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Abstract Preclinical and clinical studies have clearly demonstrated that zanamivir, a
potent and highly selective inhibitor of the influenza A and B virus neuramini-
dase, has an impressive safety profile.

This report describes the safety and tolerability findings from the clinical
studies completed up to the 17 July 1998 involving over 6000 adult and adolescent
patients from North America, Europe and the Southern Hemisphere. Serious
adverse events from an ongoing Japanese clinical programme are also reported.
Zanamivir was administered in various dose forms and frequencies and was found
to have a comparable safety profile with placebo when given for both the treat-
ment and prophylaxis of influenza-like illness. These findings were independent
of age and underlying medical condition. 4152 patients received zanamivir and
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the most commonly reported adverse events were consistent with the signs and
symptoms of influenza-like illness. Most of the adverse events were mild and did
not result in patient withdrawal from the studies. Less than 1% of zanamivir and
placebo recipients reported a serious adverse event.

In addition, 490 healthy volunteers received zanamivir in clinical pharmaco-
logy studies. It was well tolerated and the incidence of adverse events was similar
in zanamivir and placebo recipients. In addition, no clinically significant labora-
tory abnormalities were detected.

Results from in vitro and in vivo animal studies suggest that zanamivir has
low acute toxicity and no significant systemic toxicity or respiratory tract irri-
tancy at plasma exposures more than 100-fold higher than those anticipated fol-
lowing clinical use. Neither genotoxic nor reproductive types of toxicity have
been observed in toxicology studies at doses equal to 17 to 197 times the current
therapeutic dose (20 mg/day). The characteristics of the molecule and the low
systemic exposure indicate a very low potential for drug interactions with the
inhaled route. Furthermore, repeated 600mg intravenous doses were well toler-
ated in healthy volunteers.

The observed safety profile of zanamivir compares favourably with currently
available agents with anti-influenza virus activity, such as rimantadine and
amantadine, as well as GS4104, a neuraminidase inhibitor currently in phase III
development. This may be attributed to the low systemic bioavailability of zan-
amivir, which is given by oral inhalation, direct to the primary site of viral rep-
lication. The potential advantages of this include a reduced risk of drug-drug
interactions, other nontarget organ toxicities (e.g. brain) and drug clearance issues
from both kidney and liver. Therefore, the safety profile of zanamivir supports
its use in the management of influenza.

Outbreaks of influenza occur annually, usually
in the winter months. Influenza infection is primar-
ily spread by small droplets. After a short incuba-
tion period, there may be rapid onset of fever and
symptoms which may include chills, myalgia, head-
ache, sore throat, malaise, anorexia and cough. The
fever may last for up to 5 days and the other symp-
toms, with the exception of cough and malaise
which may persist, usually resolve within a
week.[1] Mortality is highest in the very young and
elderly populations with underlying medical con-
ditions such as chronic respiratory and cardiovas-
cular disease.[2]

Currently, the management of influenza is pri-
marily by symptomatic therapy with antipyretics,
analgesics and cough suppressants, and prophy-
laxis, in the form of preseason immunisation with
inactivated vaccine. Antiviral drugs are still not
widely prescribed for influenza. Amantadine and

rimantadine are available in some countries for the
treatment and/or prophylaxis of influenza A only.
However, they are ineffective against influenza B
and are associated with rapid emergence of resis-
tant virus.[3] Moreover, amantadine administered
for prolonged periods is associated with a clinically
important, increased incidence of adverse effects
compared with placebo and rimantadine.[4]

Zanamivir is a potent and highly selective inhib-
itor of the influenza A and B virus neuraminidase.
The activity of zanamivir in vitro and in vivo is
similar for influenza A and influenza B viruses.[5]

The drug is active in animal models when admin-
istered topically to the respiratory epithelium by
inhalation.[6] It has also demonstrated efficacy in
both the treatment and prophylaxis of influenza
following intranasal administration to adults ex-
perimentally inoculated with influenza A and B vi-
rus.[7,8] In clinical studies, zanamivir has proved to
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be effective in the treatment of influenza A and B
viral infections, when given within 2 days of symp-
tom onset, with a reduction in the median time to
alleviation of symptoms of up to 2.5 days.[9,10]

Zanamivir has also been evaluated as prophylaxis
in the community setting.[11]

This report presents a review of the safety data
from the toxicology, clinical pharmacology and
clinical studies (phase II and III) completed up to
17 July 1998 in the North American, European and
Southern Hemisphere programmes. In addition,
serious adverse events reported in a separate Jap-
anese programme are presented. No serious ad-
verse events were reported in a recently published
phase II study conducted in Japan.[12]

1. Toxicology

Zanamivir has exceptionally low cytotoxicity to
a range of cell types in vitro, including cells from
explants of human respiratory epithelium.[13] As
well as demonstrating high affinity inhibition of
influenza virus sialidase (neuraminidase), zanam-
ivir is highly selective for influenza A and B. Its
affinity for human placental lysosomal sialidase is
approximately 1 million-fold lower than is ob-
served with influenza virus resulting in a high ther-
apeutic index.[13]

The rat and dog were used for most of the in vivo
toxicology studies as the metabolism of zanamivir
in these animals showed very good correlation
with metabolism of the drug in humans. The in-
haled route was used for the majority of the toxicity
studies; these were designed to ensure adequate ex-
posure to the whole respiratory tract and doses of
17 to 197 times the anticipated clinical dose were
evaluated.

In order to fully assess the toxicity of zanamivir,
studies were also conducted using the intravenous
(IV) route to maximise the systemic exposure;
plasma concentrations of up to 1336-fold those
achieved in clinical use were evaluated. However,
clinical experience indicates that the amount of
zanamivir within the systemic circulation following
inhalation is likely to be low. Nevertheless, the sys-
temic route was chosen to investigate target-organ

toxicity, effects on fertility, general reproductive
performance and pre- and postnatal development.

The comprehensive toxicology programme,
evaluating both the inhaled and IV routes of ad-
ministration, demonstrated that zanamivir has low
acute toxicity, is well tolerated following repeat
dosage and exhibits no clinically relevant effects
in the animal species studied despite very high sys-
temic exposure.[14]

2. Clinical Pharmacology

The core clinical pharmacology programme
consisted of single and repeat-dose IV studies, sin-
gle oral dose studies and repeated intranasal and
inhaled dose studies. All of these studies were con-
ducted in healthy volunteers. Safety and tolerabil-
ity were assessed by monitoring adverse events
throughout the studies; this included performing
routine clinical chemistry, haematology and uri-
nalysis before and after each treatment phase plus
7 to 14 days post-treatment, and measuring vital
signs (including systolic and diastolic blood pres-
sure, pulse rate, peak expiratory flow rate and re-
spiratory rate) at predetermined times throughout
the studies.

In addition, a series of volunteer challenge stud-
ies were conducted to evaluate the safety and effi-
cacy of intranasal zanamivir when given 6 times,
twice or once daily for the prevention or treatment
of experimental influenza infection. One study
evaluated zanamivir given intravenously for the
prevention of experimental influenza. A single
vaccine interaction study was also conducted to
assess whether coadministration of zanamivir and
inactivated trivalent influenza vaccine (Fluvirin )
affected antihaemagglutinin antibody production
(see section 5.2) and a paediatric pharmacokinetic
study was conducted using inhaled zanamivir (see
section 4.4).

A total of 654 patients participated in the clini-
cal pharmacology programme; 490 received zan-
amivir and 256 received placebo. Patients were rel-
atively young (mean age 25.31 years for zanamivir
and 26.71 for placebo), and the majority were
males (62% for zanamivir and 73% for placebo)
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and caucasian (84% for zanamivir and 83% for pla-
cebo). Zanamivir was well tolerated in all studies
with a safety profile similar to placebo.

2.1 Adverse Events

The incidence of adverse events was similar
across both treatment groups with 66% of patients
who received zanamivir and 68% of patients who
received placebo reporting an adverse event. In the
core clinical pharmacology studies, 46% of pa-
tients who received zanamivir and 46% of patients
who received placebo reported adverse events.
Headache was the most common adverse event and
was reported by 17% of patients in both treatment
groups. A total of 23% of patients in each treatment
group reported an adverse event that was consid-
ered to be possibly related to the study treatment or
had an unknown relationship.

Zanamivir administered by all routes as single
or repeat doses, was well tolerated at doses of up
to 1200 mg/day given by the IV route and 96 mg/day
by the inhaled route.

In the challenge studies, 86% of patients who
received zanamivir and 94% of patients who re-
ceived placebo reported adverse events. The most
commonly reported adverse events were ear signs
and symptoms (45 and 59% of zanamivir and pla-
cebo patients, respectively), nasal signs and symp-
toms (11 and 19% of zanamivir and placebo pa-
tients, respectively) and malaise and fatigue (41
and 55% of zanamivir and placebo patients, respec-
tively). A total of 52% of patients who received
zanamivir and 60% of patients who received pla-
cebo reported treatment-related adverse events.

There were no serious adverse events reported
in the clinical pharmacology studies.

There were no clinically significant changes in
laboratory parameters. Small increases (not ex-
ceeding approximately twice the upper limit of
normal) were seen in the liver function tests (LFTs)
and for creatine phosphokinase levels for some pa-
tients following administration of both placebo and
zanamivir; for zanamivir there was no relationship
to dose.

No clinically significant effects were observed
in vital signs, including spirometry and electrocar-
diograms.

3. Phase II and III Clinical Studies

The clinical programme consisted of a small
number of early pilot studies followed by the main
phase II and III studies. Zanamivir was evaluated
for 2 indications: treatment of influenza-like ill-
ness and prevention of influenza (prophylaxis).

Four pilot studies involving small numbers of
patients were conducted with study treatment ad-
ministered as nasal drops, nasal spray or via a
nebuliser (2 treatment studies and 2 prophylaxis
studies). A fifth pilot study (prophylaxis) was con-
ducted in a nursing home with zanamivir adminis-
tered via the Diskhaler compared with standard
care (rimantadine for influenza A or no treatment
for influenza B).

In the main clinical programme, treatment stud-
ies were designed to evaluate the efficacy and
safety of zanamivir in the treatment of influenza-
like illness, and prophylaxis studies were designed
to evaluate the prophylactic effect and safety of
zanamivir in patients who had been exposed to the
influenza virus. The phase II programme utilised
the Diskhaler device for oral inhalation and a na-
sal spray. The study treatment was administered
via the Diskhaler by oral inhalation in all the
phase III studies.

Safety and tolerability were assessed by moni-
toring adverse events throughout all studies. These
were recorded following spontaneous reporting by
patients and direct questioning by the investigator.
At each visit, after the patient had an opportunity
to spontaneously mention any problems, the inves-
tigator was asked to inquire about adverse events.
The patients were not given a list of possible ad-
verse effects but were asked about any problems
they may have experienced. In addition, blood and
urine samples for routine clinical chemistry, hae-
matology and urinalysis were collected immedi-
ately before and after the treatment period and at
follow-up (approximately 2 weeks later) in the
early pilot and phase II studies. Physical examina-
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tions pre- and post-treatment, if clinically indi-
cated, were also conducted in the early pilot and
phase II/III studies.

3.1 Treatment Indication

A total of 3809 patients received study treat-
ment; the majority of patients were healthy adults
(79% were aged 18 to 34 years) with 119 (3%) aged
≥65 years of age. 2289 (60%) received zanamivir,
49% of whom were treated with zanamivir 10mg
twice daily via the Diskhaler for 5 days, the dose
form and regimen intended for marketing. The re-
maining 51% of patients received doses of
zanamivir in excess of this either with additional
nasal administration or at an increased frequency
of daily doses. The mean age of patients was 34.2
years with 51% being female; the majority (91%)
of patients were caucasian. Overall, patients were
well matched across all the treatment studies for
age, gender distribution and race.

3.1.1 Adverse Events
The proportion of patients who reported adverse

events during treatment was similar in the zan-
amivir group (33%) and placebo group (38%). The
most commonly reported adverse events (i.e. re-
ported in ≥1.5% patients) are presented in table I.

Post-treatment adverse events were reported by
24% of patients in both the zanamivir and placebo
groups. Headache was the most common adverse
event and was reported by 4% of patients in the
zanamivir group and 3% of patients in the placebo
group.

The incidence of drug-related adverse events
during treatment was similar between the treat-
ment groups, occurring in 13% of zanamivir and
11% of placebo recipients. Only 2% of patients in
each treatment group reported drug-related ad-
verse events post-treatment.

3.1.2 Clinical Laboratory Data
Threshold values were predetermined for each

parameter. No clinically significant differences be-
tween treatment groups were observed. Shifts from
baseline to outside threshold range occurred in
≥1.5% patients for the parameters detailed in table II.

The changes observed were considered likely to
be due to the influenza-like illness or other concur-
rent medical condition. Laboratory changes over
time were similar between the zanamivir and pla-
cebo treatment groups.

3.2 Prophylaxis Indication

A total of 1808 patients received study treat-
ment, 1063 (59%) of whom received zanamivir.

Table I. Treatment indication: summary of most common adverse events (during treatment)

Adverse effect Number of patients reporting an event (%)

placebo (n = 1520) zanamivir 10mg bid inhaled
(n = 1132)

zanamivir: all regimens
(n = 2289)

Nasal signs and symptoms 44 (3) 20 (2) 62 (3)

Diarrhoea 55 (4) 29 (3) 64 (3)

Nausea 44 (3) 32 (3) 70 (3)

Headache 40 (3) 20 (2) 52 (2)

Bronchitis 52 (3) 28 (2) 39 (2)

Cough 42 (3) 27 (2) 42 (2)

Sinusitis 27 (2) 30 (3) 42 (2)

Throat and tonsil discomfort 19 (1) 15 (1) 33 (1)

Vomiting 29 (2) 14 (1) 24 (1)

Dizziness 12 (<1) 18 (2) 32 (1)

Ear, nose and throat infection 25 (2) 17 (2) 31 (1)

Ear, nose and throat haemorrhagea 18 (1) 16 (1) 32 (1)

a Includes adverse events reported as epistaxis by the investigator.

bid = twice daily.
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Various dose regimens were evaluated in the early
studies; however, the majority (52%) of patients
received zanamivir 10mg once daily for 28 days via
the Diskhaler . The mean age of patients was 30.6
years with 59% of patients being female; the ma-
jority of patients were caucasian (86%). Overall,
patients were well matched for age, gender distri-
bution and race across all the prophylaxis studies.

3.2.1 Adverse Events
The proportion of patients who reported adverse

events during therapy was the same in both the
zanamivir and placebo groups (71%). The most
commonly reported adverse events during therapy
(i.e. reported in ≥1.5% patients) are presented in
table III.

Post-therapy adverse events were reported by
26% of patients in the zanamivir group and 23% of
patients in the placebo group. Headache was the
most common adverse event and was reported by
6% of patients in both the zanamivir and placebo
groups. Nasal signs and symptoms were reported
by 5% of patients in the zanamivir group and 6%
of patients in the placebo group.

The incidence of treatment-related adverse
events reported during therapy was similar be-
tween treatment groups occurring in 11% of
zanamivir and 8% of placebo recipients. Only 3%
patients in the zanamivir group and 1% of patients
in the placebo group reported adverse events post-
therapy.

The overall percentage of adverse events re-
ported in the prophylaxis studies for both the pla-
cebo and zanamivir treatment groups were higher
than that observed in the other studies.

In the prevention studies, 60% of patients were
recruited from an essentially healthy young popu-
lation (mean age 30.6 years), from whom any
symptom reported over this time (1 month) was
recorded as an adverse event. Conversely, in the
treatment studies on therapy, adverse events were
only collected for 5 days and, importantly, any
event considered as part of the influenza-like ill-
ness (e.g. headache, cough, myalgia) was not re-
corded as an adverse event. This explains the ap-
parent disparity in reported adverse events; it is
relevant to note that the comparative rate of ad-
verse events between zanamivir and placebo was
not different within each study type.

Overall, in the prophylaxis studies the nature
and incidence of adverse events was similar be-
tween zanamivir and placebo groups. The most
commonly reported adverse events (reported at an
incidence of 1.5 to 41%) were typical of the signs
and symptoms of respiratory viral infection and
gastrointestinal events, i.e. headaches, nasal signs
and symptoms, throat and tonsil discomfort and
pain, malaise and fatigue, cough, nausea and diar-
rhoea, and were similar to those observed in the
treatment studies.

Table II. Treatment indication: summary of changes in laboratory values from baseline to a value outside threshold range (incidence ≥1.5%)

Measure Change category Placebo (% of patients)
[n = 1520]

Zanamivir (% of patients)
[n = 2289]

Bicarbonate level to >1.05 ULN 4 4

Calcium level to <0.95 LLN 2 1

γ-glutamyl transferase level to >2.00 ULN 6 3

Glucose level to >1.30 ULN 3 3

Potassium level to >1.10 ULN 2 3

AST level to >2.00 ULN 2 2

ALT level to >2.00 ULN 3 3

Haematocrit to <0.93 male/0.91 female LLN 2 1

Neutrophils count to <0.80 LLN 9 8

White blood cell count to <0.70 LLN 2 <1

LLN = lower limit normal; ULN = upper limit normal.
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3.2.2 Clinical Laboratory Data
Threshold values were predetermined for each

parameter. No clinically significant differences be-
tween treatment groups were observed. Shifts from
baseline to outside threshold range occurred in
≥1.5% patients for the parameters detailed in table
IV. Laboratory changes over time were similar be-
tween the zanamivir and placebo treatment groups.

3.3 Clinical Pilot Studies 

Early pilot studies, which generally did not fully
recruit, consisted of 2 treatment studies and 2 pro-
phylaxis studies, all conducted in healthy adults
(mean age 29.9 years), and 1 prophylaxis study in
elderly patients in a nursing home setting (mean
age was 73.8 years).

In these 5 trials, 188 patients received placebo
or no treatment and 310 received at least 1 dose of
zanamivir with a minimum of 12.8mg intranasal
and/or 16mg inhaled zanamivir in the pilot studies
and 6.4mg intranasal and 10mg inhaled in the pilot
nursing home study. The pilot nursing home study
also had an oral rimantadine 100mg once daily arm
comprised of 23 patients.

3.4 Deaths and Nonfatal Serious 
Adverse Events 

Two deaths have been reported in clinical trials
to date, both of which have occurred during an on-
going prophylaxis study being conducted in a nurs-
ing home. Both patients were elderly (aged 82 and
83 years) and the investigator did not consider ei-
ther event to be related to study medication. One
patient was receiving placebo and rimantadine
100mg once daily and the second patient was re-
ceiving zanamivir 10mg inhaled once daily.

A total of 62 patients have reported serious ad-
verse events in the clinical studies (including all
ongoing studies and 4 serious adverse events re-
ported in a separate Japanese programme); 47 re-
ports are from completed studies. Of these, 28 of
3662 (<1%) patients received zanamivir, 18 of
2436 (<1%) patients received placebo and 1 of 23
(4%) patients received rimantadine. Four patients
experienced a serious adverse event that was con-
sidered by the investigator to be possibly related to
study medication; 3 patients received placebo and
1 had received zanamivir (frontal headache, dizzi-
ness and nasal pain). The nature and frequency of

Table III. Prophylaxis indication: summary of most common adverse events (during therapy)

Adverse effect Number of patients reporting an event (%)

placebo (n = 745) zanamivir: 10mg inhaled (n = 744) zanamivir: all regimens
(n = 1063)

Headache 309 (41) 302 (41) 393 (37)

Nasal signs and symptoms 269 (36) 265 (36) 349 (33)

Throat and tonsil discomfort 231 (31) 224 (30) 269 (25)

Malaise and fatigue 182 (24) 180 (24) 228 (21)

Cough 180 (24) 160 (22) 192 (18)

Temperature regulation disturbancesa 115 (15) 88 (12) 106 (10)

Feeding problemsb 101 (14) 80 (11) 87 (8)

Muscle pain 77 (10) 79 (11) 113 (11)

Musculoskeletal pain 85 (11) 67 (9) 71 (7)

Viral respiratory infections 27 (4) 20 (3) 59 (6)

Menstrual symptoms 27 (4) 24 (3) 26 (2)

Nausea 20 (3) 20 (3) 24 (2)

Diarrhoea 18 (2) 9 (1) 14 (1)

Eye pain and discomfort 17 (2) 12 (2) 12 (1)

Eye redness 15 (2) 10 (1) 10 (<1)

Sputum 14 (2) 11 (1) 11 (1)

a Includes adverse events reported as fever by the investigator.

b Includes adverse events reported as loss of appetite by the investigator.
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the serious adverse events reveal no pattern and
raise no particular safety concerns.

4. Special Patient Groups

4.1 Patients with Mild to Moderate Asthma

A clinical pharmacology study involving 13 pa-
tients with mild to moderate asthma was conducted
to evaluate the effect of repeat doses of inhaled
zanamivir on pulmonary function and bronchial
hyper-responsiveness.[15] Mild to moderate asthma
was defined as having a history of asthma for >2
years, a forced expiratory volume in 1 second
(FEV1) of >70% predicted, provocative dose of
methacholine to produce a 20% fall in forced ex-
piratory volume in 1 second (PD20) methacholine
at screening of <4 µmol/L and reversibility of
FEV1 of >15% after salbutamol 200µg. The study
was conducted with a double-blind, randomised,
placebo-controlled, 2-way crossover design. Pa-
tients received zanamivir as dry powder (10mg as
2 inhalations) or matching placebo twice daily on
day 1 and then 4 times daily from day 2 to day 14.

The study treatments were well tolerated by all
patients with no clinically significant abnormali-
ties attributable to zanamivir. Results indicated
that inhalation of dry powder zanamivir does not
significantly affect the pulmonary function [mea-
sured by FEV1 and morning and evening peak ex-
piratory flow rate (PEFR)] and bronchial hyper-re-
sponsiveness [assessed by comparison of the
concentration of methacholine that caused a 20%
decrease in FEV1 (PC20) as recorded during the
methacholine challenge tests which were con-
ducted prestudy and at regular intervals on days 1
and 14] of patients with mild/moderate asthma.

A total of 129 adverse events were reported by
the 13 patients during the study. Most adverse
events resolved completely and those that re-
mained were either related to the patients’ asthma
or to a response to seasonal allergens (such as hay-
fever). 37 adverse events (23 events in 7 placebo
recipients and 14 events in 6 zanamivir recipients)
were considered related to study treatment. These
were headaches (4 placebo recipients, 3 zanamivir
recipients), tight chest (4 placebo, 1 zanamivir re-
cipient), wheezing (3 placebo, 1 zanamivir recipi-
ent), increased breathlessness (1 placebo, 1 zanam-
ivir recipient), low FEV1 (1 placebo recipient),
malaise and fatigue (1 placebo recipient), dizziness
(1 placebo recipient), throat and tonsil discomfort
(1 placebo recipient), abnormal LFTs (1 placebo
recipient) and nausea and vomiting (1 zanamivir
recipient). No serious adverse events were re-
ported.

These observations suggest that the use of orally
inhaled dry powder zanamivir should not be pre-
cluded in patients with asthma.

In addition, 271 patients with chronic respira-
tory disease and influenza-like illness were en-
rolled in the phase II and III clinical studies; the
majority of these were diagnosed as having asthma.
Adverse events were reported during treatment by
39% of patients in the zanamivir group compared
with 48% of patients in the placebo group. The
most frequently reported adverse event was exac-
erbation of asthma (7% zanamivir, 15% placebo).
This was in keeping with the expected clinical
course of acute influenza in patients with pre-ex-
isting asthma or reactive airways disease.

Table IV. Prophylaxis indication: summary of changes in laboratory values from baseline to a value outside threshold range

Measure Change category Placebo (%) Zanamivir (%)

Bicarbonate level to >1.05 ULN 1 2

to <0.95 LLN 5 4

γ-glutamyl transferase level to >2.00 ULN 2 1

Glucose level to >1.30 ULN 2 3

ALT level to >2.00 ULN 1 2

Lymphocyte count to <0.80 LLN 2 2

LLN = lower limit normal; ULN = upper limit normal.
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4.2 Patients with Renal Impairment

As systemically absorbed zanamivir is elimi-
nated by urinary excretion, there is the potential for
renal impairment to influence its elimination. This
was assessed by comparing the pharmacokinetics
of zanamivir following a single IV infusion with
zanamivir in 17 patients with renal function rang-
ing from normal to severe renal failure (4mg to
patients who were healthy or had mild to moderate
renal impairment, 2mg to patients with severe renal
impairment).

The study demonstrated that zanamivir was
well tolerated in both healthy patients and those
with renal impairment.[16] In patients with renal
impairment, there was a linear correlation between
reduced creatinine clearance and an increase in se-
rum zanamivir concentrations resulting in in-
creased systemic exposure in these patients. How-
ever, at the proposed therapeutic daily dose of
20mg inhaled zanamivir, absolute bioavailability
is low (approximately 10%) and there is limited
systemic absorption; therefore, the increased expo-
sure in patients who are renally-impaired is not
considered to be a problem. Also, there is no accu-
mulation or toxicity with high serum concentra-
tions of zanamivir. Zanamivir was well tolerated
in healthy patients who received far higher sys-
temic doses (IV zanamivir 600mg twice daily for
5 days); therefore, a reduction in the therapeutic
dose is not warranted for patients with renal im-
pairment.

A total of 9 adverse events were reported by 5
patients during the study. Two adverse events were
considered to be possibly treatment-related (mod-
erate headache and mild soreness at the cannula
site). All 9 adverse events resolved completely.
There were no serious adverse events. Several po-
tentially clinically relevant deviations in the clini-
cal chemistry and haematology screens were noted
for 12 patients. However, in each case these were
associated with the patient’s pre-existing medical
condition and there were no exacerbations follow-
ing treatment with zanamivir. There were no clin-
ically relevant deviations in the urinalysis.

4.3 Elderly Patients

The safety and tolerability of zanamivir in el-
derly patients have not been specifically studied in
either the clinical pharmacology or clinical pro-
grammes. However, elderly patients aged 65 and
above were recruited in the later phase II and phase
III treatment and prophylaxis studies. As only a
small fraction of the inhaled zanamivir dose is ab-
sorbed systemically and higher systemic concen-
trations were well tolerated in younger adults, any
alteration in pharmacokinetics that may occur with
age is unlikely to be of clinical consequence. In
addition, the local concentrations achieved in the
lung following oral inhalation of zanamivir are re-
quired for efficacy and, therefore, no dose adjust-
ment is considered appropriate.

A total of 119 elderly patients participated in the
phase III treatment studies of whom 59 received
zanamivir. The pattern and incidence of adverse
events was similar across treatment groups
(zanamivir 43%, placebo 39%) and events most
commonly involved the lower respiratory tract and
gastrointestinal tract.

A randomised, unblinded, pilot, prophylaxis
study was conducted in individual nursing homes
units during influenza outbreaks.[17] 14 days’ treat-
ment with zanamivir (10mg orally inhaled plus
4.4mg intranasally, twice daily) was compared
with standard care. 85% of the patients recruited
were aged 65 years or older. A total of 98 patients
received zanamivir, 23 received rimantadine
(100mg once daily for influenza A) and 18 re-
ceived no antiviral drug treatment.

During therapy, adverse events were reported
by 39% of patients who received zanamivir, 35%
of patients who received rimantadine and 59% who
received no antiviral treatment. Nasal signs and
symptoms were the most common adverse event
and these were reported by 11% of patients who
received zanamivir. The only post-therapy adverse
events reported by 5 or more patients in any group
were chest sounds on auscultation which were re-
ported by 5% of patients who received zanamivir,
9% of patients who received rimantadine and 12%
of patients who received no treatment. Only one
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serious adverse event was reported in a patient who
received rimantadine. The incidence of treatment-
related adverse events reported during therapy was
similar between treatment groups. 40 of the pa-
tients had pre-existing mild to severe chronic ob-
structive pulmonary disease and no differences in
the number or severity of adverse events was ob-
served in this group when compared with the zan-
amivir group.

Shifts from baseline to a value outside the
threshold range were seen in 5 or more patients for
the following parameters: glucose (16% of zan-
amivir patients, 13% of rimantadine patients and
16% on no antiviral therapy), blood urea (8% of
zanamivir patients, 22% of rimantadine patients)
and haemoglobin (6% of zanamivir patients, 17%
of rimantadine patients and 6% on no antiviral ther-
apy).

4.4 Paediatric Patients

In the paediatric pharmacokinetic study, 24 pa-
tients aged between 3 months and 12 years received
a single dose of inhaled zanamivir 10mg adminis-
tered by nebuliser (patients aged 3 months to 4
years) or Diskhaler (patients aged 5 to 12 years).
The systemic exposure in these paediatric patients
was found to be similar to the systemic exposure in
adults after 10mg inhaled powder via the Dis-
khaler . The rate and extent of absorption were
similar irrespective of inhalation formulation or the
age of the patient. Urinary data showed less than
8% of the drug to be excreted unchanged in the
urine within 8 hours of inhalation, confirming a
low bioavailability.

Zanamivir was well tolerated with 6 patients ex-
periencing a total of 7 adverse events (Peng AW,
et al., unpublished observations). All of the events
were considered mild and nonserious. One event,
a headache in a 12-year-old girl, was thought to be
possibly related to zanamivir.

The studies completed in the clinical pro-
gramme recruited patients aged 12 years and older;
hence, no clinical data exists in children below this
age. However, a paediatric treatment study is on-
going with patients aged 5 to 12 years receiving

either inhaled zanamivir 10mg or placebo twice a
day for 5 days.

4.5 Pregnancy and Lactation

The safety of zanamivir during pregnancy in hu-
mans has not been established. There is no infor-
mation on placental transfer or secretion of
zanamivir in breast milk in humans. Reproductive
studies in rats and rabbits indicated that placental
transfer of zanamivir occurs, and in rats zanamivir
was found to be excreted into breast milk.[14]

Studies in rats did not show any evidence of
teratogenicity, impairment of fertility or clinically
significant impairment of peri- or postnatal devel-
opment of offspring following the administration
of zanamivir. In a pre- and postnatal studies in the
rat, zanamivir was administered to dams from day
16 of pregnancy to day 23 postpartum and no ad-
verse effects in the development of the offspring
were seen.[14]

Pregnant and lactating women were excluded
from the studies in the clinical programme. How-
ever, 7 pregnancies were reported; 3 patients had
received zanamivir and 4 placebo. Of the patients
who had received zanamivir, 1 pregnancy sponta-
neously miscarried (the investigator did not con-
sider this related to study drug), 1 pregnancy was
terminated and 1 pregnancy resulted in a healthy
baby born 2 weeks early. Of the patients who re-
ceived placebo, 1 patient experienced uterine
bleeding which resolved and the pregnancy pro-
ceeded normally; another patient who became
pregnant 2 weeks after completing the study deliv-
ered a healthy infant 2 weeks early (her previous
healthy pregnancy had been 3 weeks early); 1 pa-
tient experienced a spontaneous abortion at 12
weeks and 1 patient decided to terminate the preg-
nancy.

Animal reproduction studies are not always pre-
dictive of human response. Therefore, at this time,
this drug should not be used in mothers who are
breastfeeding and should only be considered in
pregnancy if the possible benefit to the mother is
thought to outweigh any possible risk to the infant.
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5. Drug Interactions

5.1 Drug-Drug Interactions

Zanamivir is not metabolised and is predomi-
nantly renally excreted in the urine as unchanged
drug, indicating a very low potential for drug in-
teractions. Zanamivir was examined in a series of
in vitro and in vivo systems to assess the potential
for interactions with other coadministered thera-
pies in the clinical setting.[18]

The renal clearance and extraction ratio of
zanamivir was determined in the isolated perfused
rat kidney to assess the possible effect of co-
administration of several clinically relevant drugs
frequently used concomitantly in influenza illness.
Results indicated that clinically relevant drug in-
teractions would not be expected to occur since
cimetidine, ibuprofen, cefuroxime and pseudoe-
phedrine elicited no significant effect on the ex-
traction ratio of zanamivir and paracetamol (acet-
aminophen), and its glucuronide effected only a
16% decrease, which was likely to be the result of
the elevated values of the glomerular filtration rate
observed in these perfusion groups.

The possibility that zanamivir could influence
the metabolism of other drug substances via an in-
teraction with cytochrome P450 (CYP) isoen-
zymes was studied using probe substrates that are
specifically metabolised by a single CYP isoen-
zyme or have a metabolite which is produced be a
single isoenzyme. Zanamivir at concentrations of
up to 500 µmol/L (150 mg/L) was shown to have
no effect on any of the probe substrates bufuralol,
chlorzoxazone, coumarin, ethoxyresorufin, me-
phenytoin, midazolam, phenacetin and tolbuta-
mide (probes for isoenzymes CYP2D6, 2E1, 2A6,
1A1, 2C19, 3A, 1A2 and 2C8/9/10, respectively).
This indicates that zanamivir is unlikely to affect
the hepatic clearance of coadministered drugs that
are cleared via CYP metabolism in humans.

In addition, there were no significant changes in
the expression levels of microsomal CYP isoen-
zymes following daily IV administration of zan-
amivir (1, 9 or 90 mg/kg) for 5 weeks. These results
indicate that it is unlikely that long term adminis-

tration of zanamivir will affect the hepatic clear-
ance of any substance that may be administered
concomitantly.

Therefore, there is no theoretical basis for antic-
ipating metabolic interactions between zanamivir
and other coadministered compounds.

Studies in the dog and rat found the binding of
zanamivir to plasma proteins to be low (<10%).
Therefore, there are no implications for possible
interactions with coadministered drugs that are
protein bound. Similarly, a study using isolated
perfused rat kidney indicated that clinically rele-
vant drug interactions would not be expected to
occur with the drugs tested (cimetidine, ibuprofen,
cefuroxime, pseudoephedrine, paracetamol and its
glucuronide).[18]

In vitro studies demonstrated that the potency
of zanamivir against influenza virus in Madin-
Darby canine kidney cells is not adversely affected
in the presence of coadministered aspirin (acetyl-
salicylic acid) [1.2 mmol/L], paracetamol (6.6
mmol/L), ibuprofen (243 µmol/L), phenylephrine
(6 mmol/L), oxymetazoline (380 µmol/L), pro-
methazine (35 µmol/L) and amoxicillin-clavulanic
acid (1.66 mmol/L). As a result, there is no indica-
tion that these commonly administered drugs for
influenza-like illness would interfere with the anti-
viral activity of zanamivir in vivo.

Data from these studies are consistent with
zanamivir having a low potential for interactions
with coadministered drugs in the clinical setting
and, hence, no formal drug-drug interaction studies
have been conducted in humans (with the excep-
tion of a vaccine interaction study; see section 5.2).
However, no significant drug-drug interactions
were observed in population pharmacokinetic
analyses of the phase I studies and the incidence of
adverse events of a drug interaction nature was low
in the larger phase II and III studies where a wide
variety of concurrent medications, including sup-
plied paracetamol and cough suppressants, were
taken by patients.
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5.2 Vaccine Interaction Study

Serum titres of antihaemagglutinin antibody,
measured by haemagglutination inhibition (HAI)
assay, correlate with virus-neutralising activity and
are widely used as a surrogate measure of protec-
tion following influenza vaccination. Therefore,
138 patients were recruited into a placebo-control-
led study to assess the effect of orally inhaled
zanamivir 10mg once daily for 28 days on anti-
haemagglutinin antibody (HAI titre) when co-
administered with Fluvirin trivalent influenza in-
activated vaccine administered by intramuscular
injection.[19]

70 patients were randomised to receive zanam-
ivir and 68 to receive placebo. Results from this
study confirmed that zanamivir does not impair the
immune response to inactivated influenza vaccine
in both treatment groups; similar antibody titres for
all 3 vaccine antigens were achieved at 2 and 4
weeks after vaccination. Zanamivir was found to
be well tolerated. The proportion of patients who
experienced an adverse event was similar in the
zanamivir and placebo groups (73 and 68%, re-
spectively). The most commonly reported adverse
event was headache (47% patients in the zanamivir
group, 44% patients in the placebo group). The
other most commonly reported adverse events
were throat and tonsil discomfort and pain, nasal
signs and symptoms and cough that occurred with
similar incidence across the 2 treatment groups.

Blood samples were taken at screening (day 1)
and post-treatment (day 29) for routine safety
screening. No clinically significant differences
were observed between the treatment groups for
any of the laboratory parameters that were an-
alysed.

6. Population Pharmacokinetics

The pharmacokinetics of zanamivir were evalu-
ated using nonlinear mixed effect modelling for
patients from 3 phase I and 2 phase II studies (Peng
AW, et al., unpublished observations). Samples
were collected from a total of 171 patients. Results
demonstrated that systemic absorption of zanam-

ivir following intranasal and oral inhalation is low
and that zanamivir pharmacokinetic parameters are
not significantly affected by demographic charac-
teristics (age, gender, race, tobacco use, body-
weight and creatinine clearance), infection status
or concurrent medication use.

6.1 Volunteers in Experimental 
Challenge Studies

A small number of serum samples were col-
lected to evaluate and compare the pharmacokinet-
ics of zanamivir when administered as nasal drops
or spray. No meaningful differences in serum con-
centrations and/or pharmacokinetic parameters
[absorption rate constant, area under the plasma
concentration time-curve 0 to 3 hours, maximum
plasma drug concentration after single-dose ad-
ministration (Cmax), time to reach Cmax, renal clear-
ance of the drug from plasma and fraction of the
systemically available drug excreted into the urine]
were observed when demographic variables and in-
dices of infections were considered. There were no
significant correlations with measures of systemic
exposure and safety parameters in this study.

6.2 Patients with Naturally-Acquired
Influenza

Population pharmacokinetic analyses in a small
subset of patients combined with data from healthy
volunteers in the challenge studies indicated that
absorption of zanamivir via the intranasal route
was lower than the oral inhaled route. Absorption
of zanamivir was found not to be influenced by
type of study (treatment or prophylaxis), demo-
graphic factors (e.g. gender, age, creatinine clear-
ance), infection, viral titre, virus type, symptom
severity (patient symptom scores) and concurrent
medication use. There were no significant drug-
drug interactions for patients concurrently admin-
istered drugs for symptomatic relief including
paracetamol, dextromethorphan and guaiphenesin
(Peng AW, et al., unpublished observations).
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7. Other Influenza Antiviral Therapy

Amantadine is more widely available than
rimantadine for the treatment and/or prophylaxis
of influenza A virus, the latter having been used
mainly in the US and Eastern Europe. Unlike
zanamivir, neither shows any activity against the
influenza B virus.[2] Their use may be further re-
stricted by associated adverse effects, such as CNS
complaints (nervousness, lightheadedness, diffi-
culty concentrating), sleep problems (insomnia, fa-
tigue) and gastrointestinal complaints, particularly
at higher doses.[3] In addition, drug-resistant influ-
enza A viruses have emerged during rimantadine
treatment of uncomplicated influenza in children
and adults.[20] These strains emerge rapidly during
treatment, are transmissible to contacts, are genet-
ically stable and capable of competing with wild-
type viruses for transmission in the absence of se-
lective drug pressure, and remain pathogenic.

Oseltamivir (GS4104), a neuraminidase inhibi-
tor, is currently in phase III development for the
treatment of acute influenza and prophylaxis. Pub-
lished data indicate that this orally-available pro-
drug is associated with gastrointestinal adverse ef-
fects.[21-23] Although reported as mild and transient,
the nausea and vomiting occurred consistently
across all treatment and prophylaxis studies at a
frequency of 2 to 3 times (nausea 6.5% in placebo
group vs 14.7% in 75mg twice daily oseltamivir
group and vomiting 3.2% placebo vs 11.9% osel-
tamivir)[24] that observed in the placebo groups.

8. Discussion

Zanamivir, a specific and potent neuraminidase
inhibitor, is active against both the influenza A and
B viruses. It has not been associated with emer-
gence of resistant virus in clinical trials to
date[25,26] and its impressive safety profile has
demonstrated its suitability for use in a wide range
of individuals in a variety of settings. Conse-
quently, it offers significant advantages over cur-
rently available influenza antiviral therapies, ful-
filling an unmet medical need. Indeed, zanamivir

has already received approval in many markets for
the treatment of influenza.

As zanamivir exerts its antiviral activity by the
extracellular inhibition of influenza virus neur-
aminidase within the respiratory tract, administra-
tion via the oral inhaled route has several advan-
tages for the management of influenza. Topical
administration to the respiratory tract allows a high
concentration of drug to be delivered directly to the
primary site of infection without the need for high
systemic exposure, thereby reducing the likelihood
of adverse events or interactions with other co-
administered therapies.

A comprehensive toxicology programme dem-
onstrated that zanamivir has very low toxicity and
no drug-specific toxicities despite plasma concen-
trations of 1336-fold greater than those for clinical
use. In an attempt to identify target-organ toxicity,
the maximum practical high dosage level was se-
lected for repeat dose studies, resulting only in
nonspecific effects, primarily volume-related, due
to the excessive doses administered.

Clinical pharmacology studies involving the
IV, intranasal and oral inhaled routes of adminis-
tration in healthy patients and those experimen-
tally infected with influenza virus found all doses
of zanamivir to be well tolerated.

Data from clinical studies completed to date are
extensive with over 6000 patients recruited to the
phase II and III programme and 3662 having re-
ceived zanamivir. In both the treatment and pro-
phylaxis indications, the incidence of adverse
events was similar between the zanamivir and pla-
cebo groups. There was little variation in the nature
of adverse events reported throughout the clinical
development programme, irrespective of dose,
route, frequency and duration of administration.

No drug-related adverse events were observed
and the most commonly reported adverse events
reported by both treatment groups were nasal signs
and symptoms, headache and throat/tonsil discom-
fort and pain, all of which are associated as symp-
toms of influenza-like illness. No unique or unex-
pected effects were observed on the haematology,
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clinical chemistry or urinalysis parameters that
were monitored.

The adverse event profile in the high risk popu-
lation (including those patients who were old or
who had underlying asthma or other chronic respi-
ratory conditions) and paediatric patients was sim-
ilar to that observed in the rest of the population.
Although a limited number of elderly patients have
been recruited into clinical studies to date,
zanamivir was well tolerated, with adverse events
occurring at a similar incidence in zanamivir- and
placebo-treated patients. Since these individuals
are at greatest risk from a more prolonged infection
and the complications associated with influenza in-
fection, these data are particularly encouraging.

This review of the safety profile of zanamivir,
from preclinical through to clinical use, clearly
demonstrates that this novel compound is well tol-
erated by a wide range of individuals for whom
clinical use of this drug has the potential to offer
significant benefit.
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