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Abstract

Parainfluenza infection is a cause of significant morbidity and mortality in allogeneic
hematopoietic stem cell transplant (HSCT) patients. DAS181 is a novel antiviral agent with
activity against influenza and parainfluenza. We report the first 2 cases, to our knowledge, of
successful DAS181 use in ventilated HSCT patients with severe parainfluenza lung disease.
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DAS181, a sialidase fusion protein, cleaves sialic acid-containing receptors used by
influenza and parainfluenza viruses and prevents infection of respiratory cells. Parainfluenza
virus (PIV) infection in hematopoietic stem cell transplant (HSCT) patients is a major cause
of morbidity and mortality (1). DAS181 has been evaluated in phase 2 trials for influenza
and is currently undergoing phase 2 investigation for parainfluenza in non-
immunocompromised individuals (2, 3). The powder formulation of DAS181 is inhaled, and
has been used successfully in ambulatory patients with allogeneic HSCT. However, this
formulation does not allow for drug administration to intubated patients (4, 5). Herein, we
report the first 2 cases to our knowledge of patients treated with DAS181 via a nebulized
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version of the drug, expanding its use to intubated HSCT patients with severe lower
respiratory tract disease.

A 64-year-old woman underwent a non-myeloablative allogeneic HSCT 6 years before this
presentation. Her transplant was complicated by chronic graft-versus-host disease (GVHD)
of her skin, conjunctivae, and oral mucosa that required ongoing immunosuppression with
prednisone and sirolimus. She had been progressively ill with respiratory symptoms for 2
weeks before presentation, despite oral levofloxacin treatment for a presumed bronchitis
exacerbation. She presented to an outside hospital with worsening dyspnea and diminishing
exercise capacity, and developed atrial fibrillation with a rapid ventricular response.

Subsequently, she was transferred to Brigham and Women’s Hospital and required
mechanical ventilation. Her chest computed tomography (CT) on admission showed diffuse
bilateral ground-glass opacities (Fig. 1A, left), and she was treated empirically for possible
bacterial pneumonia. PIV-1 was detected by qualitative polymerase chain reaction (PCR) in
nasopharyngeal swab and in bronchoalveolar lavage (BAL) specimens on hospital day (HD)
1 and HD 2 respectively.

Because of the lack of improvement, despite empirical antibacterial treatment, on HD 6,
Emergency Investigational New Drug (E-IND) permission for DAS181 treatment was
obtained from the US Food and Drug Administration (FDA). With approval from the
hospital’s institutional review board (IRB), consent was acquired from the patient’s
healthcare proxy.

Planned duration of treatment with DAS181 was 5 days. A solution of DAS181 was made
and delivered by an in-line Aeroneb® nebulizer (Aerogen, Galway, Ireland) at a dose of 3.2
mg during the first 3 days. Because of improvement in her respiratory status, she was
extubated on the third day, and the final 2 doses of DAS181, at 4.5 mg each, were given via
an Aeroneb® nebulizer and a face mask (Table 1). Treatment with DAS181 substantially
decreased PIV load as measured by quantitative PCR (Fig. 1B).

A surveillance nasopharyngeal swab obtained after treatment completion was negative for
PIV by qualitative PCR. Plasma drug levels were obtained daily while she was receiving
DAS181 and ranged from 2.19 to 3.43 ng/mL (Fig. 1C). The only treatment-related and
expected effect noted was an asymptomatic increase in her serum alkaline phosphatase
(ALP), which peaked at 240 mg/dL on day 6 following DAS181 initiation.

Three days after completing DAS181, her respiratory status worsened; pulmonary
complications of GVHD, secondary nosocomial pneumonia, pulmonary emboli and PIV
recurrence were considered. However, she declined re-intubation and any further diagnostic
testing; her treatment goals were transitioned to comfort care. She passed away on HD 20.
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A 69-year-old man with myelodysplastic syndrome underwent HSCT 8 months before this
presentation. Transplant conditioning was done with busulfan, fludarabine, and anti-
thymocyte globulin. His course was complicated by GVHD, for which he was on prednisone
10 mg daily. A bone marrow biopsy 4 months after HSCT demonstrated recurrence of
myelodysplasia, and he was taken off immunosuppression, while prophylaxis with
acyclovir, fluconazole, and atovaquone continued.

He presented to Beth Israel Deaconess Medical Center with fever, hemoptysis, and
respiratory distress, and was found to be hemodynamically unstable. Chest CT demonstrated
ground-glass opacities in the right upper lobe (Fig. 1A, right), and he required mechanical
ventilation. He was started on empirical antimicrobial therapy, which included vancomycin,
imipenem-cilastatin, and voriconazole. On HD 4, PIV-3 antigen was detected from BAL
fluid via direct immunofluorescence staining using monoclonal antibodies specific for
P1V-3. Cultures from multiple blood, urine, and BAL samples did not demonstrate other
pathogens.

Because of the lack of clinical improvement with supportive treatment and confirmation of
ongoing PIV-3 infection on repeat BAL sampling, an E-IND for DAS181 was approved by
the FDA and IRB, and consent was granted by the patient’s healthcare proxy. On HD 5,
DAS181 was administered via nebulizer, while the patient continued to be on ventilation for
a 5-day course. A DAS181 solution was made and instilled via an Aeroneb® in-line
nebulizer. Initial dose was 3.2 mg daily for the first 3 days, and was increased to 4.5 mg
daily during the last 2 days of treatment. His ventilation parameters, including respiratory
rate, positive end-expiratory pressure, and oxygenation, progressively improved and he was
successfully extubated 3 days after completing this treatment (Table 1).

During the treatment course, tracheal aspirates were obtained daily and PI1V-3 load was
quantified by PCR and decreased substantially while on treatment with DAS181 (Fig. 1B).
On the last day of treatment, viral antigen was no longer detectable in tracheal aspirates by
immunofluorescence staining, and viral culture remained negative. Drug levels in plasma
were closely monitored and remained within a low level, 1.13-2.43 ng/mL (Fig. 1C). No
adverse effects were observed, other than slight ALP elevation, peaking at 169 mg/dL, with
no associated elevation of aminotransferases or bilirubin. The patient was discharged home
after a prolonged hospital stay.

Discussion

PIV infections in HSCT patients cause substantial morbidity and mortality, and have no
effective treatments (1, 6). Ribavirin and intravenous immunoglobulins have been used with
no proven clinical benefit, and in vitro data have not been encouraging regarding the use of
available neuraminidase inhibitors in PIV infections (1, 7).

DAS181 is a novel inhaled agent, currently undergoing evaluation for influenza and
parainfluenza infections (2, 3). DAS181 is a fusion molecule, consisting of a sialidase
catalytic domain, obtained from Actinomyces viscosus, bound to a surface anchoring
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sequence, which is critical to prolonging the drug’s attachment to respiratory epithelial cells
(8, 9). Cleavage of sialic acid interferes with viral entry, preventing infection of epithelial
cells (8, 9). DAS181 is the first antiviral compound that functions by hindering a host-
pathogen interaction via the blockade of host-cell sialic acid receptors, located on the
surface of respiratory cells (3, 4).

We report the first 2 cases, to our knowledge, of DAS181 use to treat HSCT patients with
severe PIV lower respiratory tract disease requiring mechanical ventilation. Drug delivery
was accomplished via a nebulized version of the drug, unlike published reports with
ambulatory patients who received a powder formulation (4, 5, 10). Administration took
place via the endotracheal route or with a face mask once daily. Both patients tolerated drug
delivery well without any bronchospasm. Although a 5-day course was given to both
patients, optimal treatment duration is yet to be determined.

In Case 1, PIV recurrence was considered in the differential of her clinical deterioration, and
recurrence has been reported in an allogeneic HSCT patient following DAS181 treatment.
Thus, it is possible that longer treatment duration may reduce risk of relapse in these
critically ill patients (4). Both patients metabolized the drug well, and plasma concentrations
remained at a low level, indicating drug delivery to the lung with low-level systemic
absorption.

Asymptomatic elevations in ALP, with baseline normalization post treatment, are known to
occur with DAS181 administration. These elevations have been attributed to reduced ALP
clearance, resulting from increased protein desialylation from systemic exposure to the drug

).

A significant decrease of PIV in tracheal aspirates and nasopharyngeal swabs was observed
in both patients, correlating with clinical improvement. This use of PCR as a virologic
endpoint has been validated by recent influenza studies as a reliable, sensitive, dynamic, and
quantifiable test in the clinical setting of viral respiratory tract infections (11). However, in
Case 2, while the PCR quantified 108 copies/mL of PIV in the tracheal aspirate on day 5 of
treatment, a viral culture from the same sample was negative. This disparity may suggest the
presence of nonviable virus. Therefore, PCR, immunohistochemistry staining, and viral
cultures may be used in combination to determine virologic endpoints (2, 11). As with our
patients, previously published investigational-use cases of DAS181 are reporting promising
outcomes (4, 5, 10). Our findings support further evaluation of DAS181 in ventilated
immunosuppressed patients with PIV infection.
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Fig. 1.
(A) Computed tomography chest images upon admission from Case 1 (left) and Case 2

(right) demonstrated ground-glass opacities (arrows) in lung parenchyma. (B) Decrease in
parainfluenza virus load by quantitative polymerase chain reaction in tracheal samples
obtained daily during the 5-day treatment course on both patients. (C) Plasma concentration
of DAS181 during the course of treatment remained low.
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