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Gas Ingress for CCIT

Using laser-based headspace analysis

Josine Wilmer, Study Manager at LIGHTHOUSE
27-28 Feb 2020 - PDA CCIT Workshop Basel
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Overview

Part 1. Theoretical background
« How does gas ingress work?
« How can theory be applied?

Part 2: Case study: products packaged under a modified atmosphere
« 100% inspection of lyophilized product

Part 3: Case studies: products packaged under a non-modified atmosphere

« Cold Storage CCI Study
* Gas Ingress Testing using CO, as a tracer gas
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Part 1
Theoretical background
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Gas ingress testing for CCl

Two different ways by which gas can flow through a defect in
and out of a pharmaceutical container:

« Effusion: gas flow generated by a total pressure difference
across the container defect

« Diffusion: gas flow of a particular gas generated by a
partial pressure difference of that gas across the container
defect

Understanding this gas flow enables the development of
CCl test methods based on the measurement of gas ingress
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PDA

P renteral Drug Assoclation

I
N4

Positive controls — validating headspace
gas ingress methods

» CCIT methods based on detecting gas ingress into the headspace can be
demonstrated and validated using known positive controls

» Gas flow physics model also enables calculation of test method sensitivity

A. Flip Cap g b )

Nominal hole size 5 ym

15R Glass

Vial
Image provided by Lenox Laser

CONNECT

PEOP L E
SCIENCEmo

REGULATION®




nnnnnnnnnnnnnnnnnnnnnnnn

Oxygen Diffusion Ingress Model Example

Predicted oxygen concentration versus time for ideal defects
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Headspace gas ingress as CCIT

Modified headspace Non - Modified headspace

Chamber that can be
purged or evacuated
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Gas Ingress Testing for CCI

Objective

e Develop an approach similar to blue dye but better
e Method must reliably detect critical leaks

Proposed Gas Ingress Test Method
e Vials placed in CCl Test Vessel
e Vessel pressurized with X bar of CO, for Y min

e Samples removed and tested for headspace CO,

Gas bath instead of blue dye bath
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Headspace Analysis Systems

Laboratory and At-line Automated Inspection Machines
Instruments and accessories

SYNTEGLON

Strategic partnership with Syntegon (formally
Bosch) for CCl machines with Lighthouse
laser measurement technology inside.
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Measurement performance
Instrument and machine qualification using NIST traceable standards. H\’#j/&*

N=100 Headspace Oxygen (% atm)

Y

'g 25
g y = 0.9992x + 0.0334
Standard 220 R =1
Label .
0 0.000 | 008 | 0.08 | 0.04 ? 15
1 0990 | 106 | 007 | 0.06 E
2 2.000 199 | -001 | 007 g
4 4000 | 400 | 000 | 005 [
8 8000 | 800 | 0.00 | 0.07 g
25 2499 | 2502 | 003 | 007 "0 10 2
T T Actual Oxygen Measurement [% atm]

Accuracy Precision

« Users and data managed in a database solution for 21-CFR-11 compliance and full audit trail
«  Certificates of NIST traceable calibration standards
«  Optional yearly re-certification of standards
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Part 2
Case study — modified headspace
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& Case Study 1:
100% Inspection of lyo product

20 A

Total batch size: 29048
Number rejected: 16
Reject rate: 0.06%
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29156
568

Number rejected

1.95%
pda.org

1Z€

Total batch s
Reject rate

100% Inspection of lyo product

Case Study 1

PDA
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+ R+ i+ +
try 4 * 4 1 * %
o+ +
.W + Bkt 4
++ + + +
B, +
* T * S
+ + o
+H +
o
+ ++ Lo
+# + + .n. + * N
o +
A r
+ + *
.% + o+t .
+ + #+ o+
A + &t
+ #1 4 o
++ + o+ F o
+ + S
+ o
. + 44 + N
+ + +
1 o+ 4+ + +
+
+  + +
A +
f L T +
+ + ++ + o
u&f o T+ 1+ o
+ + 7t + - o
i o
+ e + o+ +
++h~ + —
-
%‘f+# ++
b ta i
W t+ 4
¥ + PR
* ++ + o ++ +
#H o+ + BT T
. + ot o
.I\?*# A Al ba)
m + + o
¥, + [t o
+wf+++ + * . —
A FLoeh +4 T+
+t+ 4+ H oy +
+ ' "
e 4 L
e+ + i+ i
+ + + o
._..._.+ t ++y m
+ +
s + + . bre)
+ + + +
+ ++ |+ +
# +
+ 4 w."+++ + 4 o+t
+ + + +
+ o+ + T+ oy #+.n.
++ I
+ +
t..f * ++ oL 2®
S-S
— T =
1 1 o095
o) o =OES
— — LSS
SO _wRes

(wye 9p) usbAxo aoedspeay



M 14

Case Study 1.
100% Inspection of lyo product

- Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch6 .
201 - | P I

_ Results of 6
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Not a robust
process
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Parartersl Drug Assoclation —

¥ Case Study 1:
100% Inspection of lyo product

Case 100% inspection
Reject rate per quarter 4 years of manufacturing data:
0 « 156 lots
. « Total 1.6 million vials
@ 150
: oo Results
" 050 44-|ots (28%) with zero rejects
0.00 | 3-lots had > 2% reject rate
Q110203 04 Q1 Q2 Q3|04/Q1/ Q2 Q3 Q4 Q1 Q2 |/Q3 Q4
2010 2011 2012 2013 ‘ Average rejeCt rate was 0.27%

It is difficult to manufacture a perfect batch
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I
Thought experiment: CCIl control strategy

16

Think about the CCI control/testing strategy currently implemented in

your company

If your lyo sealing process is doing )
this would you know about it?

When would you know about it?
After 1 batch?
After 6 batches?
After 30 batches?

What would you need to do to
prevent this from happening?
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Part 3
Case studies — non-modified headspace
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Case Study 2: CClI testing for vials stored
on dry ice (CO,)

Headspace oxygen
20 Case

« Air headspace vials stored on dry ice
(CO,)

« Storage on dry ice increases risk of
CCl loss (CO, ingress)

Conventional rubber stoppers lose

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Sample number eIaStICIty (<Tg)
— Differing material coefficients of
expansion (interface gaps)

Headspace CO,

o
8

Result
« 3 containers revealed decreased
oxygen levels
o8 o Same vials revealed increased CO,
Sample number levels

600

400

Headspace CO , {mbar)

[
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Gas Ingress Testing for CCI

Sample \  Measure
P conditioning P headspace
CO, levels

\  Sample
preparation
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¥ Gas Ingress Testing for CCI

Results for 5 um laser-drilled defects

* Gas ingress testing using CO2

overpressure easily identifies positive 1000
900

controls. - 800

. mpty 700

* Empty vials show almost total headspace vials 600

500
400
300
200
100

gas exchange (600 — 700 torr of CO,)
with the chosen CCIT vessel cycle.

eadspace Carbon Dioxide [torr]

* Filled vials with defects below the liquid fill 1000
also detected but with less sensitivity. 200
* Further method development studies have Water
Filled
shown cases where defects below the

600
500
liquid level are not detected.

400
300
200
100
0

1 2 3 4 5 6 7 8 9 10

Sample

Robust CCl method development and method validation can be done
to define appropriate test methods with this approach.

Headspace Carbon Dioxide [torr]
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Case Study 3: CCl method development —
CO, Headspace Gas Ingress

Objective: Detection of a 5pum laser-drilled defect within 15 min.

Sample set

* 2R DIN clear tubing vial — air headspace
* 2mL PBS liquid filled (150mM)
e 2mL BSA liquid filled (1mg/mL)

* Positive controls:
* 2um, 5pum and 10um laser drilled glass defects above and below liquid level
e 25G syringe needle punctured through stopper
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PDA
¥ Case Study 3: CCI method development — CO,

Headspace Gas Ingress

Example - Sample conditioning cycle

N

Pressure (atm)

Time

pda.org
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¥ Case Study 2: CCI method development —
CO, Headspace Gas Ingress

Headspace Carbon Dioxide Ingress

2500

2000

1500
1000
‘ | I . . ‘

123451234512 34512345123451234512 345123475

Headspace Carbon Dioxide Level (mbar)

o

Negative Syringe needle 2um S5um 10um 2um S5um 10um
controls
Laser-drilled defect above liquid Laser-drilled defect below liquid
W PBS mBSA
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PDA

P renteral Drug Assoclation

¥ Case Study 3: CCI method development —
CO, Headspace Gas Ingress

R | Defect type Defect Leak detected

2 um laser-drilled  Above liquid

Below liquid 1/5 1/5
5 um laser-drilled  Above liquid --
Below liquid -

10 um laser-drilled Above liquid --

Below liquid --
Gross defect Stopper --
Negative control NA --

Presence of product can affect defect detection. pda.org
Defects type, size and location matters!
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N%
Headspace gas ingress as CCIT method
Blue dye test Laser-based headspace
* Ingress of methylene blue * Ingress of O, , N,and/or CO,
* Qualitative visual inspection * Analytical measurement
* Destructive method * Non-destructive method
* Permanent leaks * Permanent and temporary
* Useful for gross leak detection, CCI leaks
verification * Sensitive to all leak sizes

* Quantitatively described by
gas flow physics

Methylene blue: Diatomic gas molecule
C,6H15N;SCI

Similar to blue dye but much more sensitive, can be validated as an analytical
method, can be used in all stages of the product life cycle

CONNECTING

PEOPLE

SCIENGE
REGULATION®




hank you!

CONNECTING

PEOPLE
SCIENCE~
REGULATION®




