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1. Warning letter FDA

In April of 2019, FDA issued the following warning letter after inspection, 
publicly available in ECA Academy*:

*Available for consult in https://www.gmp-compliance.org/gmp-news/recent-gmp-defects-in-process-
validation?utm_source=Newsletter&utm_medium=email&utm_campaign=ECA+GMP+Newsletter+KW21+2019+PEU
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More recently, in May 2022, the following warning letter* was issued:

Providing evidence of how you control
and maintain the state of control of your
processes is of the utmost importance!

1. Warning letter FDA

*Available for consult in https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/warning-
letters/colorful-products-corporation-624415-05102022

HOW?
1. Continuous Process Verification
2. Continued Process Verification

Statistical
Process
Control
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Annex 15 EU 
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2. Regulatory Framework
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2. Regulatory Framework

FDA’s January 2011 Process Validation Guideline

“ […] the collection and evaluation of data, from the process design stage through
commercial production, which establishes scientific evidence that a process is capable of
consistently delivering quality product.

Lifecycle

Statistics
• Sampling Plan

• Determination of sampling
size Statistics

• Data 
analysis

ҧ𝑥,sst, slt, 

[LCL,UcL]
Cp,Cpk

Pp,Ppk

Quality
requirements

[LSL,USL]
Cpk,Ppk

Risk Analysis
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2. Regulatory Framework

GMP, Annex 15 - Process Validation:

“Process validation should establish whether all quality attributes and process
parameters, which are considered important for ensuring the validated state and
acceptable product quality, can be consistently met by the process. The basis by
which process parameters and quality attributes were identified as being critical or non-
critical should be clearly documented, taking into account the results of any risk
assessment activities

CQA CPPLifecycle

“Ongoing process verification should be conducted under an approved protocol or equivalent
documents and a corresponding report should be prepared to document the results obtained.
Statistical tools should be used, where appropriate, to support any conclusions with regard to
the variability and capability of a given process and ensure a state of control.
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“It is all about understanding variation “
FDA’s January 2011 Process Validation Guideline

“ [..] A successful validation program depends upon information and knowledge from product and
process development. This knowledge and understanding is the basis for establishing an approach
to control that is appropriate for the manufacturing process. Manufacturers should:

1. detect the presence and degree of variation 
2. understand the sources of variation 
3. understand the impact of variation on the process and ultimately on product attributes 
4. control the variation in a manner commensurate with the risk it represents to the process and 

product

2. Regulatory Framework
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Product Lifecycle

Process Design

Stage 1

ICH Q8, Q11 

Process Qualification

Stage 2

Facilities, 
Utilities and 
Equipment

Qualification
Stage 2.1

Process
Qualification
Stage 2.2

Continued Process
Verification

Stage 3

ICH Q10

F
D

A

Pharmaceutical
Development

ICH Q8, Q11

Qualification (Annex 15)
Process Validation

(PV Guideline, Annex 15)

Traditional, Continuous
Process Verification (PAT) 

or Hybrid

Ongoing Process
Verification

Annex 15

ICH Q10

E
M

A

During Development Before Sales During Commercial Manufacturing

Quality Risk Management (ICH Q9) and Pharmaceutical Quality System (ICH Q10)

3. Lifecycle approach
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4. Continuous Process Verification – Validation approach

✓ “An alternative approach to process validation in which

manufacturing process is continuously monitored and evaluated”

(ICH Q8)

✓ Science and risk based real-time approach to demonstrate that

a process that operates within the predefined specified parameters

consistently produces material which meets all its critical quality

attributes and control strategy requirements.

✓ “(…)has been scientifically established during development that

the established control strategy provides a high degree of

assurance of product quality”. (EU GMP Annex 15)

Continuous Process
Verification

Product
lifecycle

Control
strategy

Risk
analysis
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4. Continuous Process Verification – Validation approach

✓ May be applied at various scales and stages of product lifecycle:

– Initial Commercial production;

– Revalidation – Hybrid approach;

– Support continual improvement;

✓ Monitor process performance and product quality on each batch;

✓ Collection of relevant data on quality attributes of incoming materials, 
in-process material and finished product.

✓ Process Analytical Technology (PAT) may be used, i.e, NIR 
spectroscopy: Designing, analyzing and controlling manufacturing 
during processing.
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✓ Examples of PAT:

✓NIR Spectroscopy

✓Raman 
spectroscopy

✓Mass 
Spectrometry 
(MS)

4. Continuous Process Verification – Validation approach

Taken from Kim, E.J.; Kim, J.H.; Kim, M.-S.; Jeong, S.H.; Choi, D.H. Process Analytical Technology Tools for Monitoring 
Pharmaceutical Unit Operations: A Control Strategy for Continuous Process Verification. Pharmaceutics 2021, 13, 919. 
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4. Continuous Process Verification – Validation approach

Taken from “Continuous Verification – Providing an Alternative Approach to Process Validation”. Pharmaceutical Engineering 
Vol. 31 No.1
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5. Continued Process Verification – Stage 3

Commercial Manufacturing

Stage 3.1 Stage 3.2

Heightened 
sampling to 
understand 
variability

Routine Monitoring 
Program

Stage 3

Continued (FDA)/ ongoing (EU) 
Process Verification

• Confirmation the process 
maintains is state of control

• Existing products> 3.2

1. Demonstrate that the manufacturing process 
remains in an ongoing state of control during 
commercial manufacture

2. “continued monitoring and sampling of process 
parameters and quality attributes at the level 
established during the process qualification stage 
until sufficient data are available to generate 
significant variability estimates” (FDA 2011)
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Monitor 
Process
State of
Control

Verify
Variability

Impact

Identify
potential
problems

Determine 
actions to
ensure the

process
remains

Controled

CPV / OPV

5. Continued Process Verification – Stage 3
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• QMS Document

• Expand knowledge of the process

• Selection Input and output 
parameters, attributes (CMAs, CPPS, 
etc.) to monitor

• Monitoring / Sampling Plan for each
parameter

• Collection of data

• Frequency collected/analyzed

• Methodology Evaluation of the 
parameters, as well as acceptance 
criteria

• Periodically reviewed at defined 
intervals

Knowledge Management

New Products: Objective:
• intra – inter batches variability.
• Confirm the relationship CQAs and CPP

Include review of the status of qualification 
of facilities, services, equipment: Important 
aspects to ensure the process remains 
controlled

Existing Products: Objective:

• Collect data→ correlations, cause-effect 

relationships, identify parameters that 
need to be better controlled to reduce 
output variability

5. Continued Process Verification – Stage 3
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Data to be 
monitored? CMACPP CIPC CQA Events

•Deviations
•Complaints
•Stability studies
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Process Capability Sixpack of 851570 - Assay Methylergometrine HPLC

Project: 851570_Minitab.MPJ; Worksheet: Worksheet 1; 08/11/2011

I Chart

Moving Range Chart

Last 13  Observations

Capability Histogram

Normal Prob Plot
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&
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5. Continued Process Verification – Stage 3
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6. Continuous vs. Continued (ongoing) verification

• Alternative approach to process 
validation: Process continuously 
monitored and evaluated;

• Based on control strategy that gives 
high assurance of product quality

• PAT tools;

• Extensive process knowledge and 
understanding;

Continuous

• Documented evidence that the 
process remains in state of control 
during commercial 
manufacturing;

• Conducted under an approved 
protocol and a report must be 
prepared to document results;

• Statistical tools to assess 
variability and process performance;

Continued
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7. Statistical Process Control

• Statistical method to measure, monitor and control a process. It
is a scientific visual method to monitor, control and improve the
process by eliminating special cause variation in a process.

Optimizing continuous improvement by using statistical 
tools

Analyze data, infer about process behavior, make 
decisions

Basic assumption: All processes are subject to 
variation: how data is spread around central tendency
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I Chart of Common

Variation
Common 
causes

Special 
Causes

Inherent in a system, Random, Controllable, 
predictable, stable

➢ Inadequate procedure
➢ Environmental conditions: light, Humidity, T
➢ Raw material quality
➢ Variable or poorly defined adjustable 

parameters.

External to the system, Non-random, Non-
controllable, Non-predictable, Unstable

➢ Adjustment problems 
➢ Human failures
➢ Machine breakdown
➢ Systems failure
➢ Defective batch of raw material.

7. Statistical Process Control - Variation
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➢Rule nr 1: 
- Any point out of UCL/LCL –

Out of statistical control

Other Rules:
- Some non-randomness in the 
behavior of the data

Risk of false alarms

7. Statistical Process Control - Variation
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• Short term data is more likely to reflect only common cause variation in a 
process

• Long term data are more influenced by special causes

7. Statistical Process Control - Variation
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Short term sst - Cpk

• Represents Process
capability

• Capture variation due to
common causes –
statistical control

• Measures the variation
within a batch or
between successive
batches (e.g same
campaign)

Long term sLt - Ppk

• Represents total process
variation

• Captures variation due
to common and special
causes

• Measures total variation
over time

7. Statistical Process Control – Variation and capability
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USL

LSL

Target

LCL UCL

6 "sigma" (s.d.)

LSL USL

"Voice of the process"

Limits,
VOC

In general, a process with the 
specification limits within the control 

limits is not Capable.

7. Statistical Process Control - Capability
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Limit Not capable Capable

7. Statistical Process Control - Capability
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𝑪𝒑𝒌 =
𝐦𝐢𝐧( 𝝁 − 𝑳𝑺𝑳 , 𝑼𝑺𝑳 − 𝝁 )

𝟑𝝈𝑺𝑻

• PPK ,CPK<1 → Not Capable

• PPK , CPK=1 → Limit

• PPK , CPK>1 → Capable

𝑷𝒑𝒌 =
𝐦𝐢𝐧( 𝝁 − 𝑳𝑺𝑳 , 𝑼𝑺𝑳 − 𝝁 )

𝟑𝝈𝑳𝑻

• Centered process CP= CPK and PP=PPK

• Stable process, CPK= PPK

• Stable and centered, CP= CPK = PP=PPK

7. Statistical Process Control – Capability and Performance

𝑪𝒑 =
𝐔𝐒𝐋 − 𝑳𝐒𝐋

𝟔𝝈𝑺𝑻

𝑷𝒑 =
𝐔𝐒𝐋 − 𝑳𝐒𝐋

𝟔𝝈𝑳𝑻
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• Recognize the factors that affect the process

• Understand if they randomly affect

Interpretation of graphs and signals must recognize the
effect of non-randomness, which is inherent in
pharmaceutical processes.

7. Statistical Process Control
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7. Statistical Process Control

✓ Although control limits are within
specification limit, several OOT and
other WER found (special causes) –
Process out of control

✓ Control limits within specification –
Capable process

✓ No special causes of Variation
identified – Controlled process
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8. What about efficiency?

✓By implementing continuous
and/or continued process
verification, a better process
control is obtained

✓Applying statistical tools to
evaluate data generated allows
an increased knowledge of the
processes
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9. Main conclusions – Lifecycle approach

1. Compliance with FDA and EMA Guidelines, as well as ICH Q8, Q9 and

Q10

2. Understand the impact that any process or material change can have

on the product;

3. Process continuously monitored leads to increased assurance of

product quality;

4. Assurance that a validated process remains in validated state during

routine manufacturing phase;



www.telstar.com

9. Main conclusions - SPC

6. Improve quality: Match process capability and

performance to product requirement

7. Acquire data to support decision making

8. Improved process control and process understanding

– understanding process behavior and variability;
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9. PAT tools: Real time release;

10.The number of rejected batches are reduced, because early discovery of

a problem allows corrective actions while the batch is still in process.

11.Reducing production cycle times by using on-, in-, and/or at-line

measurements and controls

12.Increasing automation to improve operator safety and reduce human errors

– Increase productivity and efficiency.

9. Main conclusions – Continuous PV and PAT tools
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10. The ideal approach

Product Lifecycle

Process Design / 
Development

Stage 1

Process Qualification

Stage 2

Continued Process
Verification

Stage 3

Continuous Process Verification

Statistical Process Control
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Questions?

Thank you for your attention!
aalves@telstar.com
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