Process Validation for Lyophilized Drug Products:

Comparing a Program for Continued Process Verification in Different Lyophilized Products

INTRODUCTION

Maintaining process control in lyophilization is essential for ensuring product
quality and regulatory compliance. The FDA’s 2011 guidance on process
validation outlines a three-stage approach to ensuring a state of control
throughout the product lifecycle: Stage 1 (Process Design) establishes critical
parameters and proven acceptable ranges (PARs), Stage 2 (Process
Qualification) validates these conditions, and Stage 3 (Continued Process
Verification, CPV) ensures ongoing monitoring and control.

While Critical Quality Attributes (CQAs) can be effectively trended and
reported annually, monitoring Critical Process Parameters (CPPs)—such as
shelf temperature and chamber pressure—presents greater challenges,
particularly in multi-product facilities. Time, however, is typically excluded as
a monitored parameter since freeze-dryers operate with pre-programmed time
settings that are qualified with the unit itself, eliminating the need for ongoing
trending. Traditional statistical methods for process variability analysis,
though effective for single-product evaluations, become inefficient when
applied across multiple lyophilized products.

A standardized approach using variation from setpoint as a process control
metric offers a more efficient and scalable solution. By assessing deviations
relative to predefined targets or PARs, manufacturers can streamline data
analysis, enhance process consistency, and simplify ongoing monitoring
without relying on product-specific statistical models. This study evaluates
the effectiveness of this methodology across multiple lyophilized products,
demonstrating its potential to improve CPV, optimize operational efficiency,
compliance in multi-product lyophilization

and ensure regulatory

environments.

VARIATION FROM SETPOINT AS A PROCESS CONTROL METRIC

Tracking deviations from setpoints in parameters like shelf temperature and
chamber pressure offers significant insights for process monitoring by
identifying trends that could impact product quality, allowing for proactive
corrective actions. This approach improves comparability and efficiency
across products and freeze-drying cycles by providing a consistent metric for
evaluating process performance. Since variation from setpoint is independent
of batch cycles and product types, it is adaptable and scalable, ensuring
effective continued process verification. In multi-product facilities with
varying lyophilization cycles, using this metric standardizes data analysis,
while control charts enhance process verification by visually assessing
stability and detecting deviations.

The data in Figures 1-5 was complied from two different products, Product A
and B each having different lyophilization cycles. Throughout the nine batches,
both cycles had additional refinements which modified their parameters and
product load. However, since this method tracks variation from setpoint and
not specific values it can be used for any cycle even as the parameters
change. In the graphs, the minimum, maximum, and average variation for each
batch are shown.

These graphs show that during freezing, primary drying, and secondary drying,
the cycles were within the allowable variation within the PAR from the shelf
temperature setpoint of £5C°.
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Figure 1: Freezing Step Minimum, Maximum, and Average Temperature Variation across multiple lots
and multiple products
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Figure 2: Primary Drying Step Minimum, Maximum, and Average Temperature Variation across
multiple lots and multiple products

6

C)

=

5]
@

[=]

Temperature Variation (°
A
®

'
[+3]

I R R N
v :*-g\\

> N S D TR T S T SRS NS
¥ ¥ YRS R Y AR

Rl & Y gy Y
Batches Product A and Product B

® Min ® Max i Mean Boundary

Figure 3: Secondary Drying Step Minimum, Maximum, and Average Temperature Variation across
multiple lots and multiple products

Figures 1-3 show how the variation from setpoint allows for ease of reviewing
data for the multiple batches at each individual step of the process. To further
compress the data to allow for ease of trending, the entire cycle can be
compiled using variation from the setpoint as seen in Figure 4.
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Figure 4: Minimum, Maximum, and Average Temperature Variation across the Lyophilization Cycle

For chamber pressure, the allowable variation range is greater than that of
temperature; in this case, the range of variation is = 20um. It is logical to chart
chamber pressure data separately to easily trend the data. Although chamber
pressure is recorded throughout the entire cycle, it is only during primary and
secondary drying that the chamber pressure becomes a critical process
parameter. This is because vacuum is typically pulled during these stages and
thus requires monitoring to ensure chamber pressure stays within the PAR.
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Figure 5: Minimum and Maximum Chamber Pressure Variation during Primary and Secondary Drying
compared to the Overall Average Variation

Using the chamber pressure control chart, it is simple to visually identify
pressure excursions that occurred as seenin Figure 5.
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DATA DATA (continued) CONCLUSION

Effective process control in lyophilization is essential for ensuring product
quality, regulatory compliance, and operational efficiency, particularly in multi-
product facilities. Traditional statistical methods, while effective for single-
product evaluations, become impractical when applied across multiple
lyophilized products with varying process parameters. By utilizing variation
from setpoint as a process control metric, manufacturers can establish a
standardized, scalable approach to using a control chart for the Ciritical
Process Parameters (CPPs) of shelf temperature and chamber pressure. This
method enhances process consistency, allows for proactive adjustments, and
simplifies continued process verification (CPV) without the need for product-
specific statistical models.

Integrating control charts further strengthens process monitoring by providing
a visual representation of process stability across multiple batches and
products. The case study findings confirm that this combined approach
effectively tracks deviations, ensures processes remain within acceptable PAR
boundaries, and facilitates informed decision-making. By adopting variation
from setpoint and control charts as key process monitoring tools,
manufacturers can improve efficiency, enhance product consistency, and
maintain robust control over lyophilization cycles, ultimately supporting long-
term process validation and regulatory compliance.
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