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Abstract

DAS181, (study drug, Fludase®) was developed for treatment of influenza and parainfluenza
infections. Delivered by inhalation, DAS181 cleaves sialic acid receptors from respiratory
epithelial cells. Treatment of influenza for three days with DAS181 reduced viral shedding. To
increase deposition in the upper airways and decrease systemic absorption, the particle size was
increased to 10 microns. We conducted two Phase I trials with three cohorts, randomized 2:1,
active drug to placebo. The initial cohort got a single 20 mg dose of DAS181, or placebo; the
second, 20 mg DAS181 or placebo for 10 days, and the third got 20 mg of DAS181or placebo for
3 days. Formulations differed slightly in their excipients. Subjects in the 1- and 3-day cohorts
completed dosing without serious adverse events. Two subjects in the 10-day cohort stopped at
Day 9 after developing respiratory and systemic symptoms, and a third experienced a decrease in
FEV; (Forced Expiratory Volume in 1 second) after the 91" dose and a further decline after the
10t dose. Plasma DAS181, in the 10-day cohort, peaked and began falling before the last dose.
Antibodies, predominately 1gG with neutralizing activity, were detected in 15/18 subjects by Day
30. The highest 1gG concentrations were in the 10-day cohort. The respiratory adverse events
occurring after seven days and rapid drug clearance during continued dosing are consistent with
the induction of DAS181 antibodies. This could preclude use of this medication for longer than
seven days or for repeated courses. (These studies have been registered at ClinicalTrials.gov under
registration nos. NCT 00527865 and NCT 01651494.)

Corresponding author: Jonathan M. Zenilman, M.D., Division of Infectious Diseases, Johns Hopkins University, Johns Hopkins
Bayview Medical Center, 5200 Eastern Ave--MFL Center Tower, Suite 381, Baltimore, MD USA 21224, jzenilma@jhmi.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zenilman et al. Page 2

Keywords
Influenza; Parainfluenza; Sialidase; DAS-181

1.0 INTRODUCTION

Influenza vaccines have limited effectiveness (1); this and the increasing resistance to
influenza antivirals emphasizes the need to develop alternative approaches (1,2). DAS181 is
such an alternative; it targets the sialic acid adornments on respiratory epithelial cells to
which influenza and parainfluenza viruses bind and has the potential for preventing and
treating infections caused by both viruses.

DAS181 is a recombinant sialidase, derived from Actinomyces viscosus, fused to an
anchoring domain from the binding sequence of human amphiregulin (3). Administered by
inhalation, DAS181 removes sialic acid from the respiratory epithelium (4) and thereby
prevents the binding of influenza (5,6) and parainfluenza (7) viruses. This potentially could
provide prophylaxis and treatment for all strains of influenza, including those that are
resistant to neuraminidase inhibitors (8).

Phase I trials of inhaled DAS181, conducted during its development, evaluated various
doses, formulations and particle sizes (9). The primary adverse event noted during these
trials was elevation of serum alkaline phosphatase (ALP) which was thought to result from
the systemic absorption of the drug and de-sialylation of circulating glycoproteins (9). In
addition, circulating, and neutralizing, antibodies were induced after a single dose of
DAS18L1. Increasing the particle size from ~3.5 p (DAS181-F01) to ~6 u (DAS181-F02)
reduced systemic absorption by depositing the drug higher in the respiratory tract, but did
not eliminate elevation of ALP or antibody induction. DAS181-F02 was used in a
randomized, double-blind, Phase 11 trial to determine the safety and tolerability of 10 mg of
DAS181, inhaled once or over three days, in otherwise healthy adults with laboratory
confirmed influenza (10). As compared with placebo, DAS181 reduced the influenza viral
load in pharyngeal washes, but the reduction after a single dose was no longer significant
after 48 h. After three daily doses, reduction in viral load remained significant for 48 h, or to
Day 5. No significant differences were noted in time to resolution of clinical symptoms, and
ALP elevations were noted in 19% of the multi-dose recipients.

The results of the Phase 11 trial lead to the formulation of DAS181-F03 which has a particle
size of 10 , designed to reduce deep lung deposition and the potential for systemic
absorption, and DAS181-F04 which differs from DAS181-F03 only in the addition of
MgSO4 as a counter ion excipient (Table 1). In hopes of increasing the effectiveness and
duration of its antiviral effect, the dose of DAS181 was increased to 20 mg in the clinical
trials reported here, and a duration of ten daily doses was assessed. In the first trial,
DAS181-F03 was administered once (1 Day Cohort) or daily for ten days (10 Day Cohort);
in the second trial DAS181-F04 was administered daily for three days (3 Day cohort). We
assessed the toxicity, systemic absorption and immunogenicity of the two formulations
dosed at 20 mg/d. The results of the two trials are combined in this report.

Antiviral Res. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zenilman et al. Page 3

2.0 MATERIALS AND METHODS

We conducted three randomized, double-blind, placebo-controlled trials, each consisting of
nine healthy adult volunteers who received DAS181 or placebo at a ratio of 2;1. The first
cohort received a single dose of 20 mg DAS181-F03, or placebo. The second was to receive
20 mg DAS181-F03, or placebo, daily for 10 days. The third was administered DAS181-
F04, 20 mg per day, or placebo, for 3 days. The DAS181 formulations were provided by
Ansun Biopharma, Inc., San Diego, CA.

The studies were approved by the Johns Hopkins University Institutional Review Board, and
written informed consent was obtained from all participants prior to screening.

2.1 Subjects

The studies enrolled 18 healthy adults, who were, non-smokers with no recent respiratory
illness and no lactose intolerance, and who had normal complete blood counts, chemistries,
coagulation profiles, complement tests, urinalyses, drug abuse screens, HIV, hepatitis B and
hepatitis C serologies, chest radiographs (CXR), and electrocardiograms (ECG). Women
had negative pregnancy tests. Subject pulmonary function tests (PFTs) had peak expiratory
flow rates, and FEV1s >80% predicted. Subjects were trained to use the Cyclohaler® (N.V.
Medicopharma, NL) device and achieve an inspiratory flow rate of > 60 L/min, as measured
by In-Check DIAL low-range inspiratory flow meter (Alliance Tech Medical, Inc.,
Grandbury, TX).

2.2 Study design

Subjects inhaled 20 mg of DAS181 powder, or lactose monohydrate as placebo, once daily,
for one (DAS181-F03), three (DAS181-F04) or ten (DAS181-F03) days. Dosing was done
under direct supervision. An independent Safety Monitoring Committee reviewed clinical
and safety data from each cohort.

Safety laboratory tests were obtained at pre-determined time. PFTs were performed at
screening, on admission (Day -1), Day 0 before dosing, and 1, 2, 4, and 8 h after the first
dose, for all three cohorts. The 1-day cohort also had PFTs at 24 and 48 h after the dose, and
again at Day 7. The 3-day cohort had additional PFTs before the second and third doses, one
hour after those doses, and on days 3, 4 and 9 after the initial dose. The 10-day cohort had
PFTs gotten before the second and fourth doses, on Day 7, pre-dose and 1 hour post-dose on
Day 9, and on Days 10 and 17. CXRs were performed one week after the last dose.

Serum samples for the 10-day cohort were collected before each of the 10 doses; 4, 8, and
24 hours after the 15t dose; 4, 8, and 24 hours after the 10t dose, and on Days 11, 13, 15, 17,
20, 22, 24 and 27. Drug concentrations were measured by a biological sialidase assay (10).
Sera for antibody measurements were obtained before the first dose and 30 and 90 days after
the first dose.

2.3 Immunogenicity

Enzyme-linked immunoassays were used to quantify antibodies (12). DAS181 was adsorbed
onto microtiter plates at 20 pg/mL in phosphate-buffered saline (PBS). After 16—-18 hours at
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4°C, wells were washed with PBS 0.05% Tween 20 and blocked with bovine serum
albumin. Serum (100 uL) was added at 1:100, 1:25 and 1:2 dilutions for IgG, IgA and IgE
assays, respectively. After 16-18 hours at 4°C, plates were washed, horseradish peroxidase
conjugated monoclonal anti-human IgG Fc- (clone HP6043-HRP) or monoclonal anti-1gA
Fd (clone HP6123-HRP, Hybridoma Reagent Laboratory, Baltimore, MD) were pipetted
into the wells of the IgG or IgA antibody plates (1 pg/mL, 0.1 mL/well). After 1 hour, plates
were washed and. substrate (ABTS + H,0,) was added. Color development was stopped
with 100 uL of 1M NaN3_For the IgE assay, after the serum incubation, biotin-conjugated
monoclonal anti-human IgE Fc (clone HP6029B) was added. After 1 hour and a buffer
wash, streptavidin HRP (1 pg/mL) was added and allowed to bind to the bound biotin-anti-
IgE. The plates were developed with substrate.

IgG in a 1:100 dilution of a high-titred reference serum was arbitrarily assigned a value of
1000 U, and an 11 point calibration curve constructed. Concentrations of 1g in the samples
were determined from the calibration curve by heterologous interpolation and reported as
arbitrary units (AU) of antibody relative to the 1:100 dilution of the reference serum. The
lower limit of detection for 1gG was 200 AU; that for IgA was 100 AU. The specificity of
antibody responses was verified by pre-incubation of serum with or without soluble
DAS181 (1 mg/mL).

2.4 Neutralizing Antibody

A competitive assay was used to determine whether DAS181 antibodies neutralized the
enzymatic activity of the drug. Sera were diluted in acid citrate dextrose. Sialidase activity
was determined using 2’-(4-methylumbelliferyl)-a-D-N-acetylneuraminic acid (MuNaNa),
VWR (Biosynth) Cat # 101369-938 (M-5507), a fluorogenic substrate. DAS181 cleaves the
sialic acid from the substrate, and the assay detects free sialic acid. The samples were
incubated with DAS181 and MuNaNa substrate solution. After 20 minutes, the reaction was
stopped with 0.5 M Glycine, pH 10.2, and a read-out, given as the titer that prevented
DAS181 from cleaving sialic acid, was obtained with a fluorescence plate reader.

2.5 Statistical Analysis

Statistical analyses were performed using SAS® 9.3 (Cary, North Carolina, USA).

3.0 RESULTS
3.1 Study Population

3.2 Safety

Table 2 compares the combined nine placebo recipients with the six subjects in each cohort
who got active drug.

Six subjects in each cohort received at least one dose of DAS181 and are included in the
safety analysis (Table 3).
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A single dose of DAS181-F03 was well tolerated. Five of the six subjects had mild
laboratory abnormalities, not considered related to DAS181. No significant changes in vital
signs, FEV1 or ECG were observed, and no SAEs were reported.

Three consecutive doses of DAS181-F04 were well tolerated. Two subjects reported four
moderate treatment—related adverse events: headache after the first dose only,
lightheadedness after the first two doses, 2+ proteinuria in a single urine sample, and an
isolated creatinine elevation. Two subjects had mild, transient elevations in alkaline
phosphatase without abnormalities in transaminases or bilirubin. No clinically relevant
changes in vital signs, FEV1sor ECGs were observed and there were no SAEs.

All six subjects in the 10-day cohort who got DAS181 reported adverse events: severe for
one subject, moderate for four and mild for one. The severe AE was an exacerbation of an
underlying psychiatric condition not related to the study product. This subject stopped after
the 4™ dose.

Two subjects stopped early for moderate respiratory events thought to be related to
DASA181.. One subject reported a low-grade fever, chills, dizziness and fatigue beginning
about 8 hours after the 8t dose. Approximately 7 hours after the 9" dose, this subject
developed a fever (102.1°F), but no shortness of breath, cough, or sputum production.
Crackles were heard in the left lower chest, and a CXR revealed patchy consolidation in the
anterior left lower lobe (Figure 1). The FEV; dropped to 79% predicted from 104%
predicted. This subject was started empirically on levofloxacin, and did not receive the 10t
dose of DAS181-F03. Fever resolved within 2 days, and the FEVq gradually returned to
normal over the next 7 days. Levofloxacin was discontinued; the clinical course was thought
to represent hypersensitivity pneumonitis and not bacterial pneumonia.

A second subject developed a mild cough on Day 2 after the 3™ dose which continued
through Day 8. On Day 8, after exposure to a dog, the subject reported mild wheezing that
progressed to moderate wheezing. The 10t dose was held. The subject remained afebrile,
and his CXR was normal. His FEV; decreased to 82% of predicted from 98%, but returned
to baseline within 3 days of his last dose. This subject had had childhood asthma and allergy
to dogs, which he had not reported.

Three other subjects in the 10-day group had moderate adverse events. One had a drop in
FEV from a baseline of 84% of predicted to 76% of predicted 24 hours after the 9" dose, to
68% one hour after the 101 dose, and to 75% 24 hours after the 10t dose. During this time
she reported a recurrence of her usual seasonal allergy symptoms with congestion,
rhinorrhea, and post-nasal drip, but no cough or wheezing. FEV; returned to baseline, and
CXR one week after completion of dosing was normal. A second subject developed a
moderate increase in alkaline phosphatase to 350U/L (hormal, 30-120U/L). Fractionation
showed an elevation in the intestinal but not the liver or bone isoenzymes.

The final subject in the 10-day cohort experienced a headache of moderate intensity that was
considered unrelated to study product.
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Three other subjects in the 10-day group had mild elevations in alkaline phosphatase, which
resolved 2 to 19 days after the last dose. There were no elevations in transaminases or
bilirubin in these three subjects.

Seven of the nine placebo recipients reported mild adverse events considered to be related to
study product. These included altered taste, coughing, throat dryness, and throat irritation
soon after inhalation of placebo. One subject reported a one-hour episode of mild wheezing,
coughing, and throat irritation beginning about 12 hours after the 101 dose. The next
morning his chest was clear, and his FEV1 was 117% predicted and not significantly
changed from baseline.

3.3 Chest Radiographs, Electrocardiograms, and Pulmonary Function Tests

The subject who developed hypersensitivity pneumonitis was the only subject with an
abnormal CXR. The patchy consolidation in the anterior left lower lobe following the ninth
dose of DAS181-F03 (Figure 1) diminished on CXRs taken 2 and 9 days later and was not
present 7 weeks later.

There were no significant ECG abnormalities.

In the 3-day group one subject had an FEV1 of 89% predicted just before the first dose,
which dropped to grade 1 toxicity (79% and 80%) before and one hour after the third dose.
Three of the five subjects in the 10-day group who received 9 or 10 doses of DAS181 had
decreases in FEV1. No placebo-recipient had a decrease in FEV;.

3.4 Plasma DAS181

DAS181 was detected in the plasma of 6/12 subjects in the 1-day and 3-day cohorts. In the
10-day cohort, 5 of the 6 subjects in the active arm had measurable plasma levels of
DAS181. Plasma levels peaked between the 61 and 91" dose and declined thereafter, even as
dosing continued.

3.5 Immunogenicity

IgG and/or IgA developed in 16 of 18 individuals who received DAS181 (Figure 2). In the
single-dose cohort 1gG was detected 30 days after dosing in three subjects and IgA in three
subjects. Three subjects’ sera had neutralizing activity. By Day 30, six subjects in the active
arm of the 3-day group had IgG, and two also had IgA. Four had serum neutralizing activity.

All six subjects who received DAS181 in thel0-day cohort developed serum IgG and five
had detectable IgA. Four had serum neutralizing activity. The subject who developed
pneumonitis had the highest serum 1gG concentration1:1024; 1:2048 neutralizing antibody).
Two of 8 placebo recipients had detectable 1gG, and none had detectable IgA. Among
subjects with DAS181 antibody at Day 30, most had lower levels at Day 90.

Only one subject, in the single-dose group, had detectable DAS-181 IgE.
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4.0 DISCUSSION

DAS181 is a novel compound that directs its action at the host sialic acid receptor to which
all influenza and parainfluenza viruses must bind in order to cause a productive infection in
humans (4). It differs from neuraminidase inhibitors that prevent the virus from binding to
and cleaving this receptor and is effective against influenza viruses that are resistant to
oseltamivir (6). Earlier formulations of DAS181 were used to treat six patients who
developed parainfluenza virus (PIV) infections, primarily PIV-3, following hematopoietic
stem cell or lung transplants, all but one on of whom were on prolonged immunosuppression
(13-16). These patients were dosed for three (1 patient) or five days (5 patients), either with
10 mg/d of powder given by inhalation, as in the present study (4 patients), or, if intubated,
with 3.2 mg/d of DAS181, formulated for nebulization, for three days, followed by 4.5 mg/d
by nebulization for two days (2 patients). In every case, PIV viral shedding diminished and
the patients improved, clinically, although two subsequently succumbed to GVHD and
recurrence of AML. In a Phase Il trial three daily 10 mg doses of DAS181-F02 significantly
reduced influenza virus shedding, as compared with placebo, and as measured by
quantitative polymerase chain reaction, but did not affect resolution of clinical symptoms
(10). These promising virologic results raise the possibility that DAS181 could be useful in
the prevention and treatment of influenza, if the effective dose and duration of therapy could
be established. The present trials examined the safety and immunogenicity of 20 mg of 10
particles of DAS181 inhaled daily for up to 10 days. The rationale was that the larger
particles would lodge in the upper airway and thereby reduce the amount of drug that would
be absorbed, and that the higher dose would provide greater and more prolonged reductions
in viral loads when used clinically.

The one-day and three-day courses of 20 mg of DAS181 were well tolerated, consistent with
the Phase Il trial. However, administration of DAS181 for more than 7 days was associated
with adverse respiratory events that required termination of dosing in 2 of 5 subjects, and
that caused a drop in FEV1 in a third. One subject developed fever, pulmonary crackles and
an infiltrate on CXR. The onset of these symptoms, seven days after inhaling the first dose,
with increased severity and worsening of the FEV/q after repeat dosing, suggest a
hypersensitivity-like syndrome (17). Precipitins were not measured.

The humoral antibody response to a newly experienced antigen appears between five and ten
days after exposure (18). By Day 30 all three subjects who developed respiratory symptoms
and decreased FEV; had IgG and IgA antibodies to DAS181; the subject with presumed
hypersensitivity pneumonitis had the highest titers of DAS181 1gG. Most samples with
detectable antibody also had sialidase neutralizing activity, which suggests that should these
antibodies be on the luminal surface of the respiratory tract, they would inactivate the drug,
but antibodies in bronchial secretions were not sought.

The excipients in the DAS181-F03 and FO4 formulations were unlikely to have affected the
immunogenicity of DAS181, as serum antibodies were also induced by the FO2
formulation, as well (9) which had different excipients.

Antiviral Res. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zenilman et al. Page 8

Surprisingly, the three subjects who experienced respiratory symptoms did not have
measurable levels of DAS181 IgE. This supports the clinical diagnosis of an 1gG-mediated
hypersensitivity pneumonitis and broncho-constriction. The only subject who developed
DAS181 IgE received only a single dose of the drug and had no associated respiratory
symptoms.

DAS181 was detected in the plasma of 12 of the 18 subjects who received the drug, so the
increase in particle size to 10 p did not prevent absorption. Among five subjects who
received 9 or 10 doses, drug levels peaked 5-8 days after dosing began and then declined as
dosing continued. Although antibodies were not measured until Day 30, it is likely that they
caused the removal of DAS181 from plasma, as they would be expected to appear in that
time-frame (18), and DAS-181 antibodies peaked at 14 days in Phase I trials of other
formulations (9).

Several subjects had an elevation in serum alkaline phosphatase. Isolated elevations in
alkaline phosphatase seen in previous trials were attributed to desialylation of serum
proteins leading to saturation of the asiaglycoprotein receptors in the liver and spleen with
reduced clearance of desialylated alkaline phosphatase (19). The alkaline phosphatase in the
subject with the highest increase was of intestinal origin, which suggests a different
mechanism. In any event, formulation of DAS181 as 10 micron particles did not prevent
absorption and antibody induction or prevent increases in alkaline phosphatase.

4.1 Conclusions

DAS181 was well tolerated for up to seven days when 20 mg was administered daily, and
although our findings need to be tempered by the small sample size, we believe the drug
could safely be used to prevent or treat influenza virus infections so long as the duration of
dosing was limited to 5-7 days. Longer dosing periods, however, would be inadvisable, as
increasing the particle size to 10 p did not prevent the drug from being absorbed and
inducing antibodies that can precipitate respiratory symptoms and decreases in FEV.
Repeated courses of DAS181 also would seem inadvisable. However, immunocompromised
patients, such as transplant recipients, might tolerate longer exposures (13-16).
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Figure 1.
CXR of subject 2006 obtained after the 9t dose of DAS181 showing a left lower lobe

infiltrate.
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Figure 2.

1gG and IgA levels in serum of subjects before, 30 days after and 90 days after receiving
DAS181 by inhalation for 1, 3 or 10 days.
1gG and IgA levels are arbitrary units based on a standard curve of dilutions of a serum with
high titers. The lower limit for each assay is shown by the horizontal hatched line: 0.2 for

1gG titers and 0.1 for IgA titers

Subject number followed by “P” = placebo recipient

Three subjects in the 10-day cohort stopped dosing early: Subject 2007 after the 4th dose for
psychiatric symptoms considered to be treatment-unrelated, Subject 2009 (identified by **)
after the 9th dose for prolonged wheezing and coughing, and Subject 2006 (identified by *)

after the 9th dose for a hypersensitivity pneumonitis syndrome.
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Table 1

Composition of DAS181-F03 and DAS181-F04 Dry Powder

Component wt/wt (%) DAS181-FO3 DAS181-F04 Function

DAS181 70.08 65.06  Active Pharmaceutical Ingredient
Histidine 10.11 10.09  Prevent oligomerization
Trehalose 9.23 8.50  Moisture binding

MgSO4 0.00 6.16  Counter ion

Citric Acid 2.53 2.13  Counter ion

Sodium Acetate 0.04 0.03  Maintaining pH

Acetic Acid 0.03 0.01 Maintaining pH

Water 8.00 8.00 N/A

Total 100.00 100.00
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Table 2

Demographics

DAS181-F03  DAS181-F04 DAS181-F03 Placebo
1-Day Cohort  3-Day Cohort 10-Day Cohort Combined Cohorts

N=6 N=6 N=6 N=9

Mean Age (yr) 408 32 30 29
Gender-Male, # (%) 6 (100%) 3 (50%) 10 (17%) 7 (78%)
Race, # (%)

African American 5 (83%) 4 (67%) 2 (33%) 3 (33%)

Caucasian 0 2 (33%) 4 (67%) 4 (44%)

Asian 0 0 0 2 (22%)

Other 1 (17%) 0 0 0
Ethnicity, # (%)

Hispanic or Latino 0 1(17%) 1(17%) 1(11%)

Non-Hispanic or Latino 6 (100%) 5 (83%) 5 (83%) 8 (89%)

eLI'he mean age of the 1-day cohort was greater than the mean age of the placebo group (p=0.002)

bThe % men in the 10-day cohort was less than in the placebo group (p=0.04)
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Table 3

Number and Percentage of Subjects with Treatment-Emergent Adverse Events (TEAES)

DAS181-F03  DAS181-F04 DAS181-F03 Placebo
1-Day Cohort  3-Day Cohort 10-Day Cohort Combined Cohorts

N=6 N=6 N=6 N=9

TEAEs 4 (67%) 6 (100%) 6 (100%) 9 (100%)

Mild 4 (67%) 3 (50%) 0 9 (100%)
Moderate 0 3 (50%) 5 (83%) 0
Severe 0 0 1(17%) 0
Serious 0 0 0 0
Leading to study treatment withdrawal 0 0 3 (50%) 0

Treatment-related TEAEs 0 6 (100%) 6 (100%) 7 (100%)

Mild 0 4 (67%) 2 (33%) 7 (100%)
Moderate 0 2 (33%) 4 (67%) 0
Severe 0 0 0 0
Serious 0 0 0 0
Leading to study treatment withdrawal 0 0 2 (33%) 0
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