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I\/Ii'gtgre determination — a short history 2

e Thirty years ago the gravimetric or loss-on-drying method was the standard
moisture determination method for freeze-dried pharmaceutical product.

0 Karl-Fischer (KF) titration used more frequently as a new method starting in the early 90’s.

O Total moisture content measured by both methods was different — so people started with

correlation studies. 25
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Freeze-Dried
Viral Vaccines

® = Measles

A = Rubella

W = Hubella and Mumps

o = Mumps

A = Measles, Mumps and Rubelia
D = Measles and Rubella

[Ref.] Measurement of Final Container Residual Moisture in Freeze-Dried
Biological Products, Internatioal Symposium on Biological Product Freeze-Drying
and Formulation, Bethesda, USA, 1990; Developm. biol. Standard., Vol. 74, pp.
153-164 (Karger, Basel, 1991)
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| 3'@t§re determination — a short history 3

e Disadvantages of the standard moisture determination methods:

0 Risk of moisture contamination is high - methods dependent on operator skill
0 Methods are time & resource intensive

0 Methods are destructive meaning high value samples are lost

Very difficult (impossible) to analyze statistical sample sets of finished
product:

‘ O Insight into the drying process is limited

O Accuracy of moisture stability specifications also limited due to destructive

analysis and assumptions about identical stability samples

(PlggPTﬂE pda.org

SCIENGE~
REGULATION®




CONNECTING

PEOPLE

SCIENCE

REGULATION®

Headspace moisture analysis - Introduction
O Comparison to standard moisture methods
O Relation to water activity

Industry case study examples

O Formulation development

O Process optimization and scale up
O Manufacturing & QC
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a Frggge dried vial moisture determinations 5

Water activity (a ) is the
partial vapor pressure of
water at a fixed temperature

Where is the water?
Headspace measures free
water. Other methods do not
distinguish between different
forms of water.

Headspace moisture
(laser-based headspace analysis)

Total cake moisture

(Karl-Fischer titration) Partial cake moisture

(loss on drying, ...NIR)

CONNECTING

PEOPLE pda.org

SCIENGE~
REGULATION®




PDA
-~ Headspace Moisture — correlation with total moisture content

Sucrose KF vs Headspace Moisture
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~====\ater activity definition — thermodynamic property

® Water activity, or a, is the partial vapor pressure of water in a substance divided
by the standard state partial vapor pressure of water.

- Indicates how much ‘free’ water is available for chemical reaction

- A water activity of 0.80 means the vapor pressure is 80% of that of pure water
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Headspace moisture analysis = water activity determination 8

Connectin \g People, Science an d Regulation®
If_aser light nfwatcthes absorptllon | Amount of absorbed laser light is dependent
requency ot water vapor moiecuie. on partial water vapor pressure in
headspace.

Detector

Laser diode

Non-destructive (product not lost, sample can be re-measured)
Rapid (~1 sec)

®* Measurement of the water vapor pressure in a sealed container at a defined temperature is
a water activity determination.

®* Measurement concept can be applied to general containers containing dry material.

®* There will be a trend to replace some total moisture measurements with a water activity
determination — USP <922>.
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Headspace Platforms for Lyo Moisture Analysis

e
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The same moisture method can be scaled up from manual benchtop platforms, to
semi-automated platforms, to automated production scale inspection machines.
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le: Robust efficient lyo cycle optimization
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® Headspace water vapor correlates to product dryness

10

® 100% headspace moisture determination to characterize and optimize freeze drying

cycle

Headspace moisture as a function of tray
position Initial lyo cycle

Headspace moisture as a function of tray
position Optimized lyo cycle
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®* Model: 5% sucrose solution, 6R vials, 2.5 ml fill

® Full headspace moisture analysis of shelf:
O Water vapor range of 0.65 to 2.04 mbar
correlated to 0.8 to 1.4 % (KF)
O Headspace results clearly show an
inhomogeneous batch

® Edge effects front and side result in lower
values at front and side positions (acrylic door,
covered with stainless steel plate)
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Industry case study: Demonstrating freeze dryer equivalence

FDO4 5% sucrase

SHz
1 z 3 4 5 ] 7 ] 9 i0 11 12 13 14 15

Model: 5% sucrose solution

Full headspace moisture analysis of shelf:
O 0.18 to 3.79 mbar, i.e. 0.6% to 2.2% KF

O More inhomogeneous batch
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Cake appearance acceptable, minor
shrinkage in some vials

2,913

Edge effects front, back and side result in
lower values (stainless steel door)
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5% sucrose, lyophilized with non-optimized cycle on two different freeze-dryers

Freeze-dryer Nr 1 Freeze-dryer Nr 2

1 2 2 4 5 6 7 8 o 10 11 12 1z 14 15
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0.7830.8250.8181.0650.8080.868 1.09 0.930.9011.4460.8370.9520.8430.9290.898
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Industry case study: Demonstrating freeze dryer equivalence 1
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5% sucrose, 2.5% BSA, lyophilized with an optimized cycle on the two different freeze-dryers

Freeze-dryer Nr 1 Freeze-dryer Nr 2

FDO2 5% sucr 25 mg/ml BSA FDO4 5% sucrose 25 mg/ml BSA

3 4 5 6 7 8 9 10 11 12 13 14 15

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 i 2

Headspace moisture
analysis of statistical sample
sets enabled efficient cycle
optimization and clear
demonstration of freeze
dryer equivalence
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DA USP <922> Headspace moisture as a formal method 15

® The previous case studies demonstrated that headspace moisture
analysis gives very accurate and efficient insight into process and
product quality during process development and scale-up.

USP <922> describes headspace moisture (water activity) as a formal
moisture determination method that in many cases is more useful than
a total moisture content determination.
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.) W% is the optimal water content for a freeze dried formulation? 1

e  What do you mean by ‘water content’?

O adsorbed water?
chemically bound water?
free water?

hydration shells (e.g., of proteins)?

© O O O

water of crystallization?

Not just pragmatically, but fundamentally the moisture content paradigm being
used by the pharmaceutical industry (total water content) is not the correct one.
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Introduction to USP<922> Water Activity Chapter 17

USP<922> Water Activity implemented in Q1 2021.

“Total water content is an important quality attribute...However, water may be allocated in more than one
compartment within these materials. Some of it may be tightly bound and not available to participate in
chemical, biochemical, or physicochemical reactions (e.g., as hydrate salts), whereas some of the water may
be more loosely bound and more freely available to participate in reactions... It is important to establish what

fraction of the total water is contained in the latter category, and the determination of water activity (a,,)
provides this information.”

“The determination of a,, aids in decisions during ingredient and product processes design, ingredient
selection, packaging selection, and product storage. These include:

[ J

® Reducing the degradation of active ingredients within product formulations, especially those susceptible
to chemical hydrolysis

[ J

® Providing a complementary method to the Karl Fischer titration for monitoring changes in water content

® Controlling and monitoring physical, chemical, and microbial product stability

() ”
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Headspace moisture —

Total cake moisture —
(Karl-Fischer)

Formulation A Formulation B Formulation C

INCREASING WATER ACTIVITY

Total water content in the cake is equal in all product vials but the water
activity is very different (why? - ratio of bound to unbound water is different).
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@ ndgziré case study: Correlation of stability to Water Activity (USP <922>) 19

Assess correlation between headspace water vapor pressure (water activity) and degradation of a
hydrolytic small molecule APl (mannitol excipient)

Measure initial headspace moisture of several lyo sample groups
Since measurement is non-destructive, the same samples can be put on stability

¢ Degradation of the API measured on stability with HPLC

W 0.50% | 1.00% | 1.50% | 2.00% | 3.00%
X X X X X
X X

25°C
40°C
60°C X X X X
Targeted moisture content groups: 0.50 % 1.00 % 1.50 % 2.00 % 3.00%

Corresponding water vapor levels: 4 torr 6 torr 8 torr 10 torr 14 torr
I{ - pda.org




case study: Correlation of stability to Water Activity (USP <922>) 2
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Product degradation results

% Active component at 60°C versus Time
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case study: Correlation of stability to Water Activity (USP <922>) #

ppA "
<X ;
Ln (k) versus FMS water vapor pressure Y = 0-?;786)( -9.6590 -(Ln(m))
(At 60°C) R*=0.9906 K= [A0]
0.0 ‘ ‘ ‘ ‘ ‘ t
0lo 2.0 4.0 6.0 8.0 10.0 12.0/:&6 16.0
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/ ’
-4.0 M{
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Water vapor pressure (mBar)

® Correlation of product stability to water activity is exceptional
® Potential to replace KF with rapid non-destructive technique for lyo moisture determination
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The future of lyo moisture determination? 22
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Journal of Pharmaceutical Sciences

journal homepage: www.jpharmsci.org

Pharmaceutics, Drug Delivery and Pharmaceutical Technology

Noninvasive Moisture Detection in Lyophilized Drug Product
Using NIR Spectrometer and Headspace Moisture Analyzer

Yu-Elaine Pu”, Ying Li, Dong Xiang

Drug Product Development, Bristol-Myers Squibb, Summit, NJ, United States

ARTICLE INFO ABSTRACT

Article history: Utilization of laser headspace and near-infrared (NIR) methods provides rapid and non-destructive
Received 2 August 2022 approaches for moisture detection of lyophilized drug products to facilitate lyophilization formulation char-
Revised 8 November 2022 acterization and process development. In the present study, the NIR method was developed based on a par-
x;i;ﬁ:nmﬂ;iﬁ 2022 tial least square regression (PLSR) model calibrated and validated with Karl Fisher (KF) data, whereas the

laser headspace method was developed with aid of dynamic vapor sorption (DVS) method so that the water
vapor pressure measured from the headspace of a lyophilized drug product vial can be converted directly to

gﬁwr‘b' water content value through the water vapor sorption isotherm of the lyophilized drug product bypassing
Laser headspace KF calibration. The water contents of lyophilized samples obtained from both methods agreed well with KF
Moisture detection data, with a root mean squared error of prediction (RMSEP) of less than 0.15%. The pros and cons of NIR and
Lyophilization laser headspace method were evaluated. The results suggest that traditional off-line KF method can be
potentially replaced by at-line laser headspace method combined with water sorption isotherm data from
DVS. Further studies may be needed to evaluate the quantitation limit and generality of this method to a vari-
ety of lyophilized formulations.
© 2022 American Pharmacists Association. Published by Elsevier Inc. All rights reserved.
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Pu, Yu-Elaine, Ying Li, and Dong Xiang. "Noninvasive Moisture Detection in
Lyophilized Drug Product Using NIR Spectrometer and Headspace Moisture
Analyzer." Journal of Pharmaceutical

Sciences (2022). https://doi.org/10.1016/j.xphs.2022.11.009

DVS system used to generate a moisture
adsorption isotherm for a lyophilized
biopharmaceutical formulation.

Isotherm correlates water weight gain
(Wt % Water) and relative humidity
conditions (%ERH water activity)
measured in the headspace

After generation of a moisture isotherm, a
rapid non-destructive water activity
measurement gives both the water activity
and water content of a formulation.

KF titration not needed anymore.

CONNECTING

PEOPLE

SCIENGE~
REGULATION®

pda.org


https://doi.org/10.1016/j.xphs.2022.11.009

PDA

Parenteral Drug Association

Connecting People, Science and Regulation®

Book | © 2023

Principles and Practices of Lyophilization in
Product Development and Manufacturing

Home » Book
Editors: Feroz Jameel

In depth coverage of lyophilization processes with case studies
Presents engineering antibodies as therapeutic agents and new FDA requirements

Includes cyropreservation of biologicals and CFD modeling

Part of the book series: AAPS Advances in the Pharmaceutical Sciences Series (AAPS, volume 59)

Home > Principles and Practices of Lyophilization in Product Development and Manufacturing_ > Chapter

Laser-Based Headspace Moisture Analysis for Rapid
Nondestructive Moisture Determination of Lyophilized
Products

Derek Duncan & James R. Veale, Ken Victor & Adriaan H. de Goeij

Chapter | First Online: 25 April 2023

215 Accesses

Part of the AAPS Advances in the Pharmaceutical Sciences Series book series (AAPS,volume 59)

Abstract

Residual moisture content is a critical quality parameter for freeze-dried pharmaceutical
product and exists in different forms. Only the relatively “free” — in contrast to the more
“bound” — water is capable of inducing degradation events within the product. However,
traditional moisture analysis techniques employing gravimetric or Karl Fischer (KF) titration

methods cannot distinguish between the different water states. Furthermore, these methods
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technische universitat Biochemical and
dortmund Chemical Engineering

: y / Thermodynamic aspects in stabilisation of biopharmaceuticals
35 years of using and Y » in lyophilized formulations

studying freeze drying: 1~

what did we learn?

Gerhard Winter, LMU Minchen

SRR Torna LR psl® Benefits and interpretation of water activity

B, Christoph Brandenbusch, Gabriele Sadowski

R ——— —

; . bl | Various excipient (combinations) and
a, Is @ comparable value residual moistures

“ a,enables comparison of environments for the antibody

a,, of native antibody sbformulation

Degradation reactions dependent on a,, [!!

# 0.10<a,<0.25

reaction rate
A

Peptide oxidation|
= +Browning

0 02 04 06 08 1
a

[ How is a,, modeled? I

. o [1] Sandulachi, 2012 w
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- Summary 26
Connecting People, Science and Regulation®
e Current moisture determination methods for freeze-dried pharmaceutical product

(KF titration, LOD) give limited insight into process and product quality.

e Headspace moisture analysis (water activity) is an analytical tool useful for
formulation development, process optimization, freeze dryer qualification, and as
a formal water activity test method to determine product stability.

e USP <922> is recommending changing the moisture paradigm from total water
content to water activity.

Goal: A robust science-based understanding of process and product quality.
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for your attention!
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