
Drug Safety 2003; 26 (11): 787-801REVIEW ARTICLE 0114-5916/03/0011-0787/$30.00/0

© Adis Data Information BV 2003. All rights reserved.

Safety and Pharmacology of
Oseltamivir in Clinical Use
Regina Dutkowski,1 Bharat Thakrar,2 Enrico Froehlich,2 Pia Suter,2 Charles Oo1  and
Penny Ward3 

1 Hoffmann-La Roche, Nutley, New Jersey, USA
2 F. Hoffmann-La Roche, Basel, Switzerland
3 Roche Global Development, Welwyn, United Kingdom

Contents
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 787
1. Sources of Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 788
2. Data from the Clinical Programme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 789

2.1 Clinical Pharmacology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 789
2.1.1 Absorption and Bioavailability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 790
2.1.2 Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 790
2.1.3 Metabolism. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 790
2.1.4 Elimination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 790
2.1.5 Multiple Dose Pharmacokinetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 790
2.1.6 Pharmacokinetics in Special Patient Populations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 790

2.2 Drug Interaction Potential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 791
2.3 Treatment-Emergent Adverse Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 792

2.3.1 Treatment Studies in Adult Populations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 792
2.3.2 Treatment Studies in Children . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 793

2.4 Safety in the Prevention of Influenza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 794
2.5 Hospitalisations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 795
2.6 Deaths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 795
2.7 Clinical Laboratory Data and Vital Signs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 796

3. Postmarketing Surveillance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 796
4. Health Outcomes in Patients Receiving Oseltamivir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 797
5. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 798
6. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800

Oseltamivir is a novel agent approved for the treatment and prevention ofAbstract
influenza infection and illnesses in adults and children. Assessment of data from
the clinical trial programme, a US health insurance database study and postmar-
keting surveillance allowed a comprehensive review of the safety of oseltamivir in
clinical use in subjects >1 year of age.

Oseltamivir has been studied over the course of a 5-year development pro-
gramme in >11 000 subjects from North America, Europe and the Southern
Hemisphere, including otherwise healthy adults, approximately 500 elderly/
high-risk subjects, and children (>1000) aged 1–12 years. Safety evaluations
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included treatment-emergent adverse events, hospitalisations and deaths, as well
as haematological and biochemical laboratory safety tests.

The data reveals that oseltamivir has simple, uncomplicated pharmacology and
lacks potential for drug-drug interactions. Electrocardiogram parameters, includ-
ing corrected QT interval, were unaffected by oseltamivir even at high doses.
Postmarketing studies confirmed that transient gastrointestinal disturbance is the
major adverse effect of oseltamivir and that this can be reduced by taking
oseltamivir after a light snack. On treatment serious adverse events were reported
in 1.3% of oseltamivir 75mg twice daily, 0.7% of oseltamivir 150mg twice daily
and 1.2% of placebo recipients, respectively, in the clinical trial programme.
Postmarketing, it is estimated that, to date, over 4 million oseltamivir prescrip-
tions have been dispensed worldwide. Approximately 2300 spontaneous reports
were received by the manufacturer over the three winter seasons of use. As these
events are reported infrequently and from an unknown number of users, it is not
possible to definitively assess causality or frequency of reported events. Most
reports were of gastrointestinal and skin reactions. However, a clear association
between the skin reactions and oseltamivir has not been established. A large study
of insurance records, which permitted the assessment of the relative risk of
medical events treated in the month following prescription of oseltamivir in
general use, showed no evidence of increased risk of cardiac, neuropsychiatric or
respiratory events for those receiving oseltamivir compared with those who did
not.

To conclude, no important safety concerns have evolved which might limit the
suitability of oseltamivir for the treatment and prevention of influenza in all
patient populations.

Oseltamivir is a novel oral agent approved for the 1. Sources of Data
treatment and prevention of influenza infection and An extensive clinical programme has been con-
illness in adults and children. Annual outbreaks of ducted to evaluate the pharmacology, pharmaco-

kinetics, safety and efficacy of oseltamivir. Whileinfluenza affect high proportions of the population.
pharmacology and pharmacokinetic studies haveDuring influenza seasons the incidence of clinical
been conducted mainly in healthy volunteers, stud-

influenza can be up to 32% in families of infected ies evaluating oseltamivir in the treatment of influ-
individuals.[1] Any drug used to treat/prevent such a enza have included a wide range of populations and

age groups, comprising adult and elderly popula-common disorder must be well tolerated and free
tions, patients with chronic respiratory or cardiacfrom liability to cause significant safety problems
conditions, and children aged 1–12 years.[2-12]  Pro-

when used in a wide general population. phylaxis studies have included subjects aged 13
This paper reviews the accumulated information years and over and incorporate data from elderly

residents of specialised nursing facilities. An over-on the safety of oseltamivir derived from the exten-
view of the development programme is shown insive clinical development programme conducted
figure 1.[2-18]

prior to approval and updates that information with
Safety data collected during the development

postmarketing data from a US health insurance data- programme included treatment-emergent adverse
base study and postmarketing surveillance. events and laboratory biochemical and haematologi-
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Overall
n = 11 675

(7642/4033)

Treatment studies
n = 6779

(4570/2209)

Studies in children
n = 1039
(515/517)

Studies in adults
n = 4001

(2469/1532)

Open label
study in adults

n = 1426
(1426/0)

Japanese study
n = 313

(153/160)

Prophylaxis studies
n = 3742

(2155/1587)

Japanese study
n = 308

(155/153)

Seasonal prophylaxis
n = 2479

(1506/973)

Postexposure
prophylaxis

n = 955
(494/461)

Experimental
flu studies

n = 352
(245/107)

Clinical
pharmacology

n = 802
(672/130)

Treatment studies
n = 257
(182/75)

Prophylaxis studies
n = 95
(63/32)

Multiple-dose studies
n = 507

(389/118)

Single-dose studies
n = 295
(283/12)

Fig. 1. Overview of oseltamivir clinical programme.[2-18] n = the total study population (number of patients exposed to oseltamivir/number of
patients exposed to placebo).

cal tests. A large clinical pharmacology study inves- Additionally this paper presents information de-
rived from the spontaneous reports received by thetigated the potential for oseltamivir to affect electro-
manufacturer postmarketing up to and including 30cardiogram (ECG) parameters, most notably
September 2001. Between the first approval of osel-corrected QT (QTc) intervals.[9] Adverse event data
tamivir for the treatment of influenza in adults inwere analysed in two phases: the ‘on-treatment’
Switzerland and this date, it is estimated that ap-period, i.e. those events which began during treat-
proximately 4 million prescriptions have been dis-ment or up to two days after the end of treatment;
pensed worldwide.and ‘off-treatment’ events which began after the

Finally, safety data derived from a retrospective‘on-treatment’ phase and represent the usual range
cohort study using data reported within 30 daysof medical events experienced by individuals being
following a prescription for oseltamivir for patientsfollowed for periods of up to 6 weeks during the
with an influenza-like illness enrolled in the Unitedwinter season.
Healthcare Insurance System are described.[17]

Laboratory evaluations were performed prior to
These data are compared with data reported in thethe start of treatment and immediately following the
same time period from patients with an influenza-last dose in all studies that formed part of the clinical
like illness for which no oseltamivir were dispensed.programme.[3,4,6-8,10-12,14-18] Data were analysed us-

ing evaluations of group and individual changes
2. Data from the Clinical Programmefrom baseline values and shift frequency tables,

assigning absolute laboratory values using the WHO
recommended toxicity grading scale. This evalua-

2.1 Clinical Pharmacologytion focuses upon the safety of oseltamivir observed
at the dose regimens licensed for use in the treat-
ment/prevention of influenza in comparison with The clinical pharmacology of oseltamivir is
placebo. simple and well understood.

© Adis Data Information BV 2003. All rights reserved. Drug Safety 2003; 26 (11)
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2.1.1 Absorption and Bioavailability human cytochrome P450 mixed-function oxidases
Oseltamivir is a pro-drug that is readily absorbed or glucuronyl transferases.[2] Moreover, oseltamivir

from the gastrointestinal tract and extensively con- and the carboxylate are the only compounds found
verted by hepatic carboxylesterases to the single in human excreta after oral or intravenous adminis-
active metabolite, oseltamivir carboxylate (Ro tration of oseltamivir.[2]

64-0802). The absolute bioavailability of osel-
2.1.4 Eliminationtamivir in the form of the carboxylate is approxi-
Following conversion to the carboxylate, the re-mately 75–80%.[2] Measurable plasma concentra-

maining oseltamivir and its carboxylate are elimi-tions of carboxylate are found within 30 minutes,
nated exclusively by renal excretion. Plasma con-reach near-maximal levels in 2–3 hours post-dose,
centrations of orally administered oseltamivir de-and substantially exceed (>20-fold) those of osel-
cline rapidly with an apparent elimination half-lifetamivir. Plasma concentrations of both oseltamivir
of 1–3 hours in most subjects. However, post-peakand its metabolite were proportional to dose after
plasma concentrations of the active metabolite de-single doses of up to 1000mg and displayed only a
cline less rapidly with an apparent half-life of 6–10small degree of intra and inter-subject variability.[2]

hours, permitting twice daily administration.[2]Food has minimal effects on the kinetics of osel-
Renal clearance of both oseltamivir and itstamivir indicating that the drug could be adminis-

carboxylate exceeds the glomerular filtration rate,tered in any temporal relation to a meal.[2] Adminis-
indicating that renal tubular secretion contributes totration under conditions of altered gastric pH, such
the elimination of the compound. This has beenas that induced by cimetidine and antacids, did not
shown to occur via the anionic transport process.alter the rate or extent of absorption of oseltamivir.[2]

2.1.2 Distribution 2.1.5 Multiple Dose Pharmacokinetics
The protein binding of oseltamivir is approxi- The pharmacokinetics of oseltamivir are linear

mately 42%, and a negligible fraction (<3%) of the and dose-proportional at doses of up to 500mg twice
carboxylate was bound to human plasma proteins at daily, only modest accumulation (<2-fold) of the
any concentration.[2] Oseltamivir and its carboxylate carboxylate being noted prior to steady-state.[2]

distribute well into the sites of influenza infection Pharmacokinetics during multiple dose administra-
(e.g. lung, trachea, nasal mucosa and middle ear) tion are predictable from single dose administration
and the concentration of carboxylate at these sites is and provide no indication of a temporal change in
high enough to inhibit viral replication.[19-21] The the disposition of either moiety. Steady-state plasma
volume of distribution (Vss) of the carboxylate in concentrations are achieved within 2–3 days of
humans following intravenous administration was twice daily administration.[2] During twice daily ad-
23–26L, which is similar to the extra-cellular vol- ministration of 75mg oseltamivir, plasma levels of
ume of body water, suggesting that the active metab- the active metabolite remained above the inhibitory
olite penetrates the areas of viral infection at con- concentrations (IC50 values) of all influenza virus
centrations similar to those in plasma.[2] This was strains tested in vitro over the dosing interval.[2]

subsequently confirmed in a small study in which
2.1.6 Pharmacokinetics in Specialsinus and middle ear fluid concentrations were mea-
Patient Populations

sured.[19]

Overall, there are no clinically relevant differ-
2.1.3 Metabolism ences in the pharmacokinetics of oseltamivir be-
At least 75% of an oral dose of oseltamivir is tween healthy volunteers and subjects infected with

converted to the carboxy metabolite by first-pass influenza virus.[2] In addition, there was no clinically
metabolism and <5% is recovered in urine as the relevant effect of sex, age or weight on the
pro-drug. In vitro studies show that neither osel- pharmacokinetics of either the prodrug or metabo-
tamivir nor its active metabolite interacts with lite in adult patients.[2] The pharmacokinetics of

© Adis Data Information BV 2003. All rights reserved. Drug Safety 2003; 26 (11)
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oseltamivir and Ro 64-0802 in Japanese and Cauca- tion guidelines were developed to provide exposures
sian subjects were found to be similar indicating that in children similar to those shown to be safe and
the pharmacology of the drug is not ethnically sensi- effective in adults. The drug administration guide-
tive.[5,13] line was based on a target exposure window and a

simple linear regression analysis of pharmacokineticIn elderly patients, drug exposure increases in
data collected in children and adolescents followingproportion to the usual age-related decline in renal
a single 2 mg/kg dose of oseltamivir. It was expec-function.[2] However, as the increase in exposure is
ted that age- and weight-based unit drug administra-small relative to the known safety margin, no dose
tion would be simple to use and would reduce theadjustment is necessary in this population.
potential for errors in calculating dose based on aAs expected, in subjects with renal impairment,
mg/kg basis.exposure to the active metabolite is increased as a

The predicted area under the concentration-timefunction of decreased renal function, a marked in-
curve (AUC)0-∞ following 30, 45 and 60mg doses ofcrease in exposure being associated with severe
the oral suspension (12 mg/mL) and a 75mg doserenal impairment (creatinine clearance [CLCR] rates
were first calculated using ideal weights, and thenof <30 mL/min).[2] Therefore dose reductions are
using the actual weights of children in whom effi-recommended for patients with severe renal impair-
cacy and safety data were collected during the clin-ment. Oseltamivir is not recommended in patients
ical studies. The drug administration guidelineswith end stage renal disease (CLCR <10 mL/min).
were shown to be appropriate for children and ado-

Metabolism of the prodrug to the carboxylate lescents to maintain drug exposure within the target
occurs via high capacity carboxylesterases in the safety/efficacy window and to allow for a conve-
liver. In vitro experiments have shown that this nient administration regimen.[23]

metabolic pathway is unlikely to be significantly
affected in subjects with moderate hepatic impair-

2.2 Drug Interaction Potential
ment, and this has been confirmed in a kinetic
study.[22] Therefore, no dose adjustments are neces- Available data indicate that the potential for
sary in subjects with mild to moderate hepatic im- drug-drug interactions with oseltamivir is minimal.
pairment. Plasma protein binding is low, indicating that drug-

The pharmacokinetics of oseltamivir and Ro drug interactions via protein binding displacement
64-0802 are similar between healthy children and are unlikely. In addition, oseltamivir has a high
children with naturally acquired influenza.[23] solubility over a broad pH range, which demonstra-
Young children clear the carboxylate faster than tes that its absorption would not be affected by drugs
adults resulting in lower exposure to the drug for a which alter gastric pH. It does not interact with
given mg/kg dose. With advancing age, the differ- substrates of various isoforms of cytochrome P450,
ence in exposure between children and adults be- and interaction with these enzymes appears to be
comes less, such that the pharmacokinetic profile unlikely. The potential for drug interaction is limited
and exposure in children aged 13 years and over is to a potential for interference via carboxyesterase
similar to that in adults given the same dose. metabolism or by interaction within the anionic tu-

bular pathway in the kidney.While the range of exposures in children aged
1–12 years and adolescents aged 13–16 years fol- This has been studied by a programme of targeted
lowing a 2 mg/kg dose of oseltamivir fell within the interaction studies using representative drugs with
range of exposures established to be safe and effec- potential for interaction at each point.[24-27] The ki-
tive in adults receiving either 75mg or 150mg twice netic profile of oseltamivir is unaffected by moder-
daily doses, a clear trend towards higher systemic ate hepatic impairment, confirming the high capa-
clearance following the same mg/kg dose in younger city of hepatic carboxyesterases noted in vitro. No
children was evident.[23] Therefore, drug administra- kinetic interaction was observed when oseltamivir

© Adis Data Information BV 2003. All rights reserved. Drug Safety 2003; 26 (11)
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was co-administered with aspirin (acetylsalicylic tamivir after a light snack significantly reduced the
acid), an agent co-metabolised by carboxyester- incidence of nausea. Increasing doses of oseltamivir
ases.[24] Oseltamivir carboxylate binds weakly to resulted in a higher incidence of nausea and vomit-
isolated humanised anionic tubular transporter pro- ing but increased exposure to the carboxylate – as a
tein and did not interact with amoxicillin.[25] Co- result of decreased renal clearance – had no effect on
administration of amoxicillin had no effect on osel- the incidence of these events indicating that they are
tamivir carboxylate kinetics, although probenecid, a most likely a result of mucosal irritation. These
highly potent inhibitor of the anionic tubular excre- events were reported for the first time on either day
tion pathway, increased carboxylate exposure by 1 or 2 of treatment in the majority of those affected
2.5-fold, an increase that is not clinically significant and occurred on only a single occasion in >90% of
due to the wide safety margin of oseltamivir. These those affected. Given this profile it is not surprising
data confirm the low probability of any significant that these events resulted in ≤1% of subjects with-
drug-drug interaction at the level of tubular excre- drawing from the studies.
tion.[25] Thus, under normal circumstances, osel- Gastrointestinal events with oseltamivir were
tamivir can be co-administered with most drugs due less frequently reported among elderly subjects than
to its wide safety margin and low drug-drug inter- those <65 years of age (figure 2). Indeed, the inci-
action potential. dence of these events, particularly nausea and

vomiting, in the elderly population was very similar
2.3 Treatment-Emergent Adverse Events to that with placebo. Thus, there is no evidence that

gastrointestinal disturbance will interfere with con-
comitantly taken drugs needed for the control of2.3.1 Treatment Studies in Adult Populations
chronic medical conditions in elderly populations.All studies in the pooled adult safety population

evaluated a treatment duration of 5 days.[3,4,7,8,11,17] In view of the known association between influ-
Transient gastrointestinal disturbances (nausea and enza and deaths from cardiac disorders an extensive
vomiting) were the only adverse events consistently review of cardiac safety was conducted. Preclinical
reported more frequently by subjects taking osel- studies showed no evidence that oseltamivir has
tamivir compared with placebo recipients (odds ra- potential for effects on cardiac repolarisation in
tios [OR] of 1.58 [95% CI 1.19–2.10] for nausea and humans.[9] Nevertheless, a large study investigating
2.64 [95% CI 1.77–3.93] for vomiting). Taking osel- the potential for effects on the QTc-interval in
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Fig. 2. Comparison of the most frequent adverse events in adult (<65 years) and elderly (≥65 years) populations during oseltamivir
treatment studies (events occurring in ≥2% of patients in placebo or oseltamivir 75mg twice daily groups).
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Table I. Number of subjects experiencing cardiac adverse events during oseltamivir treatment studies (%)[3,4,7,8,11,17] 

Body system/adverse event Placebo Oseltamivir 75mg bid Oseltamivir 150mg bid
(n = 1050) (n = 1057) (n = 447)

Cardiac rhythm disorder 2 (0.2) 1 (0.1) 2 (0.4)

Pulse irregular 2 (0.2) 1 (0.1)

Atrial fibrillation 1 (0.1) 1 (0.1)

Tachycardia 1 (0.1)

Angina unstable 1 (0.1) 1 (0.1)

Angina pectoris 1 (0.1)

Chest pain – cardiac 1 (0.1)

Left ventricular failure 2 (0.2)

Cardiac failure aggravated 1 (0.1)

Cardiac failure 1 (0.1)

Cardiovascular disorder 1 (0.2)

Cyanosis 1 (0.1)

Oedema upper limb 1 (0.1)

Pericarditis 1 (0.1)

Valvular heart disease 1 (0.1)

Total number of cardiac 14 7 3
adverse events
bid = twice daily.

2.3.2 Treatment Studies in Childrenhumans was conducted.[9] Groups of 100 volunteers
were randomised to receive placebo or oseltamivir, The safety of influenza treatment with osel-
at twice-daily doses of 75, 225 or 450mg for 5 days tamivir in children aged 1–12 years has been evalu-

ated in clinical studies involving >1000 sub-(i.e. up to six times the dose recommended for the
jects.[6,16,23] These studies evaluated a treatment du-treatment of influenza). During this period, ECG
ration of 5 days. Oseltamivir was generally wellmeasurements were taken repeatedly, and for each
tolerated during these studies. Once again gastroin-individual the data were compared with that collect-
testinal events – notably vomiting – were the most

ed throughout the day prior to drug administration. frequently reported with an OR of 1.61 (95% CI
All ECGs were read by a central laboratory. There 1.15–2.26) over placebo.[6,16,23] Vomiting was more
was no evidence that oseltamivir had any effect on frequently reported in children >6 years (table II) in
QTc-intervals in this study. The incidence of abnor- both treatment groups. Interestingly, in the pre-

school age children the observed excess in the inci-malities of T wave morphology was the same in all
dence of vomiting compared with placebo wasfour treatment groups and comparable to that pre-
somewhat lower than in older children. Once againviously reported from healthy volunteer studies.
these events were seen immediately following the

Overall, the incidence of cardiac disorders during
start of treatment, resolved rapidly and did not result

the treatment studies was substantially lower in osel- in any evidence of dehydration. Fewer than 1% of
tamivir recipients than those receiving placebo children stopped oseltamivir treatment because of
(table I). Considering that the population studied these events.
included those with pre-existing cardiac conditions Approximately half of the children aged ≥6 years
in addition to a considerable number of elderly were asthmatic. Oseltamivir had no adverse effect
subjects, these data support the conclusion that osel- on pulmonary function in this population. Pulmon-
tamivir carries no potential for cardiac toxicity in ary function tests comprising forced expiratory vol-

ume in 1 second (FEV1) and peak expiratory flowhumans.

© Adis Data Information BV 2003. All rights reserved. Drug Safety 2003; 26 (11)
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Table II. Number of subjects (%) experiencing ‘on-treatment’ adverse events in the pooled paediatric oseltamivir treatment studies by age
(only events occurring in ≥2% of patients in placebo or oseltamivir groups are included)[6,10,12,16]

Adverse event 1–5 years 6–12 years

placebo oseltamivir 2 mg/kg placebo oseltamivir 2 mg/kg
(n = 201) (n = 198) (n = 316) (n = 317)

Vomiting 21 (10.4) 24 (12.1) 27 (8.5) 53 (16.7)

Diarrhoea 28 (13.9) 31 (15.7) 27 (8.5) 18 (5.7)

Otitis media 37 (18.4) 29 (14.6) 21 (6.6) 16 (5.0)

Abdominal pain 2 (1.0) 8 (4.0) 18 (5.7) 16 (5.0)

Asthma 0 (0.0) 3 (1.5) 19 (6.0) 15 (4.7)
(including aggravated)

Nausea 2 (1.0) 3 (1.5) 20 (6.3) 14 (4.4)

Epistaxis 5 (2.5) 7 (3.5) 8 (2.5) 9 (2.8)

Pneumonia 9 (4.5) 4 (2.0) 8 (2.5) 6 (1.9)

Ear disorder 2 (1.0) 1 (0.5) 4 (1.3) 8 (2.5)

Sinusitis 4 (2.0) 1 (0.5) 9 (2.8) 8 (2.5)

Bronchitis 6 (3.0) 4 (2.0) 5 (1.6) 4 (1.3)

Dermatitis 6 (3.0) 3 (1.5) 4 (1.3) 2 (0.6)

Lymphadenopathy 5 (2.5) 2 (1.0) 3 (0.9) 3 (0.9)

Tympanic membrane disorder 4 (2.0) 4 (2.0) 2 (0.6) 1 (0.3)

rate (PEFR) were measured in all asthmatic children was slightly lower in the oseltamivir treatment arm
(18%) compared with placebo (20%). Thus, there isat baseline (on study enrolment) and day 6. In addi-
no evidence to suggest that treatment with osel-tion, PEFR was measured (always prior to
tamivir exerts any adverse effect on respiratorybronchodilator use) in the morning of each day of
function as defined by PEFR or FEV1, or reportedthe study. In the influenza-infected asthmatic chil-
asthma exacerbation in children with asthma.dren, on day 6 the median FEV1 value had increased

Overall, there was no increased risk of any ad-by 10.8% in the oseltamivir group compared with
verse event with oseltamivir treatment in elderly4.7% in the placebo group (p = 0.0148). Among the
patients or children, including those patients withnon-infected population there was no overall effect
pre-existing cardiac or pulmonary diseases.on PEFR or FEV1, the median change in peak flow

from baseline was 5.6% in the placebo group com-
2.4 Safety in the Prevention of Influenzapared with 5.9% for oseltamivir.

The proportion of subjects reporting an asthma Prolonged administration of oseltamivir 75mg
exacerbation at any point post-initiation of the study once daily for up to 6 weeks for prevention of

Table III. Number of subjects (%) experiencing adverse events in all oseltamivir prophylaxis studies in naturally acquired influenza (only
events occurring in ≥2% of patients in placebo or oseltamivir groups are included)[14,15,18]

Adverse event Placebo Oseltamivir 75 mg/day
(n = 1434) (n = 1480)

Nausea 62 (4.3) 118 (8.0)

Headache 251 (17.5) 298 (20.1)

Vomiting 15 (1.0) 31 (2.1)

Diarrhoea 38 (2.6) 48 (3.2)

Pain 43 (3.0) 53 (3.6)

Fatigue 107 (7.5) 117 (7.9)

Abdominal pain 23 (1.6) 30 (2.0)

Upper respiratory tract infection 115 (8.0) 120 (8.1)
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Table IV. Number (%) of elderly (≥65 years) and younger subjects (18–64 years) experiencing adverse events in the oseltamivir seasonal
prophylaxis studies (only events occurring in ≥2% of patients in placebo or oseltamivir groups are included)[15,18]

Adverse event 18–64 years ≥65 years

placebo oseltamivir 75 mg/day placebo oseltamivir 75 mg/day
(n = 520) (n = 519) (n = 453) (n = 467)

Pain 19 (3.7) 20 (3.9) 24 (5.3) 32 (6.9)

Rhinorrhoea 3 (0.6) 11 (2.1) 13 (2.9) 12 (2.6)

Upper respiratory tract 102 (19.6) 112 (21.6) 13 (2.9) 8 (1.7)
infection

Dysmenorrhoea 47 (9.0) 47 (9.1) 0 (0.0) 0 (0.0)

Allergy 14 (2.7) 13 (2.5) 0 (0.0) 0 (0.0)

Migraine 13 (2.5) 9 (1.7) 0 (0.0) 2 (0.4)

Influenza like illness 5 (1.0) 4 (0.8) 59 (13.0) 61 (13.1)

Sinus headache 13 (2.5) 11 (2.1) 0 (0.0) 0 (0.0)

Urinary tract infection 4 (0.8) 4 (0.8) 15 (3.3) 12 (2.6)

Myalgia 19 (3.7) 14 (2.7) 1 (0.2) 5 (1.1)

Back pain 26 (5.0) 21 (4.0) 10 (2.2) 14 (3.0)

Cough 24 (4.6) 20 (3.9) 62 (13.7) 61 (13.1)

Pyrexia 9 (1.7) 9 (1.7) 24 (5.3) 19 (4.1)

Sore throat 49 (9.4) 43 (8.3) 36 (7.9) 38 (8.1)

Nasal congestion 57 (11.0) 46 (8.9) 55 (12.1) 59 (12.6)

influenza in all studies was well tolerated in adults 2.5 Hospitalisations

(table III).[14,15] Gastrointestinal events were less The incidence of serious adverse events requiring
frequent in these otherwise healthy individuals than hospitalisation was low in the treatment studies in
in subjects with acute influenza illness. The types of adults.[31] Only two different events (pneumonia n =
adverse events reported in elderly subjects were 4, bronchitis n = 3) were recorded in more than a

single subject receiving oseltamivir; both are well-similar, although the overall frequency of adverse
recognised sequelae of influenza infection. A caseevent reporting was lower in studies in the elderly
of pseudomembranous colitis and abdominal pain inthan in those in younger adults receiving oseltamivir
one subject receiving oseltamivir 75mg twice dailyfor 6 weeks (table IV).
was considered possibly related to treatment, with

Amantadine, and to a lesser extent rimantadine, all other events considered unrelated to treatment. In
are known to have adverse CNS effects, including this case, the subject had undergone a laparoscopic
both neurological and psychiatric disorders.[28] In appendectomy following which a broad spectrum

penicillin sulfabactam medication was adminis-contrast, there have been no reports of seizures in
tered. This event is a well described complication ofoseltamivir prophylaxis studies even though these
broad spectrum antibiotic treatment and thus thestudies included ten subjects with concurrent epilep-
balance of probability is that the event was related to

sy or convulsions. Table V compares the reported
the receipt of this drug rather than to oseltamivir.

incidence of CNS events in elderly subjects receiv-
ing amantadine prophylaxis (derived from literature 2.6 Deaths
sources) with the reported event frequency in elderly

There were five deaths during the clinical pro-
subjects receiving oseltamivir prophylaxis. These gramme. One death occurred in the treatment study
data suggest that oseltamivir can be expected to be in adults with either chronic respiratory disease or
better tolerated than amantadine in this popula- chronic cardiac disease.[9] The individual was a
tion.[29] 38-year-old female who received placebo and who
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Table V. Adverse events in the CNS and psychiatric systems: comparison of the number (%) of elderly subjects experiencing such events
during amantadine and oseltamivir treatment

Adverse event Amantadine Amantadine Oseltamivir
(n = 79)[30] (n = 156)[29]a (n = 467)

Hallucinations 10 (13) 6 (3.9) 1 (0.2)

Anxiety 10 (13) NA 2 (0.4)

Weakness 10 (13) NA 3 (0.6)

Falls 9 (11) 0 (0) 3 (0.6)

Ataxia 9 (11) 1 (0.6) 0 (0)

Dizziness 9 (11) NA 14 (3.0)

Confusion 9 (11) 16 (10.3) 3 (0.6)

Psychosis 7 (9) NA 1 (0.2)

Insomnia 7 (9) NA 6 (1.3)

Depression 5 (6) NA 7 (1.5)

Irritability 4 (5) NA 0 (0)

Seizures 2 (3) 2 (1.3) 0 (0)

Inability to concentrate 2 (3) NA 0 (0)

Forgetfulness 2 (3) NA 1 (0.2)
(mental impairment)

Slurred speech 2 (3) NA 0 (0)

Headache 2 (3) NA 62 (13.0)

a Calculated from subject numbers and quoted percentages.

NA = not applicable.

died of acute pneumonitis with acute respiratory individuals who exhibited shifts in the WHO grad-
ing for individual laboratory parameters.distress syndrome. This subject did not have influ-

enza. The investigator considered the event and her Throughout the clinical treatment studies, no im-
pact of oseltamivir was noted with regard to anydeath as unrelated to study treatment. No deaths
vital sign. There was no evidence to suggest thatwere reported during the studies in children.
treatment with oseltamivir exerts any adverse effectFour of the subjects included in the prophylaxis
on respiratory function in children with asthma. Astudies died.[15] Two of these received placebo and
slightly smaller proportion of children in the osel-two received oseltamivir; all four were elderly re-
tamivir group experienced asthma exacerbationsidents of skilled nursing facilities. In each case, the
when compared with placebo.death, and the events immediately leading up to it,

occurred after the end of study medication. The
3. Postmarketing Surveillancecauses of death were malignant disease (placebo n =

1; oseltamivir n = 1), myocardial infarction (placebo
Since oseltamivir was first marketed during then = 1) and intestinal perforation (oseltamivir n = 1).

winter 1999/2000 influenza season, over 4 millionNone of the deaths was considered by the investiga-
prescriptions have been issued worldwide.tor to be related to study medication.[9]

To date, approximately 2300 spontaneous events
on oseltamivir have been reported to Roche from

2.7 Clinical Laboratory Data and Vital Signs various sources around the globe. The most fre-
quently reported events were for disorders of the

There were no clinically relevant changes from gastrointestinal, respiratory, special senses and skin
baseline in any of the standard haematological or systems. The events occurring in the first three
biochemical tests performed. Similarly, there was systems were either related to influenza (e.g. nausea,
no difference between groups in the numbers of vomiting, bronchitis, coughing, pneumonia, loss of
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taste) or already associated with oseltamivir (e.g. care research database, a managed care organisation
nausea and vomiting). For skin disorders (the major- in the US that provides healthcare to several million
ity of which were reported by subjects in Japan), the patients.[17] The primary objective of this study was
reports were primarily due to dermatitis, rash urti- to assess the risk of cardiac, neuropsychiatric and
caria and eczema. Approximately 15% of reported respiratory endpoints among patients diagnosed
cases were considered serious but further review of with influenza and to compare the risks with those
the information provided indicated that, in at least patients who received oseltamivir for the treatment
half of the cases, patients had also taken other medi- of influenza between December 1 1999 and March
cations which are known to be associated with hy- 31 2000. Subjects who had registered with the plan
persensitivity reactions. for 91 days prior to December 1 1999 and who were

Following the licensing of oseltamivir in Japan, a dispensed oseltamivir and had an international clas-
number of reports of liver dysfunction have been sification of diseases (ICD)-9 code of influenza (n =
received. In the vast majority of instances, these 3304) or who had a doctor visit with an ICD-9 code
events were associated with bacterial sepsis and/or of influenza within the same timeframe but who
evidence of viral hepatitis. However, based on the were not prescribed oseltamivir (n = 28 948), were
reported information no alternative explanation included in the analysis. The follow-up period was
could be identified. The data sheet has been 30 days after the diagnosis of influenza in both
amended to include the potential for rare instances groups of patients.
of liver dysfunction in oseltamivir recipients. As All events were evaluated in patients with and
these events were reported from a population of without risk factors for these for these cardiac,
uncertain size and information enabling an assess- neuropsychiatric and respiratory conditions prior to
ment of causality is limited, the relationship be- the influenza diagnosis or receipt of oseltamivir.
tween these events and receipt of oseltamivir is not

Among the 32 252 subjects diagnosed with influ-established. By and large, however, the type and
enza, subjects who received oseltamivir were slight-frequency of reports received postmarketing is simi-
ly older (mean age 39 years) than those who did notlar to those observed during the clinical develop-
receive oseltamivir (mean age 30 years). With thisment period, and further supports the excellent toler-
exception the groups were well balanced for impor-ability of oseltamivir in general use.
tant demographic features, including the proportion

In January 2000, the US FDA issued a short
of subjects with baseline risk factors of chronic

advisory note concerning misdiagnosis of acute bac-
respiratory, cardiac or neuropsychiatric conditions

terial sepsis and several deaths among patients treat-
(table VI).

ed with both oseltamivir and zanamivir. The pur-
Table VII displays the adjusted relative risks ofpose of the release was to remind the medical pro-

the 30-day incidence of cardiac, neuropsychiatricfession of the duty of care to examine patients with
and respiratory events in subjects with/without aacute fever and to prescribe an antibiotic if bacterial
history of risk factors, respectively, adjusted for ageinfection was suspected. Additional warnings were
and other influenza medications. The data show thatadded to the zanamivir label concerning risk of
even in subjects with risk factors for the develop-bronchospasm and deaths related to respiratory fail-
ment of these conditions there was no evidence ofure, but these events were not observed with osel-
increased risk of cardiac, neuropsychiatric ortamivir.
respiratory events for those receiving oseltamivir
compared with those who did not. These data sup-4. Health Outcomes in Patients
port the conclusion from the clinical developmentReceiving Oseltamivir
programme that oseltamivir is unlikely to destabilise

A study was conducted to evaluate the health pre-existing cardiac, neurological or psychiatric, or
outcomes in subjects included in the United Health- respiratory conditions.
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Table VI. Baseline characteristics of subjects in the United Healthcare research database with an ICD-9 code of influenza receiving
oseltamivir (75mg bid for 5 days) compared with those not receiving this treatment between 1st Dec 1999 to 31st Mar 2000[17]

Influenza and oseltamivir treatment Influenza without oseltamivir
(n = 3304) treatment (n = 28 948)

Mean age, years (± SD) 39.1 (11.9) 30.4 (18.1)

Males (%) 49 48

Distribution of ages (%)

0–19y 3 31

20–29y 22 15

30–39y 27 19

40–49y 26 19

50–64y 21 15

≥65 1 1

Dispensing or diagnosis by month (%)

Dec 1999 23 33

Jan 2000 57 47

Feb 2000 17 15

Mar 2000 2 5

History of morbidities at baseline (%)

Diabetes mellitus 3 2

Cancer 1 1

Any cardiac outcome 10 8

Major cardiac outcome 3 2

QT specific cardiac outcome 1 1

Any neuropsychiatric outcome 10 10

Major neuropsychiatric outcome 9 9

CNS stimulation outcome 7 7

Asthma 3 4

COPD 4 5

Exacerbation of COPD <1 <1

Bronchospasm 1 2

Pneumonia 1 3

Bronchitis 8 10

Otitis media 3 9

Sinusitis 10 10

Use of influenza-related medication during baseline period (%)

Antibiotics 14 18

Antitussives 2 3

Analgesics 8 6

Zanamivir <1 9

Rimantadine <1 7

Amantadine <1 9

Any influenza medication 1 25
bid = twice daily; COPD = chronic obstructive pulmonary disease; ICD = International Classification of Diseases.

5. Discussion ineffective against influenza B or were difficult to
use and poorly tolerated by vulnerable popula-
tions.[28-30] The older M2 ion channel inhibitorUntil recently, the antiviral agents available for

treatment and prevention of influenza were either amantadine, when given at doses greater than 100
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Table VII. Relative risks (with 95% CI) for development of a cardiac, neuropsychiatric or respiratory event within 30 days of an influenza-like
illness in patients treated with oseltamivir with/without risk factors for these conditions[17]

Adverse event Unadjusted Adjusteda

no history history

Cardiac events

Any 1.09 (0.9–1.33) 0.88 (0.7–1.2) 0.7 (0.56–0.96)

Major 0.80 (0.5–1.15) 0.56 (0.3–0.9) 0.8 (0.5–1.4)

QT specific 0.55 (0.5–1.52) 0.33 (0.1–1.3) 0.9 (0.2–4.1)

Neuropsychiatric

Any 0.83 (0.7–1.03) 0.83 (0.6–1.1) 0.53 (0.37–0.76)

Major 0.82 (0.7–1.03) 0.73 (0.5–1.0) 0.61 (0.42–0.89)

CNS 0.86 (0.7–1.09) 0.70 (0.5–1.0) 0.69 (0.46–1.02)

Respiratory

COPD 1.14 (0.89–1.47) 1.15 (0.85–1.56) 0.90 (0.54–1.49)

Asthma 0.87 (0.64–1.18) 0.91 (0.59–1.40) 0.77 (0.49–1.22)

Bronchitis 1.05 (0.87–1.26) 0.91 (0.73–1.14) 0.95 (0.66–1.37)

Exacerbation of COPD 0.97 (0.42–2.26) 1.07 (0.41–2.82) 0.62 (0.08–4.72)

Bronchospasm 0.46 (0.27–0.81) 0.97 (0.54–1.76) 0

Pneumonia 0.61 (0.45–0.83) 0.78 (0.56–1.10) 0.34 (0.14–0.82)

a Adjusted for age and other flu medications.

COPD = chronic obstructive pulmonary disease.

mg/day is associated with dose-dependent CNS ad- ment options. A medical alert regarding bronchos-
pasm was sent out in the first year of sale ofverse reactions, especially in renally impaired sub-
zanamivir, but no further cautions have been issuedjects and in the elderly and so requires careful dose
and its label carries appropriate warnings. The use oftitration.[32] Rimantadine, another of the M2 inhibi-
oseltamivir does not appear to be associated with thetors, is generally believed to have a better safety and
same rate of bronchospasm.tolerability profile than amantadine, although cau-

tion is also required when it is administered to The pharmacological profile of oseltamivir in
subjects with epilepsy, and dose adjustment is humans is well understood and predictable.[2] Avail-
needed in the renally impaired and the elderly.[32] Of able data indicate that the potential for drug interac-
further concern is that treatment of influenza illness tions is minimal.[24,25,27] Oseltamivir is metabolised
with either amantadine or rimantadine is associated by high capacity hepatic esterases to the active me-

tabolite oseltamivir carboxylate, which is not meta-with the emergence of a high incidence (up to 30%)
bolised further. The pro-drug is primarily eliminatedof resistant viruses with infectivity and pathogenici-
via renal excretion following catabolism to the ac-ty that is equivalent to wild type.[32] This has led
tive moiety.[2] Exposure to the active moiety is di-some to question the wisdom of using the
rectly proportional to renal clearance. However,amantadinamines for concurrent treatment of ill
dose adjustment is recommended only when there issubjects and prophylaxis of close contacts. Because
severe renal impairment (i.e. CLCR <30 mL/min).of the limitations of these compounds, a new class of
Thus, there is no requirement for dose adjustmentdrugs which inhibit the influenza virus neura-
for the majority of recipients, even those with age-minidase have been developed. The first of these,
related decreases in renal clearance.[2,22]zanamivir, must be given by inhaler, a delivery

method which may not be suitable for all patients, Oseltamivir was well tolerated in clinical
especially children and the frail elderly. Osel- trials.[3,4,6-9,14-16] Serious adverse events were report-
tamivir, the second of the neuraminidase inhibitors, ed with an equal, and low, frequency on both active
has been developed to supplement current manage- drug and placebo. Upper gastrointestinal events
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were reported most frequently by subjects taking suitability of oseltamivir for the treatment of influ-
active drug. The excess reporting rate of these enza in all patient populations. Similarly, osel-
events was between 15% (1 : 6 subjects treated) and tamivir is well tolerated when prescribed to other-
19% (1 : 5 of the subjects treated) compared with wise healthy adults/adolescents and the elderly for
placebo at the 75mg twice daily dosage level. In the chemoprophylaxis of influenza. Oseltamivir is
affected subjects, these events were generally of an important addition to available therapies for the
mild or moderate intensity and were short-lived. management of influenza within communities.
More importantly, there was no evidence for dehy-
dration or electrolyte imbalance in subjects exper- Acknowledgements
iencing episodes of vomiting. In addition, postmar-
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