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Quality by Design in Lyophilization

3

Can we avoid that by means of that?
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Quality by Design in Lyophilization

The sequence of QbD:

Quality Target Product Critical Process Risk Assesment Design Space

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7

Quality Target Product 
Profile (QTPP)

Critical Process 
Parameters (CPP) 
(Inputs)

Risk Assesment 
linking CPP & CQA
(RA)

Design Space 
(DS)

4

Critical Material 
Attributes (CMA)

Critical Quality 
Attributes (CQA) 
(Outputs)

Design of 
Experiments 
(DoE)
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Quality by Design in Lyophilization
The sequence of QbD ‐ Control 
strategy:

Criti al Pro ess

Revision

D i S

Step 3 Step 7

Critical Quality Attributes Design of

Critical Process 
Parameters (CPP) 
(Inputs)

Revision

Design Space 
(DS)

Step 4 Step 6

5

Critical Quality Attributes 
(CQA) (Outputs) & other 
Outputs measured (PAT)

Design of 
Experiments 
(DoE)

Revision
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• The TPP is a summary of drug labeling concepts. The QTTP is its natural
extension for product quality.

• Each element of the QTPP is related with one of the CQA for the product.

• The CQA selected for the product (an antiviral) are related to the freeze

Quality Target Product Profile (QTPP)

• The CQA selected for the product (an antiviral) are related to the freeze
drying process:

QTPP Element Target (CQA)

Appearance Right

Residual Moisture Content (RMC) < 6 %

Reconstitution Time < 2 min

6

Critical Quality Attributes: A physical, chemical, biological or
microbiological property or characteristic that should be within an
appropriate limit, range, or distribution to ensure the desired product
quality.
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Critical Material Attributes (CMA)

A key parameter or attribute may eventually be designated as “critical” depending 
on severity and probability of failure and its ability to be detected. Nosal R and T. 
Schultz, PQLI Definition of Criticality. J. Pharm. Innov. 3:pp 69‐78, 2008

Key Attribute Analytical Source Rank

(1) Temperature of Total Solidification (Tts) DSC/FDM < ‐26 ⁰C

(2) Glass Transition Temperature (Tg’) DSC [‐72:‐32] ⁰C

(3) Collapse Temperature (Tco) FDM [‐58:‐56] ⁰C

(4) Melting Temperature (Tm) DSC/FDM [‐20:‐13] ⁰C

(5) H i h f h S l i (i id h i l) M 10

7

(5) Height of the Solution (inside the vial) Measure 10 mm

(6) Solid Material Content Defined (TPP) 10.5 %

(7) Max. Exposure Temp. Allowed (Tmax) Stability Studies <35⁰C

(8) Volume (to ensure the API dose) Defined (TPP) 2.8  0.1 ml
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Critical Process Parameters (CPP)

Critical Process Parameter Related Variable Process Step

Set Point Shelf Temperature T

FREEZINGFreezing Rate Fr

Freezing Time Ft

Set Point Shelf Temperature T

PRIMARY 

DRYING

Heating Rate HRa

Chamber Pressure P

Primary Drying Time PDt

S P i Sh lf T T

8

Set Point Shelf Temperature T

SECONDARY 

DRYING

Heating Rate HRa

Chamber Pressure P

Secondary Drying Time SDt
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The Risk Assessment (RA)
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The Risk Assessment (RA)

Freezing Secondary Drying

Be careful with the Heating Rate

In very amorfous products Pressure Control can 
h d ll

Check the results stoppering under 
vacuum or with inert gas

Check the possibility of 
Secondary Collapse

Product Temperature has to 
reach a value below the Tts

CQAs are 
the goal

prevent the secondary collapse

Check the possibility of stopper 
diffusion  in containers with less than 
100 mg of dry cake

The Freezing Rate can improve the 
particle size avoiding collapse or 

shortening the process time 

The Freezing Time should ensure the 
total solidification in all containers

The Heating Rate has to take into account the situation at

The Shelf Temperature during sublimation shouldn’t provide 
more energy than necessary for the state change 

The Chamber Pressure has to be below the corresponding value of 
saturated vapour pressure at Collapse Temperature  

The Shelf Temperature can’t rise above the 
Maximum Temperature allowed 

The variable that controls the sublimation rate is 
temperature. Each product has its own critical temperature

Cost is a time limiting factor

The SD Time has to reach the End 
Point of the SD

10

Primary Drying

The PD Time has to reach the End Point of the PD

The Heating Rate has to take into account the situation at 
the beginning of this step (the energy necessary to reach 

the front of sublimation) 

temperature. Each product has its own critical temperature 
equivalent to the maximum allowable chamber pressure. 
That means we can increase the Shelf Temperaturewhile 
decreasing the Chamber Pressure 

The efficiency of energy transfer and the chamber 
geometry affect the sublimation rate
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The Case Study (QTPP) 

• Appearance: Right. Structural collapse leads to a variety of changes in
cake properties of both esthetical and stability concerns. That means the
changes in cake morphology and inner structure were clearly influenced
by the different drying conditions and may impact degradation reactions
and storage stability of the product.

• Residual Moisture Content (RMC): The
specification is under 6 % in most of the
Aciclovir formulations. Some dossiers
describe the specification as under 4 %.
The experience indicates that obtaining

l f 2 t 3 % t ti

11

a value from 2 up to 3 %, at time zero,
doesn’t produce stability problems at
the expiry date, currently 3 years.

• Reconstitution Time: < 2 min. It is also
possible to reach values less than 1 min.Collapsed Right
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The Case Study (CMA) 

^e xo

(1) Temperature of total solidificaction (Tts) < ‐26 °C

Integral 8031.45 mJ
  normalized 233.94 Jg^-1
Onset -22.99 °C
Peak -16.72 °C
Endset -27.53 °C

Curve: ]1[&Reig Jofre A DSC821 tancat

mW
200

12

°C-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20

ST AR e S W  9 .2 0IQ AC - C S IC :  IQ AC  
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The Case Study (CMA) 

(2) Glass Transition Temperature (Tg’) : [‐72:‐32] °C

]3[&Reig Jofre Producte 7 DSC821 tancat
Reig Jofre Producte 7 DSC821 tancat, 29,9320 mg

^exo

Integral -8558,07 mJ
  normalized -285,92 Jg^-1
Onset -3,37 °C
Peak 4,80 °C
Endset 13,43 °C

mW
100

Integral -15,76 mJ
  no rmal ized -0,53 Jg^-1
Onset -86,11 °C
Pea k -71,59 °C
End set -55,93 °C

Wg^-1
0,02

Integral -8157.62 mJ
  normalized -237.62 Jg^-1
Onset -4.94 °C
Peak 3.51 °C
Endset 12.66 °C

Curve: ]3[&Reig Jofre A DSC821 tancat

mW
50

Step -32.47e-03 Wg^-1
 -1.11 mW
Onset -43.16 °C
Inflect. Pt. -39.46 °C
E d t 36 89 °C

^e xo

13

°C-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20

°C-90 -85 -80 -75 -70 -65 -60 -55 -50 -45 -40

STARe SW 9.20Lab:  IQAC  

°C-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20

Step -73.35e-03 Wg^-1
 -2.52 mW
Onset -33.34 °C
Inflect. Pt. -32.00 °C
Endset -30.39 °C
Midpoint -31.75 °C

Endset -36.89 °C
Midpoint -40.15 °C

Wg -̂1
0.1

°C-90 -80 -70 -60 -50 -40 -30

ST AR e  S W  9 .2 0IQ AC -C S IC :  IQ AC  Three Glass Transition Observed
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The Case Study (CMA) 

(3) CollapseTemperature (Tco) : [‐58:‐56] °C

14

(7) Maximum Temperature (Tmax) Allowed by the product: The stability 
studies, regarding the impurities generated, marked the value of 35 ºC as 
maximum temperature the product can withstand.
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The Case Study (RA Conclusions) 

1. The attempts to avoid the collapse by means of annealing
turned out not useful.

The range of Tg’ & Tco is too low for the equipment capabilities. Little or
nothing can be done during the freezing step.

2. A certain time interval will be needed until the energy supplied
by the shelves reaches the sublimation front of the frozen
product.

Shelf Temperature
Without 
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Annealing

The Case Study (RA Conclusions) 

3.During the Primary Drying (PD) the sublimation front
temperature is controlled by the chamber pressure.

Considering this value as the Critical Temperature (CT), several strategies
can be carried out to establish the initial DoE.

Anyway, the sublimation rate is controlled by the shelf temperature. The
initial DoE will analyze the variations of two factors at a time: P & T;
taking five different CTs for the product, from the more aggressive criteria
(Cycle 1) to the more conservative (Cycle 5).

The time (t) only justifies the reach of the end point.

In order to arantee the process o tcomes the chamber press re ill

16

In order to guarantee the process outcomes, the chamber pressure will
be set at 50 % of the one corresponding to the CT.

4. The Secondary Drying doesn’t show any collapse problems.
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The Case Study (Initial DoE) 

Process Parameter Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

Five different CT’s for the product, from the more aggressive criteria (Cycle 1) to 
the more conservative (Cycle 5):

Critical Temperature (CT) [ °C ] ‐25 ‐30 ‐35 ‐40 ‐45

Corresponding Pressure ‐Pirani‐ [mbar] 9.7 x 10‐1 5.8 x 10‐1 3.4 x 10‐1 2.0 x 10‐1 1.1 x 10‐1

Set Points in the equipment

Shelf Temperature [°C] ‐5 ‐10 ‐15 ‐20 ‐25

PD Time [hours] 18 22 26 30 34

17

Chamber Pressure (Pirani) [mbar] 4.8x10‐1 2.9x10‐1 1.7x10‐1 1.1x10‐1 4.5x10‐2

Total Process Time [hours] 34 38 42 46 50

The chamber pressure will be set at 50 % of the one corresponding to the CT.
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CQAs

1. Appearance: A ranking of four categories has been established as the 
following Five different CT’s for the product, from the more aggressive 
criteria (Cycle 1) to the more conservative (Cycle 5):
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2. RMC: Under 6 %. Optimal results between 2‐3 %.

3. Reconstitution time: less than 2 minutes. Optimal results less than 1 minute.
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Results
Cycle 1 (Unacceptable) – CT: ‐25°C

19 2010 Pharmaceutical Freeze Drying Workshop Sheraton San Diego Hotel 
PDA Workshop November 17‐18

Results
Cycle 5 (Right) – CT: ‐45°C

0.0119 mbar
0.0117 mbar0.0261 mbar

0.0448 mbar

Dew Point values
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Results (Quality Attributes Obtained)

Quality Attributes Obtained

Quality Attribute Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

Appearance (Aspect) Unaccept. Poor Accept. Right Right

RMC (Hr) [ % ] 7.16 5.13 3.08 1.92 1.82

R tit ti Ti [ ] N ti l 45 30 30
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Reconstitution Time [sec] No partial 45 30 30

The Design Space (DS)

Is our DoE the best for the purpose?

Second DoE
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Design Space

It will check the 
contribution of the  
CPP selected

Allows us adjust the 
limits for the CPP

A new DS will be created 
from the new DoE

First DoE Approach
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The Design Space (DS)

How are we going to build the DS?

• Confection of one unfolding matrix:

• Variables (columns): Available process parameters (18).

Parameter 1

Process 1

Parameter i

Process 1

Parameter V

Process 1

( ) p p ( )

• Objets (rows):  Grouping each process in vertical (different lenght for each 
process).
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Process j

Process K

Process j

Process K

Process j

Process K

The Design Space (DS)

DATA TREATMENT (How manage the scale and the noise)

We have obtained a matrix of 18 columns and 33,128 rows.

AUTOSCALING: It is necessary to give the same weight for all the data 
when comparing the different variables: 
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Where           is each one of the values for the variable A,         is the average 
of the values and          is the standard deviation for the values of the 
variable A. Thereby the average value will be 0, and the standard deviation 
will be 1. That means given weight to     .
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The Design Space (DS)

DATA TREATMENT (How manage the scale and the noise)

NOISE: the instrumental and electrical noise, produced by the equipment 
limitations, should still be reduced:,

Four different techniques, in order to reach this reduction, were assayed: 
Moving Average, Median Filter, Savitsky‐Golay and Gaussian Filter:
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Fitting by means of the Gaussian Filter returned the best 
results. The data window tested was one of either of  9, 15 
or 21 data points, with 21 being selected. 

The Design Space (DS)

DATA TREATMENT (Principal Component Analisys ‐PC‐)

The fitting determines an analysis 
of 7 principal components (PC), p p p ( ),
each one grouping the 18 variables, 
giving different weight for each 
variable, in different fitting 
functions. 

The first PC explains 53 % of the 
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fitting; the second one explains 
33 % and the third one explains 
9 %. With the three first PCs, we 
can explain 95 % of the fitting.

Graphic of Explained variance
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The Design Space (DS)

DATA TREATMENT (Principal Component Analisys ‐PC‐)

Contribution of the 
i bl d th ivariables and their 

correlation for the 
principal components: 
PC1, PC2 & PC3 (Two 
dimensions). 
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Loadings Graphic

The Design Space (DS)

DATA TREATMENT (Design Space in two dimensions ‐PC1 & PC2‐)

Representation in two 
di i f th fdimensions for the frame 
of the 33,128 data, using 
the assayed cycles, 
working with PC1 & PC2 
(86% explained).
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2D Graphic  of Scores
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The Design Space (DS)

DATA TREATMENT (Design Space in three dimensions ‐PC1, PC2 & PC3‐)

Representation in three 
dimensions for the frame 
of the 33,128 data, using 
the assayed cycles, 
working with PC1, PC2 & 
PC3 (95% explained).

The different stretches are

A

D

29 2010 Pharmaceutical Freeze Drying Workshop Sheraton San Diego Hotel 
PDA Workshop November 17‐18

3D Graphic  of Scores

The different stretches are 
marking the different 
process steps.

B
C

Conclusions

The first question

First The process can be explained by means of the used statistical tool.

Next steps

The Target

Second

A further step should be done using cycles whose corresponding 
parameters are between the third and fifth one tested. The second 
approach would be carried out with, at least, three cycles. Fewer 
variables should be selected, from the 18 variables, because just 12 
really help us to define the DS. More variables can be added from 
the use of other PAT techniques, such as NIR.
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Third

Now we are going to build a new DoE, whose results will be tackled 
with the matrix corresponding to the CQA in order to obtain an 
operator that will establish the correlation between CPP and CQA to 
reach the golden batch (process signature) for the product. 
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Thank you!

Reig Jofre Group

Contact

Any questions?

Reig Jofre Group
Laura Noguera & Enric Jo

Av Gran Capitan, 10
08970 Sant Joan Despi, Barcelona
Spain

Phone: +34934806708
Email: laura.noguera@reigjofre.com

enric.jo@reigjofre.com

www.reigjofre.com
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