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ABSTRACT We evaluated MEDI8852, a human IgG1 monoclonal antibody that
binds a highly conserved influenza A hemagglutinin stalk epitope, in outpatients
with uncomplicated influenza A infection. A total of 126 subjects aged 18 to 65
years were enrolled during the 2015 to 2016 Northern and 2016 Southern Hemi-
sphere seasons. Subjects with symptom onset =5 days before dosing were random-
ized to four cohorts: 750 mg (cohort 1) or 3,000 mg (cohort 2) MEDI8852 (single in-
travenous infusion) plus 75 mg oseltamivir, placebo plus 75 mg oseltamivir (cohort
3), and 3,000 mg MEDI8852 alone (cohort 4). Subjects were monitored through day
10 for solicited influenza symptoms, day 28 for adverse events (AEs), and day 101
for serious AEs and AEs of special interest. Nasopharyngeal samples were collected
through day 7 for confirmation of influenza A infection, viral shedding, and oseltami-
vir and MEDI8852 susceptibility. Slightly more AEs were reported in subjects receiv-
ing MEDI8852 (cohorts 1, 2, and 4 combined: 39/93, 41.9%) than oseltamivir only
(cohort 3: 10/32, 31.3%). Most AEs were mild or moderate. The most common AE
was bronchitis (11/93, 11.8%; 1/32, 3.1%). The median (range) decrease in viral shed-
ding (log,, virus genome copies/ml) was similar between the two groups (—3.58
[—6.2. 0.5]; —3.43 [—5.9, 0.9]). Genotypic analyses found a limited number of hem-
agglutinin and neuraminidase amino acid changes between viruses isolated before
and after therapy; however, none appeared within a known oseltamivir-resistant site
or MEDI8852-binding region. The safety profile of MEDI8852 supports its continued
development for treatment of patients hospitalized with influenza A infection. (This
study has been registered at ClinicalTrials.gov under identifier NCT02603952.)
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he World Health Organization estimates that influenza infection accounts for

approximately 3 to 5 million cases of severe illness and up to 500,000 deaths
globally each year (1). Vaccination is the most effective means to prevent morbidity and
mortality caused by influenza infection; however, even when matched to the circulating
influenza strain, vaccines have demonstrated suboptimal efficacy (2). Antiviral medica-
tions such as the small-molecule neuraminidase (NA) inhibitor oseltamivir are consid-
ered standard of care and are recommended in the United States to be administered
as early as possible for individuals with confirmed or suspected influenza infection who
have severe, complicated, or progressive illness; require hospitalization; or are at
greater risk for influenza-related complications (3). However, antiviral medications are
indicated for reducing the duration of symptoms and complications due to influenza
infection only when administered early during the infection (i.e., within 48 h after
symptom onset) and are less effective when given later (4, 5) and to individuals with
severe influenza infection (6). Despite advances in vaccines and small-molecule antiviral
therapeutics, there remains an unmet medical need for more effective treatment of
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influenza infection in populations at high risk for morbidity and mortality from this
infection.

MEDI8852 is a human immunoglobulin G1 kappa monoclonal antibody that is
derived from human memory B cells and binds to the conserved stalk region of the
influenza hemagglutinin (HA) protein. MEDI8852 directly inhibits fusion between HA and
cellular membranes, HA protein maturation, and host cell protease cleavage (thus blocking
the cell-to-cell spread of virus) (7). MEDI8852 also clears infected cells through the Fc
effector function via antibody-dependent cellular cytotoxicity, antibody-dependent cellular
phagocytosis, and complement-dependent cytotoxicity (7). MEDI8852 has been demon-
strated to bind to the HA of all influenza antigenic subtypes and neutralizes seasonal HIN1
and H3N2 viruses, as well as subtypes such as H2, H5, H6, H7, and H9, which have the
potential to cause pandemics (7, 8). A first-in-human study demonstrated that a single
intravenous (i.v.) dose of up to 3,000 mg of MEDI8852 had a safety profile comparable to
that of placebo in healthy adult volunteers (9).

MEDI8852 is being developed as a treatment for influenza A infection; however, the
safety profile of therapeutic monoclonal antibodies in individuals with either acute
uncomplicated or severe influenza is largely unknown. Of interest is the potential risk
that a therapeutic monoclonal antibody could mediate antibody-dependent enhance-
ment of influenza infection, leading to disease exacerbation (10, 11). This risk of
enhanced disease with influenza antibodies has been described in previous studies in
which pigs vaccinated with an inactivated swine HIN2 influenza virus developed
enhanced disease (pneumonia and lung damage) when challenged with a different
(mismatched) pandemic HIN1 (pH1N1) virus (12, 13). Recent evidence suggests that
the enhanced disease was caused by vaccine-induced, nonneutralizing anti-stalk anti-
bodies that enabled the mismatched pH1N1 viruses to fuse more effectively with lung
epithelial cells (14). Preclinical studies show that MEDI8852 is a broadly neutralizing
antibody that effectively blocks the fusion process, providing survival benefit to both
influenza-infected mice and ferrets with reduced lung virus titers and decreases in lung
lesions assessed by histopathology (7). Antibody-dependent enhancement of influenza
illness nevertheless remains of considerable interest to the field (15, 16), as no clinical
data have been published to date on the association between therapeutic monoclonal
antibodies and antibody-dependent enhancement of influenza infection.

In this study, we report the results of a safety study of a single i.v. dose of MEDI8852,
administered alone or in conjunction with oseltamivir, in outpatient adults with acute,
uncomplicated influenza A infection. Based on the results of pharmacokinetic modeling
and simulation in our phase 1 study in healthy adult volunteers (NCT02350751), we
evaluated two dose levels of MEDI8852 (750 and 3,000 mg) to identify a dose range for
use in future safety and efficacy studies in individuals with influenza A infection (9).
Although safety of the treatment regimens was the primary objective of this study, the
exploratory efficacy of MEDI8852 was also evaluated.

RESULTS

Subject Disposition and Baseline Characteristics. A total of 373 subjects were
screened and 126 (of the planned 160) subjects were randomized into the study (Fig.
1). The study initially randomized 95 subjects at study sites in the United States during
the 2015-2016 Northern Hemisphere influenza season. The study was extended into
the 2016 Southern Hemisphere influenza season, and 31 additional subjects were
randomized at study sites in South Africa. Because the influenza season in the Southern
Hemisphere was waning, enrollment in the study was halted on 31 August 2016. A total
of 124 subjects completed the study through day 101; 1 subject who was randomized
to cohort 2 withdrew consent on day 2 (the subject did not have influenza A infection
confirmed with a positive rapid antigen test at baseline and therefore did not receive
study drugs), and 1 subject who was randomized to cohort 3 withdrew consent on day
78 (withdrawal of consent was not due to an adverse event [AE]).

Treatment groups were generally balanced with respect to most demographic and
baseline characteristics (see Table S1 in the supplemental material). Some variation was
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FIG 1 Study flow diagram outlining screening, randomization, dosing, and follow-up of subjects. One subject who was
randomized to cohort 2 withdrew consent on day 2 (the subject did not have influenza A infection confirmed with a positive
rapid antigen test at screening and therefore did not receive study drugs), and one subject who was randomized to cohort
3 withdrew consent on day 78 (withdrawal of consent was not due to an AE).

observed between the subjects who received MEDI8852 (cohorts 1, 2, and 4 combined)
and those who received oseltamivir alone (cohort 3); approximately half of the
MEDI8852 recipients were female (49%), in contrast to oseltamivir-only recipients (63%),
and more than half of the MEDI8852 recipients had influenza symptoms for <48 h
before randomization (54.3%), in contrast to oseltamivir-only recipients (43.8%).
Safety and tolerability. AEs occurred at a slightly higher rate in MEDI8852 recipi-
ents than in oseltamivir-only recipients (41.9 and 31.3%, respectively; Table 1). This
difference was mainly driven by the rate of AEs in the System Organ Class (SOC) of
Infections and Infestations (using the Medical Dictionary for Regulatory Activities,
version 18.1), where the corresponding values for MEDI8852 and oseltamivir-only
recipients were 20.4 and 9.4%, respectively. Within the Infections and Infestations SOC,
the preferred term of bronchitis occurred at a higher rate in MEDI8852 recipients than
in oseltamivir-only recipients (11.8 and 3.1%, respectively). Other preferred terms (i.e.,
pharyngitis) within this SOC occurred at more similar rates (3.2 and 3.1%, respectively).
AEs of bronchitis occurred in 11 MEDI8852 recipients (4 subjects who received 750
mg of MEDI8852 and oseltamivir, 5 subjects who received 3,000 mg of MEDI8852 and
oseltamivir, and 2 subjects who received 3,000 mg of MEDI8852) and 1 oseltamivir-only
recipient (Table 2). Most bronchitis events occurred in subjects from a single site (75.0%;
9/12), which enrolled approximately one-third (34.9%; 44/126) of all subjects in the
study. Nearly all events were either mild (grade 1, using Common Terminology Criteria
for Adverse Events, version 4.0) or moderate (grade 2) in severity, except for one event
that was severe (grade 3). Most bronchitis events started around day 7 and resolved by
day 15. Three subjects with bronchitis had additional AEs, including one subject who
had mild (grade 1) reactive airway disease consistent with possible lower respiratory
tract involvement. It should be noted that all subjects with bronchitis were afebrile
(temperature < 38°C) at the time of onset or at the time point prior to the diagnosis
of bronchitis for which a temperature measurement was available, and no subjects had
elevated white blood cell counts on day 7 of the study, when serum was drawn for all
subjects. Influenza virus titers were either below the lower limit of quantitation (LLOQ)
or were not detected by day 7 in 9 of 11 subjects for whom virus titer data were
available. One subject had virus titers that initially decreased on day 5 from baseline
(3.16 and 7.42 log,, genome copies per ml, respectively) but then increased on days 7
and 9 (4.40 and 6.61 log,, genome copies per ml, respectively); an analysis of the
subject’s HA and NA gene sequences did not reveal any changes when days 1, 3, 5, 7,
and 9 sequences were compared with baseline sequences, and the subject’s influenza
symptom scores were low (=<2) from day 8 onward. All subjects with bronchitis (who
also had influenza A infection at baseline confirmed with reverse transcription-PCR
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TABLE 3 Influenza symptom scores for subjects with AEs of bronchitis, by cohort?

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10
Cohort and subject id 4 Y Y Yy Yy y y y y

gender/age (yr) am. p.m. am. p.m. am. p.m. am. p.m. am. p.m. am. p.m. am. p.m. am. p.m. am. p.m. am. p.m.
Cohort 1 (750 mg
MEDI8852 + OS)

Female/42 18 14 15 15 12 12 13 15 14 10 12 9 7 5 3 3 1 2 2 2
Male/47 15 21 17 15 10 10 9 9 7 7 6 10 5 6 5 5 5 4 5 5
Female/54 20 14 14 11 12 10 7 7 8 11 11 10 7 4 2 0 0 0 0 0
Male/58 19 18 17 17 15 15 15 12 14 15 16 13 8 7 1 1 1 1 1 0
Cohort 2 (3,000 mg
MEDI8852 + 0S)
Male/39 13 14 8 9 7 10 10 11 9 9 9 9 9 5 7 8 7 1 1 1
Male/43 20 17 19 16 16 1 8 5 6 5 1 1 1 4 3 1 0 0 0 0
Female/43 21 21 21 21 21 21 21 21 17 17 16 13 12 12 6 6 4 4 4 4
Male/30 19 19 21 21 17 10 11 11 10 8 8 9 11 10 7 6 6 4 4 2
Female/45 18 9 9 8 6 4 4 4 2 2 2 2 2 2 1 1 1 2 2 2
Cohort 3 (placebo + OS)
Male/38 17 17 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Cohort 4 (3,000 mg
MEDI8852)
Female/63 18 18 15 1 10 7 4 4 3 3 2 3 1 2 2 2 3 3 3 3
Female/25 12 4 17 15 12 3 9 9 4 3 3 3 3 4 5 5 4 3 2 2

aDays during which subjects had AEs of bronchitis are shaded gray. For the last subject (Female/25), the onset of bronchitis was on day 12, which was after the
period (days 1 to 10) during which influenza symptom scores were collected. OS, oseltamivir.

[RT-PCR]) were found to be infected with A/H1N1 strains. Furthermore, all subjects with
bronchitis had solicited influenza symptom scores that were either stable or decreasing
at the time of onset of bronchitis (Table 3).

AEs that were related to investigational product occurred at similar rates in
MEDI8852 and oseltamivir-only recipients (15.1 and 15.6%, respectively). In general, AEs
were either mild (grade 1) or moderate (grade 2) in severity. Two serious AEs (SAEs)
were reported during the study. One subject who received 3,000 mg of MEDI8852 and
oseltamivir and had a history of hypertension and seasonal allergies had a severe (grade
3) investigational-product-related event of infusion-related reaction (which was also
considered an AE of special interest [AESI]) on day 1. The infusion was stopped (the
subject received a partial dose of MEDI8852), and the event resolved within 15 min after
treatment with intramuscular dexamethasone, inhaled albuterol, and oxygen. Another
subject who received placebo and oseltamivir and had an undisclosed history of recent
syncope had a severe (grade 3) event of syncope on day 1. The infusion was completed
and the event resolved without treatment. Both subjects completed their oseltamivir
regimens and all study assessments.

Solicited influenza symptoms occurred at similar rates in MEDI8852 and oseltamivir-
only recipients. The proportion of subjects who had any solicited influenza symptoms
(a score of =1) through day 10 was the same in both MEDI8852 and oseltamivir-only
recipients (100% in each group). Likewise, the median (range) number of days that
subjects had any solicited symptoms was similar in MEDI8852 and oseltamivir-only
recipients (10.0 [2 to 13] days in each group). There were no deaths or discontinuations
from the study due to an AE. There were also no differences in routine chemistry and
hematology results in MEDI8852 or oseltamivir-only recipients.

Virology. Of the 125 subjects who had samples that were positive for influenza A
by the rapid antigen test, 104 (83.2%; 78 from the United States and 26 from South
Africa) had samples that were positive for influenza A infection by RT-PCR. The median
viral loads were similar between cohorts at baseline (Table 4). A rapid decline in viral
loads was observed in all cohorts; by day 5, the median viral load was below the LLOQ
for the quantitative RT-PCR (qRT-PCR) assay (log,, 3.1 genome copies per ml). The time
to reduction of viral loads was similar between cohorts; the proportion of subjects who
continued to shed virus after day 7 was similar in MEDI8852 and oseltamivir-only
recipients (21.6 and 23.3%, respectively).

November 2018 Volume 62 Issue 11 e00694-18 aac.asm.org 6


https://aac.asm.org

Antimicrobial Agents and Chemotherapy

MEDI8852 Monoclonal Antibody Treatment of Influenza A

J1ad sa1dod awouab 96/°7 °'60]) DOTT @Y1 Ueyl Ja1ealb SIS SNUIA dABY 0] paulwalap sajdwes

“JIAIWRY|RSO ‘SO ‘9|gedtjdde jou ‘YN S0 03 pawndwi a1am DOTT 9Yl Mo|3q 191 snuiA Bujuieiuod sajdwes *(jw Jad sa1dod sawousb) anjea e se payodal a1am (jw
‘Jw 4ad saidod awouab £60°€ °'6o| sem DOTT YL ‘Jw Jad saidod awouab °tbo| se Yod-1yb Aq painseaw a1am s1a31 SNUIAL

vz = u)
(87-80) 08T (L)L (L'v-87) 08T (ZTTL)6 (99-87) 08T (912)9L (§9-87) 08T (££6)TL (0£-8T7) 08T (££6)TL (6£-87) 98t (€£6)TL (06-T€) 88'9 (00L) YL TS88IAIN [BIO} (pRUIGIOD  PUE ‘T ‘| S1OYOD
(87-80) 08T (¢v)L (L'v-87) 08T (L9l)v (87-87) 08C (60, (05-87) 08T (8°56) mm (0£-87) 08T (00L)¥T (6£-87) SLv (8S6) €T (1'8-T'€) 859 (00L) vT (¥T = u) TS88IQ3IW Bw 000’S ¥ MOYoD
VN (00 (8Z-87) 08T (00L)€E (065-87) 08C (€€0), (8v-87) 08T (00L)0E (1'9-877) 08T (£°€6)8C (1'8-87) 6L (£'96) 6T (£'8-877) 6v'9 (00L) O€E (0€ = u) SO + ogaded :¢ Loyod
VN (000 (87-87) 08T (O€L)E (99-87) 08T (0€L)E (1'9-87) 08C :memm (8'5-8'7) 08T (£'16) 1T (T£-87) 80°'S (£'S6)TT (1'8-8'€) 9TZ (00L) €T (€T = U) SO + 7S88IAIW Bw 000’€ T MoYyod
VN (000 (87-87) 08T (47 (99-87) 08T (TT0)9 (59-87) 08T (00l)/T (85-877) 08T (00L)/T (££-87) L6v (00L) LT (06-0%) 8€9 (001) LT (4T = u) SO + TS88IAIW Bw 05/:L Moyod
(e6uer) (%) (o6uey) (%) (obuer) (%) 'ON (e6ues) (%) ‘oN (ebuer) (%) ‘ON (e6ues)  (9%) ‘oN (96ues) (%) "ON Moyod
uelpajy  ‘ON uelpapy "ON uelpapy uelpay uelpay uelpapy uelpapy
L Keg LL Keq 6 Ae@ L Ke@ s Keq € Keg (L Aep) auipaseg

p(uonejndod |od0304d-1ad) Buippays sniIA jo Alewwns ¢ 319vL

aac.asm.org 7

€00694-18

Issue 11

November 2018 Volume 62


https://aac.asm.org

Ali et al.

NA sequencing. None of the baseline NA sequences had changes at positions
commonly reported or more frequently observed with oseltamivir resistance (HIN1:
E119, H275, R293, or N295 [N1 numbering]; and H3N2: E119, H274, R292, or N294 [N2
numbering]) compared to the reference sequences (A/Bolivia/559/2013 [H1N1] or
A/Hong Kong/4801/2014 [H3N2]).

Of the 97 subjects who had both a baseline and a last sample sequenced, 12 had
changes in the NA gene; however, none of the changes occurred within a known
oseltamivir-resistant site (Table S2). Only 2 of the 14 observed changes occurred at the
same amino acid position (M15). A mixed population was observed in a day 3 sample
from a subject who received 3,000 mg of MEDI8852, which corresponded to a known
amino acid change associated with oseltamivir resistance (N1-R293) with a minor
Sanger nucleotide peak that translated to amino acid K293. Due to low virus titers,
sequence data from samples collected after day 3 could not be evaluated. This subject
had decreasing solicited influenza symptoms (with a moderate cough through day 7)
and had no AEs during the study.

HA sequencing. When baseline HA sequences were compared to the reference
sequences (A/Bolivia/559/2013 [H1N1] and A/Hong Kong/4801/2014 [H3N2]) at posi-
tions associated with the MEDI8852 binding region, unique changes were observed at
positions L382 and V47 (Table S3). L382Q (H1N1, HA2-L38Q in H3 numbering) was
observed in the baseline samples from seven subjects, and L382L/Q was observed in
the baseline sample from one subject. Sequence alignment of HA from 5,028 H1
isolates obtained from the Influenza Virus Resource Database (National Center for
Biotechnology Information) suggest that this position is polymorphic L/Q (76.2/23.4%).
H1N1 isolates with the polymorphic change at this position were neutralized by
MEDI8852 (Medlmmune, unpublished data).

Unique changes were also observed at position V47 within the MEDI8852 binding
region of HA (relative to the reference sequences V47F and V47l) in the baseline
samples from two additional subjects (Table S3). Sequence alignment of HA suggests
that this position is highly conserved (valine = 99.2%). However, this position appears
to have some heterogeneity among group 1 influenza viruses. In addition to the
dominant valine at this position, the virus panel tested during preclinical development
of MEDI8852 also contained strains that had isoleucine, glutamine, and lysine. These
viruses were neutralized efficiently by MEDI8852, suggesting that the HA-MEDI8852
interaction can tolerate some amino acid diversity at this position (Medimmune,
unpublished data).

Of the 97 subjects who had both a baseline and a last sample sequenced, 6 had
changes in the HA gene; however, none of the changes corresponded to amino acids
located in the putative MEDI8852 binding region (Table S4). A mixed population was
observed in a baseline sample from a subject who received 3,000 mg of MEDI8852,
which corresponded to the predefined MEDI8852 binding region that contained amino
acid sequence Leu/GIn382. However, only amino acid GIn382 was identified in se-
quence data from the day 5 sample. This residue position (i.e., position 382) appears to
be polymorphic (Leu/GIn) within the H1 subtype. This subject had decreasing solicited
influenza symptoms (with moderate myalgia and fatigue through day 2) and had no
AEs during the study.

Virus susceptibility testing for MEDI8852. Selected nasopharyngeal samples that
had quantifiable virus titer (QRT-PCR > LLOQ) were chosen to culture and expand the
virus in order to perform susceptibility testing with MEDI8852. A total of 35 of the 53
clinical samples yielded detectable virus levels that were 50% of the tissue culture
infective dose (TCIDs,). Unfortunately, no virus was cultivable from any of the selected
postbaseline samples, even though these samples had a quantifiable amount of virus
via qRT-PCR. MEDI8852 susceptibility testing was performed on all isolated viruses, of
which 27 yielded valid results for 50% inhibitory concentrations (ICs,s) and 8 failed from
insufficient viral input. For the isolated HIN1 isolates (n = 23), the median IC;, was 44
nM with a range of 19 to 101 nM; for the H3N2 isolates (n = 4), the median ICs, was
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48 nM with a range of 43 to 50 nM. The IC;4s for the clinical samples were comparable
to or below that of the two control viruses (A/California/7/2009 [H1N1] and A/Hong
Kong/4801/2014 [H3N2]) (289 and 74 nM, respectively), suggesting that these isolates
were susceptible to MEDI8852. In addition, five of the virus isolates contained the
unique (relative to reference) L382Q (three samples), V47! (one sample), and V47F (one
sample) sequence within the MEDI8852 binding region. These five viruses had a median
ICso (median, 40 nM; range, 36 to 62 nM) similar to that of the rest of the panel,
confirming that the HA-MEDI8852 interaction can tolerate some amino acid diversity at
these positions.

Serum levels of MEDI8852. On day 1 (postinfusion), the mean serum levels of
MEDI8852 were 131 ug/ml (750 mg of MEDI8852 and oseltamivir), 619 wg/ml (3,000 mg
of MEDI8852 and oseltamivir), and 652 ug/ml (3,000 mg of MEDI8852). On day 7, the
mean values were 55.4, 243, and 270 ug/ml, respectively.

Efficacy. Overall, treatment with MEDI8852 alone at a dose of 3,000 mg appeared
to have similar effects on alleviation of influenza symptoms as oseltamivir alone, and
the combination of MEDI8852 at doses of 750 or 3,000 mg with oseltamivir did not
appear to provide additional benefit beyond that provided by each individual treat-
ment alone (Table 5). The median (95% confidence interval) time to resolution of
influenza symptoms (hours) for subjects whose initial positive rapid antigen test for
influenza virus was confirmed by RT-PCR was similar in 3,000 mg of MEDI8852 (128.00
[64.05 to 156.82]), 750 mg of MEDI8852 plus oseltamivir (106.75 [60.12 to 155.17), 3,000
mg of MEDI8852 plus oseltamivir (138.10 [95.87 to 189.55]), and oseltamivir-only (94.83
[71.17 to 161.75]) recipients, all values having broad overlapping confidence intervals
(Fig. 2). There was also no clear differentiation between the treatment groups in the
prespecified, stratified analysis of subjects who had influenza symptoms for either <48
h or >48 h before treatment (Medimmune, unpublished data). Similarly, the treatment
groups did not appear to differ in time to resolution of specific influenza symptoms
(nasal congestion, sore throat, cough, aches and pains, fatigue, headache, and chills/
sweats); cough took the longest time to resolve in all groups (Table S5). The median
duration and severity of influenza symptoms (score-hours) and the median time to
return of the ability to perform usual activities (hours) were also similar between the
treatment groups, and no clear impact was seen when evaluated by the duration of
influenza symptoms before treatment (Table 5; Medimmune, unpublished data).

DISCUSSION

To date, no clinical data have been published on the safety and efficacy of a
monoclonal antibody for the treatment of influenza A infection when the virus is
acquired through natural infection during an influenza season. Two studies have
evaluated the safety and pharmacokinetics of broadly neutralizing monoclonal anti-
bodies that target the conserved stalk region of the influenza HA protein in healthy
adult volunteers challenged with influenza A virus (17, 18). However, it may be difficult
to extrapolate the findings from these studies to subjects with naturally acquired
infection, since both studies enrolled subjects who were seronegative to the challenge
strains and the mode of infection and induction of symptoms in challenge studies may
differ from that seen in outpatients or inpatients with influenza illness (19). We
conducted this study to fully characterize the safety and tolerability profile of MEDI8852
and to evaluate its potential efficacy in a population of outpatient adults with acute,
uncomplicated influenza A infection before initiating studies in a target population of
more severely ill patients hospitalized with influenza A infection.

In this study, AEs occurred at a higher rate in MEDI8852 recipients than in
oseltamivir-only recipients, a difference that was mainly driven by a slightly higher rate
of bronchitis in MEDI8852 recipients. As this was the first study of MEDI8852 in patients
with influenza A infection, and due to the nonclinical finding of antibody-dependent
enhancement of influenza illness in swine, all bronchitis events were reviewed in detail
for possible association with MEDI8852 administration. Nearly all cases of bronchitis
were either mild (grade 1) or moderate (grade 2) in severity and were associated with
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FIG 2 Time to resolution of influenza symptoms for subjects infected with influenza A virus (confirmed by RT-PCR at baseline). Open circles represent censored
subject data. M8852, MEDI8852; OS, oseltamivir.

few additional AEs. In addition, nearly all bronchitis events occurred in afebrile indi-
viduals whose solicited influenza symptom scores were either stable or decreasing
during the time of diagnosis and whose viral loads were less than the LLOQ at the time
of onset. Finally, it should be noted that most (9/12) of the bronchitis events occurred
at a single study site. All individuals at this site who had residual influenza symptoms
on days 5 to 7 were treated with antibiotics, and a subset (5/9) were also treated with
steroids, possibly to more rapidly resolve these symptoms, which may have reflected
clinical practice at the site. Given the low-grade severity of these bronchitis events and
the associated influenza symptoms, as well as the general lack of increase in influenza
virus shedding during the events, these findings are not considered to be consistent
with antibody-dependent enhancement of influenza illness. In general, AEs related to
investigational product occurred at similar rates in MEDI8852 and oseltamivir-only
recipients, and the most commonly reported AEs (bronchitis, nausea, diarrhea, and
upper respiratory tract infection) in all cohorts were those that were expected in a
population with acute, uncomplicated influenza A illness.

Virus samples collected from subjects in the study were genotyped to determine
whether MEDI8852 binding site- or oseltamivir resistance-associated mutations were
present at baseline or before treatment or arose over the course of treatment. Sanger
sequence analysis of the NA and HA genes demonstrated that there were a limited
number of amino acid changes between the baseline sample and the last sample
sequenced; however, none of the changes appeared within the MEDI8852 binding
region or within a known oseltamivir-resistant site. The amino acid positions in which
changes were observed varied across all subjects, regardless of treatment, and were
outside the MEDI8852 binding region. In addition, we saw no susceptibility differences
between virus controls and the baseline samples in which virus could be isolated and
expanded. Overall, these data suggest that there was no drug-specific selective pres-
sure favoring the development of escape mutations in this study.

Reduction in virus titers did not differ significantly between the treatment groups,
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which suggests that MEDI8852, when administered either alone or in addition to
standard of care (i.e., oseltamivir), had effects that were similar to those of standard-
of-care alone. These findings may be due to the fact that subjects in this study were
relatively healthy and had mild illness; most subjects had infections with A/H1N1
strains. As a result, subjects may have started to rapidly clear virus before and after
enrollment, which would have minimized the ability to differentiate between MEDI8852
and oseltamivir treatment. In fact, most subjects in the study had rapid declines in virus
titers by day 3, and almost all subjects had virus titers that were less than the LLOQ by
day 5. A similar phenomenon was observed in a randomized, placebo-controlled,
double-blind study of oseltamivir (75 and 150 mg administered orally twice a day for
5 days) that had recruited a large (n = 629) cohort of outpatient adults with acute,
uncomplicated influenza infection (20). All subjects in that study had virus titers that
had rapidly declined by day 3, and the differences in virus titers between the placebo
and oseltamivir groups were not statistically significant. In a post hoc analysis focusing
on subjects with more severe symptoms (defined as those whose baseline symptom
scores were greater than the median score), the time to resolution of all influenza
symptoms, as well as the time to resolution of individual symptoms, were consistently
lower in the three treatment groups that received MEDI8852 than in the group that
received oseltamivir alone; however, this finding should be interpreted with caution
due to its post hoc nature, the limited number of subjects involved, and the broad
confidence intervals associated with the times to resolution (Table S6).

A limitation of our study is the absence of a placebo-only arm, which may have
complicated the assessment of the effect of MEDI8852 on reductions in influenza viral
load after treatment (i.e., if oseltamivir treatment did not result in reductions in viral
load). However, a placebo-only arm was not included in the study because its primary
purpose was to gather safety data on the coadministration of MEDI8852 and oselta-
mivir prior to the initiation of a larger phase 2b study, in which both treatments would
be coadministered to more seriously ill patients hospitalized with influenza A infection.

Another limitation of the present study is that we did not evaluate the pharmaco-
kinetics of MEDI8852 in the upper respiratory tract. Although we have previously
evaluated the serum pharmacokinetics of MEDI8852 in healthy volunteers (9) and have
data on both day 1 and day 7 mean serum levels of MEDI8852 from the present study,
MEDI8852 concentration at the site of infection (i.e., the upper respiratory tract) remains
unknown. It is possible that the highest dose of MEDI8852 evaluated in this study (3,000
mg) may have been too low to achieve a nasal concentration needed to neutralize
influenza A strains. In fact, a recent study with a similar monoclonal antibody admin-
istered to healthy volunteers challenged with influenza A virus found that the nasal
concentrations of the antibody were not dose proportional (17). The study determined
that a single i.v. dose of 3,600 mg (or higher) would be required to achieve a nasal
concentration needed to neutralize multiple influenza A strains. Furthermore, a phar-
macokinetic model developed from the study data predicted that an even higher dose
might be needed to decrease virus shedding in the upper respiratory tract. Given that
severely ill patients hospitalized with influenza A infection are likely to have higher viral
loads in the upper and lower respiratory tracts, higher doses of MEDI8852 may be
needed to achieve efficacious outcomes and should be evaluated in future studies.

In summary, this study demonstrated that MEDI8852, administered alone and in
conjunction with oseltamivir, had an acceptable AE profile in outpatient adults with
acute, uncomplicated influenza A infection. The relatively small number of subjects
in the study, and the fact that the study was conducted in adults who were
generally healthy, may have made it difficult to observe a clinically meaningful
reduction in overall disease burden with MEDI8852 treatment. The dose range and
efficacy of MEDI8852 remains to be fully evaluated in an adequately powered
clinical study, especially in more severely ill patients hospitalized with influenza A
illness.
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MATERIALS AND METHODS

Study design. This phase 2a, randomized, partial double-blind, active-controlled, dose-ranging study
(ClinicalTrials.gov, NCT02603952) was conducted at 24 centers in the United States and South Africa
during the 2015 to 2016 Northern Hemisphere and 2016 Southern Hemisphere influenza seasons. The
study was carried out in accordance with the Declaration of Helsinki and the International Council for
Harmonisation’s Harmonised Tripartite Guideline E6(R1): Good Clinical Practice (21). The study protocol
was approved by the institutional review boards or independent ethics committees at each study site
and by national regulatory authorities.

Subjects. All subjects provided written informed consent before undergoing any study procedures.
Eligible subjects were male or nonpregnant female adults, aged 18 to 65 years, with positive results for
a rapid influenza antigen test at screening. Subjects also had symptomatic presumptive influenza A
infection with an onset of symptoms =5 days before the administration of study drugs; symptoms were
defined as the presence of a fever of =38.0°C, one or more moderate systemic symptom (headache,
malaise, myalgia, sweats, and/or chills or fatigue), and one or more moderate respiratory symptom
(cough, sore throat, or nasal symptoms). Major exclusion criteria included current hospitalization for
influenza A infection, receipt of antiviral therapy within the past 2 weeks, receipt of immunoglobulin or
blood products within the past 6 months, current clinical evidence of pneumonia, and active bacterial
infection requiring oral or parenteral antibiotics.

Study treatments. Subjects were randomized 1:1:1:1 into four cohorts. Cohort 1 received 750 mg of
MEDI8852 and 75 mg of oseltamivir (Roche, Kaiseraugust, Switzerland), cohort 2 received 3,000 mg of
MEDI8852 and 75 mg of oseltamivir, cohort 3 received placebo and 75 mg of oseltamivir (referred to as
oseltamivir alone), and cohort 4 received 3,000 mg of MEDI8852. In each cohort, MEDI8852 or placebo
was administered as single i.v. infusion on day 1 and oseltamivir was administered orally twice daily for
5 days beginning on day 1. Except for cohort 4, where placebo capsules matched to the appearance of
oseltamivir could not be provided, subjects and study site personnel were blinded to treatment
allocation during the study. Randomization was stratified by duration of illness (=48 versus >48 h).

Clinical assessments. Subjects recorded the severity of seven influenza symptoms (cough, nasal
obstruction, sore throat, fatigue, headache, myalgia, and feverishness) twice daily on days 1 to 10, using
a 4-point scale (0, absent; 1, mild; 2, moderate; 3, severe) that was previously used in pivotal studies for
oseltamivir and zanamivir (20, 22). Subjects who did not show signs of clinical improvement by day 10
continued to record the severity of solicited influenza symptoms on days 11 and 13, if needed, until
clinical improvement was observed. Subjects also recorded their ability to perform usual activities on an
11-point visual analog scale (0, unable to perform usual activity; 10, fully able to perform normal activity)
on days 1 to 10 (and on days 11 and 13, if needed).

AEs were defined as any untoward medical event that occurred in a patient or clinical investigation
subject administered a pharmaceutical product and that did not necessarily have a causal relationship
with this treatment (21). SAEs were defined as any AE that resulted in death, was immediately life
threatening, required inpatient hospitalization or prolongation of existing hospitalization, resulted in
persistent or significant disability or incapacity, was a congenital anomaly or birth defect in the offspring
of a subject, or was an important medical event that may jeopardize the subject or may require medical
intervention to prevent one of the outcomes listed here. AESIs were defined as AEs that were of scientific
and medical interest specific to understanding of the investigational product and that may require close
monitoring and rapid communication by the investigator to the study sponsor (Medimmune).

Assessments included AEs from screening to day 28, SAEs, and AESIs from screening to day 101; vital
signs at screening and on day 1 (during and after investigational product infusion); temperature on days
1 to 7; and routine chemistry and hematology laboratories from screening to day 7.

Virology assessments. Nasopharyngeal swab samples were collected for confirmation of influenza
A virus positivity, using a multiplex real-time qualitative RT-PCR assay (Lyra influenza A+B assay; Quidel
Corporation, San Diego, CA), and virus shedding was assessed using a qRT-PCR assay (based on Lyra
influenza A+B assay) at screening; during treatment on days 1, 3, and 5; and during follow-up on day 7.
Subjects who did not show signs of clinical improvement by day 7 had additional nasopharyngeal swab
samples collected on days 9, 11, and 13, if needed, until clinical improvement was observed. Evaluation
of infectious virus titers was an exploratory endpoint for the study. However, due to inconsistent results
generated with the TCID, assay, these data are not presented here.

Genotypic analyses of baseline and posttreatment samples containing quantifiable influenza A virus
(i.e., greater than the LLOQ for the qRT-PCR assay, log,, 3.1 genome copies per ml) were performed by
Sanger sequencing of the NA gene. In cases where a mixed population was observed, only the major
changes were reported unless the mixed population was observed within a known oseltamivir-resistant
site. Sequence data were analyzed to identify all occurrences of amino acid changes in NA between an
individual’s baseline sample and their last sample sequenced. In addition, all baseline NA sequences were
compared to reference sequences (A/Bolivia/559/2013 [H1N1] and A/Hong Kong/4801/2014 [H3N2]) to
identify changes relative to the reference sequences at positions known to be associated with oseltamivir
resistance (H1N1: E119, H275, R293, or N295; and H3N2: E119, H274, R292, or N294).

Sanger sequencing of the HA gene from baseline and posttreatment samples containing quantifiable
influenza A virus was also performed. In cases where a mixed population was observed, only the major
changes were reported unless the mixed population was observed within a MEDI8852 binding region.
In addition, all baseline HA sequences were compared with reference sequences (A/Bolivia/559/2013
[H1N1] and A/Hong Kong/4801/2014 [H3N2]) to identify changes at positions known to be associated
with the 30-amino acid MEDI8852 binding region (7; Medimmune, unpublished data).
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Quantification of virus susceptibility. Selected nasopharyngeal samples with quantifiable viral load
were processed to isolate, expand, and quantitate the influenza virus, using Madin-Darby canine kidney
(MDCK) cells, according to the supplier’s standard procedures (Viroclinics, Rotterdam, Netherlands). Virus
susceptibility to MEDI8852 was measured by using a MDCK cell-based microneutralization assay (Viro-
Spot; Viroclinics). The concentration that produced IC;,s from each virus isolate and from two control
virus strains (A/California/7/2009 [H1N1] and A/Hong Kong/4801/2014 [H3N2]) were calculated.

Serum levels of MEDI8852. Serum was collected on day 1 (postinfusion) and on day 7 to estimate
the serum levels of MEDI8852.

Study endpoints. The primary endpoint of the study was the safety and tolerability of MEDI8852, as
measured by AEs, SAEs, and AESIs, and the incidence of solicited influenza symptoms. The secondary
endpoints were the quantification of influenza virus shedding by gRT-PCR, oseltamivir resistance-
associated mutations, and virus susceptibility to MEDI8852. The exploratory endpoints were time to
resolution of influenza symptoms, duration and severity of influenza symptoms, and time to return of the
ability to perform usual activities.

Statistical analysis. The as-treated population, used to assess safety, included all subjects who were
randomized and received any portion of their protocol-specified treatment regimen. Subjects were
analyzed according to the treatment they received. The per-protocol population, used to assess virus
shedding and resistance analyses, included all subjects who received any portion of their protocol-
specified treatment regimen and had valid assay results from nasopharyngeal samples obtained at any
posttreatment time point (i.e., after the single i.v. infusion of MEDI8852 or placebo on day 1). Subjects
without confirmed (by RT-PCR) influenza A infection at baseline were excluded from the per-protocol
population. The intent-to-treat population, used to assess exploratory efficacy, included all randomized
subjects.

For the exploratory efficacy analyses, time to resolution of influenza symptoms and time to return of
the ability to perform usual activities were summarized by the Kaplan-Meier method for each treatment
group. Symptom resolution was considered to have occurred at the start of the first 24-h period in which
all influenza symptoms were scored as =1 (mild or none) and remained so for 24 h. The time to the
return of the ability to perform usual activities was the time at which a subsequently maintained
normalization was initially identified. Subjects who did not return to their ability to perform usual
activities were censored at the time of dropout or at the time the last activity level was assessed,
whichever occurred earlier. Duration and severity of influenza symptoms were assessed using an
area-under-the-curve analysis that was derived on a by-subject basis with the linear trapezoidal rule, in
which all available data from baseline to the last time point with influenza symptoms were measured up
to day 13.

Because all analyses were descriptive in nature and no hypothesis was being tested statistically, no
formal sample size calculations were performed. With 94 subjects exposed to MEDI8852 (cohorts 1, 2, and
4 combined), there was a 90% probability of observing at least one AE if the true event rate was 1.9%;
if no AEs were observed, the study provided 95% confidence that the true event rate was <2.5%.

A planned interim analysis was performed after all subjects had completed assessments through day
28, unless withdrawn or lost to follow-up.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AAC
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