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question is “How can we contribute to improving 
the lives of patients?” 
I am convinced there is much to be done in OINDP 
research and development, to give patients better tools 
to manage their health and to meet unmet needs in 
preventing and treating some very severe conditions. 

Treating additional diseases 
There are multiple respiratory infections that 
require better treatment. These include tuberculosis, 
with its multi-drug resistance complications; 
non-tuberculous mycobacteria, which in the United 
States is now a bigger problem than tuberculosis;1, 2 
Pseudomonas aeruginosa related to cystic fibrosis; 
and fungal infections for which current treatments 
are unsatisfactory. Many severe chronic respiratory 
diseases, such as emphysema, non-cystic fibrosis 
bronchiectasis and idiopathic pulmonary fibrosis 
have largely unmet therapeutic needs because exist-
ing therapies have modest efficacy coupled with 
severe side effects. Discovering and developing bet-
ter drugs using devices and formulations tai-
lor-made for these populations can be a very reward-
ing journey. However, it is not for the faint-hearted, 
as it may take multiple attempts over a long period 
of time to move from generation of a product con-
cept to a marketed product. 
However, rather than looking for new molecules, 
which could have inherent risks of failure (such as 
safety issues or other developmental challenges), it 
may be possible to repurpose drugs already approved 

Many years ago, as a young faculty member, I was 
sitting at a postgraduate course dinner across the 
table from the guest of honor, a very famous phar-
macy professor who asked me, “What do you do for 
living, young man?” When I responded that I taught 
pharmacy (which at the time occupied most of my 
time, as I was busy preparing lectures and exam ques-
tions), he clarified that he was asking me about my 
research. I replied, “Inhalation aerosols.” His reac-
tion should have been expected—his fame and for-
tune came from oral dosage forms—and he advised 
me to “Do tablets!” instead of wasting my time on a 
“totally irrelevant dosage form.” 
I am glad that I did not listen to his advice! Indeed, 
many of his younger colleagues who were skilled 
powder technologists realized later that there were 
many unexplored areas in properties of powders for 
inhalation products and much room for improve-
ment, coupled with the move to replace CFC-pro-
pellant inhalers with alternative delivery systems. In 
contrast, the state-of-the-art in oral dosage forms was 
already well-developed and there was less scope in 
which to make additional, far-reaching advances.
Now I am asking myself: What advice would I give to 
a young inhalation scientist today? Have we reached 
the stage of development in the oral inhalation and 
nasal delivery (OINDP) area where we will be gener-
ating small incremental improvements, instead of 
making the enormous leaps that have resulted in the 
treatment of many respiratory diseases being domi-
nated by inhalation products—notably asthma, 
COPD and cystic fibrosis? Of course, the ultimate 
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communicate (for instance, www.PatientsLikeMe.
com, www.COPDFoundation.org, www.CFF.org 
and www.NTMir.org). Contact and volunteer for 
patient advocacy groups such as the Alpha-1 Foun-
dation, COPD Foundation, Cystic Fibrosis Foun-
dation, NTM Info and Research Inc. and the PCD 
Foundation in the US, and similar organizations in 
other countries. At conferences, go to sessions where 
patients are speakers. Find physicians who treat 
these patients, ask them to introduce you, then 
invite those patients to your institution to tell their 
stories. Use all that knowledge and emotional 
energy for bold assessment of critical attributes of 
new products, then share that information with 
your colleagues in the regulatory bodies, compen-
dial and professional organizations such as the 
United States Pharmacopeia, European Pharmaco-
poeia, the American Association of Pharmaceutical 
Scientists (AAPS), the International Society of 
Aerosol in Medicine (ISAM), the American Tho-
racic Society (ATS) and the European Respiratory 
Society (ERS), as well as with those in cross-indus-
try groups like the International Pharmaceutical 
Aerosol Consortium on Regulation and Science 
(IPAC-RS), the European Pharmaceutical Aerosol 
Group (EPAG), etc. 
With regard to regulations, have an open mind and 
examine existing draft and final guidelines to see if 
they are still appropriate, or if changes should be 
made in line with our current scientific knowledge, 
including the nature of the target diseases and criti-
cal safety and efficacy issues for patients. You can 
also offer to serve on standards and pharmacopeial 
committees, where public expert participation is 
usually welcomed.

Determining aerodynamic particle  
size distribution
An “impactful” contribution can be made in this 
area, which is unique to pharmaceutical aerosols 
because aerodynamic size distribution is the key 
determinant of their biological impact. As you will 
see, there are significant opportunities to advance 
this field for the benefits of many.

Size fractionation by cascade impactor
Prior to the use of impactors or impingers, the “regula-
tory” method was optical microscopy. However, it did 
not provide information about “aerodynamic” prop-
erties of inhaled medications that related to their 
deposition and biological effects in the respiratory 
tract. Often it could not distinguish between the drug 
and the non-volatile excipients and, in the absence of 
electron microscopy, it could not quantify sub-visible 
particles. Today of course, electron microscopy is 
much more accessible and in conjunction, for instance 
with single particle spectroscopic methods, can be a 
powerful tool in inhalation formulation develop-

for other indications or administered by other 
routes. Such drugs may be able to treat severe respira-
tory diseases via inhalation while reducing the risks 
and timelines required to accumulate knowledge 
about new chemical entities.3 
There are excellent examples of success with this 
approach, including inhaled antibiotics for cystic 
fibrosis, where drugs previously approved as injec-
tions for acute infection treatment were developed as 
chronic inhaled prophylactic and palliative treat-
ments (e.g., tobramycin, aztreonam and colistin). 
The most recent success is the US approval of inhaled 
liposomal amikacin (ALIS, Insmed) for the treat-
ment of patients who have refractory lung infections 
with Mycobacterium avium. 
But beware, as the former CEO of Genentech, Kirk 
Raab, remarked, “The longest path to get a drug 
approved is a shortcut.”4 The repurposing approach 
still requires thorough safety studies focused on the 
inhaled route of administration, proof of efficacy in 
the new indication and demonstration of well-con-
trolled quality of the product.

Getting involved with patients 
A constructive, collaborative approach among 
industry, healthcare professionals, regulators and 
payors—with patient advocacy groups at the center 
of the dialogue—would be the most promising and 
impactful way to develop and supply the correct 
medications for the appropriate indications at an 
affordable cost to society. The intensive participation 
of patients in clinical trials must be matched with 
their presence in making decisions about develop-
ment of new products. Getting them involved early, 
for example, through participation in focus groups, 
could help identify product attributes that are 
important for patients using a particular therapy. It is 
very encouraging that the United States Food and 
Drug Administration (FDA) has been actively 
involved in this process.5 
The ultimate goal should be about improving 
patients’ quality of life; therefore, their voices need to 
be reflected in setting targets for the balance of safety 
and efficacy. I believe this approach can profoundly 
accelerate the process of making accessible, precise 
and individualized therapies. An example of this type 
of collaboration and a “step in the right direction” are 
the recent European Respiratory Society Guidelines 
on management of bronchiectasis, which represent 
the collective views of patient representatives and key 
opinion leaders.6 

So, budding OINDP scientists, get on with research 
in the most challenging areas. And get to know 
patients and their aspirations to have better lives. 
You will be infused with motivation like you have 
never felt before. There are many ways to learn and 
get involved. Read blogs on the web where patients 
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method but typically will require comparison against 
cascade impaction to prove its validity. 
Still, laser diffraction, in its present state, is not suit-
able for the more complex aerosols for which cascade 
impaction was originally adapted. While consider-
able effort is being made in the design of “engi-
neered” particles for inhalation, there is a gap 
between the pace of product development and the 
development and regulatory acceptance of alterna-
tive methods for aerodynamic sizing or other tech-
niques that can reliably predict particle deposition 
distribution following inhalation.  
Developing and validating methods for fast, 
detailed analyses of complex inhaled systems that 
could provide information related to their respira-
tory tract deposition and disposition15 to under-
stand the critical attributes affecting local and sys-
temic effects of inhaled products would be a very 
significant advance.

Oropharyngeal deposition: 
Understanding it or avoiding it?
The human oropharyngeal cavity is a complicated 
and dynamic structure, with inter- and intra-subject 
variability in its anatomy and airflow patterns, mak-
ing particle deposition within it a very complex phe-
nomenon. Oropharyngeal deposition can be also 
highly dependent on the way a patient uses an 
inhaler. I am impressed by the increasing sophistica-
tion of both the physical/anatomical and computa-
tional models for this problem. Nevertheless, are 
there still opportunities to make the science of oro-
pharyngeal deposition more predictive, more pre-
cise, more patient-oriented? Of course, there is 
always room for improvement! 
But let me offer some different perspectives, with 
which I believe we can all agree: Deposition of orally 
inhaled products in the oropharynx is invariably 
wasteful; it can contribute to adverse events and is 
the biggest source of intra- and inter-subject variabil-
ity in pulmonary deposition.16, 17 Variable loss of 
medication to the oropharynx is a limiting factor for 
drugs with a narrow therapeutic index. 
Therefore, my suggestion to the new generation of 
inhalation scientists, who may be interested in fluid 
dynamics, devices and formulations, is to find practi-
cal ways of minimizing oropharyngeal deposition, 
rather than devoting their talents to further refine-
ments of oropharyngeal deposition modeling. I 
believe existing tools to measure oropharyngeal 
deposition in humans, including gamma scintigra-
phy and laboratory and computational methods, 
which have been, or can be, validated against human 
data, are now adequate for this task.18 
Luckily, we know that controlling particle size, shape 
and velocity, as well as time of delivery during the 
inspiration portion of a patient’s breathing, can min-

ment.7 Nevertheless, it still lacks the ability to deter-
mine the aerodynamic size distribution. 
The introduction of inertial impaction methods in 
the 1980s for the then-new type of products—sus-
pension metered dose inhalers and carrier-based dry 
powder products—was a big step in the right direc-
tion. Cascade impaction is still the only general 
method, accepted to date, which can provide aerody-
namic size distribution for the components of phar-
maceutical inhalation aerosols that relates to their 
regional deposition in the respiratory tract. That is 
the great strength of this method; it is uniquely suit-
able for complex aerosol systems in which the drug 
and excipient concentrations—in particles or drop-
lets of different sizes—are not the same, or where the 
structure and shape of the particles are such that their 
optical properties cannot be readily transformed into 
aerodynamic size. 
Yet anyone who has done cascade impaction will 
appreciate it is a very laborious method that requires 
considerable knowledge and experience, as well as a 
fair amount of maintenance and control, if the 
equipment is to be used correctly.8 It also can be chal-
lenging to use it in certain circumstances. For exam-
ple, it was shown years ago9-12 that cascade impaction 
could be an unreliable method to determine drug 
aerodynamic size distribution for nebulized aqueous 
solutions because their propensity for rapid evapora-
tion and condensation is very difficult to control. 
Aqueous droplet size is highly sensitive to relatively 
small fluctuations in temperature, especially if the 
aerosol is relatively dilute.9,10 Indeed, the cascade 
impaction method for nebulized aqueous systems 
originally introduced by Mercer, et al.13 was based on 
deliberate, complete evaporation of water (and other 
volatile components) prior to entry into the impac-
tor. But that approach has other challenges, as den-
sity of the solid residues needs to be determined and 
will likely be different from that of water. Further-
more, the particle dynamic shape factor may not be 
unity, as is the case for spherical particles. Both 
parameters need to be established in order to ascer-
tain particle aerodynamic size.

Laser diffraction as a sizing method
So are there alternatives that may be easier to use and 
more appropriate for such volatile systems with 
drugs in solution? Laser diffraction as a sizing 
method for solution aerosols was elegantly validated 
against cascade impaction by Clark.14 Laser diffrac-
tion is an ideal method for these types of aerosols, 
where the concentration of the drug in each droplet 
is the same and the optical size distribution can be 
readily converted into aerodynamic size distribution. 
It also has the advantage of measuring the size distri-
bution at the exit from the mouthpiece, mimicking 
the entry into the oral cavity. Laser diffraction is also 
simple and quick to use. Regulators will consider this 
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only be reliably established largely through human 
clinical development. Once approved, quality con-
trol of the product should be based on that empirical 
body of evidence, which may (and often will) vary 
from product to product. It is not just the mean tar-
get values but also the margins of variability in prod-
uct specifications that should depend on the prod-
uct’s preclinical and clinical performance. 
A drug that is administered at doses well to the right 
of the plateau of the dose-response curve, and is safe 
and tolerable at those doses, would not need to have 
the same narrow in vitro specifications as a drug with 
a narrow therapeutic index with significant side 
effects at higher doses, which could outweigh the 
drug’s benefits. In the case of delivery to the lungs for 
topical or systemic effect, accurate targeting to the 
desired regions of the respiratory tract would assist in 
achieving the required therapeutic benefit(s) for nar-
row therapeutic index drugs. 
At the same time, it is highly desirable to minimize 
deposition elsewhere. There is no absolute regional 
selectivity, even for the delivery of monodisperse 
aerosols, but substantial shifts in the proportion of 
dose depositing in central or peripheral airway 
regions can be achieved with particle size control.23 
The control of breathing (inspiratory flow rate) and 
placement of a drug-containing-aerosol “bolus” in 
different parts of inspired volume may have equally 
dramatic impact.19, 23, 24 Incorporation of these find-
ings, based on good scientific principles, into modern 
inhalation systems tailored at specific patient popula-
tions is certainly a goal that is within our reach. 

Closing thoughts
Before you pursue any of these exciting research 
opportunities, please conduct a thorough literature 
review. You do not want to spend your precious time 
and talent to later learn that you were “reinventing 
the wheel.”
No matter which of these exciting opportunities (or 
others) in inhalation you pursue, using your talent to 
help enhance the lives of patients through your 
research can be one of the most inspiring and reward-
ing career journeys you can make.
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Targeting orally inhaled products with 
narrow therapeutic indices
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