
PURPOSE
Pulmonary diseases may benefit from nebulized antibody delivery.

However, nebulization damages biopharmaceuticals. Antibody

formulations also need to be adjusted to prevent antibody degradation.

The purpose of this study was to assess in vitro and in vivo feasibility of

nebulizing and delivering bevacizumab, an anti-VEGF mAb, to the lungs

using an anti-aggregation formula (AAF).

CONCLUSIONS
Mesh nebulization of bevacizumab, using LMU 2 formula or UTMB AAF, allowed an average

of 1.69 mg active bevacizumab to be delivered to each lung. This translates to greater than

3% transfer efficiency of active bevacizumab to deep lung tissue for the whole animal.

In Vitro:

• Nebulization confirmed loss of antibody in saline.

• Both formulas equally protected the antibody during  in vitro nebulization.

• Microchannel nebulizer [6] (data not shown) delivers 20% more active antibody than vibrating 

mesh nebulizer.

In Vivo:

• Both formulas equally protected the antibody during in vivo nebulization.

• Anti-VEGF antibodies can be nebulized, paving the way for improved devices [6] & therapies.

METHODS
• Compare 2 compositions containing bevacizumab (100 mg/ml, 10 ml) using Aerogen Solo vibrating

mesh nebulizer in sheep.

• All procedures were approved by the UTMB Institutional Animal Care and Use Committee.

• All chemicals were pharma grade, and solutions filtered with a Steriflip® 0.22 μm filter to assure purity and

sterility.

• Nine sheep intubated for nebulization.

• Sheep received bevacizumab (10 mg/ml, 10 ml) using an Aerogen Solo vibrating mesh nebulizer with LMU 2

(n=5) or AAF (n=4) under isoflurane anesthesia and mechanical ventilation for about 30 minutes.

• After nebulization, blood was taken, sheep were euthanized, and lungs removed for tissue sampling.

• One-gram samples of deep lung tissue were obtained from upper, middle and lower lobes of each lung and

extracted with AAF overnight at 4°C.

• Lung sample antibody concentration quantified by ELISA.

In Vitro Nebulizer Testing

Methods: Three carrier compositions with bevacizumab (100 mg/ml, 10 ml)

were tested using an Aerogen Solo vibrating mesh nebulizer: normal saline

(negative control), LMU 2 and AAF to determine the recovery of intact,

functional antibodies before and after aerosolization compared to a non-

nebulized positive control in AAF. Recovered samples were analyzed by SE-

HPLC and correlated with ELISA.

INTRODUCTION
Lung cancers, asthma and chronic obstructive pulmonary disease (COPD) and

possibly COVD-19 therapy may benefit from direct antibody pulmonary

delivery. Although ultrasonic and jet nebulizers are acceptable for small

molecule delivery into deep lung tissue, they damage proteins and

biopharmaceuticals.[1] Additionally, the formulation carrier is an important

factor in maintaining antibody binding capacity.[2] Common carriers, saline

and phosphate buffered saline (PBS), reduce active antibody monomers.[3] An

anti-aggregation carrier formulation (UTMB AAF, Giannos et al. 2018),

protected bevacizumab during aerosolization; providing near 100% intact

functional antibodies.[4] We compared the best known previously re-ported

vibrating mesh nebulization method (LMU 2, Hertel et al. 2014) [5] with AAF in
a pulmonary delivery sheep model

REFERENCES
1. Respaud, R., et al., Effect of formulation on the stability and aerosol performance of a nebulized antibody. MAbs, 2014. 6(5): 

p. 1347-55.

2. Respaud, R., et al., Nebulization as a delivery method for mAbs in respiratory diseases. Expert Opin Drug Deliv, 2015. 12(6): 

p. 1027-39.

3. Giannos, S.A., et al., Formulation Stabilization and Disaggregation of Bevacizumab, Ranibizumab and Aflibercept in Dilute 

Solutions. Pharm Res, 2018. 35(4): p. 78.

4. Kraft, E.R., Giannos, S.A., Godley, B.F., inventors; Board of Regents, The University of Texas System assignee. Antibody and 

Protein Therapeutic Formulations and Uses Thereof. (2017)  In WIPO/PCT:  WO2018/063963; 05 April, 2018. US Patent 

Application 16/337103, 2020 Jan 30

5. Hertel, S., et al., Prediction of protein degradation during vibrating mesh nebulization via a high throughput screening method.

Eur J Pharm Biopharm, 2014. 87(2): p. 386-94.

6. Kraft E, Enkkbaatar P, Traber D, Kulp G, inventors; University of Texas, assignee. US 8,776,786 B2, Pulse drug nebulization 

system, formulations therefor, and methods of use. Issued 2014 Jul 15.

ACKNOWLEDGEMENTS / ENCORE PRESENTATION
• Study supported by a grant from University of Texas Medical Branch (UTMB) Health Technology Commercialization Program

• This poster was previously presented at the Controlled Release Society 2020 Virtual Annual Conference, June – July 2020

Pulmonary Delivery of Bevacizumab (Avastin™) in Sheep
1Steven A. Giannos, MS, 1Edward R. Kraft, 1Jinping Yang, MD, 1Mary E. Schmitz-Brown, BS,
1Kevin H. Merkley, MD MBA, 2Aristides P. Koutrouvelis, MD

1 University of Texas Medical Branch, Department of Ophthalmology & Visual Sciences, Galveston, TX
2 University of Texas Medical Branch, Department of Anesthesiology, Galveston, TX 

CONTACT INFORMATION:  sgiannos@yahoo.com

Results: Results are shown in

Figure 1. Non-nebulized bevaciz-

umab standard in AAF had a slope

of 0.2276. LMU 2 pre-nebulization

had a slope of 0.2316 and post-

nebulization of 0.1974. UTMB AAF

pre-nebulization had a slope of

0.2347 and post nebulization of

0.1906. Bevacizumab in saline pre-

nebulization had a slope of 0.0044

and post-nebulization of 0.0001.

Figure 1. Results from in vitro testing.
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RESULTS (CONT.)

Figure 3. Results of lung tissue delivery of Beva in LMU 2 or AAF. Figure 2. Results of Beva delivery in each lung using LMU 2 or AAF.

RESULTS
Table 1. Average antibody concentration (mg) detected in each sheep lung. 

Antibody was not detected in any serum sample 
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