
Setting specifications: From QbD
to continuous verifications

Dr. Néstor O. Pérez
Head of R&D. Probiomed, SA de CV.



Introduction

• Production of recombinant proteins and monoclonal
antibodies has increased the quality of life and
wellbeing of people with chronic diseases, illnesses
that require high doses of drug medicine for a long
time.

• Advances in the upstream process, such as high titers
of monoclonal antibodies reached during the culture of
CHO cells at high cell density have become a great
challenge for the downstream process, because of the
necessity of removal of antibody´s dimers and
aggregates as well as host cell proteins.



Process development

• The process must reach:

– Scalability
• To attend a growing market.

– Robustness
• To support variations in the conditions

– Validation
• To assure reproducibility



Quality by Design

• Quality can not be measure in the final 
product, must be constructed by 
design.

• The design space is a region of the 
process conditions were you can work 
to assure quality. 



¿What does it means?

• We must construct the design 
space. 

Control Space

Design space
To stay in the design space 
assure the quality of the product.



¿What we must do?
• Define the process critical parameters (the ones 

that affect the quality of the product)

• To characterized the and understand the process. 
- What´s happening and why.

• To use the DoE approach.



General Strategy
• Define QTPP
• Design a process
• Define CPP
• Characterized the 

process
• Optimize the 

process
• Define design 

Space
• Implement the 

process
• Continuous 

verification

Development

Validation

Manufacture



Process Robustness
• The requirements to commercialize safe biotechnological products

demand the establishment of a space of conditions in which the
performance is consistent, in other words, a robust process.

• A robust process delivers a product with the required quality with
controlled variability due to the process capability.

• Design of experiments methodology may be used for quality
improvement, managing environmental and input variations in
order to make the process more robust. In general, a design of
experiments is composed by input and output variables.
– The input variables are the ones related to the process and can be

controlled during experimentation, the levels of those variables are
assigned.

– The output variables are determined by means of analytics and are
related to the quality of the product and the process performance.



Setting specifications

• The scientific rationale for setting
specifications, both process and product has
evolved in recent times.

• The aim of this talk is to share a case study in
the implementation of the design space for
process conditions that support three
important CQA’s, related to process and
product related contaminants.



Applying Science

Implementation
- Manufacturing Instructions
Process map
Control Strategy
Specifications
Technology Transfer

Commercial 
manufacture

- Production
- Continuous monitoring

Annual Product Review

- Process Capacity
- Risk analysis

Continuous 
verification/i
mprovement 

Design and Development
- CQA´s
- Target Product Profile

- Process design
- Process parameters
- Risk analysis



Experimental design

• We optimized and obtain the design space for 
a multimodal chromatography.  

• For optimization a face–centered cubic model 
with three input variables (pH, conductivity 
and load) and three output variables (HCPs, 
protein A and yield).



Experimental Design



Results

Surface plot for HCP’s. Load levels -1, 0 and 1. 
pH and conductivity at level +1 give a product 
with the minor content of HCP’s.

Surface plot for MspA. Load levels -1, 0 and 1. 
pH at level 0 allows a better MspA removal. 



Robustness

• Based on the results from optimization step, 
the load was fixed to +1 level at a fix linear 
flow rate. 

• A full factorial DoE 32 was run with pH and 
conductivity levels -1, 0 and +1, where central 
points correspond to pH level +1 and 
conductivity level 0 used for the optimization 
step.



32 DoE Design

pH

Conductivity (C)

-1, -1 -1, +1

+1, -1 +1, +1

0, 00, -1 0, +1

+1, 0

-1, 0

Triplicate



Results
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Contour plot for D/A. Best removal is obtained 
at pH level of +1.

Surface plot for MspA. In the window of pH 
from -1 to 0 and conductivity of 0, MspA is 
practically removed.



Design Space

• All the factors, pH, conductivity and load affect 
the chromatography performance, but is possible 
to work at load level +1 reaching the specification 
parameters that are desired using multimodal 
chromatography as a polishing step.  

• A robust window was found according to 
demanded quality referred to D/A, MspA and 
HCP’s contents in the intervals of 
– pH from -1 to 0,
– conductivity of 0 to +1.
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Implementation of Process Controls 
and continuous verification of process 

parameters

pH



Continuous verification of Process 
parameters
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CpK of performance parameters



CpK of performance parameters

The fulfilling of Process Parameters assure the fulfilling of purity attributes



Applying Science

Implementation
- Manufacturing Instructions
Process map
Control Strategy
Specifications
Technology Transfer

Commercial 
manufacture

- Production
- Continuous monitoring

Annual Product Review

- Process Capacity
- Risk analysis

Continuous 
verification/i
mprovement 

Design and Development
- CQA´s
- Target Product Profile

- Process design
- Process parameters
- Risk analysis



Conclusions

• Continuous process verification is a scientific and
risk based real time approach to verify and
demonstrate that a process that operates within
the predefined specified parameters consistently
produces material which meets all its critical
quality attributes (CQAs) and control strategy
requirements.

• We propose that QbD and design of experiments
are a valid scientific approach to enable
continuous process verification.
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