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OVERVIEW OF NEUROLOGICAL AND PSYCHIATRIC EVENTS IN
PATIENTS WITH INFLUENZA BOTH TAKING AND NOT TAKING
TAMIFLU®

Tuesday, April 03, 2007

F. HOFFMANN-LA ROCHE LTD
Basel, Switzerland '
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'SUMMARY .
Influenza is a disease which can be associated with significant morbidity and mortality,

particularly in certain risk populations. Influenza has most often been described as an’
illness characterized by the abrupt onset of systemic symptoms such as headache, fever,
chills, myalgia, or malaise, and accompanying respil:atory tract sighs, including cough
and sore throat. Elderly and other high-risk individuals may experience a gradual

- deterioration of underlying cardiovasc;.tlar, pulmonary, or renal function subsequent to
iﬁﬂuenza and these changes occasion_ally are irreversible and lead to death.

Neurological complications that can occur during influénza infections include confusion,
stupor, coma, convulsions, hallucinations, encephalitis, transverse myelitis and Reye's
syndrome. Children in-particular may experience febrile convulsions and seizures
associated with influenza. Complications of influenza occur in most cases within 2 days .

after the onset of influehza.

Tamiflu® (oseltamivir phosphate) is an orally administered neuraminidase inhibitor
which is approved for the treatment and prevention of influenza in adults and children in
100 countries WOrIdwide.. Recently, there have been spontaneous reports of neurological
and psychiatric abnormalities in patients with influenza who were also taking Tamiflu®.
In order to evaluate the potential association of Tamiflu to neﬁropsychiatric‘events '
across all ages since market introdljction, Roche undertook a careful evaluation of data
sources including worldwide spontaneous adverse event reporting, including Japan,
“published literature, health insurance claims databases and observational data. Based
on epidemiological data on influenza itself and on large database studies, there is no
increase in deaths or neuropgychiatric events for patients on Tamiflu versus patients

with influenza in general.

- The data provides no evidence of a causal relationship between Tamiflu and the reports
- of abnormal behavior. The risk-benefit assessment remains positive for Tamiflu across

all age groups above 1 year.
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NEUROLOGICAL AND PSYCHIATRIC COMPLICATIONS OF INFLUENZA

Raised body température (fever/nyperthermia}, which_occurs with influenza, can lead to
various consequences such as an increase in metabolic oxygen consumption, heart rate,
and respiratory rate as well as certain neurologic effects. Febrile seizures occur in 2 to 4
percent of youhg children with high temperatures but are generally benign |1 ]: Pyrexia
can provoke récurrent seizures in up.to one third of children who have had febrile
seizureé. Sleepiness and decreased concentration commoniy accompany fever in
patiehts of all ages but may be caused by the central nervous system effects of
interleukin-6 rather than by pyrexia itself [2_]. Exireme fever or an acute rise in body

_ temperaturé can cause a change in alertness, confusion, delirium and clouding of
consciousness, more commonly in the very young and very old [3]). Neurologic‘ signs,
such as mental status changes and seizures, are commonly associated with the acute
stages of fever/hyperthermia [4]. Most neurological abnormalities resolve with correction
of the underlying disorder and resolution of fever [5]. Many metabolic abnormalities are
associated with hyperthermia, including hypoxia, respiratory alkalosis, metabolic
acidosis, hypokalemia, hyperkalemia, hypernatremia, hypophosphatemia,
hypomagné'sernia, and hypoglycemia [6, 7, 8]. These metabolic abnormalities can
further lead te neurological abnormalities. Concomitant medications used to treat

influenza symptoms can also lead to neuropsychiatric complications.

Nicho!_sbn [9] estimated the incidence of febrile convulsions in symptomatic influenza to
be between 0.1% and 1% in children under 5 years of age. The association between
febrile convulsions in ‘symptomatic influenza was considered to be definitive {10]. The
evidence for a possible causal association between influenza and seizures was provided
by Van Zeijl et al [11]. They reported a clear association between the y.early peaks of .

- febrile convuilsions and the occurrence of influenza A. Encephalitis/encephalopathy is a
well known complication of influenza which is most often reported.from Japan [12],
where it is reported mainly for children. Some cases of influenza associated

- encephalitis/encephalopathy were also observed in the.US during the 2003-2004

influenza season [13].
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REPORTS OF NEUROLOGICAL AND PSYCHIATRIC ABNORMALITIES IN
-INFLUENZA PATIENTS IN THE UNITED STATES

Newland et al reported a total of 72 pediatric patients with influenza associated
~ neurologic complications in a group of 842 hospitalized with severe influenza [14]. The
lead author has confirmed that none of the reported patients had been administered

Tamiflu prior to onset of CNS dysfunction.-

Roche recently commissioned two retrospective cohort studies using two separate
health insurance claims databases (ingenix Research Datég Mart.[15] and MarketScan
Database [16]). The Ingenix database contains data derived from 27 affiliated health.
plans, and large, national employer groups. It contains approximately 20 million current.
-ahd past members and covers medical, pharmacy and laboratory information. The
MarketScan database contains about 15 million people that include active erhployees,
COBRA continuers, disabled employees, retirees, an’d dependents. Both Medicare-

eligible and ineligible persons are included.

Together these databases identified a total of I101 ,538 Tamiﬂu-inﬂuenza treated patients
~ which were compared to 224,490 patients with influenza but who had no antiviral use.
Patients had a claims diagnosis of influenza between 1999 and 2006 and received
either a dispensing of Tamiflu or no antiviral tréatment. Chronological claims histories
were reviewed to identify patterns of c?aims indicating any CNS outcomes within 30 days
of the influenza diagriosis. (including all neuropsychiatric eévents including encephalitis,
delusion, delivium, anxiety, nervousness, restlessness, irri’iabitity, panic ,aggressive

behaviour etc.).

Tamiftu users wére found to be at significantly lower odds {p<0.001) than controls for
experiencing a CNS event in the 30 days after-diagnosis of influenza. Overall use of
Tamiflu was associated with lower odds ratios for any neuropsychiatric or CNS outcome
and reached statistical significance.

A baseline medical history of a neuropsybhiatric event was present in ‘approx 16-.1 8% of

both cohorts.
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P value

‘Us Total Patients | Patients | Patients | Patients
Database |number |receiving |receiving |not not
patients | Tamiflu | Tamiflu | receiving | receiving
with (%) | with N-P | Tamifiu Tamifiu
influenza event (%) | (%) with N-P
examined ‘ event (%)
. INGENIX 244 620 60,834 2,333 183,786 7829. . <0.0001
R (248 | (©3.84) (75.2) (4.26)
MarketScan | 81,411 40,707 1,082 40,704 1,41é <0.0004
' (50) (2.7) (50) (3.5)

*N-P=Neuropsychiatric

There were no observations showing an increase risk of claims-based neuropsychiatric
-events with Tamiflu use compared with no antiviral use. Based upon the analyses from
these two large medical claims databases there is no evidence of an increased risk of

neuropsychiatric iliness in paﬁents taking Tamifiu.

The results from these 2 healthcare database confirm the conclusions from a recent-
Japanese survey involving 2846 Japanese patients. They examined the relationship
between Tamiflu and clinical symptoms; there was no significant difference between

Tamiflu users for the occurrence of abnormal behaviour in Tamiflu users {11.9%) versus
non-Tamiflu users (10.6%} (p=0.259, No Significant Difference) [17].

“The survey went on to show significant benefits of Tamiftu in reducing complications of

pneumonia, where the cumulative incidence tate was 0.7% in the Tamiflu group and

3.1% in the non-Tamiftu user group {p<0.0001).

A further analysis of the United States’ health claims databases was undertaken to

investigate incidents related to accident and suicide among patients with diagnosis of
influenza during influenza seasons. Furthermoré, differences in the incidence between

patients who had received Tamiflu and patients who had not received Tamifiu were
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compared, to determine if there were any association between Tamiflu and such

incidents.

~ With respect to individuals aged less than 20 years, and for the inflienza season
cornmencing Novernbe_r 1st 2002 and finishing March 31st 2003, a significantly
increased odds ratio (OR) for accidents from falls and vehicles was observed-for

. individuals not taking Tamifiu (OR=1.55 [1.01 to 2.36] and 3.41 [1.37 to0 8.48]
respectively). The study did not detect any evidence that would support a link between
. Tamiflu ingestion and accidental ihjury or-suicide.

ADDITIONAL ASIAN DATA FROM OUTSIDE JAPAN

Unpublished daia has been provided by Huang et al from their cenire in Taiwan, where '
CNS dysfunction is documented in 48 children and. adolescents with confirmed influenza,
'hospitalized during the period 2000 o 2007. The patients had a mean age of 7.2 years .
(range 1.4 to 23 years). Twenty eight patients were male and 20 female. Thirty eight
patients are known to have not received Tamiflu in the period prior to the qnsét of CNS
dysfunction. This data documents the occurrence of CNS dysfunction ranging from
abnormal behavior to.brain death as a consequence of influenza in East Asian paiie‘nts,
in the absence of Tamiflu exposure. The data is currently being prepared by the

investigator for publication in a peer reviewed journal.

" Linetal[1 8] and Huang et al [19] have published papers on smaller series of influenza
associated cns dysfunction in patients who had not received Tamifiu prior o symptom
onset. This has been confirmed by the authors direcily.

OVERVIEW OF CUMULATIVE NEUROLOGICAL AND PSYCHIATRIC ADVERSE
EVENT REPORTING '

Methodology and Definitions
Roche carried out an analysis of the ADVENT drug safety.database to evaluate all

cumulative reports of neuropsychiairic events reported for Tamiflu, with a cut-off date of
up to 12th March 2007.
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The events analyzeq‘ were from the following System Organ Classes (SOC):
-* All events covered by the SOC term “psychiatric disorder”

« The majority of SOC “neurclogical disorders” with the exception of évents related
specificaily to'seizures and depressed level of consciousness as these were .
considered out of the scope of this analysis

- SOC of “injury, poisoning and procedural complications”

All events were then grouped and discuss.ed under one common term “neuropsychiatric
events”. Each event was then individually reviewed to identify cases of injury or
abnormal behavior resulting in injury or potential injury. Furthermore, cases reporting
“compléted suicide” and “suicide attempts” were searched and presented separately.

Results. .
A total number of approximately 45 million patients are estimated to have been exposed

to Tamiflu. A total number of 1215 neuropsychiatiic events were identified in the
ADVENT database as of 12th March 2007 (see Appendix 1).. These consisted of both
serious and non-serious events and fatal and non-fatal events. Approximately oneé third
of the reports were of serious events, while the remaining reports consisted of non- -

serious events.

Abnormal Behavior _
‘A total number of 23 Tamiflu casesbf abnormal behavior were identified in the database

as of 12th March 2007. Of these, 5 evenis resulted in a fatal outcome and 18 events
were non-fatal. The 5 fatal events were.mainly in males (n=4}, with a mean age of 14.3
years. The non-fatal events were also prec!ominantly in males (n=16) with a mean age
-of 11.7 years. Of the 5 fatal events, 4 fatalities were as a result of a fall from a building
while 1 event was due to the patient being hit by a truck while running across & road.
Eight of the non-fatal injuries were also a result of falls from or within buildings. In
addition 5 rion-fatal events were reports of patients being preve.'n'ted while trying to jump
from a building. In addition, 3 additional events (3 falls} of gi;normaf behavior have been

reported since the 12th of March and are currently undergoing further evaiuation.
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_Reports of suicide or sticide attempts .
A total number of 3 cases of completed suicide and 8 cases of non-completed suicide or
suicidal ideation were identified in the database as of 12th March 2007. Of the 8, 3
were reports of suicidal ideation, 3 were reports of suicide attempt and 2'were reports of
self-injurious behavior. The 3 completed suicides were in patients over 44 years of age,
with strong confounders such as 1 patient who had chronic renal faiture and another with
chronic TB. In addition, one additional 'report of completed suicide was reported '
{consumer report, not medically confirmed) subsequent to the cut-off date of 12th March
2007, res'ulting in a total of 4 suicide cases reported to date. An additional 2 reports of
suicide-attempt and 2 of self-injury have also been reported since 12th March 2007 and

ﬂjrther evaluation is currently ongoing.

As of 12th March 2007, 1215 neuropsychiatric serious and non-serious events had been
re_pofted to the Roche ADVENT safety database. (see Appendix 1). This equates to a
incidence rate of only 1 in 37,000 patients when considering ;i'amiﬂu'ex'posure estimates
of 45 million treatments. In a small number of cases abnormal behei_vior hés been
reported, that has in a few cases \ied to injury and in very rare instances, in a fatal -
outcomé. However, these reports need to be viewed in the context of amount of Tamiflu
used, with an estimated exposure of 45 million patients. Reports of abnormal behavior
occurred mainly in teenage males and were reported primarily from Japan, This is
contrast to the vefy shall_ number of cases of suicide or suicide ideation reported which
where mainly seen in older adults. Overall, the rates of fatal outcome when suicide and
abnormal behavior are combined equates to an incidence of 1 in 5 niiliion patients

treated.

DISCUSSION

Reports of neurological and psychiatric abnormalities in patients with influenza were

published prior to the introduction of Tamiflu in Japan. Following publication of such

reports in Japan there was increased awareness and vig_Hénce around-neurological-and
_ psychiatric abnormalities in patients with influénza. Tamiflu was introduced in 2001 in

Japan during this peridd of increased awareness. These events were cabtured by the
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