against
Avadel alleging infringement of U.S. Patent Nos. 10,758,488 (“’488 patent™), 10,813,885 (“’885
patent”), 10,959,956 (“’956 patent”), and 10,966,931 (“’931 patent”) (together, the “Sustained
Release patents”), as well as U.S. Patent Nos. 11,077,079 (“’079 Patent”) and 11,147,782 (“*782
patent”) (together, the “Resinate patents”) (collectively, the “Patents-in-Suit™).

3. [ understand the following claims of the Patents-in-Suit are being asserted by Jazz:
claims 1-12 of the ’488 patent; claims 1-15 of the *885 patent; claims 1-20, 23-25 of the 956
patent; claims 1-15 of the 931 patent; claims 1-3, 5-12, 14-18 of the 079 patent; and claims 1-24
of the *782 patent (collectively, the “Asserted Claims™).

4. I have been asked by counsel for Avadel to consider the validity of the Asserted
Claims. In particular, I have been asked to consider whether the Asserted Claims meet the written
description and enablement requirements of 35 U.S.C. § 112, whether the Asserted Claims are
anticipated under 35 U.S.C. § 102, and who is properly considered to have invented and publicly
disclosed the subject matter of the Asserted Claims.

5. My opinions are set forth in this report based on the materials I have reviewed
(listed in Exhibit A), my experience and training in the relevant field, including my experience
with drug formulation and testing, and the applicable legal principles provided by Avadel’s

counsel.
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II. BACKGROUND AND QUALIFICATIONS

6. I am currently a Sir John Monash Distinguished Professor in the Faculty of
Pharmacy and Pharmaceutical Sciences at Monash University in Melbourne, Australia.

7. I have over 35 years of experience in the field of pharmaceutical sciences,
pharmacology, and drug delivery, and I have been recognized as an expert in these fields.

8. Prior to my current position, I served as the Dean, Faculty of Pharmacy and
Pharmaceutical Sciences from 2007 to 2019 at Monash University. While I was Dean, [ was also
the Founding Director of the Monash Institute of Pharmaceutical Sciences from 2007-2017. The
Faculty and Institute is currently ranked first in the world in Pharmacy and Pharmacology.

9. In 2011, I was appointed as the eighth Sir John Monash Distinguished Professor,
the University’s most prestigious title conferred to Professors. Prior to serving as Dean, I held
academic appointments as Professor of Pharmaceutics from 1995 to 2006, and Associate Dean
(Research) from 1999 to 2002, both at Monash University.

10. I co-founded and was a Non-executive director of Acrux Ltd., a specialty
pharmaceutical company that commercialized a drug delivery technology, from which two FDA-
approved formulations were commercialized.

11.  Ireceived my Bachelor of Pharmacy degree in 1981 from the Victorian College of
Pharmacy (now the Faculty of Pharmacy and Pharmaceutical Sciences, Monash University). In
1985, T completed my Ph.D. in Pharmaceutical Chemistry (awarded with honors) from the
University of Kansas.

12.  In 2021, I was appointed as an Officer of the Order of Australia, one of Australia’s
highest civilian honors, for my achievements and meritorious service to tertiary education,

particularly the pharmaceutical sciences. I also was the Chair of the International Pharmaceutical
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Federation (“FIP”’) Education Program, and a member of the FIP Board of Directors in The Hague,
The Netherlands.

13. I am an author on over 380 publications and communications, including various
U.S. patents and patent applications. I have given over 200 invited national and international
presentations and lectures. Many of these publications and presentations relate to my research
interests and expertise in pharmaceutical sciences, formulation sciences, drug delivery, and
pharmacology.

14. I have been a member of the editorial advisory boards for five peer-reviewed
research journals: the Journal of Pharmaceutical Sciences, the International Journal of
Pharmaceutics, the Journal of Pharmacy and Pharmacology, Die Pharmazie, and Experimental
Parasitology.

15. I have received numerous honors and awards in the pharmaceutical sciences such
as the GlaxoWellcome International Achievement Award in Pharmaceutical Sciences awarded by
the Pharmaceutical Society of Great Britain, the Career Achievement Award in Oral Drug Delivery
from the Controlled Release Society, a Fellowship of the American Association of Pharmaceutical
Scientists, an Honorary Fellowship of the Royal Pharmaceutical Society of Great Britain, and am
a medalist of the Australasian Pharmaceutical Sciences Association. I have been awarded both a
Pharmaceutical Sciences World Congress Achievement Award and a Lifetime Achievement
Award in Pharmaceutical Sciences from the International Pharmaceutical Federation. I have also
received a Doctor of Science (honoris causa) degree from the University of London.

16. I am or have been a member of various professional societies, including the
American Association of Pharmaceutical Scientists, the International Pharmaceutical Federation,

the Australian Pharmaceutical Sciences Association, and the Pharmaceutical Society of Australia.
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17. Accordingly, I consider myself to be an expert in the pharmaceutical sciences,
pharmacology, and drug delivery, and I believe I am qualified to provide opinions as to what the
person of ordinary skill in the art (“POSA”) would have understood, known, or concluded
regarding the subject matter of the Sustained Release patents and Resinate patents as of the relevant
priority dates of the Patents-in-Suit.

18. A copy of my curriculum vitae, including references to the publications I authored,
is attached to this report as Exhibit B.

19. I have served as an expert witness before. Specifically, in the last five years I have
served as an expert for (i) Merck Sharp and Dohme B.V. and Merck Sharp and Dohme Corp in
Civil Action No. 20-2576 (CCC) (LDW) (CONSOLIDATED) United States District Court,
District of New Jersey, and (i1) I have provided Affidavits to the Federal Court of Australia as an
independent expert witness, having been retained by the Solicitors acting for Biogen International
GmBH.

III. COMPENSATION

20. I am being compensated at my ordinary and customary consulting rate of $900 per
hour, plus reimbursement for expenses, for time spent working on this matter. My compensation
in no way depends on the opinion or testimony I provide or the outcome of this action.

IV. SUMMARY OF OPINIONS

A. Sustained Release Patents

¢ In my opinion, the Sustained Release patents are invalid for lack of written description,
lack of enablement, and anticipation. I have also provided opinions regarding the factual
support for Avadel’s contention that the Sustained Release patents are invalid based on
derivation and improper inventorship. I summarize my opinions at a high level below:

The Sustained Release patents are invalid for lack of written description because the
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F. Gamma-hydroxybutyrate

1. Background

77. Gamma-hydroxybutyrate (“GHB”), or oxybate,” is a neuroactive compound with a

variety of central nervous system pharmacological properties.

78. GHB is used for the treatment of narcolepsy and cataplexy, among other things.

79. The most common form of oxybate is the sodium salt form, known as sodium
oxybate:

80. Oxybate, however, can also exist in other salt forms, including calcium, potassium,

lithium, sodium and magnesium salts.

81. Sodium oxybate is currently marketed commercially for the treatment of narcolepsy
and cataplexy by Jazz Pharmaceuticals as Xyrem®.

82. Xyrem is a liquid formulation of sodium oxybate, and patients who are prescribed
sodium oxybate for their narcolepsy typically take two doses of Xyrem: once at bedtime and a
second dose in the middle of the night.

83. Jazz also markets an oxybate formulation known as Xywav® that contains a
mixture of different oxybate salts for the treatment of narcolepsy and cataplexy. Like Xyrem,

Xywav is a twice-nightly liquid formulation.?

2 For the purposes of this report, unless specifically indicated, I use the terms GHB and oxybate
interchangeably.

3 Xywav is approved for once nightly administration for Idiopathic Hypersomnia (IH) but not
narcolepsy.

23
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2. Formulation and Dosing Challenges

84.  As the Patents-in-Suit acknowledge, the properties of GHB present numerous
formulation challenges, particularly with respect to sustained or delayed release formulations.

85.  First, GHB is highly hygroscopic. Indeed, GHB is sufficiently hygroscopic as to
undergo deliquescence. See, e.g., 488 patent at 5:16-19. This means GHB turns into a liquid
when moisture is pulled in from the surrounding environment, which “complicates the mechanics
[and] logistics of performing process development because of the need for humidity controls.” See
Ex. C, C. Allphin Tr. at 29:15-20.

86. Second, GHB is highly soluble and has a low molecular weight. The combination
of these properties makes it difficult to control the release of GHB. See, e.g., ’079 patent at 5:49-
60.

87.  Third, GHB requires a high dose to achieve a therapeutic effect. See *079 patent at
5:27-47. This creates challenges when attempting to formulate a controlled release dosage form.
See, e.g., Ex. C, C. Allphin Tr. at 31:9-11 (“The high dose and low molecular weight created some
challenges, the high dose being the larger challenge.”), 61:1-12 (GHB doses are already
“substantial” and “higher than desired” for delayed-release formulations containing GHB).

88.  Further, GHB has a short half-life when administered. Because of this, currently
existing oxybate products require twice-nightly dosing. See, e.g., ’079 patent at 3:63-66.

a. Sustained Release Formulations of GHB

89. The various challenges in developing a sustained release formulation containing
GHB, which I described above, as well as others, are reflected in the specification of the Sustained
Release patents.

90. The Sustained Release patents describe one “challenge to achieve a formulation

capable of delivering GHB over a sustained period of time is the fact that some forms of GHB,

24
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[ declare under penalty of perjury under the laws of the United States that the

foregoing is true and correct.

William N. Charman

401
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EXHIBIT 5
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
LUMRYZ" safely and effectively. See full prescribing information for
LUMRYZ.

LUMRYZ (sodium oxybate) for extended-release oral suspension, CII
Initial U.S. Approval: 2002

WARNING: CENTRAL NERVOUS SYSTEM (CNS) DEPRESSION
and ABUSE AND MISUSE

See full prescribing information for complete boxed warning.
Central Nervous System Depression
* LUMRYZ is a CNS depressant, and respiratory depression can
occur with LUMRYZ use (5.1, 5.4)
Abuse and Misuse
* LUMRYZ is the sodium salt of gamma-hydroxybutyrate (GHB).
Abuse or misuse of illicit GHB is associated with CNS adverse
reactions, including seizure, respiratory depression, decreased
consciousness, coma, and death (5.2, 9.2)
LUMRYZ is available only through a restricted program called the
LUMRYZ REMS (5.3)

INDICATIONS AND USAGE
LUMRYZ is a central nervous system depressant indicated for the treatinent
of cataplexy or excessive daytime sleepiness (EDS) in adults with narcolepsy

(.

DOSAGE AND ADMINISTRATION
Dosing Information
+ Initiate dosage at 4.5 g once per night orally (2.1).
+ Titrate to effect in increments of 1.5 g per night at weekly intervals (2.1).
* Recommended dosage range: 6 g to 9 g once per night orally (2.1).
Important Administration Information
+ Prepare the dose of LUMRYZ prior to bedtime; suspend dose in
approximately s cup of water in the mixing cup provided (2.2).
+ Allow 2 hours after eating before dosing (2.2).
* Take LUMRYZ while in bed and lie down after dosing (2.2).

DOSAGE FORMS AND STRENGTHS
For extended-release oral suspension: Packets of4.5g,6 g, 7.5 g, 0r9 g (3)

CONTRAINDICATIONS
+ In combination with sedative hypnotics or alcohol (4)
+ Succinic semialdehyde dehydrogenase deficiency (4)

WARNINGS AND PRECAUTIONS
* CNS depression: Use caution when considering the concurrent use of
LUMRYZ with other CNS depressants (5.1).
+ Caution patients against hazardous activities requiring complete mental
alertness or motor coordination within the first 6 hours of dosing or after first
initiating treatment until certain that LUMRYZ does not affect them adversely
(5.1).
+ Depression and suicidality: Monitor patients for emergent or increased
depression and suicidality (5.5).
+ Confusion/Anxiety: Monitor for impaired motoi/cognitive function (5.6).
+ Parasomnias: Evaluate episodes of sleepwalking (5.7).
* High sodium content in LUMRYZ: Monitor patients with heart failure,
hypertension, or impaired renal function (5.8).

ADVERSE REACTIONS
Most common adverse reactions (incidence > 5% and greater than placebo)
reported for any dose of LUMRYZ were nausea, dizziness, enuresis,
headache, and vomiting (6.1).

To report SUSPECTED ADVERSE REACTIONS, contact Avadel CNS
Pharmaceuticals, LLC at 1-888-828-2335 or FDA at 1-800-FDA-1088 or
www, fda. gov/medwatch.

USE IN SPECIFIC POPULATIONS
+ Pregnancy: Based on animal data, may cause fetal harm (8.1).
* Geriatric patients: Monitor for impaired motor and/or cognitive function
when taking LUMRYZ (8.5).
» Hepatic Impairment: Because of an increase in exposure, LUMRYZ should
not be initiated in patients with hepatic impairment because appropriate
dosage adjustments for initiation of LUMRYZ cannot be made (8.6).

See 17 for PATIENT COUNSELING INFORMATION and Medication
Guide.

Revised: month/year

FULL PRESCRIBING INFORMATION: CONTENTS*

WARNING: CENTRAL NERVOUS SYSTEM (CNS) DEPRESSION
AND ABUIS ND MISUSE.
1 INDICATI S
2 DOSAGE AND -\D‘\H\I%TR ATION
2.1 Dosing lnformation
2.2 Important Administration Instructions
2.3 Switching Patients from Immediate-Release Sodium Oxybate
3 DOSAGE FORMS AND STRENGTHS
4 CONTRAINDICATIONS
55 AND PRECAUTIONS
1 Central Nervous System Depr
2 Abuse and Mi
3 LUMRYZR
A4 Respiratory Depression and Sleep-Disordered Breathing
5 Depression and Suicidality
6 Other Behavioral or Psychiatric Adverse Reactions
7 Parasomnias
8 Use in Patients Seasitive to High Sodium Intake
6 AD\ ERSE REACTIONS
6.1 Clinical Trials Experience
6.2 Postmarketing Experience
7 DRUG INTERACTIONS
7.1 Alcohol, Sedative Hypnotics, and CNS Depressants
8 USE IN SPECIFIC POPULATIONS
8.1  Pregnancy
82  Lactation
8.4 Pediatric Use

]

8.5  Geriatric Use
8.6 Hepatic Impairment
9 DRUG ABUSE AND DEPENDENCE
9.1 Controlled Substance
9.2 Abuse
9.3 Dependence
10 OVERDOSAGE
10.1  Human Experience
10.2 Signs and Symptoms
10.3  Recommended Treatment of Overdose
10.4  Poison Control Center
i1 DESCRIPTION
12 CLINICAL PHARMACOLOGY
12,1 Mechanism of Action
12.3  Pharmacokinetics
13 NONCLINICAL TOXICOLOGY
13,1 Carcinog is, Mutagenesis, Impairment of Fertility
14 CLINICAL STUDIES
16  HOW SUPPLIED/STORAGE AND HANDLING
16.1  How Supplied
16.2 Storage
16.3  Handling and Disposal
17 PATIENT COUNSELING INFORMATION

*Sections or subsections omitted from the full prescribing information are not
listed.
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FULL PRESCRIBING INFORMATION

WARNING: CENTRAL NERVOUS SYSTEM (CNS) DEPRESSION AND
ABUSE AND MISUSE

ntral Ner m Depression

LUMRYZ (sodium oxybate) is a CNS depressant. Clinically significant respiratory
depression and obtundation may occur in patients treated with LUMRYZ at
recommended doses [see Warnings and Precautions (5.1)]. Many patients who
received sodium oxybate during clinical trials in narcolepsy were receiving central
nervous system stimulants [see Clinical Trials (14)].

Abuse and Misuse

LUMRYZ (sodium oxybate) is the sodium salt of gamma-hydroxybutyrate (GHB).
Abuse or misuse of illicit GHB, either alone or in combination with other CNS
depressants, is associated with CNS adverse reactions, including seizure,
respiratory depression, decreases in the level of consciousness, coma, and death
[see Warnings and Precautions (5.2)].

Because of the risks of CNS depression and abuse and misuse, LUMRYZ is available
only through a restricted program under a Risk Evaluation and Mitigation Strategy
(REMS) called the LUMRYZ REMS [see Warnings and Precautions (5.3)].

1 INDICATIONS AND USAGE

LUMRYZ is indicated for the treatment of cataplexy or excessive daytime sleepiness (EDS) in
adults with narcolepsy.

2 DOSAGE AND ADMINISTRATION

2.1 Dosing Information

The recommended starting dosage is 4.5 grams (g) once per night administered orally. Increase
the dosage by 1.5 g per night at weekly intervals to the recommended dosage range of 6 gto 9 g
once per night orally. The dosage may be gradually titrated based on efficacy and tolerability.
Doses higher than 9 g per night have not been studied and should not ordinarily be administered.

Reference ID: 5014771
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2.2 Important Administration Instructions

LUMRYZ is taken orally as a single dose at bedtime. Prepare the dose of LUMRYZ prior to
bedtime. Prior to ingestion, the dose of LUMRYZ should be suspended in approximately 1/3 cup
(approximately 80 mL) of water in the mixing cup provided /see Instructions for Use]. Do not
use hot water [see Clinical Pharmacology (12.3)]. After mixing, consume LUMRYZ within 30
minutes.

Take LUMRYZ at least 2 hours after eating /see Clinical Pharmacology (12.3)].

Patients should take LUMRYZ while in bed and lie down immediately after dosing as LUMRYZ
may cause them to fall asleep abruptly without first feeling drowsy. Patients will often fall asleep
within 5 minutes of taking LUMRYZ, and will usually fall asleep within 15 minutes, though the
time it takes any individual patient to fall asleep may vary from night to night. Patients should
remain in bed following ingestion of LUMRYZ.

2.3 Switching Patients from Immediate-Release Sodium Oxybate

Patients who are currently being treated with immediate-release sodium oxybate may be
switched to LUMRYZ at the nearest equivalent dosage in grams per night (e.g., 7.5 g sodium
oxybate divided into two 3.75 g doses per night to 7.5 g LUMRYZ once per night).

3 DOSAGE FORMS AND STRENGTHS

For extended-release oral suspension: LUMRY Z is a white to oft-white powder provided in
packets of 4.5 g, 6 g, 7.5 g, or 9 g of sodium oxybate.

4 CONTRAINDICATIONS
LUMRY?Z is contraindicated for use in:

e combination with sedative hypnotics [see Warnings and Precautions (5.1)]
e combination with alcohol [see Warnings and Precautions (5.1)]

e patients with succinic semialdehyde dehydrogenase deficiency [see Clinical
Pharmacology (12.3)]

5 WARNINGS AND PRECAUTIONS

5.1 Central Nervous System Depression

LUMRYZ is a central nervous system (CNS) depressant. Clinically significant respiratory
depression and obtundation has occurred in patients treated with immediate-release sodium
oxybate at recommended doses in clinical trials and may occur in patients treated with LUMRYZ
at recommended doses. LUMRYZ is contraindicated in combination with alcohol and sedative
hypnotics. The concurrent use of LUMRYZ with other CNS depressants, including but not

Reference ID: 5014771
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limited to opioid analgesics, benzodiazepines, sedating antidepressants or antipsychotics,
sedating antiepileptic drugs, general anesthetics, muscle relaxants, and/or illicit CNS depressants,
may increase the risk of respiratory depression, hypotension, profound sedation, syncope, and
death. If use of these CNS depressants in combination with LUMRYZ is required, dose reduction
or discontinuation of one or more CNS depressants (including LUMRYZ) should be considered.
In addition, if short-term use of an opioid (e.g., post- or perioperative) is required, interruption of
treatment with LUMRYZ should be considered. In addition to coadministration of LUMRYZ
and alcohol being contraindicated because of respiratory depression, consumption of alcohol
while taking LUMRYZ may also result in a more rapid release of the dose of sodium oxybate
[see Clinical Pharmacology (12.3)].

Healthcare providers should caution patients about operating hazardous machinery, including
automobiles or airplanes, until they are reasonably certain that LUMRYZ does not affect them
adversely (e.g., impair judgment, thinking, or motor skills). Patients should not engage in
hazardous occupations or activities requiring complete mental alertness or motor coordination,
such as operating machinery or a motor vehicle or flying an airplane, for at least 6 hours after
taking LUMRYZ. Patients should be queried about CNS depression-related events upon
initiation of LUMRYZ therapy and periodically thereafter.

LUMRYZ is available only through a restricted program under a REMS [see Warnings and
Precautions (5.3)].

5.2 Abuse and Misuse

LUMRYZ is a Schedule III controlled substance. The active ingredient of LUMRYZ, sodium
oxybate, is the sodium salt of gamma-hydroxybutyrate (GHB), a Schedule I controlled
substance. Abuse of illicit GHB, either alone or in combination with other CNS depressants, 1s
associated with CNS adverse reactions, including seizure, respiratory depression, decreases in
the level of consciousness, coma, and death. The rapid onset of sedation, coupled with the
amnestic features of GHB, particularly when combined with alcohol, has proven to be dangerous
for the voluntary and involuntary user (e.g., assault victim). Because illicit use and abuse of
GHB have been reported, physicians should carefully evaluate patients for a history of drug
abuse and follow such patients closely, observing them for signs of misuse or abuse of GHB
(e.g., increase in size or frequency of dosing, drug-seeking behavior, feigned cataplexy) [see
Warnings and Precautions (5.3) and Drug Abuse and Dependence (9.2)].

LUMRYZ is available only through a restricted program under a REMS [see Warnings and
Precautions (5.3)].

5.3 LUMRYZ REMS

LUMRYZ is available only through a restricted distribution program called the LUMRYZ
REMS because of the risks of central nervous system depression and abuse and misuse [see
Warnings and Precautions (5.1, 5.2)].

Notable requirements of the LUMRYZ REMS include the following:
¢ Healthcare providers who prescribe LUMRYZ are specially certified.
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e LUMRYZ will be dispensed only by pharmacies that are specially certified.

e LUMRYZ will be dispensed and shipped only to patients who are enrolled in the
LUMRYZ REMS with documentation of safe use conditions.

Further information is available at www.LUMRYZREMS.com or by calling 1-877-453-1029.

5.4 Respiratory Depression and Sleep-Disordered Breathing

LUMRYZ may impair respiratory drive, especially in patients with compromised respiratory
function. In overdoses of oxybate and with illicit use of GHB, life-threatening respiratory
depression has been reported /see Overdosage (10)].

Increased apnea and reduced oxygenation may occur with LUMRYZ administration. A
significant increase in the number of central apneas and clinically significant oxygen
desaturation may occur in patients with obstructive sleep apnea treated with LUMRYZ.

In adult clinical trials of LUMRYZ in patients with narcolepsy, no subjects with apnea’hypopnea
indexes greater than 15 were allowed to enroll.

In an adult study assessing the respiratory-depressant effects of immediate-release sodium
oxybate at doses up to 9 g per night in 21 patients with narcolepsy, no dose-related changes in
oxygen saturation were demonstrated in the group as a whole. One of four patients with
preexisting moderate-to-severe sleep apnea had significant worsening of the apnea’hypopnea
index during treatment.

In an adult study assessing the effects of immediate-release sodium oxybate 9 g per night in 50
patients with obstructive sleep apnea, immediate-release sodium oxybate did not increase the
severity of sleep-disordered breathing and did not adversely affect the average duration and
severity of oxygen desaturation overall. However, there was a significant increase in the number
of central apneas in patients taking immediate-release sodium oxybate, and clinically significant
oxygen desaturation (<55%) was measured in three patients (6%) after administration, with one
patient withdrawing from the study and two continuing after single brief instances of
desaturation.

In adult clinical trials in 128 patients with narcolepsy administered immediate-release sodium
oxybate, two subjects had profound CNS depression, which resolved after supportive respiratory
intervention. Two other patients discontinued immediate-release sodium oxybate because of
severe difficulty breathing and an increase in obstructive sleep apnea. In two controlled trials
assessing polysomnographic (PSG) measures in adult patients with narcolepsy administered
immediate-release sodium oxybate, 40 of 477 patients were included with a baseline
apnea/hypopnea index of 16 to 67 events per hour, indicative of mild to severe sleep-disordered
breathing. None of the 40 patients had a clinically significant worsening of respiratory function,
as measured by apnea/hypopnea index and pulse oximetry at doses of 4.5 g to 9 g per night.
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Prescribers should be aware that sleep-related breathing disorders tend to be more prevalent in
obese patients, in men, in postmenopausal women not on hormone replacement therapy, and
among patients with narcolepsy.

5.5 Depression and Suicidality

Depression, and suicidal ideation and behavior, can occur in patients treated with LUMRYZ.

In an adult clinical trial in patients with narcolepsy administered LUMRYZ [see Adverse
Reactions (6.1)], there were no suicide attempts, but one patient developed suicidal ideation at
the 9 g dose. In adult clinical trials in patients with narcolepsy (n=781) administered immediate-
release sodium oxybate, there were two suicides and two attempted suicides in patients treated
with immediate-release sodium oxybate, including three patients with a previous history of
depressive psychiatric disorder. Of the two suicides, one patient used immediate-release sodium
oxybate in conjunction with other drugs. Immediate-release sodium oxybate was not involved in
the second suicide. Adverse reactions of depression were reported by 7% of 781 patients treated
with immediate-release sodium oxybate, with four patients (<1%) discontinuing because of
depression. In most cases, no change in immediate-release sodium oxybate treatment was
required.

In a controlled trial in adults with narcolepsy administered LUMRYZ where patients were
titrated from 4.5 g to 9 g per night, the incidences of depression were 0% at 4.5 g, 1% at 6 g,
1.1% at 7.5 g, and 1.3% at 9 g. In a controlled adult trial, with patients randomized to fixed doses
of 3 g, 6 g, or 9 g per night immediate-release sodium oxybate or placebo, there was a single
event of depression at the 3 g per night dose. In another adult controlled trial, with patients
titrated from an initial 4.5 g per night starting dose of immediate-release sodium oxybate, the
incidences of depression were 1.7%, 1.5%, 3.2%, and 3.6% for the placebo, 4.5 g, 6 g,and 9 g
per night doses, respectively.

The emergence of depression in patients treated with LUMRY Z requires careful and immediate
evaluation. Patients with a previous history of a depressive illness and/or suicide attempt should
be monitored carefully for the emergence of depressive symptoms while taking LUMRYZ.

5.6 Other Behavioral or Psychiatric Adverse Reactions

Other behavioral and psychiatric adverse reactions can occur in patients taking LUMRYZ.

During adult clinical trials in patients with narcolepsy administered LUMRYZ, 2% of 107
patients treated with LUMRYZ experienced a confusional state. During adult clinical trials in
patients with narcolepsy administered immediate-release sodium oxybate, 3% of 781 patients
treated with immediate-release sodium oxybate experienced confusion, with incidence generally
increasing with dose.

No patients treated with LUMRYZ discontinued treatment because of confusion. Less than 1%
of patients discontinued the immediate-release sodium oxybate because of confusion. Confusion
was reported at all recommended doses of immediate-release sodium oxybate from 6 gto 9 g per
night. In a controlled trial in adults where patients were randomized to immediate-release sodium
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oxybate in fixed total daily doses of 3 g, 6 g, or 9 g per night or placebo, a dose-response
relationship for confusion was demonstrated, with 17% of patients at 9 g per night experiencing
confusion. In that controlled trial, the confusion resolved in all cases soon after termination of
treatment. In one trial where immediate-release sodium oxybate was titrated from an initial 4.5 g
per night dose, there was a single event of confusion in one patient at the 9 g per night dose. In
the majority of cases in all adult clinical trials in patients with narcolepsy administered
immediate-release sodium oxybate, confusion resolved either soon after termination of dosing or
with continued treatment.

Anxiety occurred in 7.5% of 107 patients treated with LUMRYZ in the adult trial in patients with
narcolepsy. Anxiety occurred in 5.8% of the 874 patients receiving immediate-release sodium
oxybate in adult clinical trials in another population.

Other psychiatric reactions reported in adult clinical trials in patients with narcolepsy
administered LUMRYZ included irritability, emotional disorder, panic attack, agitation,
delirium, and obsessive thoughts. Other neuropsychiatric reactions reported in adult clinical trials
in patients with narcolepsy administered immediate-release sodium oxybate and in the
postmarketing setting for immediate-release sodium oxybate include hallucinations, paranoia,
psychosis, aggression, and agitation.

The emergence or increase in the occurrence of behavioral or psychiatric events in patients
taking LUMRYZ should be carefully monitored.

5.7 Parasomnias

Parasomnias can occur in patients taking LUMRYZ.

Sleepwalking, defined as confused behavior occurring at night and at times associated with
wandering, was reported in 3% of 107 patients with narcolepsy treated with LUMRYZ. No
patients treated with LUMRYZ discontinued due to sleepwalking. Sleepwalking was reported in
6% of 781 patients with narcolepsy treated with immediate-release sodium oxybate in adult
controlled and long-term open-label studies, with <1% of patients discontinuing due to
sleepwalking. In controlled trials, rates of sleepwalking were similar for patients taking placebo
and patients taking immediate-release sodium oxybate. It is unclear if some or all of the reported
sleepwalking episodes correspond to true somnambulism, which is a parasomnia occurring
during non-REM sleep, or to any other specific medical disorder. Five instances of sleepwalking
with potential injury or significant injury were reported during a clinical trial of immediate-
release sodium oxybate in patients with narcolepsy.

Parasomnias, including sleepwalking, have been reported in the postmarketing experience with
immediate-release sodium oxybate. Therefore, episodes of sleepwalking should be fully
evaluated, and appropriate interventions considered.

Reference ID: 5014771

HIGHLY CONFIDENTIAL AVDL_01329992



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 113 of 776 PagelD #: 9408

5.8 Use in Patients Sensitive to High Sodium Intake
LUMRYZ has a high sodium content. In patients sensitive to sodium intake (e.g., those with

heart failure, hypertension, or renal impairment), consider the amount of daily sodium intake in
each dose of LUMRYZ. Table 1 provides the approximate sodium content per LUMRYZ dose.

Table 1: Approximate Sodium Content per Total Nightly Dose of LUMRYZ (g = grams)

LUMRYZ Dose Sodium Content/Total Nightly Exposure
4.5 g per night 820 mg
6 g per night 1100 mg
7.5 g per night 1400 mg
9 g per night 1640 mg
6 ADVERSE REACTIONS

The following clinically significant adverse reactions appear in other sections of the labeling:
e CNS Depression [see Warnings and Precautions (5.1)]
e Abuse and Misuse [see Warnings and Precautions (5.2)]

e Respiratory Depression and Sleep-Disordered Breathing /see Warnings and
Precautions (5.4)]

e Depression and Suicidality /see Warnings and Precautions (5.5)]

e Other Behavioral or Psychiatric Adverse Reactions [see Warnings and Precautions

(5.6)]

e Parasomnias [see Warnings and Precautions (5.7)]
e Use in Patients Sensitive to High Sodium Intake [see Warnings and Precautions
(3.8)]
6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials
of another drug and may not reflect the rates observed in clinical practice.

LUMRYZ was studied in one placebo-controlled trial (Study 1) /see Clinical Studies (14)] in
212 patients with narcolepsy (107 patients treated with LUMRYZ and 105 with placebo).

Adverse Reactions Leading to Treatment Discontinuation
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In Study 1, 21.5% of patients treated with LUMRYZ discontinued because of adverse reactions,
compared to 2.9% of patients receiving placebo. The most common adverse reaction leading to
discontinuation was dizziness (4.7%). For LUMRYZ, 6.5% of patients discontinued due to
adverse reactions on 4.5 g, 6.2% on 6 g, 5.7% on 7.5 g, and 6.5% on 9 g dose.

Most Common Adverse Reactions

The most common adverse reactions (incidence > 5% and greater than placebo) reported for any
dose of LUMRYZ were nausea, dizziness, enuresis, headache, and vomiting.

Adverse Reactions Occurring at an Incidence of 2% or Greater

Table 2 lists adverse reactions occurring in 2% or more of LUMRYZ-treated patients on any

individual dose and at a rate greater than placebo-treated patients in Study 1.

Table 2: Adverse Reactions Occurring in 2% or More of LUMRYZ-Treated Patients and
Greater than for Placebo-Treated Patients in Study 1

Adverse Placebo LUMRYZ 4.5 ¢ LUMRYZ 6 g LUMRYZ 7.5 ¢ LUMRYZ9 ¢
Reaction (N=105) (N=107) (N=97) (N=88) (N=77)
% % % % %

Gastrointestinal Disorders

Vomiting 2 3 3 6 5

Nausea 3 6 8 7 i
Investigations

Weight 0 1 0 0 4

Decreased

Metabolism and Nutritional Disorders

Decreased 0 4 4 3 3
Appetite

Nervous System Disorders

Dizziness 0 6 4 6 5
Somnolence 1 0 1 2 4
Headache 6 7 5 6 0

Psychiatric Disorders

Enuresis 0 2 4 9 9

Anxiety 1 3 1 3 1

Somnambulism 0 1 2 0 0
9
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Dose-Response Information

In the clinical trial in adult patients with narcolepsy, a dose-response relationship was observed
for enuresis and somnolence.

Additional Adverse Reactions

Adverse reactions observed in clinical studies with immediate-release sodium oxybate (>2%),
but not observed in Study 1 at a frequency of higher than 2%, and which may be relevant for
LUMRYZ: diarrhea, abdominal pain upper, dry mouth, pain, feeling drunk, peripheral edema,
cataplexy, muscle spasms, pain in extremity, tremor, disturbance in attention, paresthesia, sleep
paralysis, disorientation, irritability, and hyperhidrosis.

6.2 Postmarketing Experience

The following adverse reactions have been identified during postapproval use of sodium
oxybate. Because these reactions are reported voluntarily from a population of uncertain size, it
is not always possible to reliably estimate their frequency or establish a causal relationship to
drug exposure:

Arthralgia, decreased appetite, fall*, fluid retention, hangover, headache, hypersensitivity,
hypertension, memory impairment, nocturia, panic attack, vision blurred, and weight
decreased.

*The sudden onset of sleep in patients taking sodium oxybate, including in a standing
position or while rising from bed, has led to falls complicated by injuries, in some cases
requiring hospitalization.

7 DRUG INTERACTIONS

7.1 Alcohol, Sedative Hypnotics, and CNS Depressants

LUMRYZ is contraindicated for use in combination with alcohol or sedative hypnotics. Use of
other CNS depressants may potentiate the CNS-depressant effects of LUMRYZ [see Warnings
and Precautions (5.1)]. In addition to coadministration of LUMRYZ and alcohol being
contraindicated because of respiratory depression, consumption of alcohol while taking
LUMRYZ may also result in a more rapid release of the dose of sodium oxybate /see Clinical
Pharmacology (12.3)].

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy
Risk Summary

There are no adequate data on the developmental risk associated with the use of sodium oxybate
in pregnant women. Oral administration of sodium oxybate to pregnant rats (150, 350, or 1,000
mg/kg/day) or rabbits (300, 600, or 1,200 mg/kg/day) throughout organogenesis produced no
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clear evidence of developmental toxicity; however, oral administration to rats throughout
pregnancy and lactation resulted in increased stillbirths and decreased offspring postnatal
viability and growth, at a clinically relevant dose [see Dataj.

In the U.S. general population, the estimated background risk of major birth defects and
miscarriage in clinically recognized pregnancies is 2 to 4% and 15 to 20%, respectively. The
background risk of major birth defects and miscarriage for the indicated population is unknown.

Clinical Considerations

Labor or Delivery

LUMRYZ has not been studied in labor or delivery. In obstetric anesthesia using an injectable
formulation of sodium oxybate, newborns had stable cardiovascular and respiratory measures but
were very sleepy, causing a slight decrease in Apgar scores. There was a fall in the rate of uterine
contractions 20 minutes after injection. Placental transfer is rapid and gamma-hydroxybutyrate
(GHB) has been detected in newborns at delivery after intravenous administration of GHB to
mothers. Subsequent effects of sodium oxybate on later growth, development, and maturation in
humans are unknown.

Data
Animal Data

Oral administration of sodium oxybate to pregnant rats (150, 350, or 1,000 mg/kg/day) or rabbits
(300, 600, or 1,200 mg/kg/day) throughout organogenesis produced no clear evidence of
developmental toxicity. The highest doses tested in rats and rabbits were approximately 1 and 3
times, respectively, the maximum recommended human dose (MRHD) of 9 g per night on a
body surface area (mg/m?) basis.

Oral administration of sodium oxybate (150, 350, or 1,000 mg/kg/day) to rats throughout
pregnancy and lactation resulted in increased stillbirths and decreased offspring postnatal
viability and body weight gain at the highest dose tested. The no-effect dose for pre- and
postnatal developmental toxicity in rats is less than the MRHD on a mg/m? basis.

8.2 Lactation
Risk Summary

GHB is excreted in human milk after oral administration of sodium oxybate. There is insufficient
information on the risk to a breastfed infant, and there is insufficient information on milk
production in nursing mothers. The developmental and health benefits of breastfeeding should be
considered along with the mother’s clinical need for LUMRYZ and any potential adverse effects
on the breastfed infant from LUMRYZ or from the underlying maternal condition.

8.4 Pediatric Use
Safety and effectiveness of LUMRYZ in pediatric patients have not been established.

Juvenile Animal Toxicity Data

In a study in which sodium oxybate (0, 100, 300, or 900 mg/kg/day) was orally administered to
rats during the juvenile period of development (postnatal days 21 through 90), mortality was
11
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observed at the two highest doses tested. Deaths occurred during the first week of dosing and
were associated with clinical signs (including decreased activity and respiratory rate) consistent
with the pharmacological effects of the drug. Reduced body weight gain in males and females
and delayed sexual maturation in males were observed at the highest dose tested.

8.5 Geriatric Use

Clinical studies of LUMRYZ or immediate-release sodium oxybate in patients with narcolepsy
did not include sufficient numbers of subjects age 65 years and older to determine whether they
respond differently from younger subjects. In controlled trials of immediate-release sodium
oxybate in another population, 39 (5%) of 874 patients were 65 years or older. Discontinuations
of treatment due to adverse reactions were increased in the elderly compared to younger adults
(21% vs. 19%). Frequency of headaches was markedly increased in the elderly (39% vs. 19%).
The most common adverse reactions were similar in both age categories. In general, dose
selection for an elderly patient should be cautious, usually starting at the low end of the dosing
range, reflecting the greater frequency of decreased hepatic, renal, or cardiac function, and of
concomitant disease or other drug therapy.

8.6 Hepatic Impairment

Because of an increase in exposure to LUMRYZ, LUMRYZ should not be initiated in patients
with hepatic impairment because appropriate dosage adjustments for initiation of LUMRYZ
cannot be made with the available dosage strengths /see Clinical Pharmacology (12.3)]. Patients
with hepatic impairment who have been titrated to a maintenance dosage of another oxybate
product can be switched to LUMRYZ if the appropriate dosage strength is available.

9 DRUG ABUSE AND DEPENDENCE

9.1 Controlled Substance

LUMRY?Z is a Schedule III controlled substance under the Federal Controlled Substances Act.
Non-medical use of LUMRYZ could lead to penalties assessed under the higher Schedule I
controls.

9.2 Abuse

LUMRYZ (sodium oxybate), the sodium salt of GHB, produces dose-dependent central nervous
system effects, including hypnotic and positive subjective reinforcing effects. The onset of effect
is rapid, enhancing its potential for abuse or misuse.

Drug abuse is the intentional non-therapeutic use of a drug product or substance, even once, for
its desirable psychological or physiological effects. Misuse is the intentional use, for therapeutic
purposes of a drug by an individual in a way other than prescribed by a healthcare provider or for
whom it was not prescribed. Drug misuse and abuse may occur with or without progression to
addiction. Drug addiction is a cluster of behavioral, cognitive, and physiological phenomena that
may include a strong desire to take the drug, difficulties in controlling drug use (e.g., continuing

12
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drug use despite harmful consequences, giving a higher priority to drug use than other activities
and obligations), and possible tolerance or physical dependence.

The rapid onset of sedation, coupled with the amnestic features of GHB, particularly when
combined with alcohol, has proven to be dangerous for the voluntary and involuntary user (e.g.,
assault victim).

Ilicit GHB is abused in social settings primarily by young adults. Some of the doses estimated to
be abused are in a similar dosage range to that used for treatment of patients with cataplexy.
GHB has some commonalities with ethanol over a limited dose range, and some cross tolerance
with ethanol has been reported as well. Cases of severe dependence and craving for GHB have
been reported when the drug is taken around the clock. Patterns of abuse indicative of
dependence include: 1) the use of increasingly large doses, 2) increased frequency of use, and 3)
continued use despite adverse consequences.

Because illicit use and abuse of GHB have been reported, physicians should carefully evaluate
patients for a history of drug abuse and follow such patients closely, observing them for signs of
misuse or abuse of GHB (e.g., increase in size or frequency of dosing, drug-seeking behavior,
feigned cataplexy). Dispose of LUMRYZ according to state and federal regulations. It is safe to
dispose of LUMRYZ down the sanitary sewer.

9.3 Dependence
Dependence

Physical dependence is a state that develops as a result of physiological adaptation in response to
repeated drug use, manifested by withdrawal signs and symptoms after abrupt discontinuation or
a significant dose reduction of a drug. There have been case reports of withdrawal, ranging from
mild to severe, following discontinuation of illicit use of GHB at frequent repeated doses (18 g to
250 g per day) in excess of the recommended dosage range. Signs and symptoms of GHB
withdrawal following abrupt discontinuation included insomnia, restlessness, anxiety, psychosis,
lethargy, nausea, tremor, sweating, muscle cramps, tachycardia, headache, dizziness, rebound
fatigue and sleepiness, confusion, and, particularly in the case of severe withdrawal, visual
hallucinations, agitation, and delirtum. These symptoms generally abated in 3 to 14 days. In
cases of severe withdrawal, hospitalization may be required. The discontinuation effects of
LUMRYZ have not been systematically evaluated in controlled clinical trials. In the clinical trial
experience with immediate-release sodium oxybate in narcolepsy/cataplexy patients at
recommended doses, two patients reported anxiety and one reported insomnia following abrupt
discontinuation at the termination of the clinical trial; in the two patients with anxiety, the
frequency of cataplexy had increased markedly at the same time.

Tolerance

Tolerance 1s a physiological state characterized by a reduced response to a drug after repeated
administration (i.e., a higher dose of a drug is required to produce the same effect that was once
obtained at a lower dose). Tolerance to LUMRYZ has not been systematically studied in
controlled clinical trials. There have been some case reports of symptoms of tolerance

developing after illicit use at dosages far in excess of the recommended LUMRYZ dosage
regimen. Clinical studies of immediate-release sodium oxybate in the treatment of alcohol
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withdrawal suggest a potential cross-tolerance with alcohol. The safety and effectiveness of
LUMRYZ in the treatment of alcohol withdrawal have not been established.

10 OVERDOSAGE

10.1 Human Experience

Information regarding overdose with LUMRYZ is derived largely from reports in the medical
literature that describe symptoms and signs in individuals who have ingested GHB illicitly. In
these circumstances, the co-ingestion of other drugs and alcohol was common and may have
influenced the presentation and severity of clinical manifestations of overdose.

In adult clinical trials of immediate-release sodium oxybate, two cases of overdose with sodium
oxybate were reported. In the first case, an estimated dose of 150 g, more than 15 times the
maximum recommended dose, caused a patient to be unresponsive with brief periods of apnea
and to be incontinent of urine and feces. This individual recovered without sequelae. In the
second case, death was reported following a multiple drug overdose consisting of sodium
oxybate and numerous other drugs.

10.2 Signs and Symptoms

Information about signs and symptoms associated with overdosage with LUMRYZ derives from
reports of illicit use of GHB. Patient presentation following overdose is influenced by the dose
ingested, the time since ingestion, the co-ingestion of other drugs and alcohol, and the fed or
fasted state. Patients have exhibited varying degrees of depressed consciousness that may
fluctuate rapidly between a confusional, agitated combative state with ataxia and coma. Emesis
(even when obtunded), diaphoresis, headache, and impaired psychomotor skills have been
observed. No typical pupillary changes have been described to assist in diagnosis; pupillary
reactivity to light is maintained. Blurred vision has been reported. An increasing depth of coma
has been observed at higher doses. Myoclonus and tonic-clonic seizures have been reported.

Respiration may be unaffected or compromised in rate and depth. Cheyne-Stokes respiration and
apnea have been observed. Bradycardia and hypothermia may accompany unconsciousness, as
well as muscular hypotonia, but tendon reflexes remain intact.

10.3 Recommended Treatment of Overdose

General symptomatic and supportive care should be instituted immediately, and gastric
decontamination may be considered if co-ingestants are suspected. Because emesis may occur in
the presence of obtundation, appropriate posture (left lateral recumbent position) and protection
of the airway by intubation may be warranted. Although the gag reflex may be absent in deeply
comatose patients, even unconscious patients may become combative to intubation, and rapid-
sequence induction (without the use of sedative) should be considered. Vital signs and
consciousness should be closely monitored. The bradycardia reported with GHB overdose has
been responsive to atropine intravenous administration. No reversal of the central depressant
effects of LUMRYZ can be expected from naloxone or flumazenil administration. The use of
hemodialysis and other forms of extracorporeal drug removal have not been studied in GHB
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overdose. However, due to the rapid metabolism of sodium oxybate, these measures are not
warranted.

10.4 Poison Control Center

As with the management of all cases of drug overdosage, the possibility of multiple drug
ingestion should be considered. The healthcare provider is encouraged to collect urine and blood
samples for routine toxicologic screening, and to consult with a regional poison control center
(1-800-222-1222) for current treatment recommendations.

11 DESCRIPTION

Sodium oxybate, a CNS depressant, is the active ingredient in LUMRYZ for extended-release
oral suspension. The chemical name for sodium oxybate is sodium 4-hydroxybutyrate. The
molecular formula is C4H7NaOs, and the molecular weight is 126.09 g/mole. The chemical
structure is:

ﬁ
Na*-0 -C -CH, - CH, - CH, - O - H

Sodium oxybate is a white to off-white solid powder.

Each packet of LUMRYZ contains 4.5 g, 6 g, 7.5 g, or 9 g of sodium oxybate, equivalent to 3.7
g,5.0g, 6.2 g, or 7.4 g of oxybate, respectively. The inactive ingredients are carrageenan,
hydrogenated vegetable oil, hydroxyethyl cellulose, magnesium stearate, malic acid, methacrylic
acid copolymer, microcrystalline cellulose, povidone, and xanthan gum.

12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

LUMRYZ is a CNS depressant. The mechanism of action of LUMRYZ in the treatment of
narcolepsy is unknown. Sodium oxybate is the sodium salt of gamma-hydroxybutyrate (GHB),
an endogenous compound and metabolite of the neurotransmitter GABA. It is hypothesized that
the therapeutic effects of LUMRYZ on cataplexy and excessive daytime sleepiness are mediated
through GABAR actions at noradrenergic and dopaminergic neurons, as well as at
thalamocortical neurons.

12.3 Pharmacokinetics

Absorption

Following oral administration of LUMRYZ, the peak plasma concentrations (Cuax) following
administration of one 6 g dose was 66 mcg/mL, and the time to peak plasma concentration (Tmax)
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was 1.5 hours. Following oral administration of LUMRYZ, the plasma levels of GHB increased
dose-proportionally for Cmax and more than dose-proportionally for AUC (respectively 2.0-fold
and 2.3-fold increases as total daily dose is doubled from 4.5 g to 9 g).

Effect of Food

Administration of LUMRYZ immediately after a high-fat meal resulted in a mean reduction in
Cmax and AUC of GHB by 33% and 14%, respectively; average Tmax increased from 0.5 hours to
1.5 hours [see Dosage and Administration (2.2)].

Effect of Ethanol

An in vitro study showed alcohol-induced dose-dumping of sodium oxybate from extended-
release oral suspension at 1 hour in the presence of 40% alcohol, and approximately 60%
increase of drug release at 2 hours in the presence of 20% alcohol /see Contraindications (4) and
Warnings and Precautions (5.1)].

Lffect of Water Temperature

An in vitro dissolution study showed that LUMRYZ mixed with hot water (90°C) resulted in a
dose-dumping phenomenon for the release of sodium oxybate, whereas warm water (50°C) did

not significantly affect the drug release from the extended-release suspension /see Dosage and
Administration (2.2)].

Distribution

GHB is a hydrophilic compound with an apparent volume of distribution averaging 190 mL/kg
to 384 mL/kg. At GHB concentrations ranging from 3 mcg/mL to 300 mcg/mL, less than 1% is
bound to plasma proteins.

Elimination

Metabolism

Animal studies indicate that metabolism is the major elimination pathway for GHB, producing
carbon dioxide and water via the tricarboxylic acid (Krebs) cycle, and secondarily by -
oxidation. The primary pathway involves a cytosolic NADP-linked enzyme, GHB
dehydrogenase, which catalyzes the conversion of GHB to succinic semialdehyde, which is then
biotransformed to succinic acid by the enzyme succinic semialdehyde dehydrogenase. Succinic
acid enters the Krebs cycle where it is metabolized to carbon dioxide and water. A second
mitochondrial oxidoreductase enzyme, a transhydrogenase, also catalyzes the conversion to
succinic semialdehyde in the presence of a-ketoglutarate. An alternate pathway of
biotransformation involves f-oxidation via 3,4-dihydroxybutyrate to carbon dioxide and water.
No active metabolites have been identified.

FExcretion

The clearance of GHB is almost entirely by biotransformation to carbon dioxide, which is then
eliminated by expiration. On average, less than 5% of unchanged drug appears in human urine
within 6 to 8 hours after dosing. Fecal excretion is negligible. GHB has an elimination half-life
of 0.5 to 1 hour.
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Specific Population

Geriatric Patients

There is limited experience with LUMRYZ in the elderly. Results from a pharmacokinetic study
of immediate-release sodium oxybate (n=20) in another studied population indicate that the
pharmacokinetic characteristics of GHB are consistent among younger (age 48 to 64 years) and
older (age 65 to 75 years) adults.

Male and Female Patients
In a study of 18 female and 18 male healthy adult volunteers, no gender differences were

detected in the pharmacokinetics of GHB following an immediate-release 4.5 g oral dose of
sodium oxybate.

Racial or Ethnic Groups

There are insufficient data to evaluate any pharmacokinetic differences among races.

Patients with Renal Impairment

No pharmacokinetic study in patients with renal impairment has been conducted.

Patients with Hepatic Impairment

The pharmacokinetics of GHB in 16 cirrhotic patients, half without ascites (Child’s Class A) and
half with ascites (Child’s Class C), were compared to the kinetics in 8 subjects with normal
hepatic function, after a single sodium oxybate oral dose of 25 mg/kg. AUC values were doubled
in cirrhotic patients, with apparent oral clearance reduced from 9.1 mL/min/kg in healthy adults
to 4.5 and 4.1 mL/min/kg in Class A and Class C patients, respectively. Elimination half-life was
significantly longer in Class C and Class A patients than in control patients (mean ti» of 59
minutes and 32 minutes, respectively, versus 22 minutes in control patients). LUMRYZ should
not be initiated in patients with liver impairment /see Use in Specific Populations (8.6)].

Drug Interaction Studies

In vitro studies with pooled human liver microsomes indicate that sodium oxybate does not
significantly inhibit the activities of the human isoenzymes CYP1A2, CYP2C9, CYP2C19,
CYP2D6, CYP2EL, or CYP3A, up to the concentration of 3 mM (378 mcg/mL), a level

considerably higher than levels achieved with the maximum recommended dose.

A drug interaction study in healthy adults (age 18 to 55 years) was conducted with LUMRYZ
and divalproex sodium. Co-administration of a single dose of LUMRYZ (6 g) with divalproex
sodium ER at steady state resulted in an approximate 18% increase in AUC (90% CI ratio range
of 112%-123%), which is not expected to be clinically meaningful, while Cyax Wwas comparable.
A single dose of LUMRY?Z (6 g) did not appear to affect the pharmacokinetics of divalproex
sodium. However, a pharmacodynamic interaction between LUMRYZ and divalproex sodium, a
sedative antiepileptic drug, cannot be ruled out [see Warnings and Precautions (5.1) and Drug
Interactions (7.1].

Drug interaction studies in healthy adults (age 18 to 50 years) were conducted with immediate-
release sodium oxybate and diclofenac and ibuprofen:

17
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¢ Diclofenac: Co-administration of sodium oxybate (6 g per day as two equal doses of 3
grams dosed four hours apart) with diclofenac (50 mg/dose twice per day) showed no
significant changes in systemic exposure to GHB. Co-administration did not appear to
affect the pharmacokinetics of diclofenac.

e [Ibuprofen: Co-administration of sodium oxybate (6 g per day as two equal doses of 3
grams dosed four hours apart) with ibuprofen (800 mg/dose four times per day also
dosed four hours apart) resulted in comparable systemic exposure to GHB, as shown
by plasma Cuax and AUC values. Co-administration did not affect the
pharmacokinetics of ibuprofen.

Drug interaction studies in healthy adults demonstrated no pharmacokinetic interactions between
immediate-release sodium oxybate and protriptyline hydrochloride, zolpidem tartrate, and
modafinil. Also, there were no pharmacokinetic interactions with the alcohol dehydrogenase
inhibitor fomepizole. However, pharmacodynamic interactions with these drugs cannot be ruled
out. Alteration of gastric pH with omeprazole produced no significant change in the
pharmacokinetics of GHB. In addition, drug interaction studies in healthy adults demonstrated no
pharmacokinetic or clinically significant pharmacodynamic interactions between immediate-
release sodium oxybate and duloxetine HCI.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis

Administration of sodium oxybate to rats at oral doses of up to 1,000 mg/kg/day for 83 (males)
or 104 (females) weeks resulted in no increase in tumors. Plasma exposure (AUC) at the highest
dose tested was 2 times that in humans at the maximum recommended human dose (MRHD) of 9
g per night.

The results of 2-year carcinogenicity studies in mouse and rat with gamma-butyrolactone, a
compound that is metabolized to sodium oxybate in vivo, showed no clear evidence of
carcinogenic activity. The plasma AUCs of sodium oxybate achieved at the highest doses tested
in these studies were less than that in humans at the MRHD.

Mutagenesis

Sodium oxybate was negative in the in vitro bacterial gene mutation assay, an in vifro
chromosomal aberration assay in mammalian cells, and in an in vivo rat micronucleus assay.

Impairment of Fertility

Oral administration of sodium oxybate (150, 350, or 1,000 mg/kg/day) to male and female rats
prior to and throughout mating and continuing in females through early gestation resulted in no
adverse effects on fertility. The highest dose tested is approximately equal to the MRHD on a
mg/m? basis.

18
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14 CLINICAL STUDIES

The effectiveness of LUMRYZ for the treatment of cataplexy or excessive daytime sleepiness
(EDS) in adults with narcolepsy has been established based on a double-blind, randomized,
placebo-controlled, two-arm multi-center study to assess the efficacy and safety of a once
nightly administration of LUMRYZ in patients with narcolepsy (Study 1; NCT02720744).

A total of 212 patients were randomized to receive LUMRYZ or placebo in a 1:1 ratio and
received at least one dose of study drug. The study was divided into four sequential study
periods, and incorporated dose titration to stabilized dose administration of LUMRYZ (4.5 g, 6
g, 7.5 g, and 9 g). There was a three-week screening period, a 13-week treatment period
including up-titration over a period of eight weeks, five weeks of stable dosing at 9 g/night, and a
one-week follow-up period. Patients could be on concomitant stimulant as long as dosage was
stable for 3 weeks prior to study start.

The three co-primary endpoints were the Maintenance of Wakefulness Test (MWT), Clinical
Global Impression-Improvement (CGI-I), and mean change in weekly cataplexy attacks. The
MWT measures latency to sleep onset (in minutes), averaged over five sessions at 2-hour
intervals following nocturnal polysomnography. For each test session, patients were instructed
to remain awake for as long as possible during 30-minute test sessions, and sleep latency was
determined as the number of minutes patients could remain awake. The overall score was the
mean sleep latency for the 5 sessions. The CGI-I was evaluated on a 7-point scale, centered at No
Change, and ranging from Very Much Worse to Very Much Improved. Patients were rated by
evaluators who based their assessments on the severity of narcolepsy at Baseline.

Demographic and mean baseline characteristics were similar for the LUMRYZ and placebo
groups. A total of 76% were narcolepsy type 1 (NT1; with both symptoms of EDS and
cataplexy) patients, and 24% were narcolepsy type 2 (NT2; with symptoms of EDS and without
cataplexy) patients. The mean age was 31 years, and 68% were female. Approximately 63% of
patients were on concomitant stimulant use. The mean MWT at baseline was 5 minutes for the
LUMRYZ group, and 4.7 minutes for the placebo group. The mean number of cataplexy attacks
per week at baseline was 18.9 in the LUMRYZ group and 19.8 in the placebo group. A
statistically significant improvement was seen on the MWT, CGI-I, and mean weekly cataplexy
attacks, for the 6 g (Week 3), 7.5 g (Week 8), and 9 g (Week 13) dose of LUMRYZ, compared to
the placebo group (see Table 3, Table 4, and Table 5).

Table 3: Change from Baseline in the Maintenance of Wakefulness Test
Ch f
Dose Treatment Group ;:i‘i,lf:m Difference from p-value
i -valu

N Placebo [95% CI
™ (Minutes)* acebo [95% C1|

6 g(Week 3) | LUMRYZ (87) 8.1 5.0 [2.90;7.05] <0.001

Placebo (88) 3.1
7.5 g(Week 8) | LUMRYZ (76) 9.6 6.2 [3.84;8.58] <0.001
19
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Dose Treatment Group Ch;:feiig:m Difference from p-value
N) (Minutes)* Placebo [95% CI]
Placebo (78) 33
9g(Week 13) | LUMRYZ (68) 10.8 6.1 [3.52;8.75] <0.001
Placebo (78) 4.7

*Mean MWT at baseline was 5.0 minutes for the LUMRYZ group and 4.7 minutes for the placebo group

Table 4: Proportion of Patients with a Very Much or Much Improved Clinical Global
Impression-Improvement
Percentage of
Treatment Responders Odds Ratio
Dose p-value
Group (N) (Much or Very [95% CI]
Much Improved)
6 g (Week 3) LUMRYZ (87) 40 10.3 [3.93;26.92] <0.001
Placebo (87) 6 - -
7.5 g(Week 8) | LUMRYZ (75) 64 5.7 [2.82;11.40] <0.001
Placebo (81) 22 - -
9¢g(Week 13) | LUMRYZ (69) 73 5.6 [2.76;11.23] <0.001
Placebo (79) 32 - -

Table S: Change from Baseline in the Mean Cataplexy Attacks Per Week in NT1
Patients
Treatment Change from Difference from
Dose . p-value
Group (N) Baseline Placebo [95% CI]
6 g (Week 3) LUMRYZ (73) -7.4 -4.8 [-7.03;-2.62] <0.001
Placebo (72) -2.6 - -
7.5 g(Week 8) | LUMRYZ (66) -10.0 -6.3 [-8.74;-3.80] <0.001
Placebo (69) -3.7 - -
9g(Week 13) | LUMRYZ (55) -11.5 -6.7 [-9.32;-3.98] <0.001
Placebo (62) -4.9 - -
20
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*Mean (SD) number of cataplexy attacks per week at baseline was 18.9 (8.7) in the LUMRYZ group and 19.8 (8.9)
in the placebo group

16 HOW SUPPLIED/STORAGE AND HANDLING
16.1 How Supplied

LUMRYZ is a blend of white to off-white granules for extended-release oral suspension in
water. Each carton contains either 7 or 30 packets of LUMRYZ, a mixing cup, Prescribing
Information and Medication Guide, and Instructions for Use.

Dose packets contain a single dose of LUMRYZ providedin4.5 g, 6 g, 7.5 g, or 9 g doses.

Strength | Package Size NDC Number
45¢g 7 packets NDC 13551-001-07
30 packets NDC 13551-001-30
6g 7 packets NDC 13551-002-07
30 packets NDC 13551-002-30
75¢ 7 packets NDC 13551-003-07
30 packets NDC 13551-003-30
9¢ 7 packets NDC 13551-004-07
30 packets NDC 13551-004-30

16.2 Storage
Keep out of reach of children.

LUMRYZ should be stored at 20°C to 25°C (68°F to 77°F); excursions permitted to 15°C to 30°C
(59°F to 86°F) (see USP Controlled Room Temperature).

Suspensions should be consumed within 30 minutes.

16.3 Handling and Disposal

LUMRYZ is a Schedule HI drug under the Controlled Substances Act. LUMRYZ should be
handled according to state and federal regulations. It is safe to dispose of LUMRYZ down the
sanitary sewer.

17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide and Instructions
for Use).

21
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Central Nervous System Depression

Inform patients that LUMRYZ can cause central nervous system depression, including
respiratory depression, hypotension, profound sedation, syncope, and death. Instruct patients to
not engage in activities requiring mental alertness or motor coordination, including operating
hazardous machinery, for at least 6 hours after taking LUMRYZ. Instruct patients to inform their
healthcare providers of all the medications they take /see Warnings and Precautions (5.1)].

Abuse and Misuse

Inform patients that the active ingredient of LUMRYZ is gamma-hydroxybutyrate (GHB), which
1s associated with serious adverse reactions with illicit use and abuse [see Warnings and
Precautions (5.2)].

LUMRYZ REMS

LUMRYZ is available only through a restricted program called the LUMRYZ REMS /see
Warnings and Precautions (5.3)]. Inform the patient of the following notable requirements:

e LUMRYZ is dispensed only by pharmacies that are specially certified
e LUMRYZ will be dispensed and shipped only to patients who are enrolled in the
LUMRYZ REMS

LUMRYZ is available only from certified pharmacies participating in the program. Therefore,
provide patients with the telephone number and website for information on how to obtain the
product.

Alcohol or Sedative Hypnotics

Advise patients that alcohol and other sedative hypnotics should not be taken with LUMRYZ
[see Warnings and Precautions (5.1)].

Sedation

Inform patients that they are likely to fall asleep quickly after taking LUMRYZ (often within 5
and usually within 15 minutes), but the time it takes to fall asleep can vary from night to night.
The sudden onset of sleep, including in a standing position or while rising from bed, has led to
falls complicated by injuries, in some cases requiring hospitalization [see Adverse Reactions
(6.2)]. Instruct patients that they should remain in bed following ingestion of their dose /see
Dosage and Administration (2.2)].

Food Effects on LUMRYZ
Inform patients that LUMRYZ should be taken at least 2 hours after eating.

Respiratory Depression and Sleep-Disordered Breathing

Inform patients that LUMRYZ may impair respiratory drive, especially in patients with
compromised respiratory function, and may cause apnea [see Warnings and Precautions (5.4)].

Depression and Suicidality

Instruct patients to contact a healthcare provider immediately if they develop depressed mood,
markedly diminished interest or pleasure in usual activities, significant change in weight and/or
appetite, psychomotor agitation or retardation, increased fatigue, feelings of guilt or

22
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worthlessness, slowed thinking or impaired concentration, or suicidal ideation /see Warnings
and Precautions (5.5)].

Other Behavioral or Psychiatric Adverse Reactions

Inform patients that LUMRYZ can cause behavioral or psychiatric adverse reactions, including
confusion, anxiety, and psychosis. Instruct them to notify their healthcare provider if any of these
types of symptoms occur [see Warnings and Precautions (5.6)].

Sleepwalking

Instruct patients that LUMRYZ has been associated with sleepwalking and other behaviors
during sleep, and to contact their healthcare provider if this occurs /see Warnings and
Precautions (5.7)].

Sodium Intake

Instruct patients that LUMRYZ contains a significant amount of sodium and patients who are
sensitive to sodium intake (e.g., those with heart failure, hypertension, or renal impairment)
should limit their sodium intake [see Warnings and Precautions (5.8)].

Distributed By:

Avadel CNS Pharmaceuticals, LLC
Chesterfield, MO
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Medication Guide
LUMRYZ™ (LOOM rize)
(sodium oxybate)
for extended-release oral suspension, CIII

Read this Medication Guide carefully before you start taking LUMRYZ and each time you get a refill. There may
be new information. This information does not take the place of talking to your doctor about your medical
condition or treatment.
What is the most important information I should know about LUMRYZ?

e LUMRYZ is a central nervous system (CNS) depressant. Taking LUMRYZ with other CNS depressants
such as medicines used to make you fall asleep, including opioid analgesics, benzodiazepines, sedating
antidepressants, antipsychotics, sedating anti-epileptic medicines, general anesthetics, muscle relaxants,
alcohol, or street drugs, may cause serious medical problems, including:

o trouble breathing (respiratory depression)
o low blood pressure (hypotension)
o changes in alertness (drowsiness)
o fainting (syncope)
o death
Ask your doctor if you are not sure if you are taking a medicine listed above.

e LUMRYZ is a federal controlled substance (CIII). The active ingredient of LUMRYZ is a form of
gamma-hydroxybutyrate (GHB) that is also a federal controlled substance (CI). Abuse of illegal GHB,
either alone or with other CNS depressants may cause serious medical problems, including:

o seizure
o trouble breathing (respiratory depression)
o changes in alertness (drowsiness)
o coma
o death
Call your doctor right away if you have any of these serious side effects.

e Anyone who takes LUMRYZ should not do anything that requires them to be fully awake or is
dangerous, including driving a car, using heavy machinery, or flying an airplane, for at least 6 hours after
taking LUMRYZ. Those activities should not be done until you know how LUMRY?Z affects you.

e Keep LUMRYZ in a safe place to prevent abuse and misuse. Selling or giving away LUMRYZ may harm
others and is against the law. Tell your doctor if you have ever abused or been dependent on alcohol,
prescription medicines, or street drugs.

e Because of the risk of CNS depression, abuse, and misuse, LUMRYZ is available only by prescription
and filled through certified pharmacies in the LUMRYZ REMS. You must be enrolled in the LUMRYZ
REMS to receive LUMRYZ. For more information on how to receive LUMRYZ, visit
www. LUMRYZREMS.com. Before you receive LUMRYZ, your doctor or pharmacist will make sure
that you understand how to use LUMRYZ safely and effectively. If you have any questions about
LUMRYZ, ask your doctor or call the LUMRYZ REMS at 1-877-453-1029.

What is LUMRYZ?
LUMRYZ is a prescription medicine used to treat the following symptoms in adults with narcolepsy:

e sudden onset of weak or paralyzed muscles (cataplexy), or

e cxcessive daytime sleepiness (EDS)

It is not known if LUMRYZ is safe and effective in children.
Do not take LUMRYZ if you:

e take other sleep medicines or sedatives (medicines that cause sleepiness)

e drink alcohol

e have a rare problem called succinic semialdehyde dehydrogenase deficiency

Before taking LUMRYZ, tell your doctor about all medical conditions, including if you:

e have a history of drug abuse.

e have short periods of not breathing while sleeping (sleep apnea).

e have trouble breathing or have lung problems. You may have a higher chance of having serious breathing
problems when taking LUMRYZ.

e have or had depression or have tried to harm yourself. You should be watched carefully for new
symptoms of depression.
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e have or had behavior or other psychiatric problems such as:
anxiety
seeing or hearing things that are not real (hallucinations)
feeling more suspicious (paranoia)
being out of touch with reality (psychosis)
acting aggressive
agitation
have liver problems.
are on a salt-restricted diet. LUMRYZ contains a lot of sodium (salt) and may not be right for you.
have high blood pressure.
have heart failure.
have kidney problems.
are pregnant or plan to become pregnant. It is not known if LUMRYZ can harm your unborn baby.
are breastfeeding or plan to breastfeed. LUMRYZ passes into breast milk. You and your doctor should
decide if you will take LUMRYZ or breastfeed.
Tell your doctor about all the medicines you take, including prescription and over-the-counter medicines,
vitamins, and herbal supplements.
Especially, tell your doctor if you take other medicines to help you sleep (sedatives) or that may make you sleepy,
such as some medicines to treat pain, anxiety, depression, or seizures. Know the medicines you take. Keep a list
of them to show your doctor and pharmacist when you get a new medicine.
How should I take LUMRYZ?
e Read the Instructions for Use at the end of this Medication Guide for detailed instructions on how to
take LUMRYZ.
Take LUMRYZ exactly as your doctor tells you to take it.
LUMRYZ is taken by mouth 1 time at bedtime.
Wait at least 2 hours after eating before taking LUMYRZ.
After mixing LUMRYZ, take it within 30 minutes. Do not mix LUMRYZ with hot water.

o Take LUMRYZ at bedtime while you are in bed and lie down immediately. You should remain in bed after
taking LUMRYZ.

O 0O 0O O O O

e LUMRYZ can cause physical dependence and craving for the medicine when it is not taken as directed.

e Never change the LUMRYZ dose without talking to your doctor.

e LUMRYZ can cause sleep very quickly without feeling drowsy. Some people fall asleep within 5 minutes
and most fall asleep within 15 minutes. The time it takes to fall asleep might be different from night to
night.

e Falling asleep quickly, including while standing or while getting up from the bed, has led to falls with
injuries that have required some people to be hospitalized.

e Ifyou take too much LUMRYZ, call your doctor or go to the nearest hospital emergency room right
away.

What are the possible side effects of LUMRYZ?
LUMRYZ can cause serious side effects, including:
o See “What is the most important information I should know about LUMRYZ?”
®  breathing problems, including:
o slower breathing.
o trouble breathing.
o short periods of not breathing while sleeping (sleep apnea). People who already have breathing or lung
problems have a higher chance of having breathing problems when they use LUMRYZ.
o mental health problems, including:
confusion
seeing or hearing things that are not real (hallucinations)
unusual or disturbing thoughts (abnormal thinking)
feeling anxious or upset
depression
thoughts of killing yourself or trying to kill yourself

o 0O O O O O
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o increased tiredness
o feelings of guilt or worthlessness
o difficulty concentrating
Call your doctor right away if you have symptoms of mental health problems, or a change in weight
or appetite.
¢ sleepwalking. Sleepwalking can cause injuries. Call your doctor if you start sleepwalking. Your doctor
should check you.
The most common side effects of LUMRYZ in adults include:
o nausea
o dizziness
o  bedwetting
o headache
o vomiting
Side effects may increase when taking higher doses of LUMRYZ.
These are not all the possible side effects of LUMRYZ. For more information, ask your doctor or pharmacist.
Call your doctor for medical advice about side effects. You may report side effects to FDA at 1-800-FDA-
1088.
How should I store LUMRYZ?
¢ Store LUMRYZ in the original packet prior to mixing with water. After mixing with water, store LUMRYZ
in the mixing cup provided in each kit.
¢  Store LUMRYZ at room temperature between 68°F to 77°F (20°C to 25°C).
¢ LUMRYZ suspension should be taken within 30 minutes of preparation.
¢  When you have finished using the LUMRYZ packet, throw it away (dispose of it) in the trash.
LUMRYZ comes in a child-resistant package. Keep LUMRYZ and all medicines out of the reach of children
and pets.
General information about the safe and effective use of LUMRYZ.
Medicines are sometimes prescribed for purposes other than those listed in a Medication Guide. Do not use
LUMRYZ for a condition for which it was not prescribed. Do not give LUMRYZ to other people, even if they
have the same symptoms. It may harm them.
You can ask your pharmacist or doctor for information about LUMRYZ that is written for health professionals.
What are the ingredients in LUMRYZ?
Active ingredients: sodium oxybate
Inactive ingredients: carrageenan, hydrogenated vegetable oil, hydroxyethyl cellulose, magnesium stearate,
malic acid, methacrylic acid copolymer, microcrystalline cellulose, povidone, xanthan gum.
Distributed By:
Avadel CNS Pharmaceuticals, LLC Chesterfield, MO 63005

For more information, go to www. LUMRYZREMS com or call the LUMRYZ REMS at 1-877-453-1029.
This Medication Guide has been approved by the U.S. Food and Drug Administration Approved: MM/YYYY

Reference ID: 5014771

HIGHLY CONFIDENTIAL AVDL_01330011



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 132 of 776 PagelD #: 9427

\Lyﬂ% ctiol

R

ons | w Use
m o Use

g
,gz

o

f@

E%‘m

§

 Avadel.

This Instructions for Use contains information on how to take LUMRYZ, Read this Instructions for Use before taking LUMRYZ and
each time you get a refill. There may be new information.

This information does not take the place of talking to your doctor about your medical condition or your treatment. If you have
guestions, please talk with your doctor.

Important information when taking LUMFE
g

v Take 1 packet of LUMRYZ each day at bedtime.

\é‘ "W

» Avoid getting out of your bed after taking LUMRYZ. Some people fall asleep

within 5 minutes of taking LUMRYZ and most will fall asleep within 15 minutes. The time it takes you to fall asleep might be
different from night to night.

» Medicines that cause sleepiness should not be used while taking LUMRYZ. v,
» Do not use LUMRYZ with alcohol.
» Do not drive or operate heavy machinery within 6 hours of taking LUMRYZ.

» Mix and take LUMRYZ within 30 minutes. If not taken within 30 minutes of mixing, throw it away (dispose of it) and
prepare a new dose.

=7

LUMRYZ carton and contents
m
Carton N -—H. Tamper-Evident

Seal

Mixing cup
Fill Line A
= Fill Line B
Expiration

Date (EXP)

Packet (Back)
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Additional supplies needed

< Glass or Bottle
of Water

Selssors (Optional)

How should | store LUMRYZ?
¢+ Store LUMRYZ and all medicines out of the reach of children.

» Store LUMRYZ at room temperature, between 68°F to 77°F (20°C to 25°C).

» Store LUMRYZ in a clean and dry place.

Before using LUMRYZ

u Before using a new LUMRYZ carton, check the tamper-evident seal on the carton lid to make sure it is not
missing or broken.

» Do not use if the tamper-evident seal is missing or broken.
» Check the expiration date (EXP) on the LUMRYZ carton.
» Do not use LUMRYZ after the expiration date (EXP) on the label has passed.

» Open the LUMRYZ carton by tearing the tamper-evident seal with your hands or by using a pair of
scissors.

Before each use

+ Clean the mixing cup by rinsing it with water and letting it dry before each use.

» Do not use a measuring device other than the mixing cup that comes in your LUMRYZ carton to measure
and take a dose of LUMRYZ.

= Check the expiration date (EXP) on the packet label. Do not use the LUMRYZ packet after the expiration
date (EXP) has passed.

ale sure to prepare LLUIMBEY Y at bedsice,

Gather the following supplies and place them on a flat surface at your
bedside:

» 1 bottle or glass of water (1/3 cup). Do not use hot water.
s 1 LUMRYZ packet

» 1 clean mixing cup

o+ 1 pair of scissors (optional)

Reference ID: 5014771
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Mix the LUMRYZ solution at your bedside

1.} At your bedside, open the mixing cup by twisting the cap to the left (counter-clockwise) to remove it.

2.) Fill the mixing cup with water up to Fill Line A (top line) and set the mixing cup down on a flat surface.

- Fill Line A

Reference ID: 5014771
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3.) Open 1 packet:

Use scissors to cut open the packet along the Cutting Line, located on the back of the packet.

-Cutting Line

-or-

Fold the packet in half at the gray Tear Mark located on the back of the packet.

Tear the packet open with your hands.

4.} Pour the entire content from the packet into the water-filled mixing cup.

Reference ID: 5014771
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Make sure there is no powder left in the packet.

5.} Close the mixing cup by twisting the cap to the right (clockwise) until firmly closed.

Reference ID: 5014771
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6.) Mix the water and powder solution by shaking the closed mixing cup well for at least 60 seconds (1 minute).

7.) Make sure the solution is mixed thoroughly.

The mixed solution will appear slightly mitky with some lumps.

Reference ID: 5014771
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"

8.) Open the mixing cup by twisting the cap to the left {counter-clockwise) and remove it.

9.) While sitting in bed drink the mixed solution within 30 minutes of mixing.

Make sure to drink all the mixed solution in the mixing cup.

10.} Immediately refill your mixing cup with water up to Fill Line B (lower line) to mix in any medicine left in the mixing cup.

Do not open another packet of LUMRYZ. Take only 1 packet each day at bedtime.

Reference ID: 5014771
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Fil Ling B

11.) Close the mixing cup by twisting the cap to the right {clockwise) until firmly closed.

12.} Shake well again for 10 seconds.

Reference ID: 5014771
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13.) Open the mixing cup by twisting the cap to the left (counter-clockwise) and remove it.

Reference ID: 5014771
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14.} Drink the mixed solution immediately after mixing.

Make sure to drink all the mixed solution in the mixing cup.

15.} Leave the empty mixing cup at your bedside and immediately lie down to go to sleep.

Avoid getting out of your bed after taking your dose.

How do | throw away (c

Reference ID: 5014771
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16.) The next day, place the empty LUMRYZ packet in the trash.

If any LUMRYZ remains in the packet, rinse it down the sink prior to disposal.

17.} Empty any unused LUMRYZ down the sink drain the next day.

Clean the mixing cup by rinsing it with water and letting it dry before each use.

After you finish all of the packets in your LUMRYZ carton

After you have finished your last packet in the carton, throw away the rinsed mixing cup in the trash.

i you have additional questions about LUMRYZ, talk with your doctor.

You can also contact:
Avadel CNS Pharmaceuticals, LLC
Chesterfield, MO 63005 USA

Reference ID: 5014771
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For more information on LUMRYZ,
visit www.lumryz.com or call
888-8AVADEL (888-828-2335).

dium oxybate) for extended-release
LU mjz Q pension @ 1packet per dose
Manufactured for: ‘
Avadel CtNS Pharmaceuticals, LLC ‘ ‘ AWMd&!

Chesterfield, MO 63005 USA

© Avadel 2021. All rights reserved. AVADEL, the AVADEL logo, LUMRYZ, and the LUMRYZ logo are trademarks of an Avadel company.

This Instructions for Use has been approved by the U.S. Food and Drug Administration.
Approved: ##-HH##

Reference ID: 5014771

HIGHLY CONFIDENTIAL AVDL_01330023



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 144 of 776 PagelD #: 9439

EXHIBIT 6



Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 145 of 776 PagelD #: 9440

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

JAZZ PHARMACEUTICALS, INC.,

Plaintiff,
V. C.A. No. 21-691-GBW

AVADEL CNS PHARMACEUTICALS,
LLC,

Defendant.
JAZZ PHARMACEUTICALS, INC,, et al.,

Plaintiffs,
V. C.A. No. 21-1138-GBW

AVADEL CNS PHARMACEUTICALS,
LLC,

Defendant.
JAZZ PHARMACEUTICALS, INC., et al.,

Plaintiffs,
V. C.A. No. 21-1594-GBW

AVADEL CNS PHARMACEUTICALS,
LLC,

Defendant.

OPENING EXPERT REPORT OF ALEXANDER M. KLIBANOYV, PH.D.
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I. QUALIFICATIONS

1. I, Alexander M. Klibanov, Ph.D., expect to testify on behalf of the Defendant
Avadel CNS Pharmaceuticals, LLC (“Avadel”) in the above-captioned litigation against Plaintiffs
Jazz Pharmaceuticals, Inc. and Jazz Pharmaceuticals Ireland Limited (together, “Jazz”) as an
expert witness regarding the validity of certain claims of U.S. Patent Nos. 11,077,079 (the “’079
Patent”) and 11,147,782 (the “’782 Patent”).

2. I am currently a Professor Emeritus of Chemistry and Bioengineering at the
Massachusetts Institute of Technology (“M.L.T.”), where I taught and conducted research for over
40 years. From 2014 to 2019 (and also from 2007 to 2012), I held the Novartis Endowed Chair
Professorship at M.I.T. From 2012 to 2014, I held the Roger and Georges Firmenich Endowed
Chair Professorship in Chemistry. Prior to that, [ was a Professor of Chemistry and a Professor of
Bioengineering at M.L.T., positions I held from 1988 and 2000, respectively. From 1979 to 1988,
I was an Assistant Professor, then Associate Professor, and thereafter a Full Professor of Applied
Biochemistry in the Department of Applied Biological Sciences (formerly the Department of
Nutrition and Food Science) at M.L.T.

3. I obtained my M.S. degree in Chemistry from Moscow University in Russiain 1971
and my Ph.D. in Chemical Enzymology from the same University in 1974. Thereafter, I was a
Research Chemist at Moscow University’s Department of Chemistry for three years. From 1977
to 1979, following my immigration to the United States, I was a Post-Doctoral Associate at the
Department of Chemistry, University of California in San Diego.

4. Over the last 50+ years as a practicing chemist, I have extensively researched,
published, taught, and lectured in many areas of chemistry, including biological, pharmaceutical

formulation, general, and medicinal.
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5. During my career, I have earned numerous prestigious professional awards and
distinctions for my work. For example, I was elected to the U.S. National Academy of Sciences
(considered among the highest honors that can be given to an American scientist) and also to the
U.S. National Academy of Engineering (considered among the highest honors that can be given to
an American engineer). I am also a Founding Fellow of the American Institute for Medical and
Biological Engineering and a Corresponding Fellow of the Royal Society of Edinburgh (Scotland’s
National Academy of Science and Letters). In addition, I have received the Arthur C. Cope Scholar
Award, the Marvin J. Johnson Award, the Ipatieff Prize, and the Leo Friend Award, all from the
American Chemical Society, as well as the International Enzyme Engineering Prize.

6. I currently serve on the Editorial Boards of a dozen scientific journals, including
“Open Journal of Pharmacology,” “Applied Biochemistry and Biotechnology,” “Nanocarriers,”
“Open Access Academic Books in Chemistry,” “Biotechnology and Bioengineering,” “Journal of
Biological Chemistry and Molecular Pharmacology,” “Recent Patents in Biotechnology,”
“Current Pharmaceutical Biotechnology,” “Archives of Medical Biotechnology,” and
“International Journal of Drug Design, Delivery, and Safety.”

7. I have published over 315 scientific papers in various areas of chemistry and am
also a named inventor of 32 issued United States patents plus many pending ones. I have given
over 370 invited lectures at professional conferences, universities, and corporations all over the
world, many dealing with pharmaceutical formulations and medicinal chemistry. Of particular
relevance to the technical issues in the present litigations is my extensive experience with oral
dosage forms of various drugs, including their both immediate and modified release formulations.
According to a recent Stanford University-led study, the overall impact of my published work,

places me in the top 0.01% of all scientists in the world.
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8. In addition to my research and teaching activities at M.I.T., I have consulted for
numerous pharmaceutical, medical device, and biotechnology companies. I have also founded six
pharmaceutical companies and have been on the scientific advisory boards and/or boards of
directors of those companies and of many others. A number of these industrial and corporate
activities have dealt specifically with oral dosage forms and/or controlled release pharmaceutical
formulations.

0. My curriculum vitae, attached hereto as Exhibit 1, summarizes my education and
professional experience. Included in it is a list of my publications and patents.

10.  Exhibit 2 is a list of all other lawsuits in which, during the previous five years, I
testified as an expert at trial and/or by deposition.

11. I am being compensated at the rate of $975 per hour for time spent working on this
engagement. Neither the amount of my compensation nor the fact that I am being compensated
for my time has affected the opinions that I have given in this expert report. My compensation is
in no way dependent on the outcome of these litigations.

II. SUMMARY OF OPINIONS

12. Counsel for Avadel (“Counsel”) has asked me to form and provide opinions
regarding the validity of the asserted claims of the 079 and ’782 Patents (collectively, the
“Resinate Patents™). Specifically, I have been asked to analyze the issue of obviousness of those
asserted claims. Jazz addressed the following claims in its Final Infringement Contentions for the
Resinate Patents: claims 1-3, 5-12, and 14-18 of the 079 Patent, and claims 1-24 of the *782 Patent
(collectively, the “Asserted Claims of the Resinate Patents.”).

13. The opinions presented herein have been formed by me to a reasonable degree of

scientific certainty based on my education, training, and professional knowledge and experience,
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30.

I understand from Counsel that Jazz has asserted claims 1-3, 5-12, and 14-18 of the

’079 Patent against Avadel (“Asserted Claims of the 079 Patent”). Claims 1 and 10 of the 079

Patent are independent. Claims 2-3, 5-9, 11-12, and 14-18 depend on claim 1 or claim 10.

31.

32.

33.

Claim 1 is:

“A method of treating narcolepsy in a patient in need thereof, the
method comprising:

(a) administering a single daily dose to the patient,

(b) the single daily dose comprising an amount of oxybate
equivalent to from 4.0 g to 12.0 g of sodium oxybate,

(c) wherein the administering comprises: opening a sachet
containing a solid oxybate formulation,

(d) mixing the formulation with water, and orally administering the
mixture to the patient,

(e) wherein the oxybate formulation comprises an immediate
release component and a controlled release component.”

Claim 10 is:

“A method of treating cataplexy or excessive daytime sleepiness
associated with narcolepsy in a patient in need thereof, the method
comprising:

administering a single daily dose to the patient,

the single daily dose comprising an amount of oxybate equivalent
to from 4.0 g to 12.0 g of sodium oxybate,

wherein the administering comprises: opening a sachet containing
a solid oxybate formulation, mixing the formulation with water,
and orally administering the mixture to the patient,

wherein the oxybate formulation comprises an immediate release
component and a controlled release component.”

Scope and Content of the Prior Art

As stated in the legal section above, I understand from Counsel that prior art may

be in the form of, among other things, a patent or patent application, a journal publication, a public

8
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statement, or a product. The references below are pertinent prior art because they are within the
field of endeavor of the Resinate Patents and, as described in detail below, the Liang 2006, Lebon
2013, and Allphin 2012 references address the problem facing the inventors of the 079 Patent,
which was to have a single nightly dose of GHB that would include “a sufficient amount of GHB
[] present in the blood to initiate the sleep function of GHB and then the controlled release
component may engage to maintain the blood concentration above the threshold for a complete
sleep of sufficient duration.” ’079 Patent at col. 4, 11. 20-24.

34. A POSA would have known at the time of the ’079 Patent’s priority date that Xyrem
[i.e., sodium gamma-hydroxybutyrate or Na GHB, whose chemical structure is depicted at the end
of this paragraph] was the only sodium oxybate drug approved by the United States Food and Drug
Administration (“FDA”) for the treatment for cataplexy and excessive daytime sleepiness (EDS)
in narcolepsy. Xyrem is a sodium oxybate aqueous solution to be administered orally twice
nightly. XYREM® (sodium oxybate) oral solution label was revised in April 2014 (“Xyrem 2014
Label”). However, a POSA would also have been aware of additional prior art references that
discuss formulating sodium oxybate, or oxybate salts in general, some in a single daily dose, as

discussed below.

1. Liang 2006

35. Liang 2006 is U.S. Patent Application Publication 2006/0210630 titled “Controlled
Release Compositions of Gamma-Hydroxybutyrate.” The publication is cited on the face of the
’079 Patent. In Liang 2006, the inventors Likan Liang et al. report on the results from altering the

delivery profile of GHB to provide for a “convenient once nightly or once daily dosing regiment
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[sic] for the oral delivery of one or more gamma-hydroxybutyric acid salts to an animal.” Liang
2006 at q 12.

36. Liang 2006 discusses a variety of challenges known to affect GHB formulation. It
states that “[s]Jodium gamma-hydroxybutyrate is highly [water-]soluble, hygroscopic, and strongly
alkaline.” Id. at § 5. It also states that “the therapeutic dose [of Na GBH] is normally very high,”
“[f]or example, a daily dose of 4.5 to 9 grams of Xyrem® is prescribed to narcolepsy patients.”
Id. Liang 2006 also states that the current twice-nightly dosing regimen requires patients to “take
an initial dose of sodium gamma-hydroxybutyrate around bedtime and [] wake up four hours later
to take a second dose. Such a dose regimen is rather inconvenient.” 1d. at q 3.

37. Liang 2006 discloses that “[i]n one of the preferred embodiments, the composition
comprises multiple delayed release pellets or beads (used interchangeably herein) and an
immediate release component.” 1d. at §29. An immediate release component combined with pH
sensitive delayed/controlled release particles “can conveniently replace the nightly multidose
regimen of the existing commercial product,” which eliminates the need for a patient “to wake up
and take a second dose during the night.” Id. at § 36. The immediate release component can be
in the form of, for example, “a sachet.” Id. at J 45. The immediate release and controlled release
components can also be pre-mixed. Id. at 47 (“[T]he immediate release component can be in the
form of particles that are pre-mixed with the pH sensitive delayed/controlled release particles”);
id. at § 48 (“[T]he immediate release component can be in the form of a powder that is pre-mixed
with the pH sensitive delayed/controlled release particles prior to ingestion.”).

2. Lebon 2013

38. Lebon 2013 is U.S. Patent No. 8,529,954, titled “Composition based on gamma-
hydroxybutyric acid.” In Lebon 2013, the inventors Christophe Lebon and Pascal Suplie describe

granules of “gamma-hydroxybutyric acid” or “its pharmaceutically acceptable salt[].” Lebon

10
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Jacobsop, G;’ Baldessarini, R, J., and Manschreck, T, (1974), Tardive and withdrawal dys
klneS}a associuted with haloperidol. Am. J. Psychint, 131; 910,
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Quinn, G, P,, Shore, P, A., and Brodie, B. B, (1959). Biochemical and pharmacological studies
of RO 19569 (tetrabenazine), a non-ndole tranquilizing agent with reserpinelike
effects, . Pharmacol. Exptl, Therap, 127; 103,

Sourkes, T. L, lfivnicki, D., Brown, W, T., Niseman-Distler, M. H., Murphy, G. T, Sonkoffi,
L, and Smgt-Cyr, 5. (1965), A clinical and metabolic study of dopa (34 dihydroxy-
phenylalaning) and methyldopa in Huntington's chorea, Fsychiat, Neurol, 149; 7,

Viﬂeneillveg,sf;., and Boszormenyi, F, (1970). Treatment of drug-induced dyskinesias. Lancet

I35

Hiled 05/04/23 Page 154 of 776 PagelD #: 9449

Biologicel Psychiatry, Vol. 12, No. 2, 1977

The Effects of y-Hydroxybutyrate on Sleep

Morty Mamelak," Joseph M, Eserin," and Olga Stokan'

Received March 24, 197; revised August 3, 1976

Soditim yhydroxybutyrate (GHB)s a remarkably safe and nontoxic hypnotic
agent which is reported to be free of addicting properties. It is also a normal
metgholite of the mammalian nervous system. We examined its effects on the
Sleep-EEG of eight patients with histories of impaired sleep, as a prelude to a
more detailed study of its clinical potential, Sleep induced with GHB was in-
distinguishable subjectively from natural sleep as well as by behavioral and elec-
troencephalographic criteria. Unlike most synthetic hypnotics, GHB increased
delta sleep and did not suppress REM sleep, It shortened the REM sleep ltency
and shifted REM sleep into the first third of the night, On one occasion it in-
duced a sleep onset REM period which was experienced as an attack of sleep
paralysis, Withdrawal was simple; there was no REM sleep rebound and sleep
patterns immediately returned to their pre-drug form. Its major clinical draw-
back was its short duration of action: its hypnotic effect lasting only 2 to 3 hr
We suggest that GHB may serve as the prototype for a new class of hyprotic
compounds derived from natural sources and capable of activating the neurok
ogical mechanisms of normal human sleep.

INTRODUCTION

This study was undertaken to explore the usefulness of sodium y-hydroxy-
butyrate in the treatment of insomnia“y-Hydroxybutyrate (GHB)is a naturally
accurring soporific; it is a normal constituent of the mammalian nervous system
where it is concentrated in the midbrain and hippocampal aras (Roth, 1970).
Its metabolic origin is uncertain, but it may be derived from y-aminobutyric acid
(Roth and Giarman, 1969).

This study was assisted under Grant No. 455 of the Ontario Mental Health Foundation.
! Sunnybrook Medical Center, University of Toronto Clinic, Toronto, Ontario.

m

€ 1977 Plenum Publishing Corp., 227 West 17th Street, New York,‘N.Y. 10011. To pro-
mote frear access to published materlal In the splrit of the 1976 Copyright Law, Plenum sells
reprint articles from alt its journals, This avallability underlines the fact that no part of this

publication may be repraduced, stored In a retrieval system, or transmitted, in any 1orm. or
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GHB's attractiveness as a potential clinical hypnotic is based on a number
of factors. First, it is a remarkably safe and nontoxic substance (Vickers, 1969).
Its LDsg is 5 to 15 times the coma-inducing dose, and death, when it occurs is
thought due to sodium intoxication rather than to the active principle, Secon;d,
development of tolerance to its hypnotic effect has not been demonstrated in
long-term animal studies (Vickers, 1969). Finally, in doses of approximately 30
mglk, it induces the natural stages of sleep (Yamada et al, 1976). When given
to healthy human subjects at bedtime, the normal sequence of NREM and REM
sleep occurs; delta sleep tends to be prolonged, and REM sleep appears after a
normal latency.

In contrast, the usefulness of most synthetic hypnotics is limited by the
development of tolerance and by their high potential for abuse and self-poison-
ing. REM and delta sleep are usually suppressed, and the rebound of REM sleep
upon drug withdrawal s associated with disturbed, nightmarish sleep ~ a factor
which likely discourages attempts to discontinue the use of thes drugs (Qswald
and Priest, 1965),

These potentil clinical advantages led us to study the effects of GHB in
2 heterogenous group of eight patients with longstanding histories of impaired
sleep. Each patient was studied by means of subjective sleep reports and con-
secutive all night EEGleep recordings, Our study was designed asa prelimirary

Ito ffl.nore detailed evaluation of the effectiveness of GHB in the treatment of the
individual forms of ingomnis,

METHODS

Five men and 3 women, ranging in age from 34 1o 60 years (mean age =
51 years), were studied. A resume of each subject's clinical history is given in the
sectlpn on results. All had previously been treated for insomnia, but with the ex-
ceptlon of one nercoleptic subject who continued on 10 mg t.id. of d-amphete-
mine, all were drugfree for at least 3 weeks before they were studied. Informed

Consent Wes obtained from each subject after the nature of the procedure had
been fully explained.,

Each patient was studied for ¢ight or nine consecutive nights in the sleep
lgboratory with all-night recordings of the EEG, EOG, EMG, and EKG. The ps-
tiens were asked not to sleep during the day and to refrain from all alcoholic
bevgrages during the study. The first 3 nights were placebo nights. On the fol-
lowing 3 or 4 nights, each patient was given 1.0 to 4.5 g of yhydroxybutyrate
orally (15.0-55.0 mg/kg). The last 2 nights were again placebo nights. Most often,
on the first drug night, a 3¢ dose was given, and depending on the electro-
encephalographic response, the doge of the drug was varied on the following

gghts‘ Our objective was to induce Sleep as defined by the appearance of normal
Gedeep patterns and to minimize the duration of the moderate to high

Filed 05/04/23 Page 155 of 776 PagelD #: 9450
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voltage theta and delta rhythms induced by high doses of GHB (see Fig. 1).
These slow-wave patterns have been previously described (Schneider et ., 1963;
Metcalf ef al., 1966; Ohye et al, 1966). We arbitrarily scored these EEG patterns
as stages X, Y, or Z depending upon the abundance of theta or delta frequency
activity exceeding 75 v (Cy-¢ar). In stage X, 50% or more of each epoch was
oceupied by moderate to high-voltage theta thythms, This merged with stage Y
in which the theta waves were progressively replaced by moderate to high-voltage
delta waves. When more than 20% of each epoch, but less than 50% was occu-
pied by such moderate to high-voltage delta waves, the epoch was scored as
stage Y. When more than 50% of each epoch was ccupied by moderate to high
voltage delta waves, the epoch was scored as stage Z. Stage Z was scored only
when it occurred in the sequence X, Y, and Z. Otherwise it was often difficult to
distinguish it from stage 4. Scoring according to international criteria (Recht-
schaffen and Kales, 1968) commenced when well-formed sleep spindles or REM
sleep appeared.

The drug or placebo was given at lights out, usully about 11,00 PM, and
sleep was recorded continuously until 7.00 AM. The patients were not told on
which nights they were given the drug, -Hydroxybutyrate was obtained from
Laboratoire Egic of Paris, France, who market this drug as 2 banana flavored
syrup, Gamma-OH, for oral use. The placebo consisted of 5 cc of banana flavor-
ing in water,

About % hr after awakening, each patient was asked to assess the quality
of his previous night's sleep. The sleep self-rating scale of Platman and Fieve
(1970) was used. The quality of sleep was rated on a scale of zero to six: zer0
indicated 2 very poor night of sleep and six a very good night. Each patient was
also asked to guess if his sleep had been drug induced.

Recordings wete done with a Grass Model 6 electroencephalograph. Paper
speed was 15 mm/sec and scoring was done on each 20-s¢e epoch. The totl
recording time was measured from the time the drug or placebo was given, i.e.,
Tights out, until 7.00 AM. The total sleep time was calculated by subtracting the
period of wakefulness from the total recording time. Sleep latency was calculated
as the time from lights out until initial stage 2 of 1 min or more in duration,
REM Tatency was from initiel stage 2 until the first REM slesp period of I min
or more in duration. On some drug nights REM sleep occurred before stage 2.
On these nights, sleep latency was measured from lights out until the beginning
of the first REM sleep period of 1 min or more in duration, The sleep latency
was not measured in the narcoleptic patient who often foll asleep as the elec-
trodes were being applied. The sleep latency could also not be measured accu-
rately on one night in another subject after a 3-g dose of GHB obscured the nor
mal BEG-sleep patterns (Fig. 1, night 4), REM density was measured as the per-
centage of 20-sec REM sleep epochs containing one or more rapid eye move-
ments. Delta sleep was calculated by summing stege 3 and 4 sleep. The time
spent in each sleep stage in each third of the night was measured after first
dividing the total recording time into three equal periods.



Case 1:21-cv-00691-GBW Document 315-1
276 Mamelak, Esctiu, and Stokan

1 EE T NGHS
| § ! l

1 1. A 1 1 | ] [ 1 | I B ! 1 i 1 i 1 3 3 i

S .
Y1 I GAMMA-OH |
X7 2gm ]
47 | a . 5
3_
2_
]- i)
W.4
Loamaon |f | a
kE ,

lgm
"JGAMMA-OH

7 15gm

0 minutes 60 120 1 W w W a8
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night’s.sleep pattern indicate movement arousals, Consecutive nights of sleep are shown in
decending order,
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RESULTS
A, Clinical Data

Case ]

A 3dyearold woman with an 8-year history of recurrent depressions. For
these she had received ECT, tricyclic antidepressants, neuroleptics, and numer-
ous hypnotics. She was withdrawn from daily doses of chlorprothixene (200 mg),
methyprylon (300 mg), and furazepam (30 mg) 25 days before the sleep study.
Her mood at the time of the study was normal. Her sleep patterns during the
study are shown in Fig. 1. In the data given below, P indicates placebo.

b 78 9
1569 u54 P P

Night 12 3 ¢ 5
Dose(mgfkg) P P P 4709 3139
Was sleep

drug induced? yes yes yes yes yes  mo yes 10 1O

SleepQualy 3 4 3 4 4 17 4 1 3

Case Il

A 60-year-old woman witha 16-year history of manic-depressive psychosis.
At the time of the study she had been off all drugs for more than 3 IlTlOIl'thS and
her mood was normal. Her sleep patterns during the study are shown in Fig, 2.

Night 12 3 4 5 6 7 8
Dose(mgkg) P P P 4545 434 4545 P P
Was sleep

druginduced? no no o no  yes  yes MO no
Sleepqualiy 3 3 3 4 5 5 3 5

Case Il

A 60-year-old man with a longstanding history of chronic apxiety fmd
alcoholism. He hed been treated with a wide variely of anxjolytics, antide-
pressants, and hypnotics with only moderate success. At the time of the study
he had been off all drugs, including ethancl, for more than 1 month and was

mildly anxious.
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Night 1 23 4 5 6 1 8

Dose (mgky P PP 5000 5000 000 P P

Was sleep
drig induced? no no yes yes yes o ye§ oy
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Case IV

A 50:year-old woman with a 12-year history of recurrent depressions for
which she had been treated with ECT and tricyclic antidepressants. At the time
of the study she had been off all drugs for 3 weeks and was complaining of de-
pression and fatigue.

Night ]2 3 4 5 6 7 8
Dose(mgkg) P P P 5208 2604 1736 PP

Was deep
druginduced? o 1o mo yes o yes  yes yes  YES

Sleepquality 5 4 5 3 3 4 4 4

Case V

A §7-year-old man with a 6-year history of mild bipolar mood swings now
effectively controlled by fithium. At the time of the study he had been off all
drugs for more than 1 month and his mood was normal.

Night 12 3 4 5 6 1 § 9
Dose(mgkg P P P 3623 5434 3623 %23 P P

Was sleep
druginduced? no yes yes no  yes  no 00

Sleepqueiy 2 4 5 4 3 5 3 4 4

no yes

Case VI

A 53-year-old man with a longstanding history of manic and depressive
mood swings, These are well controlled by lithium, At the time of the study he
had been off all drugs for more than 2 months and his mood was nomal.

Night 12 3 4 s 6 1 8
Dog(mgky) P P P 3296 3296 3% P P

Was sleep
driginduced? no yes no Yes  yes  no no e

Seepquay 3 5 4 4 5 4 4 6
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Case VI

A 59-yearold man with a long-standing history of chronic anxiety and
depression. He has been treated with a wide variety of anxiolytics, antidepres-
sants, and hypnotics without success. At the time of the study he had been off
all drugs for more than 3 months and was complaining of anxiety and mild
depression.

Night P2 3 4 5 6 7 8
Dose(mgkg) P PP 2960 1973 3941 P P
Was sleep

druginduced mo yes yes yes no oy o no

Sleepquality 3 2 4 4 4 4 3 4
Case VIl

A 37-year-old man with a 24-year history of narcolepsy. He suffers from
attacks of narcolepsy and cataplexy, from sleep paralysis, hypnogogic and
hypnopompic hallucinations, and noctumal dysomnia. At the time of the study
he was under adequate control on d-amphetamine 10 mg t.i.d.

Night 12 3 4 5 6 7 8
Dose(mgfkg) P P P 4477 2238 1492 P P
Was sleep

druginduced no no no N0 Yes  no  yes  yes

Seepqualiy 2 5 3 4 4 4 4 4

Sleepinduction with GHB was indistinguishable on the whole from the
normal process of falling asleep. The patients were unable to guess any better
thn chance whether or not they had received the drug (p> 0.05, ns). With
higher doses, patients reported feeling dizzy, light-headed, and somewhat in-
ebriated before falling asleep, Other patients reported feeling very weak before
losing consciousness. One patient (Case If) a 60-year-old manic-depressive wom-
an, actually reported being unable to move one night while still awake. Her sleep
tracing revealed a progression from wakefulness through stage X to REM sleep
(Fig. 2, night 6). Since patients may be conscious during stage X (Yamadaet al,
1967), the reported paralysis coupled with the sleep onset REM period suggests
a GHB-induced attack similar to hypnagogic sleep paralysis seen with dissociative

sleep onset REM periods in cases of compound narcolepsy (Rechtschaffen and
Dement, 1967),
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The quality of sleep was no different with GHB than it was on the pre-
drug night or combined placebo nights (» > 0.03, ns). There were no hangovers
on awakening.

B. Sleep-EEG Data

Each patient responded to GHB in a somewhat different manner. Never-
theless, an overall response pattern emerged. The earliest electroencephalogrephic
effects were seen about 15 min after the oral administration of GHB. At this
time, bursts of high-voltage theta waves appeared. The patients were still con-
scious, though often drowsy, during this period. The theta bursts frequently
became contimuous and then merged with NREM sleep. The fizst REM sleep
period usually appeared after a short latency and was often prolonged in dura-
tion. REM periods lasting 45 min or longer were not uncommon. REM sleep
was shifted to the first third of the night, but the total duration of REM sleep
per night was not changed. GHB increased the duration of delta sleep, and
typically a period of delta sleep followed a prolonged initial REM period (Figs.
1and?2).

With higher doses, EEG patters emerged which were different from
those of normal sleep. These were scored as stages X, Y, and 7 as described
earlier. These stages were devoid of well-formed sleep spindles. It was usually
possible to minimize the appearance of these EEG pattems by giving less drug.
However, transitional patterns, especially between stages X, 1, 2, and REM
did occur. At times, even lengthy periods of normal EEG sleep on drug nights
would be interrupted by short intervals or bursts of moderate- 1o high-voltage
theta or delta thythms, This was most Likely to occur at moments of arousal
or preceding the shift to a lighter stage of sleep. For example, in a shift from
stage 2 1o stage 1 or wakefulness, a burst or an epoch or two of moderate to
high-voltage theta and delta thythms might intervene. At these times, the record
was scored according to the EEG pattem which dominated S0% or more of the
epoch.

The Mann-Whitney U-test was used to evaluate the data. For each sleep
parameter, two different comparisons were made. First, night 3, the Jast pre-
drug night, was ranked against the drug nights. Second, night 3 and the last
two nights of each study, L.¢., the combined placebo nights, were ranked against
the drug nights. The first two nights of each study were considered adaptation
nights. Since the eight patients represent a clinically heterogenous group, each
sleep parameter was ranked separately for each patient. For the sake of com-
parison with other data in the sleep literature, the mean value and standard
deviation of each sleep parameter averaged for all patients s also given (Table 1),

1, Total sleep time

p>0.05,n8
p> 005,18

(2) drug nights vs. pre-drug night:
(b) drug nights vs. combined placebo nights:
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Table]. Mean Value and Standard Deviation of Each Sleep Parameter
Combined placebo
Pre-drug night Drug nights nights
1. Total sleep time 39608 21.39 min 39855 34,04 min 384.12 ¢ §7.4 min
(N=8) (N =26) (N=24)

2. Sleep latency 142559 mn 2807+ 15.69min  35.39 ¢ 1928 min
(basedon 7 (N=7) N=122) (N=21)
patients excluding
the narcaleptic)

3. Delta sleep Wal: 1745 min M14+2428min 1646180 min

(N=§) (N=20) N=24)

4, Delta sieep in 566+ 9.75 min 19.08£17.69min  5.94 £7.85 min
first third of (N=8) (N =126) (N=24)
night

5. REM sleep 8032+ dmin 755822388 min  79.10 £ 2469 min

(N=8) (N=26) (N=24)

6. REM percentin 2311« 1247% 3740+ 18.51% 26.54 + 15.82%
first third of (N=§) (N=26) (N=24)
night

7, REM lateney 6581+ 4066 mn  328£3436min  66.79% 36.38 min
(baged on 7 N=7) (N=123) N=20)
patients excluding
the narcoleptic)

8. REM density 63.17 £ 8.77% 59,331 12.7% 66.15 + 7.40 min

(N=8) (N=26) (N=24)

9, REM densityin 66,27 12.11% 50.42 £ 20.09% 66.13 £ 12.51%
first third of (N=T) (N=13) (N=122)
night

10, Movement time 2,71 £ 2.19 min 1.87 + 132 min 287+ 210 min
in first third of (N=8) (N=26) N=24)
night

2 Sleep Latency (ased on 7 patients, excluding the narcoleptic)

(1) drug nights <pre-drug night:

(b} drug nights < combined placebo nights:
3. Delta Sleep

() drug nights > pre-drug night:

(b) drug nights > combined placebo nights:
4, Delta Sleep in first third of night

() drug nights > pre-drug night:

(b) drug nights > combined placebo nights:

p<0.03
p<0.03

p<00!
p<0.01

p<00l
p <001
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3 REM Sleep
(1) drug nightsvs, pre-Crug night: p>005,ns
(b) drug nights vs. combined placebo nights: p>0.03,ns
(c) pre-drug night vs, first post-drug night: p> (.05, ns
(¢) pre-drug night vs. post-drug nights: p>0.05, 03

6, REM Percent in first third of night
(2) drugnights> pre-drug night. p <001
(b) drug nights > combined placebo nights: p<0.02

7. REM Sleep latency (based on 7 patients, excluding the narcoleptic)

(a) drug nights < pre-drug night: <001
(b) drug nights < combined placebo nights: p <001
8. REM Density
(a) drugnightsvs. pre-drug night: p > 005,18
(b} drug nights vs. combined placebo nights: p > 0.05,ns
g REM Density in first third of night
(a) drug nights < pre-drug night: p<005
(b) drug nights < combined placebo nights: p <003
10 Movement time in first third of night
(@) drugnightsvs, pre-drug night: p>0.03, s
(b) drug nightsvs. combined placebo nights: p>0.05,ns

DISCUSSION

The pharmacological properties of GHB, including its hypnotic and anes-
thetic actions, were firststudied by Laborit and his collaborators (Laborit, 1964).
Earlier, Sampson, Dahl, and White had demonstrated the soporific action of
other short chain fatty acids (Sampson and Dahl, 1955; White and Sampson,
1956), With the advent of EEG sleep studies, Jouvet ef al. (1961) and later Mat-
suzaki ef al (1964) found that short chain fatty acids such as butyrate, iso
valerate, caproate, and GHB and its lactons induced both NREM and REM slecp
in the cat and that prolonged periods of REM sleep often appeated after 2
short latency. Interest in GHB heightened when it was isolated from the man-
malian nervous system and its derivation from y-aminobutyric acid (GABA) was
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experimentally demonstrated (Roth and Garman, 1969). However, the nomal
rate of formation of GHB in the nervous system is not known, The liver, which
can also synthesize GHB, has been considered as an alternate source (Roth, 1970),

The behavioral and electroencephalographic effects in GHB in humans
have been described by a number of workers (Schneider ef af,, 1963; Metealf
et al,, 1966; Ohye ef al, 1966; Yamada ef af,, 1967). The paradoxical presence
of theta and delta thythms in waking subjects has been a consistent finding In
doses of 60-70 mglke, GHB produces coma lasting 1 to 2:hr (Vickers, 1969),
No specific electroencephalographic changes mark the transition from wakeful
ness 10 coma and the EEG shows continuous irregular medium and high-voltage
theta and delta thythms at this time (Metcalf et al, 1966). Lower doses produce
a reversible somnolent state (Vickers, 1969).

In our hands, this somnalent state was readily reversed by such external
stimuli as the call to wake up and such intenal stimuli a5 a full bladder, The
EEG showed the typical electrical patterns of NREM and REM sleep, and in
distinction to the EEG pattems observed with other hypnotics (Kales ef al.,
1970), delta sleep was prolonged and REM sleep was not suppressed. In fact, on
many nights, GHB specifically activated the process of REM sleep. The state
induced by GHB, then, closely resembles true sleep as defined by behavioral
and electroencephalographic criteria (Dement, 1967).

GHB and REM Sleep

‘REM sleep rarcly appears when GHB is given during the day and even
when the drug is given at bedtime to healthy young adults, REM sleep appears
only after a normal latency (Yamada et al, 1967). This is in contrast to its ef
fect in our patients in whom REM sleep was usually induced after an abnormally
short latency (Figs, 1 and 2). Many of our patients, however, had nights with
short REM sleep latencies even in the absence of the drug. An early REM sleep
period, however, was a more consistent finding following GHB, and the average
REM sleep latency fell from 65,81 min on placebo nights to 32.28 min with
GHB.

Our patients all had histories of mental depression, recent drug withdrawal,
or narcolepsy, conditions in which abnormally short REM latencies have pre-
yviously been described (Kupfer and Foster, 1972; Oswald, 1968, 1971; Recht-
schaffen and Dement, 1967). Since the first REM sleep period in man does not
usually appear until about 90 min after the onset of sleep, the early REM sleep
periods in these disorders have been attributed to abnormally low REM sleep
thresholds caused by increased REM pressure or to ineffective REM inhibitory
mechanisms,

It i noteworthy that clinical conditions with persistent overt early REM
sleep periods are characterized by emotional lability, vulnerability to stress, and

1
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disturbances in personality functioning, This is so for schizophrenia (Smyder,
1972), depression, narcolepsy, and withdrawal from centrally active drugs, parti
cularly sedative drugs. The personality disturbances in narcolepsy, notably the
high incidence of depression, have been emphasized recently by a number of
workers (Broughton and Ghanem, 1975; Roth and Nevsimalove, 1975). In fact,
Kupfer (1976) has recently proposed that persistent overt early REM periods
are biological markers for primary depressive illness.

We suggest that GHB may be used to probe the REM threshold and that
the early induction of a REM sleep period following the administration of GHB
at bedtime is indicative of an abnozmally low REM sleep threshold. This, in turn,
implies a fault in the neurological mechanism controlling REM sleep. We suggest
that this fault or defect expresses itself in a vulnerability to stress and that it
is one of the abnormalities persisting in depressed patients following clinical re-
covery which predisposes them to a recurrence of their finess (endels and
Chemik, 1975). For example, in the case lfustrated in Fig. 2, GHB was given to
a 60-year-old woman with a Jong-standing history of manic-depressive illness. At
the fime of the study she appeared clinically well and had been off all drugs for
5 months. Her REM sleep latency on placebo nights was within nomnal limits
(average sleep latency: 106 mins). GHB markedly reduced the REM sleep latency
and on one night even induced a sleep onset REM period. We would have pre-
dicted from this that she was not entirely well, and indeed a few months later,
continuing off all medications, she became manic.

Narcolepsy and GHB

The induction with GHB of sleep paralysis in conjuction with & sleep-onset
REM period was of considerable interest. This phenomenon has been uncommon
but we have had a number of reports of sleep paralysis following the administre-
tion of GHB. These episodes are comparable to those occurring naturally in con
pound narcolepsy (Rechtschaffen and Dement, 1967) and encourage speculation
that a disorder of GHB metabolism or of a phammacologically analogous com-
pound exists in narcolepsy.

Touvet (1969) proposed that acetylcholine and a deaminated catabolite of
serotonin trigger the noradrenergic mechanisms of REM sleep. Cholinergic
mechanisms have been implicated specifically in the tonic events of REM sleep,
the activation of the BEG and the decrease in muscle tone (Touvet, 1972). GHB
both increases the concentration of brain acetylcholine (Giarman and Schmidt,
1963) and shares structural features with it (Feldstein et ol 1970). It is con-
ceivable, then, that GHB acts by increasing acetylcholine levels at critial re-
ceptor sites within the nervous system or acts directly on these receptor sites
themselves, GHB also shares structural features with the two serotonin caté
bolites reputed to have soporific properties: S-hydroxytryptophol and -hydroxy
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indoleacetaldehyde (Feldstein ef al,, 1970). The aldehyde, in particular, has been
mooted as the active sleep-inducing metabolite (Feldstein et al, 1970; Sabelli
and Giardina, 1970). However, GHB's structural similarity to these compounds
may be less meaningful since neither actually has been shown to induce REM
sleep and their exact role in sleep physiology remaing undefined (Rechtschaffen
et al,, 1968; Feldstein, 1973; Morgane and Stern, 1973),

THERAPEUTIC APPLICATIONS OF GHB

GHB’s mejor clinical disadvantage is its short duration of action. In cases
of severe insomnia we have had to repeat the drug two or three times during the
night to maintain sleep. Although GHB shortened the sleep latency, the practical
significance of this is not clear since our subjects fell asleep after about 4-hr even
without the drug, GHB, however, did not suppress REM sleep, and there was no
REM sleep rebound after its withdrawal. The absence of a REM rebound on
withdrawal likely makes it a less habituating hypnotic than other drugs (Oswald
and Priest, 1965). We see it as potentially useful for the large number of patients
who have difficulty falling asleep but who once asleep are able to remain so.

GHB may also be useful for certain disorders complicated by specific types
of insomnia. For example, we used GHB to treat the insomnia of a small group
of narcoleptic patients (Broughton and Mamelak 1975). We were interested in
the relationship between their impaired nocturnal sleep (Rechtschaffen ef al,
1963) and their daytime symptomatology. We gave the drug in repeated doses
during the night. GHB increased the total nocturnal sleep time and the total
duration of nocturnal REM sleep. The incidence of daytime attacks of cataplexy
declined and daytime functioning improved. This unique therapeutic effect dis-
tinguishes GHB from the synthetic hypnotics (Daniels, 1934).

ACKNOWLEDGMENTS,

We thank Laboratoire Egic of Paris, France, for their gift of Gamma:OH,

Roger Broughton for his helpful advice, and Leslie Endrenyi for s assistance
with the statistical calculations,

REFERENCES

Broughton, R., and Ghanem, Q. (1975), A study of the impact of compound narcolepsy on
the life of the patient, in Narcolepsy and the Hypersomnias, Guilleminault, C., and Pas-
souant, P. (eds.), Spectrum Publications, New York (in press).

Broughton, R., and Mamelak, M. (1975), yHydroxybutyzate in the treatment of compound
narcolepsy: a preliminary seport, in Narcolepsy and the Hypersomnias, Guilleminault,
C., and Passougnt, P, (eds.), Spectrum Publications, New York (in press).

b

iled 05/04/23 Page 161 of 776 PagelD #:. 9456

The Effects of GHB on Steep 187

Daniels, L. E. (1934), Narcolepsy. Medicine (Baltimore) 13: 1.

Derent, W. C. (1967). Sleep and Dreams, in Comprehensive Textbook of Psychiatry,
Freedman, A. M., and Kaplan, H. 1. (eds.), The William and Wilkins Company, Balti
more, pp. 77-88. .

Feldstein, A. (1973), Ethanol-induced sleep in relation to serotonin turnover and conversion
to 5-hydroxyindole-acetzldehyde, S-hydroxytryptophol and S-hydroxyindole-acetic
acid, Ann. N, Y. Acad. 8ci 215271,

Feldstein, A., Chang, F. H., and Kurcharski, I. M. (1970). Tryptophal, §<hydroxytryptophol
and 5-methoxytryptophol induced sleep in mice. Life Sci. 9: 323.

Giarman, N. 1., and Schmidt, K, T. (1963). Some neurochemical aspects of the depressant
action of y-butyrolactone on the central nervous system, Brit, J. Pharinacol. 20: 563,

Jouvet, M. (1969), Biogenic amines and the states of sleep. Science 163: 32,

Touvet, M. (1972). The role of monoamings and acetylcholine-containing neurons in the re-
gulation of the sleep-waking cycle. Ergeb. Physiol, 64: 166,

Jouvet, M., Cier, A., Mounier, D. and Valaty, J. L. (1961). Effets du 4-butyrolactone et
du 4-hydroxybutyrate de sodium sur 'EEG et lo comportment du chat. C.R. Soc,
Biol, 6: 1313,

Kales, A., Preston, T. A, Tan, T. L., and Allen, C. (1970). Hypnotics and altered sleep-
dream patterns. [, All night EEG studies of glutethimide, methyprylon and pento-
barbital, Arch, Gen, Psychiat, 23: 211. ‘

Kupfer, D. J. (1976). REM Latency: A psychobiologic marker for primary depressive dis-
ease. Biol, Psychiat, 11: 159,

Kupfer, D. I, and Foster, F. G. (1972). Interval between onset of sieep and rapid-cye
movement sleep as an indicator of depression, Lacet 2: 684,

Labarit, H. (1964), Sodium 4-hydroxybutyrate, Intern. J. Newropharmacal, 3: 433,

Matsuzaki, M., Takagl, H., and Tokizane, T. (1964). Paradoxical phase of sleep; its artificial
induction in the cat by sodium butyrate. Science 146: 1328,

Mendels, J., and Chemik, D. 4. (1975). Sleep changes end affective illness, in The Nature
and Treatment of Depression, Flach, F. F., and Draghi, S. C. (eds), John Wiley and
Sons, Inc., pp. 390-393.

Metaalf, D. R., Emde, R, N., and Stripe, J. T, (1966). An EEG-behavioral study of sodium
hydroxybutyrate in humans, Flectroencephalog, Clin, Neurophpsial. 20: 506
Morgane, P. 1., and Stemn, W, C. (1973). Effects of serotonin metabolites on slesp-waking

activity in cats. Brain Res. 50: 205.

Ohye, C., Kuwabara, T., Yamagida, H., and Tachibana, N, (1966). Polygraphic siudy of the
effects of sodium 4-hydroxybutyrate and 4-butyrolactone in humans, Physiol, Be-
havior 1: 233,

Oswald, 1, (1968). Drugs and sleep. Pharmacol, Rev. 20: 273,

Oswald, L. (1971), Pharmacology of sleep, in Basic Sleep Mechanisis, Petre-Quadens, 0., and
Schiag, J. D. (eds.), Academic Press, New York, pp, 297-305.

Qswald, 1., and Priest, R, G, (1965), Five weeks 1o escape the sleeping:pill habit. Brit Med J
2:1093.

Platman, §. R., and Fieve, R, R, (1970), Sleep in depression and mania. 8rit, J Psychiat,
116: 219,

Rechtschaffen, A., and Dement, W. (1967). Studies on the relation of narcolepsy, cataplexy
and sleep with low voltage random EEG activity, in Sleep and Altered States of Con-
sciousness, Kety, S. S., Evarts, E. V., and Williams, H. L. (eds.), Association for Re-
search in Nervous and Mental Disease. The Williams and Wilkins Company, Baltimore,
pp. 488-505,

Rechtschafen, A., and Kales, A, (1968). 4 Mawal of Standardized Terminology, Tech-
nigues and Scoring System for Sleep Stages of Human Subjects, U, S. Department of
Health, Education and Welfare Publication No. 204, U. S. Government Printing OF-
fice, Washington, D.C,

Rechtschalfen, A., Wolpert, E. A., Dement, W, C., Mitchell, S. A,, and Fisher, C. (1963).
Nocturnd steep of natcoleptics. Electroencephalog. Clin, Neurophysiol, 15: 399,

Rechtschaffen, A., Ledecky-Janacek, §., and Lovell, R. (1968), The effects of S-hydroxy-
indoleacetic acid (5-HIAA) on sleep in the cat, Psychophysiology 3: 211,



§
Case 1:21-cv-00691-GBW Document 315-1 §Filed 05/04/23 Page 162 of 776 PagelD #. 9457

288 Mamelak, Escriu, and Stokan

Roth, R. H. (1970). Formation and regional distribution of -hydroxybutyric acid in
mammalian brain, Biochem, Pharmacol, 19: 3013,

Roth, R, H., and Giarman, N. J. (1969). Conversion i1 vivo of y-aminobutysic to y-hydroxy-
butyric acid in the rat, Biochem, Pharmacol, 18: 247,

Roth, B., and Nevsimalova, §. (1975). Depression in narcolepsy and hypersomnia. Schwes,
Arch, Newrol. Neurochir, Psychiat, 116(2): 291,

Sabelli, H. C., and Giardiana, W. J. (1970). CNS effects of the aldehyde products of brain
monoamines. 8ol Psychiat, 2: 119,

Samson, F. E., Jr., and Dahl. N. (1955). Coma induced by the injection of short chaln fatty
acids. Federation Proc, 14: 129,

Schneider, 1., Thomalske, G., Trautmann, P, Smolarz, R., and Sabbagh, R, (1963). Le
comportement EEG de Thomme et de Panimal soumis a l'action progressive du
d-hydroxybutyrate de sodium, Agressologie 4: 55.

Snyder, . (1972). Sleep and clinical pathological states, in The Sleeping Brain, Perspectives
in the Brain Sciences, Vol. 1, Chase, M. H. (ed.), Brain Information Service, Brain Re-
search Institute, UCLA, Los Angeles, pp. 376-393,

Vickess, M, D, (1969). y-Hydroxybutyric acid, Intern, Anesthesiol, Clin, 7: 75.

White, R. P, and Sampson, T, E., Jr. (1956). Effects of fatty acids anjons on the electro-
encephalogram of unanesthetized rabbits. Am, J. Physiol, 186: 271.

Yamada, Y., Yamamoto, 1., Fujiki, A,, Hishikawa, Y., and Kanedo, Z, (1967), Effect of
butyrolactone and y-hydroxybutyrate on the EEG and sleep cycle in man, Electro-
encephalog, Clin, Newrophysiol. 22 558,

Biological Psychiatry, Vol. 12, No. 2, 1 977

Can Callosal Speed of Transmission be Inferred
from Verbal Reaction Times!

Marco Amadeo,’ Richard A, Roemer,’ and Charles Shagass'
Received July 13,1976

Filbey and Gazzaniga (1969) found that verbal redction times were shorter to
right than to left visual field stimuli. They interpreted this reaction finie dif
ference (30 to 40 msec) to reflect callosal transmission fime, ie., the delsy
required for information received in the right hemisphere to be acted upon by
the verbal left hemisphere. We have performed four verbal reaction time ex-
periments with normal subjects, utilizing differing hemifield sthiulus presenta-
tions and task requirements, Stimuli were: small lights (Hght-emitting diodes);
checkerboard pattern briefly flashed; small circles; consonant-vowel-consonant
triads, either meaningful or nonsense. Contrary to Filbey and Gozzaniga’s ob-
servations, we found no difference between verbal reaction times to left and
right half-field presentations, or a significantly shorter reaction fime with left-
field presentations, depending upon experimental conditions. Faster reaction
times with left-field stimuli were found in left-handed as well as right-handed
subjects. Our data indicate that it may be premature to infer callosal speed
of transmission from verbal reaction times to half-field stimuli. The paradoxical
finding of faster verbal reactions to right hemisphere visual inputs does not
appear to be related to handedness, and it occurs with meaningful stimuli; this
Jinding remains unexplained,

INTRODUCTION

Filbey and Gazzaniga (1969) employed a verbal reaction time (VRT)
procedure to obtain an estimate of callosal transmission time. In two simple
RT experiments, they presented, tachistoscopically, flashes which were either
blank or contained a dot to the right o left of central fixation. VRTS to the
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Gamma-Hydroxy-Butyrate in
the Treatment of Narcolepsy:
a Preliminary Report

ROGER BROUGHTON
MORTIMER MAMELAK

Although in recent years narcolepsy has generally been interpreted as a
disturbance of the 24-hour integration of sleep-waking mechanisms, it has also
at times been questioned whether the daytime symptoms might not simply be a
consequence of the marked disturbance of nocturnal sleep in these patients first
described by Rechtschaffen et al. (1963). There is considerable evidence to
support the possible primacy of the nocturnal sleep disturbance as one etiologic
factor in genetically predisposed individuals. Mitchell and Dement (1968) found
that 85% of individuals developing the syndrome of narcolepsy-cataplexy had a
history of previous irregular sleep habits or severe sleep deprivation. Broughton
and Ghanem (Chapter 13) have recently confirmed this association, although
with the somewhat lower incidence of 51.2%. Narcolepsy has also been found
to be more common in vocations such as medicine and nursing, which have
imposed irregular sleep hours. Finally, the sensitivity of narcoleptics to shift-
work (Broughton, 1971) and to sleep deprivation (Berti-Ceroni et al., 1970)
has been recognized and has been further confirmed in the questionnaire study
of Broughton and Ghanem (Chapter 13). Attention to sleep disturbing factors
and to sleep hygiene has also been emphasized in the management of these
patients (Zarcone, 1973).

We have been attempting to normalize sleep with gamma-hydroxy-butyrate
(GHB) in patients who are otherwise untreated and to study the effects of this
procedure upon daytime symptomatology. The pharmacological properties of

659
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GHB at low doses include soporific, and at higher does, anesthetic effects
(Laborit, 1964). In contrast with most synthetic hypnotics, GHB does not
contribute to nocturnal dyssomnia by suppressing REM sleep (Mamelak et al.,
1973). In fact, low doses of GHB induce both REM and NREM sleep (Jouvet,
1967; Matsuzaki et al., 1964). GHB is extremely nontoxic and is completely
metabolized within 3 to 4 hours (Roth and Giarman, 1966). In man, a single
oral does of 1.5 to 3.0 gm induces two to three hours of sleep. Furthermore,
GHB was chosen for trial because it is a normal constituent of the mammalian
nervous system (Roth, 1970) and a precursor of gamma-aminobutyric acid
(GABA) (Roth and Giarman, 1969), a substance which is probably the main
inhibitory transmitter diffusely present in the brain. It was hypothesized that
GHB might facilitate GABA formation and thereby alleviate fragmentation of
sleep.

METHODS

Four patients with long-standing histories of idiopathic narcolepsy with
cataplexy have been studied to date. All were female, their mean age was 38.2
years, and all had been withdrawn from medication a number of weeks before
they were investigated. Two were very severe cases who could not be controlled
by the combination of methylphenidate and various tricyclic antidepressants.
Daytime symptomatology was assessed with the Stanford Sleepiness Scale
(Hoddes et al., 1973), which was completed daily by each patient during the
study period. All-night sleep recordings were performed in the laboratory on
two of the patients, and ambulatory recordings out of the laboratory were made
on the other two with a portable 4-channel Medilog system (Oxford Instruments
Company). Baseline 48-hour sleep recordings in the sleep laboratory were
interrupted only for meals and bathroom visits; the portable recordings- were
continuous. Sleep records were scored according to international criteria
(Rechtschaffen and Kales, 1968), and REM density according to the method
described by Snyder (1968). _

Each recording series consisted of two to three placebo or baseline nights,
followed by a week or more of treatment with GHB, and then two or more
placebo nights. GHB was given orally at bedtime in an initial dose of 2.25 gm
(15 ml) and repeated in doses of 1.5 gm (10 ml) whenever the patient awoke,
if this was two or more hours from the previous dose. Up to three or four doses
of GHB (5.25 to 6.75 gm) were given each night in order to maintain as
continuous a sleep as was possible. Similarly, three or four doses of placebo
were given at intervals of two to three hours on placebo nights. (GHB was
obtained as a banana-flavored syrup, GAMMA-OH?*; the placebo consisted of
banana flavoring in water.

*Courtesy of Laboratoire Egic of Paris.
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Before treatment S5th day of GHB treotment

B REM sleep

B non-REM sleep
O wakefulness

> meal

Figure 1. The 24-hour sleep-wakefulness patterns before and after gamma-hydroxy-butyrate..

RESULTS

The polygraphic recordings confirmed the diagnosis of narcolepsy in each of
the patients. All had numerous sleep-onset REM periods. Clinical changes
became apparent after three or four nights of treatment with GHB. Diurnal
irrestible sleep attacks and cataplexy disappeared, the patients were better able
to cope with daily chores, and their mood improved. Daytime vigilance as
assessed by SSS scores, however, remained impaired, and they continued to
show signs of diurnal sleepiness. In one patient the dosage was reduced after
several days to a single dose of 2.25 gm at bedtime and the therapeutic effect
was sustained for 16 weeks. Nocturnal dyssomnia returned as soon as GHB was
discontinued, and diurnal sleep attacks and cataplexy reappeared within one to
three days. There were no serious clinical side effects from treatment with GHB,
although subjects often felt groggy, as though they had overslept, and they

described ocular discomfort the first few days on the drug.
GHB increased total nocturnal sleep time, decreased nocturnal wakefulness,

and increased delta sleep (Figures 1 and 2, and Table I). GHB also increased the
duration and proportion of nocturnal REM sleep, and decreased REM density.
The average nightly REM density fell from 335.1 * 94.7 in untreated patients
to 195.0 + 78 9 with GHB. Eight normal control subjects in a similar age range
had an average nightly REM density of 126.0 £ 39.9. The comparable levels of




Case 1:21-cv-00691-GBW Document 315-1 Filed 05/04/23 Page 167 of 776 PagelD #: 9462

J;M"% BE] ™ e
Ezﬂﬁ i JJ“_W\[% HWHVH o o

GHB
3 H
2 I
'l ﬁ — | A - S -— i— e Sy sl -
{
GHB
1
W ¥
hours 1 2 3 4 L3 3 7 8

Figure 2. The effect of gamma-hydroxy-butyrate on nocturnal sleep in narcolepsy. The
vertical axis indicates the stages of sleep. The horizontal axis is time in hours. REM sleep is
indicated by the black bars at the level of stage 1. The arrows beneath the horizontal axis
indicate drug administration. The placebo nights are consecutive, as are the nights on GHB.

A hiatus of two nights separates the last placebo night from the first drug night.

REM percent for eye movements in 5 second ‘““mini-epochs’” would be about
35% under baseline conditions and 25% after GHB in patients, in comparison
with 22% in the control group.

DISCUSSION

The improvement in these patients may have been due in part to the increase
in nocturnal sleep alone. Nocturnal sleep was not totally normalized, however,
in that the evening sleep-onset REM periods persisted, REM densities still
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appeared to be above normal, and some of the increased delta activity was
drug-induced, similar to the type described by Metcalf et al. (1966). Another
interpretation is that the regularization of sleep cycles which occurred with
GHB (cf. Figure 2), and particularly its effect during the first few hours of the
night, may have resynchronized a number of circadian and ultradian rhythms
towards more normal phase relationships to each other. It is noteworthy that
maintenance of a reasonable sleep hygiene during the drug trial was important.
in the control of daytime symptoms and that the compound did not cause a
reduction of libido. |

Although the original purpose of the study was to increase CNS GABA levels
during the first hours of sleep and at times of sleep fragmentation, it is quite
possible that other neurochemical mechanisms were also affected. The precise
neurochemical effect of GHB in animals remains unknown. There is, however,
experimental evidence from various species that it alters CNS dopamine (DA)
mechanisms by stimulating dopamine synthesis from tyrosine (Roth and Suhr,
1970) and thus increasing cerebral DA concentration (Gessa et al., 1966; Roth
and Suhr, 1970). GHB also leads to increased ACh concentrations in rat and
mouse cortex and in brain stem colliculi and adjacent reticular areas (Giarman
and Schmidt, 1963). Finally, Spano et al. (1970) have reported increases in
cerebral serotonin levels after GHB administration. In fact, the only major amine
system which apparently does not show changes with GHB is the norepinephrine
one. As dopaminergic, GABA, cholinergic, and serotonergic mechanisms have all
been implicated in various aspects of sleep physiology, the precise means by
which GHB affects sleep is unclear (see also, de 1a Mora and Tapia, 1970). For
this reason, the mechanisms of the apparent therapeutic effect of GHB in human
narcolepsy-cataplexy remain obscure.

We hypothesize that GHB may have had a unique therapeutic effect by
releasing phasic activity. Qur pretreatment data show that narcolepsy may be
characterized by a chronic increased “pressure” for phasic activity. Similar
findings have been independently reported by Meier-Ewert et al. (1975a,
1975b), who, in addition, found highest REM densities in the sleep-onset REM
period. Measured values of REM density were considerably higher in our narco-
leptics than in normal controls. This pressure for phasic REM discharge could, at
least in part, explain a number of features: the sleep-onset REM periods in the
evenings, in the middle of the night, and in sleep attacks; the multiple awaken-
ings in REM sleep observed in our own baseline records and in the data of other
workers (Passouant et al., 1967; Schwartz, 1971); the terrifying dreams often
described in narcoleptics; and, if pressure for phasic motor inhibitory
phenomena is also assumed, perhaps the dissociated attacks themselves. It is
possible that this postulated, long-standing pressure for phasic activity is a conse-
quence of an initial period of sleep deprivation, or irregular sleep habits, or in
symptomatic cases, of a cerebral insult which results in continuous hyperactivity
of the vestibular nuclei that purportedly generate some phasic phenomena of
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REM sleep (Pompeiano and Morrison, 1965). The repeated REM reawakenings
could produce chronic self-deprivation of phasic activity and so perpetuate the
symptoms.

The main effect of GHB was to maintain and prolong REM periods, which
may have permitted some of the postulated phasic REM pressure to dissipate
during nocturnal sleep. The pressure for diurnal REM sleep would thereby have
been reduced. The effects of other drugs may also be related to their interactions
with the REM phasic event system. Synthetic hypnotics, for example, are
ineffective in the treatment of narcolepsy and (Daniels, 1934) tend to increase
daytime drowsiness. These actions may be due to their suppression of nocturnal
REM, which might lead to a subsequent diurnal rebound of REM sleep per se
(Kales et al., 1970), and, in particular, of the phasic REM components. Finally,
antidepressants may alleviate certain narcoleptic symptoms by continuous
suppression of this phasic activity pressure, rather than of the tonic REM sleep
state itself. -

Theoretical issues aside, it is tentatively concluded from these preliminary
observations that GHB favorably modifies the course of compound narcolepsy
and that the daytime symptoms are in large part secondary to the nocturnal
sleep disturbance. '
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Discussion

Dr. Pompeiano: It is known that GABA is a cerebellar neurotransmitter, and it is known
that cerebellar stimulations produce a tremendous suppression of postural activity as well
as monosynaptic inhibition of neurons of the vestibulo-ocular reflex arc. Is it possible to
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speculate that gamma-hydroxy-butyrate may simply interact at the cerebellum level,
inhibiting the vestibulo-spinal and vestibulo-ocular pathway?

Dr. Broughton: This is a very interesting possible mechanism; however, the phasic activity,
at least in the pons, is shown fairly definitively to be cholinergic. Another mechanism of
action could be related to the anticholinergic effect of gamma-hydroxy-butyrate
(gamma-OH). There is also the question whether gamma-OH is a precursor or subsequent
metabolite of GABA (gamma amino-butyric acid), which then returns into the GABA
pathway,

Dr. Guillemingult: I have a problem with the GABA-like action of gamma-OH and its
possible therapeutic action in narcolepsy. We have recently tried a drug, Baclofen or
Lioresal, which is supposedly also a “GABA-like’ medication, We administered it to two
narcoleptic patients. The results were opposite to those reported here. We saw an increase
in daytime sleepiness without any great improvement of disturbed nocturnal sleep. This is
against a direct action through a “GABA system.” The most obvious action of Baclofen was
a decrease of muscle tone during the night.

Dr. Broughton: The problem is very complex, and I am not sure that we have to involve
the GABA system to explain these contradictory results. All these butyrate-related drugs,
although they do not differ very much in their molecular structure, had very different
physiological effects. I would myself much more believe in cholinergic mechanisms reducing
phasic activity to explain the therapeutic effects. I think that the hypersomnolence which is
left is an NREM sleep type—in fact, it is a subwakefulness syndrome, if you prefer.
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The Treatment of Narcolepsy-Cataplexy with Nocturnal

Gamma-Hydroxybutyrate

ROGER BROUGHTON AND MORTIMER MAMELAK

SUMMARY: Sixteen patients with narco-
lepsy and cataplexy were treated with
gamma-hydroxybutyrate (GHB) given at
night and tailored to achieveas continuous
a night’s sleep as possible. The dosage
usually consisted of 1.5-2.25 gm orally at
bedtime and then one or two further 1.0-
1.5 gm doses with awakenings during the
night, and totaled about 50 mg/kg. Apart
from one patient who took only the

bediime dose, the subjective quality of

night sleep improved in all patients and the

RESUME: Seize malades qui présentaient
des épisodes de narcolepsie el de cataplexie
ont été traités la nuit avec hydroxybuty-
rate-gamma. Il était dosé pour donner un
sommeil nocturne le plus continuel pos-
sible. Le dosage normal était de 1.5-2.25
gm. par voie orale avant le coucher suivi
par un ou deux autres dosages de 1.0-1.5
gm. pour les réveils nocturnes. Le dosage
total érair approximativement de 50 mg/
kg. Le sommeil nocturne de tous les
malades s'est amélioré, sauf pour un seul
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number of irresistable daytime atracks of
sleep and caraplexy substantially diminish-
ed. Some residual daytime drowsiness
remained and this usually responded well
to low doses of methylphenidate. Improve-
ment has been maintained for up to 20
months without the development of toler-
ance. Two patients experienced adverse
side effects necessitating withdrawal of
GHB treatment, but no serious toxic
effects have occurred.

qui ne prenait que le dosage avant le
coucher, et le nombre d'épisodes de
sommeil diurne irrésistible et de cataplexie
étaient trés diminués. Une somnolence
résiduelle et diurne persistait, ce qui
habituellement répondait bien au dosage
minime de methulphenidate. L'améliora-
tion clinique a été maintenue jusqu'a 20
mois sans ['apparition de tolérance. Deux
malades ont eu des effets secondaires qui
nécessitatent l'arrét du traitement, mais
aucun effet toxique sérieux n'a eu lieu.

INTRODUCTION

The prevalence of narcolepsy has
been shown in epidemiological studies
to be about 0.1% (Roth, 1962; Dement
et al., 1973). Therefore it is more
frequent than a number of much better
known chronic neurological condi-
tions, such as multiple sclerosis.
Moreover, as it generally begins in
young adulthood and remains for the
patients’ lifetime, and as it has marked
detrimental effects involving employ-
ment, education, recreation, inter-
personal relations, driving, accidents
in general and other parameters of
everyday life (Broughton and
Ghanem, 1976), the condition can be
truly debilitating. The investigation of
narcolepsy by modern polysomno-
graphic techniques has shown that of
the classical so-called ‘tetrad’ of Daly
and Yoss (1960), the auxillary
symptoms (i.e. those other than sleep
attacks) of cataplexy, sleep paralysis,
and vivid hypnogogic hallucinations
are all based upon abnormal rapid-
eye-movement (REM) sleep mechan-
isms, and that the sleep attacks of
patients with narcolepsy-cataplexy
begin in REM sleep in 50-1009; of
attacks (Broughton, 1971; Zarcone,
1973), depending upon the author.
These findings have led to the ad-
dition of drugs which suppress REM
sleep, i.e. tricyclic antidepressants
(imipramine, chlorimipramine, and
desipramine) or less frequently MAO
inhibitors (phenelzine) to traditional
stimulant medication, usually methyl-
phenidate. The antidepressants have
been largely effective in reducing the
auxillary symptoms of cataplexy,
sleep paralysis and hypnogogic
hallucinations, whereas methylpheni-
date has been most useful for the sleep
attacks and for the more or less
continuous daytime drowsiness
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presented by these patients (Zarcone,
1973). Despite these therapeutic
improvements over stimulants alone,
the treatment of narcolepsy still
remains unsatisfactory. In many
patients control of symptoms is far
from complete. Others show undesir-
able side effects discussed later.

This situation led us to use a
somewhat different therapeutic
strategy. Rather than concentrating
upon suppressing the daytime
symptoms, we decided to attempt to
improve their night-time sleep, which
is characterized by early or direct entry
into REM sleep (Rechtschaffen et al.,
1963), much sleep fragmentation with
particular inability to sustain periods
of REM sleep (Montplaisir, 1976), and
by other features, in the hope that
daytime pressure for sleep-related
symptoms would be reduced. There
were at least two reasons for
suggesting that disturbed nocturnal
sleep might be central to the
physiopathogenesis of narcolepsy with
cataplexy. First, prolonged periods of
sleep deprivation or of irregular sleep
precede the onset of major symptoms
of the disease in 50-75% of patients

(Mitchell and Dement, 1968;
Broughton and Ghanem, 1976) with
idiopathic narcolepsy. Secondly,

narcoleptics are known to be very
vulnerable to the effects of shift work,
and therefore to alteration in their
circadian sleep-wakefulness rhythms.
Such disturbances regularly aggravate
their symptoms (Broughton, 1971).
We chose the sodium salt of gamma-
hydroxybutyrate (GHB) (Laborit,
1964; Muzard and Laborit, 1977;
Snead, 1977) in our attempt to
“normalize” the nocturnal sleep
patterns of patients with narcolepsy
and cataplexy. This short chain fatty
acid is a normal constituent of the
human nervous system (Doherty and
Roth, 1976). It possesses definite
hypnotic properties. But in distinction
to the commonly used synthetic
hypnotics, it promotes sleep which
more closely approximates that of
normal sleep than do other hypnotics,
since it does not inhibit either REM or
NREM sleep (Jouvet et al., 1961;
Matsuzaki et al., 1964; Mamelak et al.,
1977; Muzard and Laborit, 1977).
GHB also has an additional possible
advantage over the synthetic hypno-
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tics in that animal studies had failed to

demonstrate the development of
tolerance to its hypnotic effects with
prolonged use (Vickers, 1969). To date
we have treated 16 patients with
nocturnal GHB. Preliminary results in
our first four patients have already
been reported (Broughton and
Mamelak, 1976).

PATIENTS AND METHODS

The sixteen patients, 8 men and 8
women, ranged in age from 21-58
years (Mean = 41.8,s.d. 13.6; Table 1).
All had histories of diurnal drowsi-
ness, irresistible sleep attacks, and
cataplexy. The other main symptoms
of the disease were also present in
individual patients to varying degrees.
In four patients, the symptoms had
been particularly debilitating in spite
of treatment with the usual combina-
tion of methylphenidate and tricyclic
antidepressant drugs. The entire
protocol and the investigative nature
of the study were carefully explained
to each patient and consent forms were
signed. In all patients, a sleep onset
REM period was observed during at
least one daytime polysomnographic
recording. Before starting treatment
with GHB, all previous drug treatment
for narcolepsy was discontinued for at
least 14 days. A history and physical
were performed and the following
laboratory tests completed: hemo-
gram, liver survey, renal survey, chest
x-ray, EEG and ECG. Each patient
was also given a psychological
examination and the Minnesota
Multiphasic Personality Inventory.

Polysomnographic assessment of
sleep-waking patterns was done for at
least 48 continuous hours in the
baseline state and then at regular
intervals while on GHB. In the Ottawa
patients (N =9) recordings were
performed without hospitalization
using a portable 4-channel apparatus
which permitted the monitoring of
patients at their habitual activity levels
in the normal home or work
environment. In the Toronto studies,
patients (N=7) were hospitalized
during the recording periods and the
usual polysomnographic techniques

were employed. None of the patients.

had histories of loud snoring or of the
peculiar gutteral inspiratory snoring
which characterizes sleep apnea.

Moreover, this symptom was formally
excluded by respiratory monitoring
(nasal thermistor and abdominal belt
transducer) in Toronto studies, where
sufficient recording channels made
this possible. The Stanford Sleepiness
Scale (Hoddes et al., 1973), whichis a
self-assessed | to 7 scale of alertness,
was filled in every 30 minutes over at

least 3 consecutive days during
wakefulness in the pre-GHB baseline
period, and during reassessments

while on the drug.

Treatment with GHB was started
once the initial baseline data was
gathered. The treatment schedule was
tailored to achieve as continuous a
night’s sleep as possible. The patient’s

body weight and his polysomno- |
graphic response to GHB were used as |
guides. Since each sleep inducing oral 4

dose of GHB lasts only two or three
hours (Mamelak et al.,
the substance is only detectable in
blood that long (Helrich et al.,
—and because our
maximize the duration of sleep
produced by the drug while minimiz-
ing its anaesthetic effects, multiple
doses were used. The usual initial dose
was 1.5-2.25gm (10-15 ml) hs, followed
by further multiple 1.0-1.5gm doses
during the night with each major
reawakening, if at least 2.5 hours had
passed since the previous dose. Usually
only 2 or 3 doses per night were neces-
sary. Each dose was about 30 mg/kg,
but the total quantity of GHB given
each night ranged from 3.75 to 6.25
gms, corresponding to approximately
50 mg/kg.

After seven to ten nights on GHB,
the 48 hour polysomnographic
recording was repeated with the
patient continuing to use the drug
accordingto the optimal dose schedule
previously established. Major reas-
sessments were again performed after

at least one month, six months and 12

months on GHB. On each of these

occasions, the clinical effects of the
treatment were assessed, the blood and 1

urine studies, chest x-ray and ECG
were repeated, and any adverse
reactions to the drug noted and
investigated.

GHB was obtained from Labora- |
_ toire Egic in France, who market this
drug in syrup form under the trade .
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TABLE 1.

Patients’ Symptoms, Previous Treatment and Response 1o Nociurnal Gamma Hydroxy Butyrate

Usual GHB
Major Duration Previous Dosage
Patient | Age | Sex Symptoms of Ilness Medication gm/night | Response Toxicity Comments
| 21 F |N,SP,HH rare C| 6 years diazepam hs 3.0 +++ none —
2 22 M |N,C,SP,HH 4 years diazepam sed" 3.75 + none —_
3 23 F {N,C,SP,HH 3 years none 3.75 +++ none —
4 25 F |N,C,SP 5 years benzedrine 2.25 0 none Took only hs dose
5 32 F |N,C,SP,HH 14 years dexedrine 5.25 +++ none Sister of pat. 4
6 38 F |[N,C,SP,HH 15 years dexedrine 3.75 +++ none Old gastrectomy
methylphenidate
chlorimipramine
7 40 M [N,C,SP,HH 28 years dexedrine 4.50 +++ none —
methylphenidate
imipramine
chlorimipramine
phenelzine
8 43 F |N,C,SP,HH 13 years | dexedrine 4.50 ++ abdominal pain,| No evidence for
methylphenidate muscle weak- | epilepsy
imipramine ness
chlorimipramine
phenelzine
phenytoin
carbamazepine
9 45 F |N,C,SP 23 years | dexedrine 6.25 + none —
10 45 M {N,C,SP,HH 3 years methylphenidate 4.50 +++ temporary —
muscle weakness
11 52 | M |N,C,SP 14 years | desoxyn 3.75 +++ none Impotence on
previous R
12 55 | M |N,C 30 years methylphenidate 3.75 +++ none —
13 56 | M |N,CSP 31 years methylphenidate 3.75 +++ dysthesiae Post-traumatic
left hand epilepsy
14 57 | M |NC 43 years | ephedrine 4.50 +++ none —
15 57 M | N,C,SP,HH 33 years dexedrine 5.25 +++ none —_—
16 57 F |N,C,SP,HH 37 years dexedrine 3.75 +++ none —
methylphenidate
impramine
chlorimipramine

0 = no effect; +/- = 0-20% improvement; + = 20-40% improvement
= 40-70% improvement; +++ = over 75% reduction of symptoms from baseline
irrisistible sleep attacks; C = cataplexy; SP = sleep paralysis; HH = vivid hypnagogic hallucinations

++
N =

name “GammaQH"”. We found it best
to dilute the syrup in milk or juice, in
order to reduce the gastrointestinal
upset caused in some patients when the
drug was given in undiluted form.
Dilution also retarded GHB's rate of
absorption somewhat, so that sleep
induction was experienced as gradual
and more normal.

RESULTS

We wish to report our clinical
observations here. The polysomno-
grapic and Stanford Sleep Scale data

Broughton and Mamelak

and our psychological findings are still
being analyzed and will be presented in,
a future publication. The patient and
clinical results are summarized in
Table 1.

CLINICAL RESPONSE

The ameliorating effects of GHB on
the major daytime symptoms of
narcolepsy appeared gradually. By
comparison, the subjective quality of
night-time sleep improved very
rapidly. Over the first 2 to 5 nights,
nocturnal sleep became less restless

and nightmares, hallucinations, and
attacks of sleep paralysis vanished.
Some episodes of intense awakenings
at about 2-3 hours after taking the
initial doses were encountered. These
appeared to represent a drug-related

rebound phenomenon. Although
dreaming continued, it lost its
frightening qualities. All patients

found it easier to stay awake during
the day and noted that after a number
of weeks, the irresistible pressure for
diurnal sleep and the attacks of
cataplexy virtually disappeared. When
cataplexy did occur, the attacks were
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usually relatively brief, less intense,
and tended to occur late in the day
when the individual was very tired.
Most patients said that they were
much more refreshed after their night
sleep and were better able to cope
during the daytime. Despite these
beneficial effects on the major
symptoms of the disease and on the
subjective quality of sleep, many
patients continued to feel somewhat
tired and drowsy during the day. We
then added 5 to 10 mg of methylphe-
nidate three times a day to their
treatment regimen. It was taken on an
empty stomach before breakfast and
lunch, and then again in the mid-
afternoon. With this addition, the
daytime drowsiness and fatique
became minimal.

Our patients generally reported that
sleep gradually consolidated into a
seven to eight hour period. One
patient, however, reported that if she
slept through the night and failed to
take her second dose of GHB, the
attacks of narcolepsy and cataplexy
recurred on the following day. The
single patient (No. 4) who failed to
respond at all to GHB treatement,
turned out to be taking only the single
h.s. dose of the drug. Some patients on
their own tried to discontinue GHB
treatment and to rely on methylphe-

nidate alone, but they noticed
recurrence of their symptoms after a
few days.

In patients responding to GHB, the
improvement was maintained through-
out the trial period. The development
of tolerance requiringincreasing doses
for the same clinical effect on night
sleep, sleep attacks or cataplexy has
not been encountered. As with
traditional forms of treatment, it was
found that having patients keep
regular hours of retiring and of
morning awakening was important for
optimal therapeutic effectiveness. At
the time of writing, one patient has
been on GHB nightly for nearly two
years, three others have been on it for
over a year, and the remainder have
been on it for three months to a vear.

SIDE EFFECTS

There have been very few adverse
clinical effects with this treatment and
no abnormal laboratory findings.
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Minor side effects of GHB have been
seen for the first few days in a number
of patients which consisted of a “thick
head”, ocular discomfort, and other
apparent hangover effects, but these
were rare after one week. Impotence or
reduced libido has never been
encountered. We decided to dis-
continue the drug in two patients. One
(patient No. 8) complained of non-
specific abdominal pain while using
GHB plus muscular weakness in the
morning, to the point where she found
it difficult to initiate movement. Both
of these symptoms disappeared when
the drug was stopped. A second
patient (No. 13), a male with a post-
traumatic narcolepsy and cataplexy,
experienced disturbing left arm
dysthesiae. He had previously had
similar symptoms after the initial head
injury. A third patient (No. 10)
complained of muscular weakness in
the morning, also limited to his left
arm. This man had suffered a neck
injury a few weeks before starting
GHB and his left arm was weak
following the event. It had gradually
been recovering, but the weakness
recurred when he started using the
drug. Because his narcolepsy improv-
ed so dramatically on GHB, we
continued to use the drug in spite of
the effect on his arm and the weakness
gradually disappeared over a few
weeks.

Several patients have also mention-
ed that GHB caused urinary urgency.
On one occasion, enuresis occurred in
a patient about an hour after the drug
had been given. On the whole,
however, urgency has not been a
serious problem and our patients
report that they void no more
frequently during the night on GHB
than they did before starting the drug.
Another complaint from a number of
patients was that GHB produced a
dream-like confusional state which
could be unpleasant and frightening.
This happened when the drug was
taken before they were ready for sleep,
or when they fought against its sleep
promoting actions. This phenomenon
is rare if patients cooperate with the
drug’s hypnotic effects and use it at the
minimal dose required for sleep

~induction and maintenance. No other

side-effects were encountered and, in
sum. most patients felt they had fewer
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side-effects and substantially better
relief from symptoms on GHB than oq
any previous medication. ‘

DISCUSSION

The salient finding in this study was
the marked clinical improvement
produced by nocturnal GHB in
patients with narcolepsy-cataplexy.
This action was coupled with a paucity
of adverse clinical or laboratory
findings. When GHB was used at
night, and supplemented with small
doses of methylphenidate during the
day, all the major symptoms of

narcolepsy were markedly reduced. | *

The project has involved detailed |
study of a limited number of patients |
over substantial periods of time. It is
not a double-blind controlled design. ;
But, the therapeutic effects on patients |
previously uncontrolled by the more
traditional drug regimens and the
rapid deterioration in those who
discontinued the use of the drug on |
their own for several nights leave little
doubt about the compound’s effective-
ness.

The use of GHB for the treatment of
this disease has a number of clear
advantages over more conventional
therapies. As mentioned, the latter
usually use substantial doses of
stimulants such as methylphenidate or |
d-amphetamine, alone, or in combina-
tion with tricyclic antidepressants such
as imipramine or chlorimipramine.
The stimulants, however, cause
irritability and anxiety in many
patients and more serious side effects
in others. One of our patients!
previously had had a gastrectomy for |
ulcers attributed to stimulant medica-
tion. The antidepressant drugs, on the
other hand, may cause dry mouth,
sweating, and impotence in males
(Zarcone, 1973; Dement et al., 1976). |
The stimulant-antidepressant combi-

nation does not consolidate sleep, and
in fact may even further disrupt it.
Moreover, tolerance develops in time .
both to the level of stimulants :
generally employed and to antidepres- |
santssothat aftera number of months, !
many patients complain that their 1
symptoms are again every bit as :
troublesome as they were to begin :
with. None of these problems occur i
with GHB. Nocturnal sleep was restful ]
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@ This effect
B weakness experienced by two of our
| patients upon arising in the morning.

4@ higher

and sustained and patients awoke alert

. and well rested. There were few side
.~ effects and, specifically, no impotence
& ,r reduced libido. Tolerance to the

drug’s actions did not develop, nor did
it develop to the relatively small doses
of methylphenidate taken during the
day, when taken in combination with
nocturnal GHB.

Some of the therapeutic and side-
effects of GHB may be related to its

% influence on motor mechanisms. It is

known to inhibit muscle tone (Vickers,
1969) and to block the H-reflex
response (Uspenskii, 1965; Muzard
and Laborit, 1977). In narcoleptics, as
well as in normals, the H-reflex
response can be abolished by GHB

and remains somewhat attenuated for
b some time after the patient awakens

(Mamelak, Sowden and Caruso,

unpublished observations). The latter

.ns and # may be due to residual effects of small

quantities of unmetabolized drug.
may account for the

The sustained hypotonia throughout

| sleep may be asimportant as any effect

on sleep patterns in the subjective
feeling of having had a deep refreshing

| night’s sleep. As far as the urinary

urgency is concerned, this has been
noted by some patients even if they
empty their bladders before bedtime,

L but it has not proved to be a treatment

problem. It is intriguing to speculate,
however, that the combination of
profound sleep and enuresis observed
in childhood might be related to a
brain GHB concentration
present in the early years of life.

GHB’s mechanisms of action in the
treatment of the major symptoms of
narcolepsy remains uncertain. It has
been known for many years that
hypnotic drugs can be helpful for at
least some narcoleptic patients
(Daniels, 1934; Zarcone, 1973).
Recent studies have shown that
narcoleptics do not sleep more in the
‘24-hour period than normal indivi-
duals (Hishikawa et al., 1976). Thus,
consolidating the fragmented sleep of
these patients into a seven or eight
hour period by means of hypnotic
drugs should theorectically decrease
the need for daytime sleep. Perhaps
this is how ordinary hypnotics benefit

Broughton and Mamelak

these patients. But, it must be noted
that some of our narcoleptic patients
slept reasonably soundly at night and
thatin these patients nocturnal sleepin
fact became more fragmented after
starting GHB, because they had to
wake up for the second dose. If they
failed to take it their symptoms
recurred. Furthermore, a preliminary
review of our polysomnographic data
indicates that GHB did not substan-
tially increase the overall duration of
sleep in the eight hour night-time
period. GHB, then, likely has more
specific actions on sleep mechanisms
than simply increasing the duration of
nocturnal sleep or its gross continuity.
As yet, basic neurochemical studies
offer few real insights into the drug’s
mechanism of action, although it has
been shown that GHB may be derived
from GABA (Roth and Giarman,
1969), and may act asa GABA agonist
(Roth et al,, 1977) and that it alters
dopamine (Roth and Subhr, 1970),
serotonin (Spano et al., 1970), and
acetylcholine (de la Mora et al., 1970)
metabolism. The last three, at least,
have been implicated in sleep control
mechanisms (Jasper and Koyama,
1969; Jouvet, 1969; Cordeau, 1970;
Morgane and Stern, 1972).

Whatever its precise mode of action,
this essentially non-toxic constituent
of the normal brain does appear to
have important clinical therapeutic
effects even in otherwise refractory
cases of narcolepsy. Moreover, its
effectiveness, when given in the night-
time period, adds strong support for
the postulated importance of the
quality of night sleep in the genesis of
daytime sleep attacks and cataplexy. It
gives promise that GHB itself or
similar substances (we have also used
gamma-butylactone sucessfully) may
lead to substantial improvement in the
control of this debilitating neurolog-
ical disease. The main disadvantage at
present is its relatively short duration
of action. It is hoped that this might be
extended by use of slow release
capsules or another approach in order
to produce a sustained 7-8 hour
overnight effect.
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Effects of Nocturnal Gamma-Hydroxybutyrate on

Sleep/ Waking Patterns in Narcolepsy-Cataplexy

SUMMARY: Continuous 48-hour poly-

| graphic recordings of sleep/waking pat-

terns were performed on 14 patients with
narcolepsy-cataplexy before and after 7-10
days of treatment of their nocturnal sleep
with gamma-hydroxybutyrate (GBH).
GBH improved the quality of night sleep
by increasing the amount of slow wave
sleep. reducing stage I, increasing sleep

! efficiency (percentage of time in bed spent

asleep). and reducing the number of

8 periods of short sleep under |5 minutes.

Also nighttime REM sleep was reduced in
latency and became less fragmented. The

RESUME: Quarorze malades souffrant de
narcolepsie-cataplexie ont eu des enregis-
trements polvgraphiques continus de leur
éveil-sommeil avant et 7 a 10 jours aprés le
traitement de leur sommeil nocturne avec
Ihydroxybutyrate-gamma. La qualité du
sommeil nocturne a été améliorée. Ceci a
été expérimenté par une augmentation du
sommeil avec des ondes lentes électro-
encéphalographiques (les stades 3 et 4) et
de lefficacité du sommeil (le pourcentage
du temps nocturne alité avec du sommeil),
et par une dimunition du stade | (du
sommeil trés léger ou de la somnolence) et
des périodes trés bréves (moins que 15
minutes) de sommeil. La latence des
périodes avec des mouvements oculaires
rapides (REM) a été diminuée et le
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daytime period contained less slow wave
sleep and REM sleep, and fewer episodes
of prolonged sleep. Patients experienced
reduction or loss of daytime attacks of
irresistible sleep, cataplectic attacks, and
other auxiliary symptoms. Residual day-
time drowsiness subsequently improved on
low doses of methylphenidate. Tolerance
did not develop and there were no serious
toxic side-effects. Four of the patients had
been refractory to previous combinations
of antidepresents and high doses of
stimulants.

sommeil REM est devenu moins frag-
menté. Le sommeil lent et le sommeil REM
étaient moins fréquents pendant le som-
meil diurne et les épisodes de sommeil
moins prolongées. Au niveau clinique, les
malades ont eu une réduction ou une
disparition d'accés diurnes de sommeil,
d'accés cataplectiques et d'autres symp-
tdmes auxiliaires. Une somnolence résidu-
alle et diurne a été améliorée avec aes
dosages mineurs de méthylphenidate. Il n'y
a eu ni apparition de tolérance ni effets
secondaires toxiques sérieux. Quatre des
malades ont été réfractaires aux combina-
tions préalables d'antidéprimants tricyc-
liqgues et de dosages élevés de produits
stimulants.

ROGER BROUGHTON and MORTIMER MAMELAK

INTRODUCTION

The pathogenesis of the excessive
daytime drowsiness and sleep attacks
in narcolepsy, and of the auxiliary
symptoms of cataplexy, hypnagogic
hallucinations, and sleep paralysis
remain poorly understood. The dis--
ease appears to result from increased
pressure for sleep or for sub-compo-
nents of sleep at unexpected times
during the sleep/waking cycle. For
these reasons, central nervous system
stimulants and other types of sleep
suppressing medications have been
used to control its manifestations
(Zarcone, 1973; Dement et al., 1976).
Little is known, however, about how
such increased pressure develops. In
recent years, investigators have paid
increasing attention to the nocturnal
insomnia, which so paradoxicallyis a
common complaint in this illness
(Daniels, 1934; Zarcone, 1973;
Dement et al., 1976). Using modern
polysomnographic techniques, it has
been shown that restless night sleep,
interrupted by movements and periods
of wakefulness, is a typical feature of
narcolepsy-cataplexy (Rechtschaffen
et al., 1962; Broughton and Mamelak,
1976; Montplaisir et al., 1978). As well
as being abnormally fragmented, night
sleep is often reduced in total duration
(Rechtschaffen et al., 1962; Montplaisir
et al.,, 1978, Mamelak, Caruso and
Stewart, in press).

Other observations made in a
variety of settings, have also suggested
an important role for nocturnal
dyssomnia in the development of the
illness. Sleep patterns similar to those
characteristic of such patients have
been produced by altered sleep sche-
dules. For example, attempts have
been made to establish 90 minute
(Carskadon and Dement, 1975;
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Carskadon, 1976) or 3 hour (Weitzman
et al., 1974) “days” in normal subjects.
In the course of these experiments,
which have involved the sustained
fragmentation of sleep, polysomno-
graphic patterns identical to those
found in narcolepsy have rapidly
emerged. Sleep onset REM periods
and other manifestations of disso-
ciated sleep, such as multiple epochs of
so-called “intermediate sleep” (Barros-
Ferreira and Lairy, 1976), appeared
within a few hours, Although the full
clinical syndrome was never elicited, it
is conceivable that this might have
occurred had it been possible to
continue these studies for longer times.
Indeed, the clinical and polysomno-
graphic patterns of narcolepsy can
develop in pathological conditions
such as sleep apnea which are typified
by chronic sleep fragmentation
(Guilleminault et al., 1976). Narco-
lepsy also appears to develop preferen-
tially in other individuals in whom
sleep is chronically disrupted, for
example, in shift workers or in nurses
and doctors who must keep irregular
hours in the course of their duties
(Broughton, 1971). In 50-75% of
idiopathic cases of narcolepsy-cata-
plexy a history of severe sleep depriva-
tion or of irregular sleep habits
preceded the onset of the disease, often
by many years (Mitchell and Dement,
1968; Broughton and Ghanem, 1976).
Moreover, in established narcoleptics
the condition characteristically be-
comes unusually difficult to control
when there is any disruption of the
sleep/waking rhythms by shift work,
jet lag, or poor sleep habits (Broughton,
1971; Zarcone, 1973; Broughton and
Ghanem, 1976).

Although evidence therefore exists
that preceding nocturnal sleep distur-
bance may have an important role in
the genesis of the condition, and
indeed some authors have included
ordinary hypnotics as part of their
treatment (Daniels, 1934; Zarcone,
1973), the major therapeutic approach
has been to suppress the daytime
symptoms — sleep attacks and drows-
iness with stimulants; and cataplexy
(and other REM-based auxiliary
symptoms) with tricyclic or MAO
inhibitory antidepressants.

We decided to attempt to increase
the continuity and duration of noc-
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turnal sleep and to study the effect of
this on the symptoms of the condition.
To achieve this we have used nocturnal
doses of gamma-hydroxybutyrate
(GHB), a central short chain fatty acid”
(Doherty et al., 1976) with hypnotic
properties (Laborit, 1964). We chose
GHB because it had been shown to
promote both REM and slow-wave
sleep (Mamelak et al., 1977) in
contrast to ordinary hypnotics which
often suppress these sleep states (Kales
et al., 1970). GHB also possessed an
additional major advantage over the
usual hypnotics in that animal studies
had failed to demonstrate the develop-
ment of tolerance to the drug's
hypnotic effects with prolonged use
(Vickers, 1969).

To date, we have treated 16

narcoleptic patients with GHB. In a
preliminary communication concern-

”'g 4 55!18!1!8 iBrougmon ana
MamelaE, lg”;; ana In a companion

article detailing the clinical aspects of

the paflenfs mc]uaea n E”C present

‘report (Broughton and Mamelak,
hwe have shown that GHB
markedly improves nocturnal sleep
and that nightmares, hallucinations,
and attacks of sleep paralysis vanish.
During the day, pressure for sleep
becomes less imperative and cataplec-
tic attacks become milder and less
frequent. In many patients virtually all
symptoms of the disease disappear
when small repeated daily doses of
stimulants are used in combination
with GHB at night. No tolerance has
developed so far for this drug regimen,
nor have there been any serious side
effects, and patients generally find this
treatment much more palatable than
the usual combination of stimulants
and tricyclic antidepressant drugs. In
this paper, we focus on the effects of
GHB upon the recorded sleep/waking
patterns of our patients.

PATIENTS AND METHODS

Fourteen of the 16 patients (exclud-
ing nos. 2 and 10, for technical
reasons), whose histories are sum-
marized in the previous report
(Broughton and Mamelak, 1979), have
had complete studies of their 24 hour
sleep/waking patterns. They consisted
of seven males' and seven females
between the ages of 21 and 57 (mean

GHB and Sleep | waking Patierns in Narcolepsy

41.8+ 13.6). All showed one orseveral
sleep onset REM sleep periods during
the recordings. Nine of the fourteen
patients were seriously debilitated by
their illness and four had not benefited
much from the standard treatments
combining stimulants and antidepres-
sant medication. Before starting GHB,
all previous treatment for narcolepsy
was discontinued for at least two
weeks. The pre-trial assessment in-
cluded a history and physical exami-
nation, hematological, renal, and
hepatic studies, a chest x-ray, ECG,
EEG, and MMPI and a brief psycho-
logical assessment, repeated subjective
assessment of sleepiness using the
Stanford Sleepiness Scale (Hoddes et
al., 1973), pupillometry in the Ottawa
studies, and baseline polysomnogra-
phic recordings. Afterthe investigative
and purely voluntary nature of the
study was explained, informed and
signed consent was obtained from each
patient.

The polysomnographic recordings
in the Ottawa patients (N=7) were
made with portable 4 channel Medilog
recorders (Oxford Electrical Instru-
ment Company). This permitted pa-
tient monitoring in their normal
environment and at their usual activity
levels. The derivations used were C,-
A,, C;-A,, a combined horizontal-
vertical oculogram and a submental
EMG. Twenty-four hours of data
could be recorded on one regular C120
cassette. In the Toronto studies, the
patients (N=7) were hospitalized and
the recordings obtained with a Grass
model 78B polygraph. None of the
patients had histories of excessive or
intense snoring suggestive of sleep
apnea, and this symptom was formally
excluded in the Toronto studies in
which a sufficient number of recording
channels made it possible to monitor
nasal and thoracic respiration. Con-
tinuous 48 hour recordings of the
sleep/waking patterns were obtained
in all patients in the pre-GHB baseline
period and then again after 7 to 10
nights on the drug. During the 48
hour Toronto laboratory recordings,
the patients were encouraged to
remain in bed except for meals and
bathroom breaks.

An initial 1.5 gm to 2.25 gm (10-15
ml) dose of GHB was given orally at
bedtime and followed by one or two
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further 1.0 gm to 1.5 gm doses during
the night with any major awakening, if
more than 2.5 hours had passed from
the previous dose. The patients were
required to feel fully alert and clear
headed before taking their next dose.
The duration of GHB’s hypnotic effect
in man is about 2.5 hours (Mamelak et
al., 1977), which corresponds closely
to that of its detectable presence in the
blood (Helrich et al., 1964). In most
patients, two or three doses were given
each night in accord with our objective
of maintaining as continuous a night’s
sleep as possible. GHB was never given
within two hours of the anticipated
time of the morning awakening in
order to avoid hang-over effects. The
total quantity given each night ranged
from 3.75 gm to 6.25 gms, correspond-
ing to an average patient dosage of
about 50 mg/kg.

The polysomnographic data were
analysed according to international
criteria (Rechtschaffen and Kales,
1968) and scored using 40 sec epochs as
wakefulness, stages |, 2, 3, 4and REM
sleep, plus movement time (MT, i.e.,
epochs obscured by movement arti-
facts for over 50% of their duration
with previous and succeeding epochs
containing sleep patterns). The night
and daytime portions of the recordings
were analysed separately. The former
was arbitrarily defined as the time
between the onset of night sleep to the
time of the final awakening for
breakfast. Sleep during the remainder
of the 24 hours was scored as part of
the daytime (Figs. | and 2). The time of
sleep onset was taken as the beginning
of the first continuous 10 min of REM
or of NREM sleep, exclusive of stage
I, which corresponded to the patients’s
subjective appraisal of sleep onset for
the night as scored on the SSS forms.
Since no formal bedtime existed in the
laboratory studies, nor could one be
established in the portable studies, the
latency from bedtime to sleep onset
was not determined. For each record-
ing period, nocturnal and diurnal, we
calculated the total sleep times includ-
ing and excluding stage | (which
corresponds to drowsiness and, most
authors agree, not to actual sleep).
Corresponding nocturnal sleep effi-
ciencies refer to the percentages of that
portion of the recordings occupied by
the relevant sleep patterns. Delta sleep

Broughton & Namelak

latency was defined as the time from
sleep onset to the first continuous 3 or
more min of stage 3 or 4 sleep. REM
sleep latency was defined as the time
from the onset of 3 or more min in
duration of stage 2 to the first
continuous 3 or more min of REM
sleep. If REM sleep occurred before
stage 2, its latency was determined by
measuring the interval between the
beginning of the 3 consecutive min of
REM sleep and the preceding 3
consecutive min of wakefulness. REM
density refers to the percentage of 2 sec
mini-epochs containing one or more
rapid eye movements. The values
obtained for each REM period were
normalized for its duration and an
average value for each of the nocturnal
and diurnal recording periods was
determined.

Two further parameters involving
REM sleep were defined in order to
measure the degree of REM sleep
fragmentation. These were REM sleep
efficiencies with and without stage 2,
i.e. other patterns of definite sleep. For
each REM sleep period, the number of
epochs between the first and the last 40
sec REM sleep epoch of that period
was determined. This was designated
the “total REM sleep period duration”.
Because of fragmentation, it included
epochs of wakefulness, stage 1, MT
and, at times, stage 2. REM sleep
efficiency without stage 2 refers to the
percentage of the REM sleep period
duration consisting of REM sleep
epochs only. REM sleep efficiency
including stage 2 refers to the percen-
tage of the REM sleep period duration
consisting of epochs of REM sleep or
of stage 2 sleep, i.e., of definite sleep.
The two REM sleep efficiency values
were normalized for each REM sleep
period, and an overall average mean
value for each of the nocturnal and
diurnal recording periods was ob-
tained. In this study, a REM sleep
epoch had to be separated from the
closet preceding REM sleep epoch by
at least 15 min to be scored as part of a
separate REM sleep period. The
number of REM sleep periods per
night and their cycle duration, i.e., the
time from the onset of one REM sleep
period to the onset of the next period,
were also calculated.

A measure for determining the
degree” of overall fragmentation of
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night sleep was also developed. We
calculated the number of periods of
sleep, be these NREM, REM, or
combinations of the two, which were
separated from one another by one
min or more of either M T, wakefulness
or stage |. Depending upon their
duration, these nocturnal sleep periods
were put into five categories: 15 min or
less, 16-30 min, 31-45 min, 46-60 min,
and greater than 61 min. In addition,
we measured the frequency of stage
shifts out of stages 2, 3 and 4
collectively (i.e., out of NREM sleep)
and out of REM sleep. The number of
shifts out of the former was expressed
per 100 min of the sum of stages 2, 3
and 4 per night, and out of the latter
per 100 min of REM sleep per night.

During the daytime portions of the
recordings, sleep was analysed for the
duration of stages 1, 2, 3, 4, REM, and
MT; and the total sleep times including
and excluding stage | were calculated
as above. The number of daytime sleep
periods was also determined. A sleep
period was defined as an episode of
recorded sleep containing at least 3
min of stages 2, 3, 4 or REM sleep, and
preceded and followed by at least 15
min of wakefulness or stage |
(drowsiness). These sleep periods were
divided into 3 groups, those of 31-45
min, of 46-60 min and of more than 61
min, corresponding to the longer
measures of consolidated sleep at
night.

In this paper, the 48 hours baseline
polysomnographic data for each pa-
tient is compared to data after 7 to 10
nights on GHB treatment. The data of
each patient for each of the two 24
hour periods before and after GHB
treatment were averaged before com-
parison. The two tailed Student t test
was applied to each variable, unless
otherwise stated.

RESULTS

The data obtained using either the
portable outpatient or the laboratory
inpatient recording techniques were
similar. The major difference was in
the sleep patterns which appeared just
before sleep onset at night. The
inpatient recordings usually showed a
period of more or less sustained
wakfulness until sleep onset, which
was then followed shortly by a REM
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Figure | — A 48-hour continuous baseline recording in a typical (hospitalized) patient. It illustrates the frequent awakenings during
nocturnal sleep, multiple sleep onset REM periods, fragmentation of REM sleep, and other features of sleep in narcolepsy-cataplexy
(note: in Figs. 1 and 2 the vertical axis indicates sleep stages, and the horizontal axis the time in hours. REM sleep is shown as a horizontal
white bar at the level of stage !, and movement by small triangles above the sleep stage line. Time zero hours in both figures was
10:30-11:00 p.m.).
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Figure 2 - A 48-hour recording oftl}e same patient_on days 9 and 10 of nocturnal GHB. Times of administration are noted by arrows below |
the horizontal axis. The figure illustrates the increased continuity of nocturnal REM sleep, the decrease in number of nocturnal }
awakenings, and the reduction of daytime sleep (despite the subjects having remained quietly in the hospital laboratory while on GHB)
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TABLE |

Effects of GHB on Nocturnal Sleep/ Waking Patterns

Baseline GHB Sig.
Total sleep (min), incl. Sl 415.3 + 56.5 4049 £ 77.0 —
Total sleep (min), excl. S| 341.5 £ 629 355.1 £ 80.5 —
Nocturnal wakefulness (min) 65.7 + 38.4 62.4 + 50.3 —
Stage | (min) 73.8 + 32.6 47.8 + 26.6 005
Stage 2 (min) 187.3 £ 59.1 180.3 £ 72.9 —
Stage 3 + 4 (min) 62.8 + 26.8 82.9 + 26.4 005
i 34 Stage REM (min) 91.0 £ 20.7 933+ 345 —
Movement time (min) 193+ 11.2 155+ 6.8 —
Sleep effic. (%), incl. Sl 76.0 + 11.7 85.1x11.4 .005
Sleep effic. (%), excl. Sl 69.0 £ 11.0 75.0 £ 1.6 .01
‘ Delta latency (min) 63.9 + 86.6 48.0 - 414 —
x REM latency (min) 66.7 + 68.4 16.9 + 40.8 .005
E REM density (min) 23.7+ 8.9 16.7 £ 6.1 005
* No. REM periods 42+ 1.2 41+ 1.3 —
REM cycle duration (min) 108.2 + 24.7 116.1 £ 33.7 —
REM sleep effic. (%), incl. S2 82.6+ 8.6 89.0+ 7.7 .005
REM sleep effic. (%), excl. S2 80.1 £ 9.6 84.1 £ 11.0 —
Shifts from NREM/100 min NREM 9.8 £ 4.5 9.1%+34 —
F Shifts from REM/ 100 min REM 234+ 7.5 16.0 + 7.7 .005
48 ¥ Sleep fragmentation
i < 15 min (no.) 18.4 £ 9.6 11,059 025
ing | 16-30 min (no.) 3.4+13.1 2713 —
‘5;2;;;;5 31-45 min (no.) 1.3 £0.9 1.6 £ 1.6 —
horizontal 3 46.60 m.in (no.) .1 £ 1.1 09+08 —
;gures was 3 > 61 min (no.) 1.3+ 1.2 1.2+ 1.2 —
. ] TABLE 2
e ve Effects of GHB on Daytime Sleep Variables
Baseline GHB Sig.
Total sleep (min), incl. SI 203.7 £ 90.6 170.1 £ 100.2 —
Total sleep (min), excl. S1 168.8 £ 86.7 117.7 + 65.7 .025
, Stage 1 (min) 357+ 209 50.2 + 54.4 —
Stage 2 (min) 79.0 % 54.4 69.8 + 47.3 —
Stage 3 + 4 (min) 384 £ 25.1 18.9 % 16.6 .005
Stage REM (min) 49.4 + 32.7 28.1 % 21.3 .01
Movement time (min) 10.1 £7.5 99 116 —
REM density 20.2+ 8.5 19.5%£ 59 —
REM sleep effic. (%), incl. S2 81.0 £ 21.0 80.7 £ 17.0 —
REM sleep effic. (%), excl. S2 80.9 + 18.0 80.4 £ 17.1 —
P R— Total no. “sleep periods” 4125 4.0+ 2.6 —
No. longer “sleep periods™
31-45 min 0.6 £0.5 0.8 0.7 —
et 46.60 min 0.7+ 0.9 0.1%0.3 025
:on GHB). > 61 min 0.3%04 0.0£0.0 .025

Varcolepsy }

Broughton & Namelak

FEBRUARY 1980 - 27




TR R A D,

0069T-

Case 1t 21cv-

Document 315-1 Filed 05/04/23

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

sleep period (Fig. 1). Patients recorded
at home tended to drift from wakeful-
ness in and out of brief 1-3 min periods
of REM sleep or stage | for several
minutes or even dozens of minutes,
before falling into a consolidated sleep
period of at least 10 min; and they
usually then had much longer or even
normal REM sleep latencies. The
REM sleep latencies recorded in the
outpatient studies were thus signifi-
cantly longer than in the inpatient
studies (Chi squared test, p < 0.005).
Other REM sleep measures did not
differ significantly between the two
laboratories.

The nocturnal pre-GHB baseline
recordings (Table 1) showed a number
of features when compared to pub-
lished data (Williams et al., 1974), and
confirmed the findings of others for
this condition (Rechtschaffen et al.,
1962; Barros-Ferreira and Lairy, 1976;
Montplaisir et al., 1978). These
included early or direct sleep onset
REM periods, frequent awakenings
and periods of relatively prolonged
wakefulness, low sleep efficiencies,
and frequent stage shifts. In short,
night sleep was characterized by
marked fragmentation, which was also
reflected in our measures showing
frequent short (i.e., 15 min or less)
periods of sleep and low REM sleep
efficiencies (with and without stage 2).
The daytime sleep measures before
GHB are given in Table 2. Fig. ] shows
a 48-hour pre-GHB recording in a
typical patient.

GHB (Table 1, Fig. 2) significantly
increased the duration of nocturnal
slow wave sleep at the expense of stage
I, increased the sleep efficiency
measures, and decreased the number
of sleep periods less than 15 min in
duration. The total amount of REM
sleep was unchanged, but it became
less fragmented, as indicated by
significantly fewer stage shifts out of
REM sleep and by an increase in the
REM sleep efficiency. GHB signifi-
cantly decreased both the latency to
REM sleep and the density of the rapid
eye movements themselves. The day-
time data (Table 2) indicated that
nocturnal GHB resulted in a signifi-
cant decrease in the duration of both
diurnal slow wave sleep and REM
sleep. Stage | patterns, however,
increased (non-significantly). Because
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of this, although the total sleep time
(including stage 1 patterns of drowsi-
ness) during the day remained un-
changed, actual sleep (excluding stage
1) was decreased and the individual
daytime sleep periods became shorter.
The overall major effect of the drug,
then, was to improve the continuity of
nocturnal sleep and to reduce long
periods of daytime sleep and diurnal
slow wave and REM sleep. Subjective-
ly, the daytime sleep was perceived as
being less imperative.

Finally, although there is evidence
that GHB can produce EEG and
behavioral manifestations similar to
petit mal epilepsy in rats (Godschalk et
al.,, 1977) and in cats (Snead et al.,
1976), no potentially epileptogenic
EEG discharges were present in these
very prolonged recordings or in later
follow-up recordings, and no clinical
seizures have occurred.

DISCUSSION

The clinical and polysomnographic
changes produced by GHB during the
7-10 day period followed a parallel
course. Clinically, as previously re-
ported (Broughton and Mamelak,
1979), there was reduction both in the
duration of daytime sleep and in the
incidence and intensity of cataplectic
attacks; and, corresponding to this, the
daytime portions of polygraphic re-
cordings showed less actual total sleep
time, and less time in slow wave sleep
and in REM sleep. Subjective drowsi-
ness, however, continued to be a
problem. It was reflected in the lack of
any significant change in daytime stage
1 sleep, which in fact was somewhat
increased. (Drowsiness was subse-
quently improved with methyl-pheni-
date.) Night sleep was perceived as
being deeper and less restless. There
was loss of nightmares and hallucina-
tions, although dreaming, in a more
pleasant manner, continued. Corres-
pondingly, the nighttime portion of
the recordings showed that sleep was
consolidated into longer periods, there
were fewer stage shifts and sleep,
particularly REM sleep, was more
integrated and less fragmented. Al-
though sleep onset REM periods still
occurred, and in fact were even more
frequent on GHB, these differed from
their pre-treatment counterparts in

GHB and Sleep/waking Patterns in Narcolepsy
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that they were not frightening, they
never reached hallucinatory intensity,
control over mentation was lost rather
than maintained, and the presence of
concomitant awareness of ones’ sur-
roundings, which can occur in this
condition (Hishikawa, 1976; Vogel,
1976), was no longer present.

Like other investigators such as Bar-
ros-Ferriera and Lairy (1976) and
Montplaisir and colleagues (1978), we
were impressed by the marked dissoci-
ation and fragmentation of nocturnal
(and diurnal) sleep which we found in
our patients’ baseline recordings. In
addition to frequent sleep onset REM
sleep periods, there were numerous
epochs of “intermediate sleep” (i.e.,
simultaneous features of stage 2 and
REM sleep), multiple brief sleep frag-
ments and prolonged periods with
mixed features of sleep and wakeful-
ness. Sleep and its subcomponents ap-
peared to have become dispersed
around the 24 hours and the barriers
between sleep and wakefulness to have

been breached, as exemplified both by |

the chronic daytime drowsiness and
the wakeful awareness during poly-
graphically monitored REM sleep,
especially at sleep onset.

GHB tended to reverse these fea-

tures. It produced increased consolid- :

ation and re-integration of sleep and
increasingly synchronized sleep with
the nocturnal
assured a 2 to 3 hour period of sleep at
about the same time each night. In

each of these periods, REM sleep | =

usually occurred at sleep onset and was

followed by a period of slow wave |
Although the re- | -

sleep (Fig. 2).
normalization of night sleep clearly
was therefore not complete, each
period of drug-induced sleep consisted
of sleep which was more continuous,
having fewer awakenings and fewer
stage shifts. The subjective assessment

of patients on medication was that .

they were truly asleep during each two
to three hour drug-induced sleep
period and did not experience “twi-
light” states of mixed sleep and

wakefulness. Although the total dura-

tion per se of nocturnal sleep was not
increased by GHB, the drug’s noctur-
nal effects did alter the duration and
organization of daytime sleep. There
was significant decrease in the dura-
tion of both REM sleep and slow wave

period. Each dose
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Narcolepsy 3

sleep during the day and the individual
sleep periods became shorter and more
fragmented. This effect might have
been more impressive statistically, had
not half our patients (the Toronto
inpatients) remained in bed during the
day.

While on the drug our patients
reported that, although they were still
drowsy and even slept during the day,
they were now better able to resist
sleep and could stay awake, when this
was necessary. Before starting treat-
ment they averaged about 9 to 10
hours of sleep in a 24 hour period (of
which 6 to 7 hours occurred at night).
These total figures, which were not
changed much by GHB treatment, are
not very different from those recorded
in ad lib sleep of normals, who will also
sleep for about 10 to 12 hoursin a 24
hour period, when freely permitted to
do so (Hishikawa et al., 1976). Yet,
under most circumstances, normals
remain fully awake during the day with
seven to eight hours of sleep at night or
even less (Webb and Cartwright,
1978). What makes this pattern
possible for them but not for narcolep-
tics? We suggest that it is because the
night sleep of normals is more
integrated than is the sleep of
narcoleptics. That is, in normal sleep
the component subsystems run their
course for the most part in seven to
eight consecutive hours usually syn-
chronized with the nocturnal period.
In narcolepticsleep, on the other hand,
the dissociation and temporal disper-
sion of the sleep sub-components
prevents this and leads to daytime
occurrence of sleep or of chronic
drowsiness — a mixture of sleep and
wakefulness. At the same time, the
nighttime sleep - of narcoleptics is
rendered shallow and fragmented and
loses its stable circadian pattern of
deep NREM sleep concentrated in the
first third of the night.

[t is our thesis that the 6 to 7 hours of
sleep facilitated by GHB has greater
circadian stability and is a more fully
Integrated sleep, especially of the
REM sleep state, than is that which
occurs in narcoleptics in the absence of
the drug. As evidence, we can cite the
drug-induced decrease in the number
of nocturnal sleep stage shifts, as well
as the overall improvement in sleep
efficiency at night. Nocturnal GHB

Broughion & Namelak
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appears to “glue” together the com-
ponent subsystems of sleep and to
impede their temporal dispersion
around the 24-hours. As a result,
daytime sleep becomes less consolid-
ated, with stage 1 sleep, i.e., drowsi-
ness, increasing at the expense of slow
wave sleep and REM sleep. This
accounts for the patients’ subjective
impression that they are better able to
resist sleeping during the day on GHB.
When small divided doses (5 to 10 mg
t.i.d.) of methylphenidate were later
added to the drug regimen during the
day, diurnal sleep and drowsiness
virtually disappeared in many patients
(Broughton and Mamelak, 1979). It
can be questioned whether methyl-
phenidate would be necessary at all, if
the duration of action of GHB could
be extended to integrate sleep at night
for a full seven to eight hours.

The decrease in the frequency and
intensity of cataplectic attacks is one of
the earliest and most impressive
clinical benefits of GHB treatment. As
the duration of the direct action of
GHB (Mamelak et al., 1977) and its
detectable presence in the blood
(Helrich et al., 1964) last only some
2.5-3.0 hours, the daytime changes
must be explained mainly or only by
nocturnal effects, when the substance
1s given. Again, it is suggested that this
results from the nocturnal sleep
integrating and synchronizing actions
of the drug. Cataplexy has been
attributed to the dissociated selective
activation of the motor inhibitory
component of REM sleep (Dement et
al., 1976). Our data indicate that
nocturnal GHB significantly decreases
the total amount of REM sleep during
the day: the decline in the number of
diurnal cataplectic attacks may be due
to this. Other studies, moreover, have
shown that daytime administration of
GHB in narcolepsy-cataplexy has the
apparently unique effect of being able
to induce sleep paralysis (Mamelak et
al,, 1977). This suggests that, in
addition to its facilitating or activating
effect on REM sleep per se, the drug
can also selectively activate the motor
inhibitory component of the REM
sleep state in such patients. The
sensitivity of this motor process to
GHB was further demonstrated re-
cently by Mamalek, Sowden and
Caruso (in press) in studies on the

se 1:21-cv-00691- GBW Document 315-1 Filed 05/04/23 Page 187 of 776 PageID #: 9482

effect of this drug on monosynaptic
transmission in the spinal cord, using
the H-reflex technique. Monosynaptic
transmission in known to be suppress-
ed during REM sleep (Hodes and
Dement, 1964; Hishikawa and Kaneko,
1965) as part of the motor inhibitory
process during this sleep state (Pom-
peiano, 1976). But the studies of
Mamelak, Sowden, and Caruso (in
press) show that with GHB monosyn-
aptic transmission is blocked during
both  REM and slow wave states
following drug administration. Since a
refractory period occurs after REM
sleep (Jouvet, 1962; Pompeiano, 1976),
an analogous state may also prevail
after the isolated activation of the
motor inhibitory process. The ameli-
oration of daytime cataplexy may be
related in this way to prolonged noc-
turnal activation by the drug of the
motor inhibitory mechanisms of REM
sleep.

Why do ordinary hypnotic drugs
not benefit narcoleptic patients? [t
should be noted first that at times they
can do so. Many narcoleptic patients
use such drugs at night to improve
their sleep and obtain considerable
relief from their diurnal symptoms
(Daniels, 1934; Zarcone, 1973). Be-
cause of their long duration of action,
however, these drugs may increase
daytime drowsiness (Daniels, 1934);
and, in addition, their consolidating
effects on nighttime sleep tend to wane
as tolerance develops. Moreover,
ordinary hypnotic drugs often sup-
press both REM sleep and slow wave
sleep, and can create increased pres-
sure, at least for REM sleep, later in
the night as the drugs wear off (Kales et
al.,, 1970). GHB has none of these
disadvantages. [t is rapidly metabo-
lized and is cleared from the blood
stream after two to three hours
(Helrich et al., 1964), tolerance fails to
develop to its hypnotic effect (Vickers,
1969), and most important, it does not
appear to suppress either REM sleep
or slow wave sleep or sub-components
of them. In fact, in direct contrast to
the synthetic hypnotics, it generally
increases the duration of slow wave
sleep and facilitates REM sleep
(Mamelak et al., 1977).

It must be emphasized, however,
that the increase in delta activity
produced by GHB may not represent a
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true increase in physiological slow
wave sleep. GHB can paradoxically
induce delta activity with the subject
either awake or asleep (Metcalfe et al.,
1966; Yamada et al., 1967). The overall
increase in delta activity recorded in
our subjects may therefore represent a
drug effect rather than an increase of
physiological slow wave sleep. REM
sleep facilitation is a more certain
property of the drug. Not only were the
psychological attributes of GHB-
induced REM sleep similar to those of
naturally occurring REM sleep, but its
polysomnographic and motor charac-
teristics are similar as well (Mamelak
et al., 1977, Mamelak, Sowden, and
Caruso (in press). For these reasons, it
is intriguing to speculate that GHB
acts mainly or perhaps specifically on
REM sleep to integrate and synchron-
ize it with the nocturnal period and
that, as a result, REM sleep becomes
the focus around which the other
subsystems of sleep articulate and re-
integrate. A corollary of this hypoth-
esis might be that dissociation and
fragmentation of nocturnal REM
sleep are the primary event in the
pathogenesis of narcolepsy-cataplexy.

The results also indicate that narco-
lepsy symptoms based on REM sleep
mechanisms can be treated adequately
either by suppressing REM sleep
around the 24 hours (tricyclics or
MAO inhibitors) or by improving the
continuity of nocturnal REM sleep
(GHB or similar compounds). The lat-
ter approach would appear preferable
in that it is more physiological and
does not have some of the unpleasant
side effects of the former, in particular
that of impotence in males.
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SLI515DR Samples 4000mg
RR04B025 PD0231-26B-50
Apparatus |l 75 RPM
Media: 0-2 Hours, 750 mL of 0.1INHCI, pH 1.1

2-3 Hours, 950 mL of Buffer, pH 6.0
3-6 Hours, 1000 mL of Buffer, pH7.5

pH1.1 pH6.0 pPH75
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Figure 1
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SLI515DR Samples 4000mg
RR04A046 PD0231-31F-50
Apparatus 11 75 RPM
Media: 0-2 Hours, 750 mL of 0.1N HCI, pH 1.1
2-3 Hours, 950 mL of Buffer, pH 6.0
3-6 Hours, 1000 mL of Buffer, pH 7.5
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SLIS15DR Samples 4000mg
RR04B039 PD0231-63L
Apparatus [l 75 RPM
Media: 0-2 Hours, 750 mL of 0.1N HCI, pH 1.1
2-6 Hours, 950 mL of Buffer, pH 6.8
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Figure 4. Dissolution profile of an immediate release core at pH 1.1

SLI515 IR Samples 4000mg
RR04B042 PD0231-44
Apparatus Il 75 RPM
Media: 0.1N Dilute HCI PH 1.1
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Figure 5. Dissolution profile of an Opadry AMB-coated immediate release core at
pH 1.1

SLIS15IR Samples 4000mg
RR04A014 PD0231-27A
Apparatus [l 75 RPM
950 mL of 0.1INHCI, pH 1.1
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Figure 6. Dissolution profile of an EC-coated immediate release core at pH 1.1

SLIS15DR Samples 4000mg
RRO4B005 PD0231-31-38BE
Apparatus 1l 75 RPM
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CONTROLLED RELEASE COMPOSITIONS OF
GAMMA-HYDROXYBUTYRATE

FIELD OF THE INVENTION

[0001] The present invention is directed to pulse-released
formulations of oxybate, or gamma-hydroxybutyric acid,
salts, which reduce the number of dosages typically required
for treatment. For instance, in the treatment of narcolepsy, a
twice-nightly dosage regimen can be reduced to a single
dose with the compositions of the present invention.

BACKGROUND OF THE INVENTION

[0002] Sodium gamma-hydroxybutyrate (GHB or sodium
oxybate) is a naturally occurring metabolite of many mam-
malian tissues (Fishbein etal, J. Biol Chem. 239:357-61
(1964), Mamelak, Neurosci Biobehav Rev. 13(4):187-98
(1989), Nelson etal, J. Neurochem., 37:1345-48 (1981)) and
has broad indications including narcolepsy, cataplexy, sleep
paralysis, alcoholism, chronic schizophrenia, catatonic
schizophrenia, atypical psychoses, chronic brain syndrome,
neurosis, drug addiction and withdrawal, Parkinson’s dis-
ease and other neuropharmacological illnesses, hyperten-
sion, ischemia, circulatory collapse, radiation exposure, can-
cer, myocardial infarction, anesthesia induction, sedation,
growth hormone production, heightened sexual desire,
anorectic effects, euphoria, smooth muscle relaxation,
muscle mass production, and sleep.

[0003] Currently, sodium gamma-hydroxybutyrate is pre-
scribed for patients with narcolepsy (Xyrem®, Orphan
Medical) as a twice-nightly solution. Patients take an initial
dose of sodium gamma-hydroxybutyrate around bedtime
and must wake up four hours later to take a second dose.
Such a dose regimen is rather inconvenient.

[0004] Other dosage forms of sodium gamma-hydroxybu-
tyrate have also been disclosed. For example, U.S. Pat. No.
5,594,030 discloses controlled release pharmaceutical com-
positions of gamma hydroxybutyric acid salts consisting of
a nucleus in the form of granulates or tablets which com-
prises GHB and a cellulosic matrix, wherein the drug
substance is released within 7 to 8 hours.

[0005] Sodium gamma-hydroxybutyrate is highly soluble,
hygroscopic, and strongly alkaline, and the therapeutic dose
is normally very high. For example, a daily dose of' 4.5 to 9
grams of Xyrem® is prescribed to narcolepsy patients.
These characteristics of sodium gamma-hydroxybutyrate
have some significant effects on coated particles or tablets
comprising GHB. The high solubility of sodium gamma-
hydroxybutyrate likely leads to drug migration into the
coating layer during the coating process, and dissolves
rapidly when the coated articles encounter water or bodily
fluids, creating “pores” that allow leakage of the drug from
the coated articles. Further, when sodium gamma-hydroxy-
butyrate penetrates/diffuses into the coating film, it may
interfere with the coating material itself. For example,
penetrated/diffused sodium gamma-hydroxybutyrate may
act as a strong base which reacts with pH sensitive coating
polymers, such as Eudragit 1.30-D55 for instance, weaken-
ing the coating layer and lowering the coating efficiency.

[0006] Further, the absorption of sodium gamma-hydroxy-
butyrate seems to be capacity-limited (Palatini et al, Eur. J
Clin Pharmacol. (1993) 45:353-356), but it has been unclear
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whether the absorption of this drug is region-specific, which
would affect the oral delivery of GHB.

[0007] Therefore, a need exists in the art for a more
convenient dosing regimen, an effective dosage form of
controlled release of gamma-hydroxybutyric acid salts and
an efficient way to deliver gamma-hydroxybutyric acid salts
to an animal in the gastrointestinal tract. The current inven-
tion satisfies these needs.

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide a
convenient and effective dosage form of GHB, whereby the
number of dosages can be reduced.

[0009] Tt is another object of the present invention to
provide compositions of GHB that have a reduced likelihood
of drug migration from the dosage form.

[0010] The present invention takes into account the sur-
prising discovery by the present inventors that the oral
absorption of sodium gamma-hydroxybutyrate is region
specific in animals, and that the absorption is higher in the
upper GI tract than in the lower GI tract.

[0011] The present invention is also directed to methods
and compositions for the targeting of the upper GI tract of
an animal for improved absorption of sodium gamma-
hydroxybutyrate.

[0012] The current invention provides methods and com-
positions for convenient administration of multiple doses of
one or more gamma-hydroxybutyric acid salts to an animal.
It provides a convenient once nightly or once daily dose
regiment for the oral delivery of one or more gamma-
hydroxybutyric acid salts to an animal. With the composi-
tions of the present invention, a patient does not need to
wake up at night to take a second dose then go back to sleep.

[0013] The current invention also provides methods and
compositions for the effective delayed/controlled release of
multiple (i.e., more than one) doses of one or more gamma-
hydroxybutyric acid salts. The current invention provides
methods and compositions to improve the gastro-stability of
delayed/controlled release particulates (e.g. beads, granules,
minitabs or pellets) containing gamma-hydroxybutyric acid
salts.

[0014] The current invention further provides methods
and compositions for the effective delivery of multiple doses
of gamma-hydroxybutyric acid salts to one or more specific
regions in the gastrointestinal tract of an animal. It provides
methods and compositions for the targeting of the upper GI
tract of an animal to improve the effectiveness of the
absorption of gamma-hydroxybutyric acid salts from the
delayed/controlled release particles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1. Dissolution profile of a colon-targeting
delayed release prototype with a neutralizing agent in the
barrier coat.

[0016] FIG. 2. Dissolution profile of a colon-targeting
delayed release prototype without a neutralizing agent in the
barrier coat.

[0017] FIG. 3. Dissolution profile of a duodenum-target-
ing delayed release prototype without a neutralizing agent in
the barrier coat.
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[0018] FIG. 4. Dissolution profile of an immediate release
core of the present invention.

[0019] FIG. 5. Dissolution profile of an Opadry AMB-
coated immediate release core of the present invention.

[0020] FIG. 6. Dissolution profile of an ethylcellulose-
coated immediate release core of the present invention.

[0021] FIG. 7. Dog pharmacokinetic profiles—demon-
strating region of absorption.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] The current invention provides methods and com-
positions for convenient administration of multiple (i.e.
more than one, “pulsed”) doses of one or more gamma-
hydroxybutyric acid salts to an animal.

[0023] Tt also provides methods and compositions for the
effective delayed/controlled release of multiple doses of one
or more gamma-hydroxybutyric acid salts.

[0024] The current invention provides methods and com-
positions to improve the gastro-stability of the delayed/
controlled release particles containing gamma-hydroxybu-
tyric acid salts.

[0025] The current invention further provides methods
and compositions for the effective delivery of multiple doses
of gamma-hydroxybutyric acid salts to one or more specific
regions in the gastrointestinal tract of an animal for effective
absorption.

[0026] Specifically, at the essence of the present invention
is a dosage form comprising one or more pH sensitive
delayed/controlled release particles (e.g. beads, granules,
minitabs or pellets), wherein each of the pH sensitive
delayed/controlled release particles is composed of an
immediate release core comprising one or more gamma-
hydroxybutyric acid salts and one or more pharmaceutically
acceptable excipients, one or more barrier coats surrounding
such core (with or without a neutralizing agent), a pH
sensitive enteric release coat around said barrier coat, and
optionally an overcoat.

[0027] The dosage forms of the current invention com-
prise an immediate release component in the form of a solid,
a semi-solid or a liquid, comprising one or more gamma-
hydroxybutyric acid salts and optionally one or more phar-
maceutically acceptable excipients, wherein the immediate
release component is present together with (or separated
contained from) one or more pH sensitive delayed/con-
trolled release particles.

[0028] The dosage forms thus provide, which adminis-
tered together or sequentially, multiple release pulses of
gamma-hydroxybutyric acid salts targeting multiple regions
in the gastrointestinal tract of an animal for improved
absorption.

[0029] 1In one of the preferred embodiments, the compo-
sition comprises multiple delayed release pellets or beads
(used interchangeably herein) and an immediate release
component. In a most preferred embodiment, the dosage
form comprises a liquid immediate release component, and
two delayed/controlled release pellets/beads.
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[0030] Each of the pH sensitive delayed/controlled release
particles in the current invention is designed to release its
contents at a specific region in the gastrointestinal tract of an
animal. The one or more pH sensitive delayed/controlled
release particles releases the contents at one or more corre-
sponding regions in the gastrointestinal tract of an animal.

[0031] The immediate release component, in the form of
a solid, a semi-solid or a liquid, of the current invention
releases its contents immediately for absorption upon oral
administration. Preferably, due to the high dosage of GHB,
the immediate release component is a liquid.

[0032] Combining the immediate release component and
one or more pH sensitive delayed/controlled release par-
ticles of the current invention can constitute a complete
once-nightly or once-daily dose. The term “combining” as
used herein means supplying and consuming all components
(1) simultaneously in the same presentation or dosage form,
or (2) simultaneously in different presentations or dosage
forms, or (3) sequentially in the same presentation or dosage
forms, or (4) sequentially in different presentations or dos-
age forms.

[0033] For example, an immediate release component in
the form of particles and one or more pH sensitive delayed/
controlled release particles are supplied as pre-mixed doses,
and are consumed simultaneously at the time of dosing. Or,
an immediate release component in the form of particles and
one or more pH sensitive delayed/controlled release par-
ticles are supplied in separated parts, and are consumed
simultaneously at the time of dosing. Alternatively, an
immediate release component in the form of a powder and
one or more pH sensitive delayed/controlled release par-
ticles are supplied in separate parts, and are consumed
simultaneously at the time of dosing. In another embodi-
ment, an immediate release component in the form of a
solution and one or more pH sensitive delayed/controlled
release particles are supplied in separate parts, and are
consumed simultaneously at the time of dosing. Or, an
immediate release component in the form of a solution and
one or more pH sensitive delayed/controlled release par-
ticles are supplied in separated parts, and are consumed
sequentially at the time of dosing. Other permutations would
be apparent in those skilled in the art.

[0034] In one embodiment of the present invention, the
delayed/controlled release component(s) is/are administered
prior to the immediate release component, which can be
administered from several minutes to about a half hour or
more later (for practical reason, likely no more than about an
hour later because the patient will become somewhat sleepy
from the first dose). Thus, in it’s most basic form, the present
invention is directed to the delayed/controlled release com-
ponent(s), which have utility as a separately administrable
dosage form. These components can be supplied as a sepa-
rate entity, and preferable used in conjunction with an
immediate release dosage form as is currently marketed.

[0035] Multiple (i.e. more than one) delayed releases can
be achieved by combining multiple pH sensitive delayed/
controlled release particles targeting certain sites of the GI
tract of an animal. For example, an immediate release
component can be combined with two pH sensitive delayed/
controlled release particles that are released at two different
sites in the GI tract to provide an immediate release and two
other delayed release pulses.
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[0036] An immediate release component can be combined
with one type of pH sensitive delayed/controlled release
particles to provide two pulses of gamma-hydroxybutyric
acid salts, which can conveniently replace the nightly multi-
dose regimen of the existing commercial product. In this
case, a patient does not need to wake up and take a second
dose during the night, as described earlier.

[0037] Preferably, an immediate release component is
combined with one or more pH sensitive delayed/controlled
release particles to provide multiple releases in a period of
time. Preferably, an immediate release component is com-
bined with one or more pH sensitive delayed/controlled
release particles targeted to the upper GI tract of an animal.
The inventors discovered that the absorption of sodium
gamma-hydroxybutyrate in the GI tract of an animal is site
specific, and that the absorption of sodium gamma-hydroxy-
butyrate in the upper GI tract is higher than in the lower GI
tract. The aforementioned combination therefore provides
an initial dose and one or more delayed doses of gamma-
hydroxybutyric acid salts, thereby providing an effective and
convenient dose regimen for treating a patient.

[0038] More preferably, an immediate release component
is combined with a single type of pH sensitive delayed/
controlled release particles targeted to the duodenum or the
jejunum of an animal to provide a two-pulse regiment to
treat a patient.

[0039] The dose ratio of the immediate release component
to one or more pH sensitive delayed/controlled release
particles is dictated by the type of therapy and readily
determined by the clinician, using currently available dos-
ages as a reference. For example, the immediate release dose
can be equivalent of, higher than, or lower than, the one or
more delayed release doses.

[0040] Tt is contemplated that the delayed release dose
amount, which is used to replace the second nightly dose
(currently as a solution) in the current treatment of narco-
lepsy patients, can be the same as the immediate release dose
amount, although the bioavailability is lower further along
the GI tract, or even at a reduced dose amount, since the
patients do not need to wake up and take a separate second
nightly dose then go back to sleep.

[0041] Tt is also contemplated that the immediate release
component can be at a slightly higher than normal dose, and
the delayed release dose can be at a normal dose or at a
reduced dose.

[0042] Tt is also contemplated that an immediate release
component can be combined with one or more pH sensitive
delayed/controlled release particles that are at reduced
doses. For example, an immediate release dose can be
combined with 0.7 equivalent dose of a duodenum-targeting
delayed release component and 0.2 equivalent dose of a
colon-targeting delayed release component to give a broader
time coverage.

[0043] The immediate release component and one or more
pH sensitive delayed/controlled release particles of the cur-
rent invention can be administered to an animal directly, or
mixed/sprinkled with fluids, soft foods (i.e. yogurt, apple-
sauce), or pharmaceutically acceptable carriers. For
example, an immediate release component in the form of a
solution can be mixed with juice and the pH sensitive
delayed/controlled release particles can be combined with
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foods (such as yogurts) for administration. Or, an immediate
release component in the form of particles and the pH
sensitive delayed/controlled release particles can be
sprinkled with drinkable yogurt for dosing.

[0044] The Immediate Release Component

[0045] The dosage forms of the current invention com-
prise an immediate release component in the form of a solid,
a semi-solid or a liquid. It can be a particle, a bead, a pellet,
a granulate, a powder, a tablet, a minitablet, a capsule, a
caplet, a lozenge, a hard shell or soft shell capsule, a sachet,
a cachet, a solid dispersion, a solid solution, a suspension, an
emulsion, a lotion, a solution, a liquid drop, an elixir, a
syrup, a tincture, a liquid spray, an aerosol, a gel, an
ointment, a cream, or the like.

[0046] The immediate release component can be present
together with one or more of the pH sensitive delayed/
controlled release particles described herein, or separated
from the pH sensitive delayed/controlled release particles.

[0047] Forexample, the immediate release component can
be in the form of particles that are pre-mixed with the pH
sensitive delayed/controlled release particles. Or the two
components can be provided as separate parts, possibly in a
kit, wherein both components can be consumed together, or
separately in a sequential manner.

[0048] In another example, the immediate release compo-
nent can be in the form of a powder that is pre-mixed with
the pH sensitive delayed/controlled release particles prior to
ingestion. In this embodiment, the immediate release com-
ponent is a powder comprising up to 100% of one or more
gamma-hydroxybutyric acid salts and optionally one or
more pharmaceutically acceptable excipients. Such a pow-
der can be taken as is, or preferably is stirred into a drink or
food along with the delayed/controlled release beads/pellets/
minitabs.

[0049] In another preferred embodiment, the immediate
release component is an aqueous solution (like the current
Xyrem® product) of one or more gamma-hydroxybutyric
acid salts stabilized with antioxidants, stabilizers, preserva-
tives and neutralizing agents.

[0050] In yet another example, which is preferred because
of the very high dosage needed for this drug, the immediate
release component can be in the form of a solution that is
provided separately from the pH sensitive delayed/con-
trolled release particles, possibly in a kit form. The imme-
diate release component is an aqueous solution (like the
current Xyrem®) product) of one or more gamma-hydroxy-
butyric acid salts stabilized with antioxidants, stabilizers,
preservatives and neutralizing agents. Preferably, the
delayed release particles are mixed with the liquid and then
ingested.

[0051] The immediate release component of the current
invention comprises one or more gamma-hydroxybutyric
acid salts and optionally one or more pharmaceutically
acceptable excipients, wherein the gamma-hydroxybutyric
acid salts are selected from gamma-hydroxybutyric acid
sodium salt, gamma-hydroxybutyric acid potassium salt,
gamma-hydroxybutyric acid tetraammonium salt, or any
other pharmaceutically acceptable salt forms of gamma-
hydroxybutyric acid.
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[0052] The immediate release component comprises from
about 20% to about 100% by weight of one or more
gamma-hydroxybutyric acid salts and optionally one or
more pharmaceutically acceptable excipients.

[0053] The pharmaceutically acceptable excipients in the
immediate release component are those known in the art as
suitable for use in solid, semi-solid or liquid dosage forms,
including but not limited to, binders, lubricants, anti-adher-
ents, glidants, granulating aids, fillers, disintegrants, anti-
oxidants, stabilizers, preservatives, neutralizing agents,
buffering agents, tonicifiers, moisture absorbents, colorants,
flavorants, sweeteners, sugars, and taste-masking agents,
suspending agents, thickening agents, gelling agents, sol-
vents, solubilizers, surfactants, absorption enhancers, emul-
sifying agents, and combinations thereof.

[0054] The total amount of these pharmaceutically accept-
able excipients in the immediate release component is from
about 0% to about 80% by weight.

[0055] Examples of these pharmaceutically acceptable
excipients in the immediate release component of the current
invention include, but are not limited to, binders/fillers:
microcrystalline cellulose, silicified microcrystalline cellu-
lose, polyvinylpyrrolidone, hydroxypropyl cellulose, starch,
pregelatinized starch, starch paste, lactose, mannitol, sorbi-
tol, xylitol, sucrose, calcium phosphate, calcium carbonate,
ethylcellulose, methylcellulose, and Acacia; lubricants/anti-
adherents/glidants/granulating aids: talc, sodium lauryl
fumarate, fumed silicon dioxide, colloidal silica, titanium
dioxide, kaolin, magnesium stearate, calcium stearate,
stearic acid, hydrogenated vegetable oils, and sodium lauryl
sulfate; disintegrants: sodium starch glycolate, croscarmel-
lose sodium, cross-linked polyvinylpyrrolidone, and alginic
acid; antioxidants/stabilizers/preservatives: riboflavin, toco-
pherol, vitamin E TPGS, BHT, BHA, cysteine and deriva-
tives, ascorbates, sorbates, benzoates, propionates, bicar-
bonates, thiosulfates, metabisulfites, EDTA, carrageen,
gums and benzyl alcohol; neutralizing agents: acids such as
malic acid, citric acid, tartaric acid, ascorbic acid, oleic acid,
capric acid, caprylic acid, benzoic acid, polyacids, acidic
ionic resins, and other acidic excipients; suspending agents/
thickening agents/gelling agents: mineral oils, vegetable
oils, silicon dioxide, various gums such as xanthan gum,
locust bean gum, gum Arabic, alginates, Carbopols, poly-
vinyl alcohols, carrageenan, gelatin, starches; or mixtures
thereof.

[0056] Preferably, if the immediate release component is a
solid pellet, bead or minitablet or the like, that component is
also used as the immediate release core of the pH sensitive
delayed/controlled release particles by coating them using
materials and methods similar to the barrier coats or the
overcoat as described herein.

[0057] Delayed/Controlled Release Particles

[0058] The immediate release core of the pH sensitive
delayed/controlled release particles (i.e., beads, pellets,
minitabs, granulate, etc.) of the current invention comprises
from about 20% to about 99% of one or more gamma-
hydroxybutyric acid salts by weight of the core and one or
more pharmaceutically acceptable excipients, wherein the
gamma-hydroxybutyric acid salts are selected from gamma-
hydroxybutyric acid sodium salt, gamma-hydroxybutyric
acid potassium salt, gamma-hydroxybutyric acid tetraam-
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monium salt, or any other pharmaceutically acceptable salt
forms of gamma-hydroxybutyric acid, or combinations
thereof.

[0059] One or more pharmaceutically acceptable excipi-
ents in the immediate release core of the pH sensitive
delayed/controlled release particles of the current invention
are excipients known in the art as suitable for use in
particulates, including but not limited to binders, lubricants,
anti-adherents, glidants, granulating aids, fillers, disinte-
grants, antioxidants, stabilizers, preservatives, neutralizing
agents, buffering agents, moisture absorbents, colorants,
flavorants and task-masking agents.

[0060] The total amount of these pharmaceutically accept-
able excipients in the immediate release core is from about
1% to about 80% by weight of the core.

[0061] Examples of these pharmaceutically acceptable
excipients in the immediate release core of the current
invention include, but are not limited to, binders/fillers:
microcrystalline cellulose, silicified microcrystalline cellu-
lose, polyvinylpyrrolidone, hydroxypropyl cellulose, starch,
pregelatinized starch, starch paste, lactose, mannitol, sorbi-
tol, xylitol, sucrose, calcium phosphate, calcium carbonate,
ethycellulose, methylcellulose, and Acacia; lubricants/anti-
adherents/glidants/granulating aids: talc, sodium lauryl
fumarate, fumed silicon dioxide, colloidal silica, titanium
dioxide, kaolin, magnesium stearate, calcium stearate,
stearic acid, hydrogenated vegetable oils, and sodium lauryl
sulfate; disintegrants: sodium starch glycolate, croscarmel-
lose sodium, cross-linked polyvinylpyrrolidone, and alginic
acid; antioxidants/stabilizers/preservatives: riboflavin, toco-
pherol, vitamin E TPGS, BHT, BHA, cysteine and deriva-
tives, ascorbates, sorbates, benzoates, propionates, bicar-
bonates, thiosulfates, metabisulfites, EDTA, carrageen,
gums and benzyl alcohol; neutralizing agents: acids such as
malic acid, citric acid, tartaric acid, ascorbic acid, oleic acid,
capric acid, caprylic acid, benzoic acid, polyacids, acidic
ionic resins, and other acidic excipients; or mixtures thereof.

[0062] Preferably, the immediate release core of the cur-
rent invention comprises one or more excipients selected
from binders, lubricants, anti-adherents, glidants and neu-
tralizing agents.

[0063] The lubricants/anti-adherents/glidants may be
selected from talc, sodium lauryl fumarate, fumed silicon
dioxide, magnesium stearate and stearic acid, for instance.
Preferably, the lubricants/anti-adherents/glidants are
selected from one or both of talc and magnesium stearate.

[0064] In a preferred embodiment, the amount of talc in
the immediate release core of the current invention about 1%
to about 25% by weight of the core. More preferably, this
amount is from about 5% to about 15% by weight of the
core.

[0065] If magnesium stearate is used in the core it is
present in an amount of from about 0% to about 10% by
weight of the core. More preferably, this amount is from
about 0.1% to about 5% by weight of the core.

[0066] Preferably, the binders/fillers in the immediate
release core are selected from microcrystalline cellulose,
silicified microcrystalline cellulose, polyvinylpyrrolidone,
and hydroxypropyl cellulose.
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[0067] Preferably, the immediate release core comprises
microcrystalline cellulose or silicified microcrystalline cel-
Iulose at about 1% to about 80%% by weight of the core.
More preferably, the immediate release core comprises
microcrystalline cellulose or silicified microcrystalline cel-
Iulose at about 3% to about 40% by weight of the core.

[0068] Preferably, the immediate release core comprises a
neutralizing agent. The uptake of gamma-hydroxybutyric
acid salts may be affected by the environmental pH and the
ionization state of the salts. Preferably, the immediate
release core contains a neutralizing agent to modulate the
ionization state of the salt for better absorption in the
gastrointestinal tract.

[0069] The immediate release cores in the pH sensitive
delayed/controlled release particles of the current invention
are made by techniques and equipment known in the art, for
example dry blending, milling, dry granulation, wet granu-
lation, pelletization, direct pelletization, extrusion, melt-
extrusion, spheronization, drug layering, compaction, com-
pression. Solvents can be used to facilitate the preparation of
the immediate release core. These solvents can be removed
partially or completely during the preparation of the core.
Suitable solvents include, but are not limited to, water,
alcohols, ketones and combinations thereof. For example,
water and/or alcohols can be used during wet granulation
and spheronization, or during direct pelletization, or during
drug layering, and the solvents can be removed thereafter.

[0070] Barrier Coat(s)

[0071] One or more barrier coats applied to the pH sen-
sitive delayed/controlled release particles of the current
invention provides a barrier, and a neutralization zone when
a neutralizing agent is used, between the immediate release
core and the enteric coat, and functions to prevent gamma-
hydroxybutyric acid salts from entering into or interfering
with the enteric coat. The barrier coats can optionally act
also as a controlled release coat to control the rate of release
of gamma-hydroxybutyric acid salts from the immediate
release core.

[0072] The barrier coats in the current invention provide a
barrier and optionally a neutralization zone between the
immediate release core and the enteric coat to prevent the
alkalinic gamma-hydroxybutyric acid salts from migrating
into and interfering with the pH sensitive enteric coat. If the
highly water-soluble and strongly alkalinic gamma-hy-
droxybutyric acid salts migrate into the enteric coat, they not
only create channels in the enteric coat which act as pore
formers, but also react with the functional groups of the coat
materials and