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Agenda

* Drug Development & Parenteral Packaging Configurations
» Factors affecting container selection

* In-depth examination of influence of certain buffers on Type 1 glass types
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Drug Development

» Drug development is always initiated by a patient need, following a well prescribed
R&D pathway to regulatory review and market authorization

RESEARCH DEVELOPMENT APPROVAL

Pre- cal
250 m Phase I Phase IV
compounds Trials
20-100
volunteers

Duration: Duration:
6-7 years ongoing
Share of budget: Share of budget: Share of budget: Share of
21.5% up to 65% budget:
Chances of success: Chances of success: up to 10%
<0.01% 65% in Phase I Chances for
40% in Phase II Return on
50% in Phase III Investment
(ROI):
13

» Does investigating the current pipeline and recent drug approvals tell us something
about the direction and need for primary parenteral packaging?
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# Drugs per Phase (R&D)

» Approximately 6-7 years are 16,000
required to advance a drug from 14000 13,995

Phase | to an NDA 12,000
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Drugs Under Development — Therapeutic Area

« > 10,000 drugs in development

= Top 10 therapeutic areas (# of drugs)

Oncology
Central Nervous System I 1,257
Infectious Disease I 1,166
Immunology I 623
Metabolic Disorders N 600
Gastrointestinal N 489
Cardiovascular N 481

3,093

Respiratory [N 382

- Multiple databases

Ophthalmology B 328
Dermatology B 313

vww.globaldata.com

* Phase I, II, Ill, Pre-registration
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Drugs under Development by Route of Administration

« Within the next 6-7 years
injection and oral will stay the
most dominant routes of
administration

* Phase I, Il, 1ll, Pre-registration

——Route of administration (# of drugs)

Enteral
Injection 4,247 Suppository
1
65
302
2. 847 88
Oral Inhalation
Topical
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Approved Drugs

 Innovators = Patented drug
» Generics lead the way over the
last 3 years

— Speed to market is a critical
component

*Jan 2019 — Aug 2019

1,800
1,600
1,400
1,200
1,000
800
600
400
200

Approved drugs by type

1,583
1,480
798
161 162
69
i 1 o
2017 2018 2019 YTD*

m Innovator mBiosimilar mGenerics
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Approved Drugs — Route of Administration

» Oral appears as the dominating
route of administration Approved drugs by route of administration
. .. . 1,400
« Earlier, we saw injection as the ’ 1,226 1188
strongest route of 1,200
administration in drug 1,000
development 800 631
» Multiple routes of administration 600
are possible for one drug 400 375 31
200 130 125 15
39' 8 32' 11 13 5 /2
0 J— — I
2017 2018 2019 YTD*
Inhalational mInjection = QOral mSuppository  Topical

*Jan 2019 — Aug 2019
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Parenteral Drug Assoclation

Approved New Drugs — Route of Administration -
Innovators 2018

. To ensure no trends are Innovators by RoA (# of drugs)

overlooked, we look at the pool a0 3% 2%
of innovators only 4%
* Injection and oral administration = Oral
remains the largest share = Injection
m Inhalational 47%
= Ophthalmic
Topical
Sublingual 40%

aldata.com - Multiple databases

yww.glob
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Approved New Drugs — Innovators for Injection 2018

» Looking even closer, we see
vials remain as the largest
share

Innovators for injection by packaging
type

4%

= Cartridge/Pen = PFS w=Infusion bag = Vial

om - Multiple databases

vww.globaldata.ci
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Approved New Drugs — Innovators for Injection 2018

» Types of Molecules

— Large molecule drugs are
highly sophisticated and
require the best protection in
glass packaging

Innovators for injection by molecule type

44%

56%

m Large molecules = Small molecules

om - Multiple databases

vww.globaldata.ci
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Injectable Packaging _ _
Drug Research & Selection Vial Selection and

Development (vial, syringe, cartridge, Requirements

ampoule, etc.)

Patient Need

Safety and Efficacy
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Vial Selection

Blowback Leachables
Clear or Internal
Amber Coating PH sk ift
Molded or Vial Fill
Tubular Volume
ISO Size L
or Surface De\amma“on

S Durability

= Today’s
Focus
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Stability Test Outline

» Long term stability test conducted examining impact of surface durability and glass
type on overall interaction with defined buffers
» Conditions:
— Inline with ICH Q1A(R2)
— 40°C for minimum of 6 months
» Metrics included:
— Hydrolytic Resistance per EP 3.2.1 and USP <660>
— Extractables
— Surface interaction

COPYRIGHT © PDA 2020 pda.org
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Type 1A (33exp), 1B (51exp) Comparison astmeass

SiO, 81 73 Expansion 32-33 48-56
10 K
B,O 13 10 i
23 Annealing 560 574
) Al.O 2 7 Drives Pteo)
Approximate 2~3 Physical & Softening
Constituents Chemical - -
from ASTM BaO - 0-2 Properties Pt (oc) sliomat PERRTEE
CaO . 1 Density | 523223 | 2.33-2.36
(g/cm™)
Na,O 4 6 CEmEEl | g g 1.0ml
Durability Max Max
K,O - 1 2S04 109) -

*Nominal Values Shown from ASTM
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Material List

ype 17

Surface (33exp)
Durability & 1B
 Vial Selection (51exp)

— 2R (defined by 1SO 8362-1)

Class A (33exp) Standard

Class A (33exp) | VIALEX™ (PICVA)

Class B (51exp) Standard

Class B (51exp) | VIALEX™ (PICVA)

» Stopper Selection
— Westar RS B2-40 Fluro-Tec stoppers

100%
90%
80%
70%
60%
50%

40% -
30% -
20% -
10% -
0% -

VIALEX™ achieved through Plasma Impulse Chemical Vapor Ablation (PICVA)

17

EP 3.2.1 / USP <660>
W Standard Vial PICVA
Max Limit !
54.38%
A4 73%
18.77%
10.62%
33exp S5lexp

process, delivering a step change improvement in surface durability.
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Fill Level Impact

EP 3.2.1 / USP <660>
e Chosen at 90% of overflow —o—Standard Vial ==PICVA Vial
. . . . Max Limit
in line with pharmacopeias 100% Sl
« Varying fill levels can effect 00%
80%
results | 0%
* Low concentration of 60%
mobile alkali and 50% >
consistency of inner iy
surface can decrease 20%
Impact especially in small 10% =
fills 0% ' ' '

Pharmacopeia
Requirement

CONNECTING
EQPLE
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Parsnteral Orug Assoclation

Fill Level Impact

EP 3.2.1 / USP <660>
* Chosen at 90% of overflow —o—Standard Vial ==PICVA Vial —_—
. . . - ax Limit
in line with pharmacopeias 100% -
« Varying fill levels can effect 90%
80%
results | 0%
« Low concentration of 60% \
mobile alkali and 50%
consistency of inner iy
surface can decrease 20%
impact especially in small 10% - —n
fills 0% ' ' !
Q

Pharmacopeia
Requirement

CONNECTING
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Parsnteral Orug Assoclation

Fill Level Impact

EP 3.2.1/ USP <660>
* Chosen at 90% of overflow —¢—Standard Vial ==PICVA Vial e Lt
in line with pharmacopeias 100% ax Limit =3
« Varying fill levels can effect 90% '\\
80%
results e C

* Low concentration of 60% \\
mobile alkali and 50%

. . 40%

consistency of inner S0

surface can decrease 20% P —
Impact especially in small 10% — —a
fills 0% ' ' '
— Notice consistency of
alkali concentration in
PICVA vial regardless of
. Pharmacopeia
fill volume Requirement
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EDA

Buffers

» Phosphate

— 10 mMol: pH 7.0 with 150 mMol NaCl and 0.005% Tween 20
* High Purity Water

— 5.5pH
« Citrate

— 10 mMol: pH 6.0 with 150 mMol NaCl and 0.005% Tween 20
» NaCl with Terminal Sterilization

— 0.9%, 5.2pH

COPYRIGHT © PDA 2020 pda.org
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Initial State
SEM Inner Surface Condition
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Initial State — SEM — 51exp

SEl 15kV WD21mmSS66 x500 1 I — SEl 15kV WD13mmSS60 x500 50um

Standard Vial PICVA Vial

* Noticeable reduction in surface alkalinity
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Initial State — SEM — 33exp

SElI 15kV WD20mmSS66 x500 1 e — SEl 15kV  WD14mm SS60 x500 50um

Standard Vial PICVA Vial

* Noticeable reduction in surface alkalinity
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Phosphate
10 mMol: pH 7.0 with 150 mMol NaCl and 0.005% Tween 20
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5lexp- Si 33exp-Si
__400 . 400
- -
Ea 30.0 Ea 30.0 ——o

-

= 200 = 200 o B
_g ==@==Standard _g - ==@==Standard
5 10.0 - 5 10.0 - e
= - b —@— PICVA = —@— PICVA
(=] (=]
5 0 10 20 30 40 50 5 0 10 20 30 40 50
-; Fill time with phosphate (weeks) ; Fill time with phosphate (weeks)

S5lexp-B 33exp-B
__80 __80
- -
@ 6.0 @ 6.0 -
£ £ -

4.0 4.0 -
_§ === Standard § w- /""- === Standard
2.0 20 +—o=

g s -3 - - — & —e—ricVA g ‘..—--.""""' —e—riCVA
g 0.0 8=8"— -0 g 0.0
5 0 10 20 30 40 50 5 0 10 20 30 40 50
; Fill time with phosphate (weeks) ; Fill time with phosphate (weeks)

SCI| AND
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¥ SEM — 24 weeks @ 40°C — 51exp Phosphate )

SEl 15kV. WD16mmSS78 — SEl _15kV_ WD14mmSS78

Standard Vial PICVA Vial

* Noticeable improvement in surface durability (less interaction)
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SEM — 24 weeks @ 40°C — 33exp Phosphate )

SEl 15kV__WD16mmSS78 SEl 15kV._WD15mmSS78

Standard Vial PICVA Vial

* Noticeable improvement in surface durability (less interaction)
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High Purity Water

Compliant with USP/EP (>18megaohm-cm)
5.5pH

pda.org
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5lexp- Si 33exp-Si
__10 __10
- -
= 6 — = 6 B
c 4 '_F""" == Standard 6 4 13~ == Standard
g — g .7 __——o
= i =—@— PICVA = — =—@— PICVA
S 0 e—e— | 2 ) do—t—
5 0 10 20 30 40 50 5 0 10 20 30 40 50
9 S o . 9 S o .
= Fill time with high purity water (weeks) = Fill time with high purity water (weeks)
S5lexp-B 33exp-B
ﬁ ﬁ 3 £
3 -— A
£ E p—|t —|*~
c 2 - 2 L4
0 I ==@==Standard o ==@==Standard
PR S - —¢ =
g . ‘ o—.o «=@— PICVA g o ...-—-0""'—?_. —@— PICVA
€ 0 10 20 30 40 50 € 0 10 20 30 40 50
; Fill time with high purity water (weeks) ; Fill time with high purity water (weeks)
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Parsnteral Orug Assoclation

Extractables — High Purity Water

31

Na-concentration (mg/L)

O BN W

5lexp-Na

ﬂ'
!
h

40 50
Fill time with high purity water (weeks)

o
=
o
)
o
w
o

==@&==Standard
== P|CVA

Na-concentration (mg/L)

O B NW

10"._— —

0

3

A=

10 20 30 40 50
Fill time with high purity water (weeks)

==@== Standard
e P|CVA
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Ks 40°C — 51exp High Purity Water :Q:

Lo iay -~ » i oS
. e 0 " &
< . iy ¢

- .

SEl 15kV. WD13mm SS78 EEE— SElI 15kV  WD15mmSS78 x500 50pm

Standard Vial PICVA Vial

* Noticeable improvement in surface durability (less interaction)
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Parenteral Drug Assoclation

SEM — 24 weeks @ 40°C — 33exp High Purity Water L

5

SElI 15kV WD15mmSS78 SElI 15kV WD16mmSS78 x500

50pm T —
Standard Vial PICVA Vial

* Noticeable improvement in surface durability (less interaction)
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Citrate
10 mMol: pH 6.0 with 150 mMol NaCl and 0.005% Tween 20

CONNECTING
PEOPLE

LTl COPYRIGHT © PDA 2020 pda.org

REGULATION®




35

PDA
Extractables — Citrate
5lexp- Si 33exp-Si
__40 __40
- -
5 -—
ERs g | ERs i
= 20 = =
] 10 :;A/ ==&==Standard k] ==&==Standard
(1] (1]
g J/ —@— PICVA £ —@— PICVA
E 0 10 20 30 40 50 £ 10 20 30 40 50
-; Fill time with citrate (weeks) ; Fill time with citrate (weeks)

S5lexp-B

B-concentration (mg/L)
]

10 20 30 40 50

Fill time with citrate (weeks)

==@== Standard
e P|CVA

B-concentration (mg/L)

33exp-B
6
-9
4 ==
L~
‘. ‘/’
2 -
0 10 20 30 40 50
Fill time with citrate (weeks)

==@== Standard
e P|CVA

SCI| AND
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SEM — 24 weeks @ 40°C — 51exp Civate L

.

SElI 15kV  WD17mmSS78 S — SEl 15kV  WD18mmSS78 x500 50pm

Standard Vial PICVA Vial

* Noticeable improvement in surface durability (less interaction)
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Parenteral Drug Assoclation

SEM — 24 weeks @ 40°C — 33exp Citrate

[ ke ¥
% .

SElI 15kV WD18mmSS78

Standard Vial PICVA Vial

« Observable interaction in both cases suggests non-ideal arrangement of buffer and glass type
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Isotonic NaCl
0.9%, 5.2pH, with Terminal Sterilization

38
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Extractables — NaCl with Terminal Sterilization
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5lexp- Si 33exp-Si
__60 __60
- -

4 — —_— A —_— ’

210 210 = —
_§ 20 ==&==Standard _§ 20 ==&==Standard
(] (]
g —@— PICVA g - —e| —®—PICVA
€ 0 10 20 30 40 50 € 0 10 20 30 40 50
-; Fill time with 0.9% NaCl w/ TS (weeks) ; Fill time with 0.9% NaCl w/ TS (weeks)

S5lexp-B 33exp-B
__15 __15
< <
_E 5 ==&==Standard _E 5 ==&==Standard
F=) F=)
(] (]
- — N - PICVA ] PICVA
£ 0 —3—=3 s c 0 Lﬁ—.# ——
£ 0 10 20 30 40 50 £ 0 10 20 30 40 50
; Fill time with 0.9% NaCl w/ TS (weeks) ; Fill time with 0.9% NaCl w/ TS (weeks)

SCIENCE
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SEM - 24 weeks @ 40°C — 51exp NaCl w/ Terminal Sterilization :Q:

22
., . i
o

SEl 15kV WD14mmSS78 x500 S0um

Standard Vial PICVA Vial

* Noticeable improvement in surface durability (less interaction)
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Parenteral Drug Assoclation

v
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SEI 15kV WD16mmSS72 J— SEI 15kV WD15mmSS60 x500  50pm

Standard Vial PICVA Vial

* Noticeable improvement in surface durability (less interaction)
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Isotonic NaCl
0.9%, 5.2pH

Effects of Terminal Sterilization (known risk factor as stated in USP <1660>)

42
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Extractables — NaCl — Impact of Terminal Sterilization (TS)

5lexp- Si 5lexp- Si
__10 __10
a 8 "’ufigg a 8
-.g- 6 "J' z_l l.A é 6 -
5 4 == Standard 5 4- f\" = =4&= Standard
® 2 Lo ® 9 - Ll —
B —@— PICVA = —@— PICVA
E o oo — 2 )
(=] (=]
5 0 10 20 30 40 50 5 0 10 20 30 40 50
= Fill time with 0.9% NaCl w/ TS (weeks) x Fill time with 0.9% NaCl (weeks)
S5lexp-B i i S5lexp-B
— 2
= » . -— - - =
Ea 1.5 ..__.7-% Ea 1.5
ey 1 g =y e 1 '+- -_*
_E ==&==Standard 5 5' ( === Standard
B 0.5 £ 05
E 0 Q-.-—.._ —| =@ PICVA E 0 Y —@—PICVA
g 0 10 20 30 40 50 g 0 10 20 30 40 50
; Fill time with 0.9% NaCl w/ TS (weeks) ; Fill time with 0.9% NaCl (weeks)
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&
Takeaways Aw*

(51exp)

» Type 1 glass types (1A, 1B) do matter when combined with certain buffers
regarding interactions and drug product control

— Different glass types will have an effect on extractables and durability
over the shelf life of the drug product
 Offerings that improve the surface durability such as VIALEX™ through
PICVA greatly reduce buffer interaction effects, and in some cases reduces
the effect of the alternate glass types

— Improvements to the surface alkalinity through processes such as
VIALEX™ can also minimize effects of low fill volumes, while
maintaining full compliance with Type 1 glass pharmacopeias
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