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Respirable, engineered, spray-dried 
dry powders for 505(b)(2) drug 
product development
Spray-dry manufacturing is amenable to a variety of compound chemistries and  
may be a useful tool for the development of inhalation drug products that pursue  
the US FDA’s 505(b)(2) submission pathway.
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The 505(b)(2) application
The 505(b)(2) New Drug Application (NDA) is one 
of the United States Food and Drug Administration 
(FDA) drug approval pathways and may represent an 
appealing regulatory strategy for groups seeking to use 
a precedented compound in a new inhalation delivery 
modality. The 505(b)(2) pathway was created by the 
Hatch-Waxman Amendments of 1984 and the term 
“505(b)(2)” refers to a section of the United States 
Federal Food, Drug and Cosmetic Act. The provisions 
of 505(b)(2) were created, in part, to help avoid 
unnecessary duplication of studies already performed 
on a previously approved (“reference” or “listed”) drug 
and give the FDA express permission to rely on data 
not developed by the NDA applicant. New products 
based on the 505(b)(2) approval pathway often con-
tain well-understood active pharmaceutical ingredi-
ents (APIs) that are present in existing, approved drug 
products (reference drugs). Therefore, companies 
must only create a bridge between what is already 
known about the previously approved reference drug 
and the novel drug product or indication.1, 2

505(b)(2) NDA applications include complete safety 
and effectiveness reports but allow at least some of the 
required information (for instance, data on safety and 
efficacy of an API) to be sourced from studies not con-
ducted by or for the 505(b)(2) applicant.3 Compared 
with a traditional development path for an originator 
product (such as the FDA’s 505(b)(1) route), the 
reduced data burden of the 505(b)(2) pathway may 
result in a much less expensive and faster route to 
approval, while enabling and creating new, differenti-
ated products with significant patient and commercial 
value. In Europe, a regulatory approval route similar to 
the 505(b)(2) pathway is the hybrid procedure based 
on Article 10 of Directive 2001/83/EC.

Caution: This article is being published only for pur-
poses of general education, not as a definitive guide for 
product development. Regulations within the United 
States and around the world vary and are continually 
evolving. Therefore, we strongly caution you to work closely 
with representatives of the regulatory agencies, as well as 
in-house regulatory personnel and/or independent consul-
tants, to determine requirements for your particular prod-
uct and the best approach in seeking regulatory approval.

Spray-dry technology can create powders for early-
stage formulation screening and characterization, 

prior to large-scale manufacturing. Some spray 
dryers, such as the Buchi B-290 spray dryer, are 

relatively API-sparing and can be used with aqueous or 
organic solvents to screen APIs with varying physical 

properties. (Photo courtesy of Buchi AG.)



and inherent scientific challenges with this complex 
class of products.” 
The FDA has also released action plans that focus on 
accelerating drug development including: 

1. Drug Competition Action Plan (DCAP) https://
www.fda.gov/newsevents/newsroom/pressan 
nouncements/ucm564725.htm
a. Resolving scientific and regulatory obstacles
b. Improving efficiency and predictability of the 

generic process
c. Reducing hurdles for “complex” generics

2. Generic Drug User Fee Act Second Edition 
(GDUFA II) https://www.fda.gov/forindustry/
userfees/genericdruguserfees/default.htm
a. Product specific guidance (within two years 

after a new molecular entity New Drug Appli-
cation (NDA))

b. Pre-ANDA meetings with goals
c. Mid-cycle meetings

Table 1 shows the FDA’s Orange Book Codes, which 
describe bioavailability considerations in generic prod-
ucts compared to reference products. The goal of the 
38th Edition of the FDA Orange Book (as described in 
its preface) is to highlight the evaluation and labeling of 
therapeutic drug product equivalencies. A drug product 
that the FDA considers to be therapeutically equivalent 
to other pharmaceutically equivalent products, i.e., 
drug products for which there are no known or sus-
pected bioequivalence problems are designated AA, 
AN, AO, AP or AT. The respective labeling for a drug 
product is dependent on its mode of delivery, for 
instance, AN for aerosolized solutions and powders and 
AT for topical drug products. As described by the FDA, 
instances may arise when issues with bioequivalence 
problems may be resolved through the application of in 
vivo and/or in vitro data that support bioequivalence 
and therefore these products may be labeled AB (meets 
necessary bioequivalence requirements)4, 5 (https://
www.fda.gov/drugs/developmentapprovalprocess/
ucm079068.htm).
While the FDA is committed to both DCAP and the 
proposed goals for GDUFA II, it is apparent from 
Complete Response Letters presented to both Mylan 
and Hikma Pharmaceuticals in March 2017 and May 
2017 respectively, regarding their applications to repli-
cate the GSK Advair Diskus dry powder inhaler, that 
there are several complicating issues related to accept-
ability of a therapeutic AB rating for a generic prod-
uct.6, 7 These issues include formulation and variability 
of the lactose excipient and the difficulty of achieving an 
identical “patient/device” interface, especially when the 
reference listed device is itself fairly complex. 

In theory, the primary advantages of the 505(b)(2) 
pathway are an accelerated and less costly development 
process that eliminates most non-clinical studies as well 
as extensive safety and efficacy tests. This decreased data 
and regulatory burden may yield the following results:
•	 Lower developmental cost risks, due to the ability 

to use data generated by the originator product 
submission package;

•	 Potentially lower product costs for patients and 
insurance companies;

•	 Market exclusivity for up to three, five or seven years
•	 If a Phase III study is required for a 505(b)(2) appli-

cation, such as when approval is sought for a pro-
drug of a previously approved API, only one study is 
often necessary versus the two generally required for 
a 505(b)(1) application;

•	 Fewer patients may be needed for 505(b)(2) product 
clinical trials, due to the existing large exposure infor-
mation available in the public literature or FDA 
databases;

•	 Overall time to approval is approximately 30 months.

Regulatory considerations in 
development of 505(b)(2) OINDPs 
The FDA uses a variety of formats such as guidances, 
action plans and workshops to provide regulatory guid-
ance for drug development, including its requirements 
for demonstrating bioequivalence. 
The Office of Generic Drugs within the FDA has 
recently published its 39th product-specific guidance 
document on orally inhaled and nasal drug products 
(OINDPs), which includes requirements for a com-
bination of in vitro and in vivo bioequivalence (BE) 
studies. Only in the case of nasal drug products has 
in vitro bioequivalence (BE) been accepted as stand-
alone evidence. For dry powder inhalers (DPIs) and 
pressurized metered dose inhalers (pMDIs), evi-
dence for bioequivalence must include in vitro BE, 
pharmacokinetic BE, comparative clinical end-
points, formulation and device variables, and associ-
ated patient factors. In addition, when clinical 
effects are regional (as with asthma and COPD 
medications), systemic pharmacokinetics can be 
difficult to interpret.
An FDA Public Workshop was held on January 9, 
2018, titled “New Insights for Product Develop-
ment and Bioequivalence Assessments of Generic 
Orally Inhaled and Nasal Drug Products (OINDP).” 
It had the stated focus of “evaluation of these new 
methods for characterizing and demonstrating 
equivalence of OINDPs, including discussing the 
areas in which these methods may significantly con-
tribute to generic product development and regula-
tory understanding, how and under what conditions 
the methods should be conducted and evaluated, 
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cules to peptides, antibiotics, designer proteins, mono-
clonal antibodies and DNA.12 This may lead to the for-
mulation of multiple inhalation dosage forms that 
could cover a large spectrum of therapeutic options for 
regional as well as systemic delivery. Stabilization of 
these compounds may be achieved through the judi-
cious use of glass-forming excipients and rapid (msec) 
droplet cooling, due to solvent evaporation, and may 
result in drug stabilization within an amorphous 
matrix. As well, a study on pulmonary delivery of drug/
polymer nanoparticles13 showed that solubility and pre-
cipitation kinetics in the solutes play important roles in 
particle formation and stabilization.
The decreased interparticle cohesive forces achieved 
with spray-dried powders, particularly those with 
highly porous surfaces, can lead to improvements in 
lung delivery efficiencies with up to 60% of the nomi-
nal dose delivered to the lungs.14, 15 The increases in drug 
loading and lung delivery allow more effective delivery 
of high doses with fewer inhalations, for instance, with 
anti-infectives such as the TOBI® Podhaler® (Tobramy-
cin Inhalation Powder, Novartis, AG). Also, studies 
have shown interpatient variabilities in total lung depo-
sition of 10-20% versus 30-50% for micronized drug 
blends.16, 17 Delivery of low-density particles is also 
largely independent of the patient’s peak inspiratory 
flow rate, further reducing dosing variability.14, 15

Spray-dried inhalation particles and the 
505(b)(2) drug approval pathway
The engineered respirable particles produced by spray 
drying can be dosed with simple disposable (sin-
gle-use) or multi-use dry powder inhalers. Such pow-
ders are amenable to production with a variety of 
APIs, from small molecules to macromolecules, and 
such APIs can be stabilized in an amorphous, glassy 
state, suitable for room-temperature storage at ambi-
ent conditions. Novartis, Bayer and AstraZeneca are 
but a few companies exploring spray-dried powders 
for inhalation drug delivery.18-20

Although a 505(b)(2) application may use data gener-
ated by an originator 505(b)(1) application, a full 
chemistry, manufacturing and controls (CMC) pack-
age is still required in a 505(b)(2) application. Drug 
product bioequivalence is a hurdle for products seeking 
approval using the 505(b)(2) pathway, compared to an 
established reference product and is a required aspect of 
the application. Both in vitro and in vivo studies are used 
to quantify bioequivalence of two products and, within 
the context of this article, are impacted by formulation 
and manufacturing using a spray-dry development 
approach versus an MDI or lactose-carrier-based DPI 
product. Though 505(b)(2) products and a comparator 
innovator product may share delivery routes, such as 
inhalation, if a different development/delivery technol-
ogy is utilized, a full chemical and drug product CMC 
package will need to be submitted for the 505(b)(2) 
product. As a result, regardless of which inhalation 

Spray drying: An enabling, flexible 
technology 
In the pharmaceutical industry, spray drying may be 
used to manufacture oral, intranasal and inhalation 
drug products. Often OINDPs are based on inhala-
tion-quality particles produced during the spray-drying 
process. Formulations used to manufacture drug parti-
cles must therefore stabilize the API and produce parti-
cles that have suitably aerodynamic properties. Along 
with formulation considerations, the physics of the 
spray-drying process may be controlled to design com-
plex particles such as hollow, low-density particles or 
those with controlled surface morphologies and func-
tional layers, or particles comprising smaller subunits or 
defined voids.8

Many aspects of the spray-drying process have been 
investigated to define and control inhalation properties 
of powders manufactured using spray drying. Solvent 
evaporation rate and diffusional motion of solutes and 

excipients are often considered, as is the Péclet number 
(in mass transport, the ratio of the convective diffusion 
to intrinsic diffusion of a solute) in a drying droplet to 
form low-density particles.9, 10 Solvent evaporation rate 
may determine the surface recession rate of the droplet, 
and, in turn, the diffusional flux of solute away from the 
surface towards the center of the droplet. Elversson, et 
al.10 demonstrated that feed concentration and solubil-
ity affect particle density. Faldt, et al.11 studied the sur-
face composition of spray-dried particles and found 
that the surface tension of the components affect the 
composition of the air/water interface of the drying 
droplet, which in turn determines the composition of 
the surface layer of the dry particles.
Spray drying has been shown to be amenable to a vari-
ety of drug substances, from hydrophobic small mole-
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AA No bioequivalence problems in conventional 
dosage forms

AB Meets necessary bioequivalence requirements

AB1 Meets bioequivalence requirement to AB1 rated 
reference drug

AB2 Meets bioequivalence requirement to AB2 rated 
reference drug

AB3 Meets bioequivalence requirement to AB3 rated 
reference drug

AB4 Meets bioequivalence requirement to AB4 rated 
reference drug

AN Solution or powder for aerosolization

AO Injectable oil solution

AP Injectable aqueous solution

AT Topical product

Table 1

Codes from the United States Food and Drug 
Administration’s (FDA’s) Orange Book



A streamlined approach to developing 
inhalable powders
Spray-dried, inhalation-quality powders may be well 
positioned as candidates for development using 505(b)
(2) programs (or for the hybrid procedure based on 
Article 10 of Directive 2001/83/EC in Europe) due to 
the precedence, accessibility and cost of development. 
As the FDA approval guidelines dictate the use of exist-
ing and new supporting data for product approval, it is 
imperative that any lead technology be accessible, 
robust and familiar to vendors and consultants in order 
to streamline and reduce development costs. These val-
ue-added aspects of spray drying lend themselves to 
rapidly addressing many of the needs of a 505(b)(2) 
application such as CMC issues and bioequivalence. 
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ables must be taken into consideration and robust 
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using hydroxyproply methyl cellulose (HPMC) cap-
sules can be accomplished with standard fillers, which 
is also an approach used by marketed products. 
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