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Milestones in the development of inhaler therapy

Spinhaler® DPI
Sodium cromoglycate R
First < (Fisons) Airomir™ HFA-pMDI
pressurized Albuterol sulfate
inhaler Medihaler CFC-pMDI Rotahaler® DPI (3M Health Care)
Isoprenaline and adrenaline Salbutamol
(Riker Laboratories) (Allen & Hanburys)

1850 1858 1864 1930 1948 1956

o] L

2015

First DPI Aerohaler® DPI Turbuhaler® DPI
Penicillin Budesonide
R Glass- or (Abbot) Diskhaler® DPI  (AstraZeneca) Respimat®
La plastic-bulb Salbutamol (Soft Mist)
. (Allen & Hanburys) Tiotropium
nebulizers

(Boehringer Ingelheim)

Adrenaline chloride

Stein W et al. J Aerosol Med Pulm Drug Deliv. 2017;30(1):20-41
Roche N et al. J Aerosol Med Pulm Drug Deliv. 2016;29(4):311-327




Inhalation as a route for drug delivery

Targeted local delivery

* Less systemic side effects

Smaller therapeutic doses required

* Rapid onset

Indication
* Airway diseases « MDRTB
 Bronchiectasis  Vaccination

* Pulmonary HTN * Parkinson’s disease



Definitions of commonly used terms that describe an aerosol

* Labelled dose or nominal dose:

e The dose that is metered.

* Total emitted dose or delivered dose:

+ The mass of drug emitted per actuation that is actually available for inhalation at the

mouth.
i

MG e

Eur Respir J 2011; 37: 1308-1331



171188 B Definitions of commonly used terms that describe an aerosol

FPD The mass of particles <5 um in size within the total emitted dose.

FPF

dae

Fine-particle dose
Fine-particle fraction
Aerodynamic equivalent diameter

The fine particle dose divided by the total emitted dose.
The diameter of a fictitious sphere of unit density (1 g-cm™®) that has the same gravitational

(setiling) velocity in the same gas as the actual pariicle.
Mass median aerodynamic diameter daeum or MMAD The MMAD divides the aerosol size distribution in half. It is the diameter at which 50% of the
particles of an aerosol by mass are larger and 50% are smaller.

Eur Respir J 2011; 37: 1308-1331



Deposition of Aerosols by Aerodynamic diameter

Deposition Fraction

1.00
Smog 4——ﬁ—/—.. Fog >
0.80 | « Automobile:exhaust particulates >
Pollen &
«——— Tobacco smoke i fungal spores
0.60 - Virus > Bact 0“7 >
Dusts >
o L T L T 1 L H] 1 1 1
0.05 0.1 0.2 0.5 1.0 20 50 10.0 20.0

CP Yu, et al. Am Ind Hyg Assoc J 1979:40;999-1005



Aerodynamic diameter

Non spherical particle Stokes diameter Aerodynamic diameter
dey = 0.45 pm dc = 0.37 pm d, =1.0pm
pp = 6000 kg.m*? pp = 6000 kg.m? po= 1000 kg.m"?
y 1_4 Y 1 1= 1 A

Nanoengineering. Global Approaches to Health and

-1 V.= 0.035 mm.s! = 0. .51 Safety Issues, 2015, Pages 55-84
Vs = 0.035mm.s ¢ s #1003 eTIES Respir Care. 2005 Sep;50(9):1209-27.



Andersen Cascade Impactor

Pre-separator: > 10 um

Stage 0: 9.0-10 pm

Stage 1: 5.8-9.0 ym

Pharynx

Stage 2: 4.7-5.8 ym ‘

Trachea & bronchi

Stage 3: 3.3-4.7 ym

Segmental bronchi

Stage 4: 2.1-3.3 um

Terminal bronchi

Stage 5: 1.1-2.1 pm

Alveoli

Stage 6: 0.7-1.1 um

Alveoli

Stage 7: 0.4-0.7 pm

Particle size analysis of aerosols from medicinal inhalers. KONA 2004;22:32-65

Stage 1

Stage 2

Determining the in vitro fine-particle fraction of an aerosol:

Impaction
Plate

—

StageN

" After
Filter

L Filter

v

To vacuum pump



Andersen Cascade Impactor (ACI)

Int J Pharm. 2016;514(2):420-427.



NGI: Next Generation Pharmaceutical Impactor

https://www.copleyscientific.com/inhaler-testing/



MMAD (Mass Median Aerodynamic Diameter)

« MMAD H9|: 49| 50% == 5t 50% 0l = X2 Aerodynamic Diameter

o| X7t 4071
1XH7t 607 2ACt 7

e

Aerodynamic Diameter =A 2 E2 H$H

e o o ... ......é........... ........ ..

S50HRY X}t

Cristopher et al. Alternative Approaches to MMAD determination.



Inhaler types

Metered Dose Inhalers (MDI) — Evohaler, Rapihaler
¢ Pressurized MDI = pMDI
¢ Breath Actuated pMDI = BA-pMDI or BAI

Soft Mist Inhalers (SMI) — Respimat

Dry Powder Inhaler (DPI) — Turbuhaler, Diskus,
Handihaler, Breezhaler, Ellipta, Genuair, Nexthaler,
Spiromay, ....



pMDI

»o-

y pMDI + spacer

o=

Evohaler j j

Rapihaler Bl B

[

Soft Mist Inhaler

| Respimat ]




Choosing Inhalers in Korea

Vs

Handihaler

Swinghaler

DPI

Vs

Turbuhaler

A\

Diskus
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. Genuair |
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Has Patient Technique Improved Over Time?

Currently, there are over 230 device & drug combinations available

100

90 - ——- Correct
804 e Acceptable
Poor

70
60

%

50 -
40 - PR T T
30 4 P e R ~

20 - o

10 -

O T T T T T 1
1965-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

Years

CHEST 2016;150(2):394-406



pMDI (Pressurized Metered Dose Inhalers)

Gas phase

Liquid phase (formulation)

Retaining cup

Actuator
Metering -

valve

Metering chamber

High-velocity spray
* o o
* %% o
LN .. LY ] .. :
Expansion ** e,

chamber

Actuator nozzle

Stephen P Newman. Respir Care 2005;50(9):1177-1188



pMDI - Solution vs. Suspension

Solution Suspension

Stable Suspension

Sedimentation | |  Flocculation

by o

EI&'! |__|.|:I_
= A = o

Ir
anl
| remo

S5

o ox




Metering valve

E<—

-

Metering chamber

Valve filling Valve emptying

Canister & +& Ujj ojct
U™ SH L(E)O| EALE

Hugh DC Smyth. Exper Opin Drug Deliv. 2005;2(1):53-74



pMDI F=ZIH|: HFA vs CFC

HFA (HydroFluoroAlkane)

CFC (ChloroFluoroCarbon)

e HFA #H: ethanol0| &FE0 SE7} O =20, O [MSESHM cold freon effectZt O X 3.

«  BC} ZH2 particle2 €d¢ drug delivery.



pMDI formulation

°f=, =LA (HFA) & &0
» Solution or Suspension
» Ethanol E 7t (A &3l €0l)

oK =& LA,

« AHZEAN (0.1~2%)
Oleic acid, Sorbitan trioleate, Lecithin
« MBIEEX|H| (ascorbic acid)

« F7IH|, &= etc.

HiH © =
e 53t




Guidance for Industry

Integration of Dose-Counting
Mechanisms into MDI Drug
Products

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Clinical Medical
March 2003



Dose counter $i= O} &H=F &101 — CFC Al

 HFAE FTIX|E AHESH= pMDI K| K= & 710
oSO 2 20 Y O™ Ot=l (xrat (=136 57}3)



Tail off effect

R

letaining Cup

Schultz RK. Drug delivery characteristics of metered-dose inhalers.
J Allergy Clin Immunol. 1995;96(2):284-287.



Tail off effect

Tail-Off ment Tall-Off E ment
B #1-3 Bronchodilator uct D #1-3

Schultz RK. Drug delivery characteristics of metered-dose inhalers.
J Allergy Clin Immunol. 1995;96(2):284-287.



Problems patients have when using MDI

Inhale too fast

Co-ordination failure

Co-ordination failure and inhale too fast
Stopping after inhalation (cold-freon effect)

Spacers least preferred by patients

60%
54%
92%
24%



pMDI= co-ordinationO] &t

Percentage whole lung deposition

20

16

Group A Group B
Breath-holding Breath-holding
4s 10s

1,

20

50 80 20 50 80

Lung volume of aerosol actuation [%VC]

eH3Hl0f SiL|?

Eur J Respir Dis Suppl. 1982;119:57-65.



Importance of breath-holding for drug particles sedimentation

Deposition study with radiolabeled drug particles

dae = 1.0 um
Vt = 700 ml
Vins = 500 ml/sec
0.2r tp = 0 sec
0.48} . 3
- 2 sec
g 0.16} °
5 0.14f tn-lml
© 1 PO
& 0.12p tp = 6 sec
c 0.1f< ----
E 0.08 tp = 8 sec
§0.06 B tp = 40 sec I
8 0.04
0.02F '
o [ —Lﬂ . " L n A . s A 'S 4 a r'}
0 2 4 6 8 10 412 14 156 18 20 22 24

Generation

Byron et al, Respiratory Drug Delivery, 1990
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Large (600-800ml) vs Small (130-300ml) volume

wl

SEs
e No need for hand-lung coordination
e Reduction of oral candidiasis
e Some spacers incorporate a whistle
- Sound if inspiratory flow is too fast.

CHA
| I |

e Less portable than pMDI alone.
e Reduce drug delivery
- Time delay for inhalation

- Electrostatic charge



Ciclesonide metabolism

Ciclesonide

Desisobutyryl-ciclesonide

03&(% N ) H

Endogenous activation
H by airway esterases o) H

- IR

O

Relative receptor affinity = 12 »  Relative receptor affinity = 1200

Journal of Pharmaceutical Sciences 105 (2016) 2509-2514
Berger, William E. Therapy (2005) 2(2), 167-178



Relative oropharyngeal deposition, %

Percentage of patients with
oral candidiasis

100

W Budesonide
[ Ciclesonide + des-CIC
[] des-CIC

B

Placebo Ciclesonide Ciclesonide Fluticasone
320 yg/day 640 pg/day propionate
880 pg/day

Eur J Clin Pharmacol (2005) 61: 203-208
Berger, William E. Therapy (2005) 2(2), 167-178

<1% oral
bioavailability

~52% pulmonary

deposition g I

Lung activation
Lipid conjugation

Gastrointestinal
tract

High lipophilicity
Liver
Systemic
bioavailability ?
Clearance
des-CIC 396 I'h

Mouth and
pharynx

Reduced oropharyngeal
deposition and minimal
activation

Pulmonary
bioavailability

Systemic
bioavailability

S

~99% serum
protein binding

Y

Minimal systemic
side effects




Respimat SMI (soft mist inhaler)

l‘ Uniblock structure

| Uniblock

Dosing chamber

= \ Non return valve

__Dose-release button

' Capillary tube

Transparent base

Cartridge

/ The cartridge \

Spring

Capillary tube
Collapsible bag

Plastic
AOUVEHIIEM

K o= case

Dalby RN, et al. Medical Devices: Evidence and Research 2011;4:145-55.




Dry powder inhaler (DPI)

Inspiratory volume & flow”} drug deliveryE Z°33+= main factor

o 2RO SYE 25 £

XA
O
+ coordinationO| ¥ & §IC}.

o =XIXIZ} S0 cold freon effect S0 XlztHH

o

o B8 AT, det 7|7 Mok 2iF BO{TICE
o =700 Sf3tLf.

o E ZIAXX] HELh

o =0A Z0tZ 5= AU



DPI S5F

Multi-dose DPIs

* Reservoir type
+ Nexthaler, Turbuhaler, Spiromax, Genuair

o Others: Diskhaler (Rotadisk), Twisthaler, .....
* Blister type
+ Ellipta, Diskus
Single-dose capsule DPI

* Handihaler, Breezhaler



Internal resistance of Inhalers

Genuair
Novolizer
Elpenhaler
Diskus
Ellipta
Forspiro
Breezhaler
Cyclohaler
Aerolizer
Redihaler

Respimat

Metered Dose Inhalers

&

medium: 60 - 90 I/min. at 4kPa

O

low: > 90 I/min. at 4kPa

ERS/ISAM task force report

v
Low

calm inhalation

J

P. Hagedoorn, Pharmaceutical Technology and Biopharmacy, University of Groningen, Netherlands
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‘I, Mouthpicce
adapter
High Capacity Pump m-.
(HCP5)
. = a
_(F 2 Critical Flow ol7| &At
| ' Controller (TPK 2000) i
. ﬂ ICOMLEY
Dose unit sampling
LT imer | Ps | [P: P1 apparatus {DUSA)
| L]
ll... 0
"
R h
SUHE= SETHEK

A P : Pressure drop (4Kpa)
Q : Flow rate (L/min)
R : Device resistance

Resistance = VAP/Q



Flow rate at various inspiratory efforts through different DPI

120 —
Increasing resistance
100
3 Breezhaler®
3 Diskus®
= 80
S Turbuhaler®
£
g 60 —
= andihaler®
2 40 4
-
(18
-+~ Breezhaler® 2.2 x 10-%kPa'?l-' min
20 — -o- Diskus® 2.7 x 10-kPa"" min
/ Turbuhaler® 3.4 x 10-%kPa'2-' min
- Handihaler® 5.1 x 10-kPa"?-" min
0 | | | T 1
0 2 4 6 8 10
i Inspiratory effort (kPa)

Clinical Drug Investigation (2021) 41:415-424
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45

35+
30+
25~
20~
15+

10

454
40
35
30
25
20
15

10

= Upper sivars Flow-rate independent vs. dependent DPI

[ Central and peripheral airways

>

60
50

2 4 6 8
Pressure drop (kPa) 40

claim (%)
— [\ w
o o o

FPF <5 um as percent of label
o

-
-
-
-
-
-
’l ! !
-
-
-
H
2 4 6 8

Pressure drop (kPa)

-~ Cyclohaler Budesonide
-O~Novolizer Budesonide

—#-Easyhaler Budesonide

-0~ Symbicort Turbuhaler Budesonide
- Seretide Diskus Fluticason

—<Rolenium Elpenhaler Fluticason

_____—0

- 6 8

pressure drop (kPa)

Respir Med. 2014;108(8):1195-203
Adv Drug Deliv Rev. 2014;75:18-31



Required inspiratory flow rates for various inhalers

PMDI Respimat[N] [ 7/ |
— 77— T—
vandinalers [N ] d—
Avtohalers 7 —
osss 7/ T—
ayratere 7/ T—
Turbonalers ] l 7 —
g ——————— 7 —
seroizers | d—
Nl ] 7 —
Novotzers 1 a—
S ——————————— S
———— | |
0 10 20 30 40 50 60 70 >120

Flow rate in L/min

P. Haidl et al. Respiratory Medicine 2016;118:65-75



In check dial — inspiratory flow rate (L/min)

||
Training Device 20
E% Hagh

== Medum High

‘oD =

AOZ»=R=am3

n International
- & N8 ||
o, - ») 3 J & =) Handinaler®

= Hi f L3 5~ & :
= ngh J 9, - «\ % g gf o @\\@ H Easyhaler® ‘
%, % & £ & Q —
= : > % % 8 & & & Gl NEXThaler® ()]
= Med ngh (O 4 ’@r ® O & O\o (060”\ \?0\«\\ o
000/73/ 7 &S o Twisthaler® -

. ® a <° 5
Medium n Turbuhaler® ||

® =)

Twisthal®™ | f

Med L w Turbuhaler®, Flexhaler® ||

== Med Low . Breezhaler® , <
‘3' NEXThaler® /= Clickhaler™ <7

—— Low %, RespiClick®, SpiroMax® &
Sy, )<

N % /7%,.@ - Novolizer® , Genuair® , Pressair® |

() pMDI $ %, o fl
f :I Q ’5% (O] Elipta® (%

| =
& L) Diskhaler® 1
\&H

Diskus®

Breezhaler®, Aerolizer®



Flowy rate (Ifmin)

Inhalation Profiles in Patients with COPD and Asthma

150
140
130
120

110

150

COPD representative -

130

w— A erolizer 130
— T 110
100

==Handihaler _
£ 490
2 g0

o
E e
i
50
a0

o
o

1o

Severe asthmatics representative
m— ferolizer

===Handihaler

oz 04 06 0.3 1 12 14 15 18 2

Parisini I, Usmani O, Murnane D, JOURNAL OF AEROSOL MEDICINE AND PULMONARY DRUG DELIVERY, 2015; 28: A15-A16



Forceful vs. Calm inhalation through DPI

Inspiratory
flow

P. Haidl et al. Respiratory Medicine 2016;118:65-75



Too sufficient & forceful inspiratory flow




Optimization of pMDI Technique and Inhalation Flow

oy
) @<
JJ
) NT CLARKE
Trainhaler ¢ 4 “5 ﬁJLTEE'ﬂﬁATlorML
(TH) =

VT Group (Vocal Training) TH Group

Before After Before After Before After

Ammari et al. ATS 2017 Conference, Washington, D.C.



Marginally sufficient inspiratory flow & calm breathing pattern




Choice of Delivery Device

<

Patient

>

Conscious inhalation possible

Conscious inhalation

not possible
.
Sufficient inspiratory flow Insufficient inspiratory flow
f . . B
Coordination + Coordination - Coordination + Coordination - v
pMDI + spacer pMDI + spacer pMDI + spacer pMDI + spacer pMDI + spacer
DPI DPI Breath-actuated Breath-actuated Nebulizer

Breath-actuated
aerosol

Soft-mist inhaler

Breath-actuated
aerosol

Soft-mist inhaler

aerosol
Soft-mist inhaler

aerosol
Soft-mist inhaler
Nebulizer

Dekhuijzen et al. Respir Med. 2013 Dec;107(12):1817-21




go| 29

* Selecting inhaler devices is personalized medicine.

+ Patient’s breathing patterns & preferences are different!

« Device resistance0f| [[[E & MEH

v Low resistance device — Deeply and CALM inhalation
~High resistance device — Deeply and FORCEFUL inhalation

* DPI or pMDI technigue and inhalation flow can be optimized
o ALRHO| CHSH BHXt SN DK XSHQ 2LHY E2)

* |nhalers have constantly been updated.
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