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Stiff-Person Syndrome:

Autoimmunity and the

Central Nervous System

By Beth Brianna Murinson, MD, PhD, and Angela Vincent, MB, BS, MSc, FRCPath

ABSTRACT

Stiff-person syndrome (SPS) is a rare disease of severe
progressive muscle stiffness in the spine and lower extremi-
ties with superimposed muscle spasms triggered by external
stimuli. Patients with SPS are often referred for psychiatric
evaluation and the psychiatrist may be the first to diagnosts
SPS. Psychosocial stressors often precede the first manifes-
tations of the disease; depression, anxiety, and alcohol
abuse are comorbid illnesses. The identification of an asso-
ciation with antibodies to glutamic acid decarboxylase
(GAD) was invaluable for definitively establishing a patho-
logical basis for the disease; antibodies to amphiphysin and
gephyrin are also found in cases of SPS but at much lower
frequencies. Whether the antibodies inhibit GAD activity in
vivo, target GAD-expressing neurons for immune-mediated
destruction, are part of a wider immune process, or are
merely a marker for destruction of GAD-expressing neurons
by an independent neurodegenerative process is not yet
clear. Both electromyography and the detection of GAD
antibodies are useful in establishing a diagnosis of SPS.
Treatment of SPS includes the use of immunomodulating
therapies (plasmapheresis and intravenous immunoglobu-
lins) and symptomatic treatment with benzodiazepines and
baclofen. The use of tricyclic antidepressants and rapid
withdrawal from therapy should be avoided.
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INTRODUCTION

Stiff-person syndrome (SPS) is a rare disease of severe
progressive muscle stiffness in the spine and lower
extremities, with superimposed muscle spasms triggered
by external stimuli. Symptoms are exacerbated during
periods of emotional stress and patients with SPS are fre-
quently referred for psychiatric evaluation, particularly
before antibodies to glutamic acid decarboxylase (GAD)
are detected. Typically, symptoms begin between the ages
of 30 and 50 years and respond to gamma-aminobutyric
acid (GABA)-mediated and immunomodulating therapies.
Highly specific antibodies to GAD are present in most
people with the disease. Electromyography (EMG) shows

a characteristic abnormality and may help identify those
persons with SPS who do not produce antibodies to GAD.

PSYCHIATRIC ASPECTS
OF STIFF-PERSON SYNDROME

Patients with SPS are often referred for psychiatric evalu-
ation and the psychiatrist may be the first to consider a
diagnosis of SPS. Psychosocial stressors often precede the
first manifestations of the disease and the patient may be
given a diagnosis of conversion disorder. EMG findings
closely mimic the activity produced by volitional muscle
contractions and the patient may be labeled as hysterical. In
SPS, spasms and rigidity are typically triggered by sudden
noise or unexpected touch and the patient may be treated
for agoraphobia. The central nervous system (CNS) is
closely involved in SPS and although the exact site of
pathology is not known, the GABA nervous system is
strongly implicated. The synapses of the GABA nervous
system are the most numerous inhibitory synapses in the
supraspinal nervous system, and SPS likely alters internal
sensations. One patient described the onset of symptoms as
follows: “I still felt the irritability and restlessness... a
rather aggressive feeling... the usual, typical prelude to the
rigidity and shaking spasms.” Finally, the use of high doses
of benzodiazepines to control muscle tone or the use of nar-
cotic analgesia may prompt involvement of a psychiatrist.

A retrospective case review of psychiatric consultations at
the Mayo Clinic' highlighted anxiety, depression, and alcohol
abuse as possible concomitant disorders. One patient whose
case was reviewed had a 15-year history of muscle spasms
relieved by alcohol and benzodiazepine use, multiple admis-
sions for detoxification, and severe muscle spasms during
drug withdrawal. This patient was later found to have a posi-
tive GAD antibody titer. Alcohol has been found to alleviate
stiffness in some patients. Depression was treated medically
in several patients and the data suggest that tricyclic antide-
pressants (TCAs) worsen the symptoms of SPS but that fluox-
etine is a well-tolerated antidepressant. The dose of diazepam
in these patients ranged from 40-120 mg/day; one patient
suffered respiratory arrest during benzodiazepine taper.
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“One patient described
the onset of symptoms
as follows: ‘I still felt
the irritability and

restlessness... a rather

This case review was followed by a study of
interviews and psychological tests of many of
these same patients.® The Minnesota
Multiphasic Personality Inventory of this group
showed a profile consistent with mild-to-moder-
ate depression and anxiety, increased emotion-
ality, and increased concern with bodily
function. Of the 13 patients in this study, 12
were treated with benzodiazepines; the clon-
azepam dose ranged from 10-20 mg/day and
the diazepam dose ranged from 20-100 mg/day.
This group experienced increased psychiatric
symptoms and increased alcohol abuse.
Depression and alcoholism in these patients
may arise as a consequence of a pathophysio-
logical process involving neurons of the GABA
nervous system.

deformity of the spine (typically increased
lumbar lordosis); superimposed spasms trig-
gered by unexpected touch, noise, or emo-
tional distress; normal motor and sensory
examinations; normal intellect; and continu-
ous motor unit activity on an EMG, abolished
by intravenous or oral diazepam (Table 1). A
review by Blum and Jankovic’ summarized
the world literature through 1990. A clinical
study by Dalakas and colleagues® of 20
patients with SPS is the largest of its kind.
Effective treatment with a benzodiazepine was
described by Howard in 1963.° Baclofen has
been an important component of symptomatic
therapy since 1980.* Other therapies have
developed slowly; immunomodulating therapy
was introduced in 1989 and is still not widely

aggressive feeling. .. the A prospective interview study pointed to  used.'' Identifying an association with GAD
the frequency of psychiatric encounters in  antibodies definitively established a patholog-
usual, typical prelude  patients with SPS. “An initial misdiagnosis ical basis for the disease.”? Subsequently,
of psychogenic or hysteric movement disor-  other autoimmune antibodies have been asso-
to the rigidity and der was made in all patients except one....  ciated with SPS: amphiphysin, reported in
In most patients, this false diagnosis was 1993 and gephyrin, in 2000."'
shaking spasms.”” made by neurologists.” Several patients in
this study reported acute task-specific pho-  Clinical Features
bias similar to agoraphobia several months Most often, SPS begins insidiously and pro-
before they had any conscious awareness of ~ gresses over years, although in some cases
a fixed gait disorder; several reported a tran-  symptoms have developed over weeks. Initial
sient experience of motor symptoms in emo-  episodes may be transient and occur only in
tionally distressing situations. The frequent  the context of emotional distress. The first
occurrence of traumatic events in childhood  symptom is usually a persistent progressive
among the patients in this study suggests  stiffening of muscles in the back or in a limb,
that an increased susceptibility of the  which may be worse in pressure situations,
immune system may exist during certain  such as crossing a busy street. A sensation of
periods of development. aching or stiffness progresses with time and is
described as stiffness, rigidity, hypertonia, or
History increased tone. In addition to the stiffness,
SPS was initially called “stiff-man” syn-  patients experience spasms of the involved
drome when characterized by Moersch and  muscles. The spasms are characterized as
Woltman in 1956.* Their report of 14 patients ~ severe, tremendous, intense, and painful.
seen over 27 years is a landmark description  The examiner may suspect that a volitional
of the clinical syndrome. A literature review a
decade later sharply delineated the character- TABLE 1
istics of the disease, proposed seven diagnos- SUMMARY OF DIAGNOSTIC CRITERIAS
UC: criteria, and postqlated th_at the, symptoms e Prodrome of axial stiffness and rigidity
might be due to a failure of inhibitory func- o Slow proaression to invaly  orocimal muscle
. 2 .. DIOW progression to mvolvement o proximal muscles
tion.’ A follow-up report of the Mayo Clinic o S o )
study by LO»I‘iSh and _colleagues (1989)(’ . :S])Ime(lt‘{(mmly, typically increased lumbar lordosis
describing 13 patients seen over 30 years * Triggered spasms
detailed revised standard criteria for diagnos— ¢ Normal motor and Sensory exam
ing the disease. The criteria of Lorish and col- * Normal intellect
]eigueS, most wide]y referenced, are: e CMUA on EMG! or oral benzodiazepine response
a prgdrome of axial m}lscle stlffness and gll\élcl.tlé)r%r;ggl{laszhc;ntmuous motor unit activity on
rigidity; a slow progression to stiffness of the ' _
proximal limb muscles, making ambulation | {47500 &% 07t A NS spectrums.
and volitional movements difficult; a fixed
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component exists. When stiffness and spasms
are present together, patients have difficulty
walking and are prone to unprotected falls
likened to the toppling of a statue. While in
spasm, the muscles are palpably hardened
and may produce sustained abnormal joint
position, especially extension of the legs and
flexor contraction of the arms. Spasms may be
triggered by sudden noise, touch, electrical
shock, and passive or volitional movement,
and are typically relieved by sleep.” The onset
of stiffness commonly begins in the spine and
legs, and less commonly in the face and arms.
Isolated involvement of the upper extremities
and rostral spine may be more common in
amphiphysin-associated SPS.” An increase in
the curvature of the lumbar spine or hyperlor-
dosis is characteristic, but other spinal defor-
mities, including cervico-thoracic
hyperkyphosis, are seen.® GAD-associated
SPS is strongly associated with other autoim-
mune diseases, such as diabetes, hyperthy-
roidism, hypothyroidism, pernicious anemia,
and vitiligo.”” High titers of GAD antibodies
are rarely found in children.'®

Variants of SPS can be characterized by
either the particulars of the clinical presenta-
tion or the specific antibodies involved.
Clinically, variants of SPS are described as:
focal, involving only a single limb; progressive
and affecting cognition, as in progressive
encephalitis rigidity and myoclonus; and
chronically progressive with myoclonus, a
variant with brainstem involvement.'*" The
variants appear to be less common than SPS
itself and asymmetrical stiffness is more com-
mon than previously thought.?

SPS is very rare and may be associated
with antibodies to GAD, amphiphysin,
gephyrin, or no defined antigen.? The most
common form is GAD-associated SPS. The
prevalence is not known; however, high

titers of antibodies to GAD are extremely
rare in normal serum. Amphiphysin-associ-
ated SPS represents less than 10% of SPS
cases and gephyrin-associated SPS has been
identified in only one patient. No clear
racial or ethnic predisposition has been
found. Women have more cases of GAD-
associated SPS than men and the variant of
SPS associated with anti-amphiphysin anti-
bodies occurs almost exclusively in women.
The association with neoplasia of the breast,
lung, and mediastinum is apparently partic-
ular to amphiphysin- and gephyrin-associ-

ated forms of SPS.?

PATHOPHYSIOLOGY

The aggregate of symptoms in SPS sug-
gests a disruption of muscle tone, normally
controlled by spinal cord reflexes. Stiffness,
spasm, pain, startle, and falls could all result
from failed modulation of spinal cord
reflexes, but the relief of symptoms by sleep
and the sensitivily to noise suggest involve-
ment of supraspinal pathways.” Sudden
visual stimuli are not known to trigger
spasms. Electrophysiological studies have
demonstrated some characteristic abnormali-
ties, including abnormal simultaneous con-
traction of antagonistic muscles.? Spinal
cord-mediated abnormalities are evidenced
by spasmodic reflex myoclonus, diminished
vibration-induced inhibition of the H-reflex,
and a hypersynchronous response to transcra-
nial magnetic stimulation.*? Cortical abnor-
malities have been shown by transcranial
magnetic stimulation.”” All of the abnormali-
ties could be explained by a failure of GABA
neuron-induced inhibition, both centrally and
al the spinal interneuron level. Spinal
reflexes are controlled by glycine as well as
by GABA receptors. Glycine receptors are
defective in hyperexplexia, a hereditary con-

TABLE 2. AUTOANTIBODIES AND CLINICAL SYNDROMES
GAD Amphiphysin Gephyrin
High titer Low titer Breast cancer SCLC Carcinoma
SPS Diabetes SPS Encephalomyelitis/ SPS
sensory neuropathy (single case)
Cerebellar Adult-onset Cerebellar
alaxia epilepsy degeneration
Endocrinopathy Opsoclonus
SCLC=small-cell lung cancer; SPS=stiff-person syndrome; GAD=glutamic acid decarboxylase.
*Undifferentiated carcinoma in the mediastinum.
Murinson BB, Vincent A. CNS Spectrums. Vol 6, No 5. 2001.

“Initial episodes may be
transient and occur only
in the context

of emotional distress.
The first symptom is
usually a persistent
progressive stiffening of
muscles in the back or in
alimb, which may be
worse in pressure
situations, such as
crossing a busy street.

A senéation of aching or
stiffness progresses with
time and is described as
stiffness, rigidity,
hypertonia, or

increased tone.”
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“SPS has not been
described in members
of the same family
and no genetic
predisposition is

known other than an

association with human

leukocyte antigen,
consistent with
an immunological

etiology.”

dition also known as startle disease. The
onset of spasms in SPS occurs less precipi-
tously than in hyperexplexia, consistent with
GABA-mediating slow inhibitory postsynap-
tic potentials and glycine mediating fast
inhibitory postsynaptic potentials.*

SPS has not been described in members of
the same family and no genetic predisposition
is known other than an association with
human leukocyte antigen, consistent with an
immunological etiology.®

High titers of GAD autoantibodies are
almost exclusively associated with SPS,
although associations with cerebellar ataxia
and autoimmune polyendocrine syndrome
have been reported.”* Cerebellar syndromes
associated with GAD antibodies may be more
common that previously recognized; GABA is
an important transmitter in cerebellar
Purkinje cells. Low titers of GAD antibodies
have been found in cases of refractory local-
ization-related epilepsy.* The search for GAD
antibodies in cases of adult-onset epilepsy

was undertaken because epilepsy can arise
from a disruption of GABA neuron function.
In fact, the first patient with SPS in which
GAD antibodies were found also had adult-
onset epilepsy and diabetes.”? GAD is also
found in pancreatic B cells and is an impor-
tant autoantigen in diabetes (Table 2).%%

The association between the failure of
GABA neuron transmission and antibodies to
GAD, the enzyme responsible for GABA syn-
thesis, is not yet clear. Whether the antibodies
inhibit GAD activity in vivo, target GAD-
expressing neurons for immune-mediated
destruction, are part of a wider immune
process, or are merely a marker for destruc-
tion of GAD-expressing neurons by an inde-
pendent neurodegenerative process is not yet
clear. As in diabetes, the antibodies may be
part of an immune response that also includes
cytotoxic T-cells that cause the loss of GAD-
containing cells. Pathological investigations
show mixed results, but one study describing
cell loss had highly atypical clinical

TABLE 3. TREATMENT OF STIFF-PERSON SYNDROME WITH IMMUNOTHERAPY
Author/Year| # |GAD status Therapeutic modality
Intravenous Plasmapheresis High-dose
immunoglobulin steroid
Khanlou 1 + Improved
1999
Sevrin 1 Improved
1998
Barker 1 + Improved
1997
Nakamogoe | 1 - Marked improvement
1995
Amato 3 + Striking improvement Not reported
1994 + Striking improvement Not reported
+ Transiently improved No effect
Karlson 3 + Improved Transiently improved | Given with pheresis
1994 + Improved Transiently improved | Given with pheresis
- Improved Not tried
Vieregge 4 + No effect Not reported
1994 + Not reported Relief
+ Not reported Improved
- Not reported Not reported
Blum 2 + Improved
1991 + Improved
Brashear 1 + Marked improvement
1991
Harding 2 + No effect
1989 No effect
Vicari 1 + Improved
1989
GAD=glutamic acid decarboxylase.
Murinson BB, Vincent A. CNS Spectrums. Vol 6, No 5. 2001.
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features.** The evidence for the pathogenic
role of GAD antibodies is growing. Antibodies
derived from a patient with cerebellar ataxia
acted presynaptically to suppress GABA
transmission in a cerebellar slice preparation,
and immunoglobulin G derived from a patient
with high titers of GAD antibodies inhibited
the in vitro activity of GAD from rat cerebel-
lums.**" These studies indicated that antibod-
ies to GAD can alter GAD activity, but to do
$0 in vivo, the antibodies must penetrate the
blood-brain barrier and bind to the cytosolic
enzyme. Antibodies that are directly patho-
genic should be able to transfer disease to
experimental animals and this has not been
demonstrated with antibodies from SPS
patients. Nevertheless, the positive response
of some patients to plasma exchange, which
reduces circulating antibodies, and the recov-
ery of some patients to near normal function
after treatment indicates that SPS is likely an
antibody-mediated condition. Whether GAD
antibodies have a causative role in SPS or are
the consequence of a process that leads to
impairment of neurotransmission is not
known, but most of the evidence suggests that
the antibodies play a pathogenic role.

In contrast to GAD, amphiphysin and
gephyrin are not specific to GABA synapses.
Antibodies in the synapses are unlikely to be
pathogenic, but detection of these antibodies
indicates the presence of a tumor.
Amphyphysin is localized to all presynaptic
nerve terminals and is involved in endocyto-
sis. Gephyrin was first identified in glyciner-
gic synapses and is important to the clustering
of glycine and GABA-A receptors in the post-
synaptic membrane (Figure). Amphiphysin
antibodies are not exclusive to SPS, but can
be found with other paraneoplastic CNS con-
ditions, including encephalomyelitis, sensory
neuropathy, cerebellar degeneration, and
opsoclonus.** In these cases, antibodies to
the paraneoplastic antigen Hu can also be
detected if small-cell lung cancer is present.®
SPS associated with antibodies to
amphiphysin has been reported only in cases
of breast cancer. Gephyrin antibodies were
very recently identified in a patient with SPS
who had an undifferentiated carcinoma of the
mediastinum.**

DIAGNOSIS

The presence of GAD antibodies strongly
supports a diagnosis of SPS (99% specific by
immunocytochemistry); however, the absence

of antibodies in the serum does not rule out
SPS. Antibodies to GAD may be measured
by immunocytochemistry and Western blot-
ting methods. Immunocytochemistry allows
the detection of multiple antigens in a tissue
section whereas Western blotting visualizes
protein antigens which have been separated
by size. Enzyme-linked immunosorbent
assay and radioimmunoassay methods attach
labeled substrates to the antibodies in serum
by antigen-specific binding.” These recently
developed assays quantitatively assess a
patient’s level of GAD antibody. They can
only detect a specifically targeted antigen
but they may be easily standardized for rou-
tine laboratory use.

SPS remains a clinical diagnosis. A
detailed history and neurological exam are
necessary, and isolated laboratory results do
not stand alone. The symptoms of stiffness,
rigidity or increased tone, and spasm or pain
are essential. Typically involved are the legs
and lumbar spine, but the face, neck,
abdomen, or arms may also be involved. Fixed
spinal deformity is almost universally present
in cases of SPS; if it is absent, Lorish suggests
that the diagnosis is probably not SPS.¢ The

FIGURE. Idealized representation of GABA synapse showing the proposed
location of autoantigens associated with SPS: glutamic acid decarboxylase
(GAD), amphiphysin (Am), and gephyrin (Ge). The presynaptic terminal is
shown on the top and the postsynaptic element is shown on the bottom. GAD is
associated with the membranes of presynaptic vesicles containing
gamma-aminobuytric acid (GABA); Am may bind to vesicles near the terminal
membrane during endocytosis and exocytosis. Am is not specific to GABA
synapses; Ge is localized postsynaptically in GABA and glycinergic synapses.
Murinson BB, Vincent A. CNS Spectrums. Vol 6, No 5. 2001.
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“The response to
medications may
discriminate between
SPS and other causes of
stiffness, such as
Parkinson’s disease,
spasticity, multiple
sclerosis, and transverse
myelitis. If autoimmune
antibodies are not found,
evaluation could
appropriately include
magnetic resonance
imaging of the brain and
spinal cord, although
normal findings are

seen in SPS.”

response to medications may discriminate
between SPS and other causes of stiffness,
such as Parkinson’s disease, spasticity, multi-
ple sclerosis, and transverse myelitis. If
autoimmune antibodies are not found, evalua-
tion could appropriately include magnetic res-
onance imaging of the brain and spinal cord,
although normal findings are seen in SPS.

EMG is an important diagnostic tool in
evaluating patients for SPS. The typical pat-
tern of continuous low-frequency firing of nor-
mal motor units is found simultaneously in
agonist and antagonist muscles of the affected
region.” This abnormal firing pattern is abol-
ished by centrally- and peripherally-acting
agents such as general anesthesia, intra-
venous diazepam, and neuromuscular block-
ades.® High-dose benzodiazepines are known
to abolish the motor unit activity of SPS, and if
administered immediately before the exam
will interfere with the diagnostic usefulness of
the EMG. The EMG findings of SPS may be
subtle or absent in patients who are fully
treated for the symptoms of SPS.

TREATMENT

The treatment of this disease consists of
drugs which act on the GABA pathway for
symptomatic relief and immune-mediated
therapy. Evidence of a strong autoimmune
link prompted the use of plasmapheresis,
beginning in 1989. Immunomodulating thera-
pies have yet to be tested in a controlled man-
ner, although many anecdotal reports of
responses to prednisone, immunoglobulin,
and plasmapheresis have appeared.'#*2
Several of these studies are summarized in
Table 3. The most consistently effective ther-
apy is benzodiazepine medication™; diazepam
and clonazepam both produce symptomatic
relief.® High doses are usually required and
discontinuation often leads to reemergence of
symptoms. Sudden discontinuation, especially
of diazepam, may endanger the patient and
should not be undertaken. Baclofen is another
drug which modulates the function of GABA
neurons and has been employed with
efficacy,"** although serious complications
occurred after baclofen pump failure in one
reported case.® Vigabatrin reportedly treats
the symptoms of SPS successfully, but numer-
ous adverse drug reactions have subsequently
been described.””* TCAs should not be used
to treat depression in patients with SPS.”
Physical therapy may exacerbate spasms in
some patients and should be used carefully

in those for whom passive motion may be a
trigger of spasm. The course of the disease is
variable; some patients with SPS reportedly
respond well to medical therapy and are
able to resume vigorous exercise. However,
abrupt withdrawal of pharmacotherapy in
patients with SPS may be life-threaten-
ing.***! Overwhelming spasms, autonomic
instability, respiratory arrest, and death have
reportedly occurred during withdrawal from
benzodiazepines.®

CONCLUSION

SPS is a rare neurological disorder which
requires sophisticated neurological and psy-
chiatric care. The diagnosis of SPS relies on
both clinical acumen and laboratory results.
Treatment combines immunomodulating ther-
apies and GABA-acting drugs. Treatment with
tricyclic antidepressants may worsen symp-
toms. Rapid withdrawal of therapy should be
avoided. The pathogenesis of this disorder
remains a focus of ongoing research.
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NEURONTIN®
(Gabapentin)

el prescibig, e see fulpescibing nfrmation, A B Summary fllws.

INDICATIONS AND USAGE

Neuronin® (gebapeatin) s indcoted o5 odjnctive heropy i the freaimen of porcl seizures with and ithout secondory generalizaton in aduls with epiepsy.
CONTRAINDICATIONS

Neuronin® s conrindinted in patients who have demonstrted hypersensiiiy 10 the dug or i ingedients.

WARNINGS
Withdrawal Precptiated Seizurs, States
Jatiepleptc drogs should net be: nbmmiy dscont be(nuse of the possbiy of icreasing seiure eqency.

In he plreboconirolled stdie, he incidsnce of sotus epilepticus in potients recehing Newoniin® was 0.6% (3 of 543) versus 0.5% in patients receving pcabo (2 of 378). Among the
2074 patients heated with Neuunt® acoss ol s (conroled and uontoled) 31(1.5%) od s eplepticus. O these, 14 patints had no priorbisory of stous epienticus either
efore egtment or while on other medicatons. Batouss odequate historicol doto are nof avaiable, t & impossible o say whether o not heament with Neurontin® is ossocioted with o
Higher o owet rote of s endepicus than would be expecte fo occur i a sy population not heated with Nearonfn®,
Tomorigonic Potentiol
In stonded precinia i vivo faime carcinogeniciy sfudies, on unexpededly i
PRECALTIONS: Corcnogenesi, Mutogenesss, Impeitment of Feriiy. The cini
s no directmeans 10 assess it potenti &m v induting fumrs in humans.
In diicl stdies compriing 2085 pientyears o exposure, new tumars weve reported in 10 patiets (2 breast, 3 brin, 2 lung, 1 adrenal, 1 noriodgki's ymphorn, 1 endometia
corcinoma i s, and preexising fumors warsaned in 11 potients (9 brin, 1 breas, T prostue) duving or up o 2 years folwing disconinuaton of Newrontin®. Without knowledge of the
MWWWMe mmm in 0 similos populaion ot reated with Neuronfin®, it i impossible o know whether the incidence seen in this cohortis or i not affected by reatment.
Unexj
Ouing the course of remarkeing development of Newrontin®, 8 sudden and unexplined daths were racorded omeng o cohort of 2203 patiens eaed (2103 pafientyedrs of exposure).
Same ofthese could repvesent seizureaelated deaths i which e ez wos ot obisenved, e.g., ot night. This regresents an muden(e of 0.0036 deatfs per patientvear. Afhough tis rafe
exceads thot expectd in 0 heathy popultion motded for age and sex, it i witin the range v%esrmmﬁ for the incdence of suddan unexplained deaths in patents with eplepsy not
Hewontin® {1anging hom 0.0005 for the general pogulation o epieptics, o 0.003 fot o cinial il populaton simils to that in the Newonfin® program, fo 0.005 for pofients
mW eptlensy). Consequently, whather these figues ore ecssuing o rise urther concem depends on comparabiiy of the popalations repovted pon fo the Newrontin® cohort and
the accuracy of the esfimotes provided,
PRECAUTIONS
{nformation for Patiests
Fafints shoukd b nsiucted 0 foke Newon'in® only os vescrbed.
Fatients shouid be ocvised ot Neuwontin® may couse dizziness, somnolence and other symptoms and signs of CS depression. Accordingly, they should be odvised neither to dive o car nor
mme olhuTl complex machinery ol they hove gained suficent expesience on Newaniin® to gauge whether or nat it affers their mental ond /or motor performance adversely.
atory Tests
Clnical lmhydmu o not ncicae that routine moritoring of clinca laborotory parameters is necessary for the safe use f Neurontin®. The volue of monitoring Newrortin® blood concentraions
m;er;; heend estublished. Neurontin® may be used in combination with ofher anfiepieptic drugs without concern for ateration of the blood concennations of gobapentin or o other
onfiepieptic drugs.
Drwg Interactions
Gabapentin i not appreciably mefobaized nor does i intefere with the mefabolism of commonly condministered antepeptic drugs.
The dhug ineraction data dascibed in hi section were obicined fiom shuies invohing bealhy adus and patients with eplepsy.
Phewytoln: In o single ond e dose sty of Newrontin® {400 mg T1.0.) in epleptic pfients (N = B) mimtined on phenyioin monetheropy for o feast 2 months,
gdmpennn bod no e;?ed on the steody state irough plasa concentretions of phenytoin ang phenytin hod no effecton gobagentin phamnocokinedics.
Corbomazspine: SrendysMe ough pkzsrnu carbamazepine ond coromazepine 10, 11 epaxide concentarions were not offected by concomtont gabapentin (400 mg 110, N =12)
adminishation. Likewise, gabapenin phormocokinefics were unalered by carbamazepine odminisefion.
Volprok Acid: The meon steadystote rough senm valpokc ocid concentraions iy o ond during concomitant gobapentin administifion (400 mg TLD, N =17} were not diffeent
and neither were ganpennn phormocokinefic porometers affected by volproic ocid.
imates of steadysfote pharmocokingti paremetes for phencharitl or gobapentin (300 my 1. N =12) ate idensical whether the drugs ore udrminisered olone or

ncidence of pancreatic acnor odenocarcnomas was identfed in mole, but not female, ras. (See
significonce o tisfinding i unknown. Cinice experience during gobapentn's premrkefing developrment

together,
Cmetidime: In e presence of cmetifine at 300 mg Q.1.0. (N =12) the mean apparent orol dearance of gahopentin el by 14% and ceatinie decrance fell by 10%. Thus cimefiding
oppeaved;to oter the renol excetion of both gabapentin and rentinine, an endogenots markes of rencl funcion. This small decrens in exaeton of gabapetin by cimetidine i not expected
1o be of chacot impertunce. The effct of gabapentia on cimeticine wos not svolurted.
Oral 2 Based on AUC and bal¥ie, muliple-dose phamocokinetic profls of norethindrone and efinyl eshadiol Folwing admiishaion of tablets cotainiag 2.5 mg of
oretindrone ocefute and 50 meg of ethin] ool were s withand withot coodminshotion of gubapentin {400 mg 11.0.; N =13}. The Cmax of novethindione wes 3% higher
when it wescondmiistered ithgobopenin; thi oo s oot expeded o be of clnical imporionce.

Antacid {Maokox"}: Malox reduced the bioovilobity of gabapentn (N <6 by abiout 20%. This desreas in bioaviabity wos obout % when gobopenfin wes odmiisered 2 hours
ater Maolox. i recommended that gobapentin be foken ot ﬁm 2 hour& fdlwmg Moalox adminisrafion.
EHoct of Probenedd: Pobanec is  blockee of renal tubukr secrefon. Gabapenfin phomacalinefic porameters without and with probenecid were comparable. This ndicates that
gobapentin does not undergo rencl tbulor secretion by the pathway tat i blocked by piobenecid.
Drug/Luboratory Tests Interactions
Becouse foke posive readings were reporte with the Ames N-Hulisix SG dstick test for inary protein when gobapenfio was added fo other anieplepticdrugs, he o specfic
sufosolcyic 06d plmmm pm(edue 3 rwnmendoid o determine the presence of wine profein.

sls, sis, |
G?hlms genin m 13 mmmoﬁ od 2&% /gty and to s ot 250, 1000, and 2000 mig/kg/day for 2 yeass. A strisicaly sigrifcan increase in the
incidence of pancreatic oin cll gdenornas and cardnomes was found in mele s receiving the hlgh dase the noeffectdose fo the occurence of carcvomas was 1000 mg/kg/doy.
Peok plosra <oncenvatonsof gobopeni in o receing the high dse of 2000 m%/kg were 10 fimes hlghel Hhan plosmo concemnaions n humans ecehing 3600 mg per doy, adin
1ats recehing 1000 mgy/kg/doy peok plsto oncentiaions were 6.5 imes figher tan in humans eceving 3600 mg/doy. The pancreati ocnar cel corcinomas di nt ofect surval,did
not metostosize and were not ocaly invasive. Stdies fo attempt to define  mechanism by which tis relfively rore umer type s occuring are in progres. The rekevance of his facing fo
carcnogeric risk in bumens is wncedr.
Gabapenti did not dermonstate mufagenic o encfoxic potentil in hiee i viro ond two i vivo Gssas. It was negotive in the Ames fes and the in vito HGPRT forword mutafion assoy in
[hnese homste h m:? el it G not producesepfcont incses incromosomolabenofions i the i io Chiese bomste ng cl sy, v negave i the in v chromosomel
in he in vivo miaonudeus tes in Chinese hamster bone manow.

No udvem oﬁeﬂx on fetty o reproducion were observed in ot of doses up fo 2000 ma/kg (opproximarely 5 times the maximum recommended humen dose on an g/ bass)

Pregrancy Category (: Gabopenin has been shown fo be fefotoxic i rodens, causing deloyed assificaian of several bones in he sk, verebrae, forelimbs, and hindiimbs. These effects
occured when preggiant mice receivee orol dosas of 1000 o 3000 mg/ka./day durng the peiod of organaqeesis, or approximetal | 1o 4 times the moximum dose of 3600 mg/doy
given f eplep uterts on o WmZ besis. The nofec level was 500 mg/Ka/doy or approximarely ' of the mn dos on o g/ bogis.
Wiben rafs were dosed priorto ond during moting, and throughaut gestation, pups from lldose groups (500, 1000 and 2000 my/kqy/day) were offected. These doses are equiveent fo
Jess than aporoximately 1 o 5 fimes the maximum human dose on o mg/m? basis. There wos an increased incdence of hydhowrefe and)/or hychonephosi n rts in a sudy of fertly and
genercl reprodixcive performance at 2000 oy with no efect o 1000 mgm/dw in 0 terotology sudy of 1500 rg/kg/dnymh o effect ot 300 mu/kg/dny adina
pesialc ond }study ot ol doses {500, 1000 and 2000 mg/kg,/oy). The doses ot which the effcts ccurie are approximately 1 o S fimes the masimum human dose
of 3600 mg,/doy on o mg/m s the mﬁw doses wete appvaimately 3 fimes (Ferity ond General Reproducive Performance study) und approsimately equalfo eratogenicity
stdy) the maximam hurman dose o o may/m’ besis. Othe than hhoureter and hydionephrosis, he efiologies o which e undear, he incdence of malfomations wos not increased
compued o contols in offpring of mic, o, o abbis given doses up fo 50 fimes (mxe ), 30 fimes (o), and 25 fies {rabbis) the human daby dose on & gk basis
or & times (mice), Snmes(mls) o fime (rbbi) ) the humon dafy dose on o mg/m o b,
Ina ety sty in tabbis, on increcsed incifence o postimplontoion felkoss occured s doms exposed fo 80, 300 and 1500 may/kg/doy, o less tham approximarey % 1o 8 imes
the maximum human dose on o mgy/n boss. There are no cdequate and welk<ontolled studies in pregnant women, Because animal reproducion shdies e ot ahwoys predicive of
hl;lsm.anhleswlse m;m shouid be used during pregnancy anfy i the potentil benefit fustfie the potential sk fo he fehs.

rs
}tis ot known f gabapentin i excresed n human milk and the efect on the nursing infunt i unknown. Kowever, because many drogs e exceted i human milk, Neurontin® should be
;sedinwml\:n“murenuSingomihheheneﬂsdwNwmmhﬂensks

Saety and effechiveness in pediaric patients bekow the oge of 12 years have not been estoblished.
Geriatric Use

No systematic smdas in geratic patients have been conducted, Adverse ol events reparted amang 5 Neuronfin® exposed pafients over age &5 did not dife in kind rom those
veparted for younger indviuos, The smod number of older indiduas evalicted, however, imis the shength of any concusions raached obout the influgnce,  any, of age on the kind and
ncidence of odverse events o lbovatory abaormaiy associated it the use of Neurontin®.
Bewuse Neutonsin® is eiminated primardy by renalexcrerion, he dose of Newonti® shouk! be acjusted os nofed in DXISAGE AND ADMINISTRATION (Table 2) fo elderly patients with

compromise el function. (rectine desrce i difiu to mecsue in outpaients and serum creativine may be reduced in the ey beccuse of deceased musde mass. Geatirine
deumnte {Ch anbe leusomﬂy wul\ estimted using the equation of Cockeroft eng Goulr:

(= 0.85)(140age) w1 ZZJlS(,)]
fm les (= (140age) )/ 172 5]
‘where oge S in year, whis in Klogroms and S¢; isserum weatinine in my/dL
ADVERSE REACTIONS
The st commonly bserved adverse evnts cssoiuted with he st o Newrontin® in combination withothe anfeplepicdug, at seen o o equialent feguency among ploceboieted
patients, were somviolence, dizzness, atui, fofigue, and mystogmmus.
Awnmmre}y Tho he 2074 iidas o ecied Newrot® in emarkeding cincal tiaks disconfinued eatment becouse of an adverse event. The odverse events most commonly
associted with withdrowol were somnolnce (1.2%), etoxia (0.8%), Soique (0.6%), nauseo and/or vomiing (0.6%), ond dizziness (0.6%).
incidence in Confrolled Ginkcal Trials
Table 1 st heotmentemetgentsigns and symptoms tho ocured i t st 1% ofNewin®reated ptiens with eplensy paridpoing in ploebo-tonbold s and wers umericay
mm common in he Neutonfn® group. n these studies, eter Neuronsin® o plocebo was added fo the patient's curent anfiepieptc dng therupy. Adverse events were usually mid fo
fa in intensity.

The prescrber showld be oware that these ﬁgures obtained when Newonfin® wos odded fo concurient anfiepieptic dg therapy, conot be used o predict he frequency of odverse events
in the coure of usuol medical proctice whete patient havocteistics nd ot factrs may difle from thase prevaling during clinkl studies. imilr, he cted freguencies cannot be drectly
compared with figures obfoined from ofher ciicol investigfions ivoling different reatments, uss, or imvestigators. An inspection of hese freguencies, haweer, does provide the prescibing
Physicon with one basisfo estimate the rekiive contbution of dng nnd nongrug foctrs to theabvere vt s i e population sucied.

TABLE 1. Tretment-Emergent Adverse Event Incidence in Contralled Add-On Trials {Events in ot feast 1% of Neurontin patients and numerically more
frequent than in the placebo group)

Neuontin® Plcebor Neuronin® ot

Body System,/ N=343 =378 Body System/ N=543 =37
Adverse Evant % % Aaverse Event % %
Body As A Whele Nervous System {ront'd

Fatigue 4 50 Tremer 68 32

Weight Inciease 29 16 Nervousness 24 19

Back Pain 18 05 Oysarthio 24 05

Peripherol Edemo 17 05 Amnesia 22 0
{adiovoscular Depression 18 1

Vusodfotafion 11 03 Thinking Absormal 17 13
Digestive System Twihing 13 05

Dyspepsio 11 05 Coordingtion Abaormal 1 03

Mouth ot Throat Dry 17 05 Respiratory System

Constipation 15 08 Rhiifis 4] a7

Detol Abnormaliies 15 03 Pharyngiis 28 14

Increased Appefite 1 08 [ou Jing 18 13
Hematologic and Lymphatic Systems n nnd bpendu

{eukopenia 1) 05 13 00
Musculoskeletal System Pmmus 13 05

Myelgia 20 19 Unogerital System

frocture Al 08 Impotene 15 L
Nervous System ‘Speciol Senses

Somnolence 193 87 Dipkopia 59 19

Dizziness 171 69 Amblyopia® 42 1

Aoxia 125 58 Loboratory Deviations

Nystagmus 83 490 WBC Decreased 11 05

* Phs background ontieplepiic drug terapy
* Ambyopia was offen descibed os bned vison.
Orher events in move then 1% of paiens but egualy or mare frequent in he plocebe group incuded: headoche, virol infecion, faver, nausao and/or vamiing, abdominal poin, diorhed,
convulsons, confusion, insomio, emofionallabilty, rosh, acre.
;Ellnwng g:e eatmentemergent odverss events occuring ot an incidence of ot least 10% of Neuonfinected patients, somolence ond afaxia appeared to exhibit a positive Bosedesponse
ufionship.

The ovesal incidence of adverse events and the fypes of odverse events seen wee siniar omong men and women reated with Newronfin®. The incidence of adverse events incietsed sightly
wilh inceasing age in paients fregted with either Neutonfin® or locebo. Because anly 3% of patients (28,/921) in placebortonolled studies were ideniifed as nonwhite (lock or other),
there 0re msu?ﬁ(lem dat fo support o stutement regoring the dmnbtmnn of adverse events by race.
Other Adverse Events Observed Dwing AH lnical Triol
Neuonfin® has been odrinistesed to 2074 indiduls duing ol dmw.ul i, only some of which were plocebercorirole. During these ik, ol nﬁvuse events werc recorded by the dinia
ivesiotorsusin terinclogy of thei own choasing, To prvids  mearingol et of theproporion of nciviuols I'avmmw evens, simios types evens welo nlouped o
sl number of stondarized caegories using modied COSTARTdiionary temincogy. These cufegres ae used n e fisng beow. The fecuencies presented repesent the proporion
of the 2074 indviduals ewosed 1o Neuranfin® who experienced an event ofthe fype cited on ot least one occasion whi receiving Newrontin®. Al reported events ore mduded except tose
aheaty hstd in the previous tobl, Hhose too geneal to b informative, and fhose not reascnably associfed with fhe use of the drug.
vents are furthes clssiied wikin budy systerm categories and enumerated in order of decreasing fiequency using e folkwing definiions: fequent odverse evests e defined as fhose
ocurrie ot east 1,/100 patients; infrequent adverse events are those occuring in 1,/100 1o 1,/1000 ptiens; ore events ore those occuring in fower than 1,/1000 petents.

As A Whole: Frequent. asthenio, malaise, foce edema; Infequent. olergy, generokzed edemo, weight decrease, chill, Rore: stunge mngs assitde, acohol infoerorice, hongover

fodt.
Cardiovasewlar System: Frequent: hypertension; /afequert: hypotension, anging pectors, perpheral vosculor disorde, pakitasion, tachycardia, migrane, murmur; Rove: vl fibsllrion,
eart faiure, hrombaphiebits, deep frombophlabis, myocorgil nforcion, cerebovascular accdent, pulmonary thiombosis, ventriular extrusystoles, &mm, premature ool
confracin, pericardil ub, heart block, pulmoncry embalus, hyperipidemia, hypercholesterolamia, pesicordial efusio, percordis.
Digestive System: Fraquent: anorexia, fotulence, gingivis, infequent: gossis, gurn hemomhage, tist, stomatis, increased salivtion, gastioenterit, hesorthids, bloody stools, fecel
inconfinence, hepnromegaly Rore: dysphagin, eruchation, pancreafits, peptic lcy, <ol listers in mouth, ot dls(dm pedeche, sovary dnnd enkiged, ip hemortioge, esophugm
Piatal hemia, hemoternesis, proctis, riuble bowel syndmme rectol hemorthoge, esophogec! spasm.
Endwm Syste fure: hypertyroid, bypotyncd, goe, hypoesogen, ovarin e, epcidmit, swolen esice, cusingad oppsionce.
ond ly Systen: Frequent. purpura mestoften descibed o5 s vesuling from physica rouma; Inrequent: anemia, thiombocytoperia, lymphadencgathy;

Kme WBC count i \mea Iympﬁo(yiusqs nortHodgkin's ymphona, beeding time increased.

Srsm: Frequent: el inrequent: teiifs, arhis, joint stffes, oint sweling !f% positive Rombesg fest; R costochonds, osteopoross, bursis, confrocure.
Ihmus System: Frequent: verio, hyperkinesio, paresthesn, decreased or ahsen eflees, cesed e, aniety, hosfity, i CNS tums, synope, deaming ohnome),
aphasia, hypesthesia, |nnuannml hemorhage, hypotonia, dysesthesi, paresis, dystoria, hsmlpl i, focal pumlyﬂs stupor, cerebelr dystunction, posive [ sin, deceased pnsnm
ense, b hematoma, apathy, holucination, decrease o loss of bido, aghotion, parcncio, depersanolization, euphoria, feging Vigh, dopetup sensaon, suiidal, psyhoss R
choreoathetosis, arofacol dydunm erxephn\npumy erve palsy, persenulw disorder, increase fhido, subued temperament, aprasic, fve motor control dwder meningismes, ol
myodonus, yperesthesio, hypokinesio, maia, newress, ysteia, onfisodil reaction, Side gesture.
Respirotory Symn: Frequent:prewnonic; fnfequent: epistoxis, dyspnea, apea; Rore: mucosits, aspiraion pneurmonic, hypervenfltion, iccup, layngis, nesal obstrucion, snorig,
banchesposm, hypovntiaon g edemo.

Irrfraquenralnpeuu eczem, dy sir, inrsgse sweting, o, hisutsm, sebore, s, herpes smple; At epes oster, skin discokor, skt papues,
phofosensiive reaction, feg uier, scolp ahorhen psoioi, desquamation, macerahio, skin nodules, subautaneous nodele, melonoss, skin necrsi, locl sweling.
Urogenttal Symm Inhequen: hemeturi, dysuria, wination frequency, cystis, uinary refention, urinary incanfinence, vugml Mnmrfnge urnemrrlm dywmm menortogi,
breast cance, unoble to cmox, ejpculotion sbromal, fore: Kithey poin, leukorthea, prutus genio!, encl stoe, atute renol fofure, anuri, giyeosuda, neplms noduia, pyuric, uination
wigency, vnmml i bieast pai, tefic poin.
Spediol Senses: Fraguent: obnormal vision; nflequent: catorac, conjunchvis, eyes dry, eye poin, visua fied defect, phofophobia, ilreol o ikaterl mws, L hemorthoge,
Hordeoum, hearing los, erach, fimius, e e fecion, o, ot lss, unusua ot e wicing, et f\illnms Rare: eye tching, obnomal occomymodaion, perforated ear drum,
sensify fo noise, &ye fmmng pmblem walery eyes, rennopmhy gloucoma, s, comeal dlsordels, Joctimal dysﬁmien, degenaiaiive eye changes, bindness, i degenerction, mioss,
chorioreinits, smhlsmus eustachion tube dysfunction, lobyrinhis, ois extera, oldsmel.
Postmarketing and Other Experience
In adifon to the adverse experiences reparted during cinical testng of Neurontin®, the following adverse experinces have been repored in patisnts receiving markefed Newronfn®. These
odverse experences have not been listed above and doo are nsuffcent to support o estmote of ther incidence of to estobih causafion. The g is olphabetzed: ongoedern, bood
glucose fuctuation, erytheme multforme, elevoted iver function tests, fave, jounie, Stevens-Johnson syndrome.
DRUG ABUSE AND DEPENDENCE
The chuse ond dependance potentil of Neuronin® s not been evoluated in human studes.
OVERDOSAGE
Aletl dose of gabapenin was no denified in mice and 1ar recehing sinle ol doses o high as 8000 my/Kg. Signs of ocue toicty in amimals induded o, lobered breathin,
ploss, sedation, hypooctity, of excioion.
Awlme orol overdoses f Newonfn® up to 49 grams hove been reparted. n these coses, doubl vision, e speath, drowsiness, lethargy and diorhea were observed. Ad patints recoveeed
with suppartve e
Gobapentn con be removed by hemodialyss. lthough hemodialysis s oot been performed in th few overdose cases reportd, it may be indicoted by the pofient’s dirce sufe o o
patients witt sirifcant reaclimpaiment.
DOSAGE AND ADMINISTRATION
Neutonfin® s recommended for addon therapy in pafiens over 12 years of age. Evidence bearing on it sefely and effecveness n pediotric paients below the oge of 12 s not ovokble.
Neurontin® is given orolly with or without food.
The eftecive dose of Neuranfin® i 900 to 1800 mg/day and given in dvided doses {tvee fimes a doy) using 300-or 400y capsues or 800- or B0Hmg bt The strting dose s
300 mq thoee imes o day: i necessary, the dose may be inceased using 300-or 400mg copsules or 600+ o B0y rablets hree times o doy ug fo 180G mg/Bay. Dosages up to
2400 mg/doy hove been wel folrared in longerm cinca stuies. Doses of 3600 m&ﬁdw Hove lso been adiministered to o small rumber of patients for o seofvel shost dation, ond
ove been wel toerated. The maximu fime between doses i the 1., schedule should not exceed 12 hours.
Itis ot necessary fo monior gabapenti plstmo conceriations o opfimize Newonfin® therapy. Furher, becouse there are no signficant phamocokineic nfections ameng Newronin® ood
ofter commonly e anfeplepsi drugs, the addion of Neurontin® does rofafe the plosme [evels of e dugs oppeeciably.
1f Newrontin® i diconfinued and)/or on alernate onficonvulsant medication i odded to the therapy, tis should be done gradually over a minimurm of 1 week.
Desoge adustment in patients with compromised encl uncion or undergoing hemodialyss is recommended as follows:

TABLE 2. Newronf® Dosage Bosed on Rendl Fundion
Renal Function

Creotining Cleorance Totol Daily Dose Dose Regimen
(ml/min) (mg/doy) (mg)
>40 1200 400710,
30-—60 600 3008..0.
15—30 300 300Q0. |
<15 150 300000
Hemodialysi — 200-300¢

*fvery ofher d
"Loading dose of 300 to 400 mg in potients who have never received Newontin®, then 200 to 300 mg Neuontin® following soch 4 hours of hemodialysis
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NEURONTIN"®
ADD-ON THERAPY THAT’S A PLUS
FOR YOUR PATIENTS

NEURONTIN is indicated as adjunctive therapy in
the treatment of partial seizures with and without

Proven efficacy in partial-seizure patients secondary generalization in adults (>12 years old).
NEURONTIN is contraindicated in patients who

Well-tolerated therapy have demonstrated hypersensitivity to the drug or
its ingredients.

Simple, predictable pharmacokinetics In controlled clinical trials, the most common
adverse events reported with NEURONTIN vs

The #1 branded antiepileptic drug* placebo were somnolence (19.3% vs 8.7%),

dizziness (17.1% vs 6.9%), ataxia (12.5% vs 5.6%),
fatigue (11% vs 5%), and nystagmus (8.3% vs 4%).

100 mg, 300 mg, and 400 mg capsules

600 mg and 800 mg tablets

*Based on new and total prescriptions, IMS Health prescription

NEURONTIN
audit through 11/00 (data on file}.
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