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Points to Consider Regarding Continuous Manufacturing

Introduction

Continuous Manufacturing is a manufacturing method in which raw materials or blended
materials enter the manufacturing process continuously, and products are discharged
continuously throughout the duration of the process. Continuous Manufacturing includes
various options: those with all stages of processing from charging raw materials to
discharging products are continuous, and those with only certain parts of the manufacturing
process are continuous.

Continuous Manufacturing can produce variable quantities of products with desired quality
at a required time by continuous process operation. Compared to the traditional Batch
Manufacturing, the manufacturing process can be more integrated, requiring smaller
number of individual unit operations. The facility space can be reduced because of
smaller size of manufacturing equipment.  The scale-up development from the
developmental phase to the commercial production phase may be omitted. As such, the
Continuous Manufacturing technique is greatly expected. While Continuous
Manufacturing can be a major innovative manufacturing technique of the pharmaceutical
industry in the future, official documents such as guidelines for Continuous Manufacturing
have not been issued. Therefore, the key points to consider for the introduction of
Continuous Manufacturing are summarized in this document.

Note that this document assumes drug products of chemically synthesized drug substances
and summarizes basic concepts of Continuous Manufacturing based on the latest scientific
knowledge; therefore, the contents presented in this document should be updated as needed
to reflect scientific advances in a step-by- step manner.
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Table: Comparison of Batch Manufacturing and Continuous Manufacturing

Batch Manufacturing

Continuous Manufacturing

Lot size

Depends on the capacity of the
equipment

Can be flexibly adjusted by changing
the run time and the throughput speed

Development method of
product

« Since the size of the equipment

often changes for scale-up from the

developmental phase to the
commercial production phase,
accumulated data are limited for
commercial production scale
depending on the amount of the
raw materials and equipment used
for development.

« Validation is required for each
batch size from development to
commercial phase.

« If the operational principle of the
equipment during development is the
same as that of the commercial
production scale, a design space of
the commercial production can be
established in a short period of time
with a small amount of drug
substance.

» By matching equipment at
developmental and commercial
productions, immediate commercial
phase is possible.

Product quality

Products are evaluated at the end of
each unit operation or as an entire
batch; therefore, if an impact on the
quality is observed, the entire batch
might be affected.

Continuous monitoring during
manufacturing makes it possible to
remove potentially non-confirming
intermediate products and others that are
out of specification in a minimum
fraction, avoiding any potential impact
on the entire batch.

Release test

* In the QbD approach, adoption of
the Real Time Release Testing
(RTRT) is possible.

+ In the traditional method, it is
typically conducted in the quality
control room after manufacturing.

There are many process controls by
process analytical technology (PAT),
which makes it easy to adopt RTRT.

Manufacturing
equipment

Multiple equipment required
depending on the batch size.

+ The batch size is increased by
extending the run time; therefore, the
same manufacturing equipment can
be used regardless of the batch size.

« Smaller equipment is possible and
less space is required
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I. Control Strategy for Continuous Manufacturing

A control strategy is defined in “Pharmaceutical Quality System” (Pharmaceutical and
Food Safety Bureau [PFSB]/Evaluation and Licensing Division [ELD] Notification No.
0219-1 and PFSB/Compliance and Narcotics Division [CND] Notification No. 0219-1
dated February 19, 2010) (ICH Q10) as follows: “A planned set of controls derived from
current product and process understanding, which assure process performance and product
quality. The controls can include parameters and attributes related to drug substance and
drug product materials and components, facility and equipment operating conditions, in-
process controls, finished product specifications, and the associated methods and frequency
of monitoring and control.” Details of control strategy are explained in Part II Annex of
“Pharmaceutical Development” (PFSB/ELD Notification No. 0628-1 dated June 28, 2010)
(ICH Q8 [R2]).

For establishing a control strategy for commercial production during the developmental
phase of pharmaceutical products, there is no difference between the Batch Manufacturing
and Continuous Manufacturing in terms of factors to ensure Critical Quality Attributes
(CQA) of the final products, such as quality attributes of the raw materials and intermediate
products, specifications of the products, process parameters, and in-process controls.
However, in Continuous Manufacturing, it is considered possible to apply new approaches
(technology and methodology) for ensuring the above-mentioned factors.

1. Beneficial control strategy for Continuous Manufacturing

Continuous Manufacturing requires more flexible handling, compared to the traditional
Batch Manufacturing, such as adjustment of process parameters as needed, since the
process is continuously in operation. Therefore, existing control strategies for Batch
Manufacturing by process parameters are also beneficial for Continuous Manufacturing.

A control strategy for the Batch Manufacturing which ensures the quality attributes of
intermediate products with process parameter by establishing a Proven Acceptable Range
(PAR) of the process parameters or a Design Space from combined process parameters,
not with in-process testing is applicable to the Continuous Manufacturing. Especially in
the case of Continuous Manufacturing which does not require scale-up of the
manufacturing equipment from the developmental phase to the commercial production
phase, it is easier than in the Batch Manufacturing to apply the control strategy with process
parameters that were established in the developmental phase consistently for the
commercial production.
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Using process analytical technology (PAT), it is also possible to employ a control strategy
that ensures the targeted quality attribute of the materials such as intermediate products by
constant monitoring.  This method, positioning the acceptable range of the online
monitoring as the main control, may be useful for realizing real-time release. Moreover,
this method will be helpful to ensure the consistency of the product quality attribute during
the process if the process can be maintained to the required conditions by feedback or
feedforward control of changes during process (Performance-based Approach) according
to the action limit established within the acceptable range. This method is well in
agreement with the concept of control method using Critical Material Attribute (CMA)
proposed by the Health and Labour Sciences Research Group for Sakura Bloom Tablets
P2 Mock®™®) and this type of control method might be more useful for Continuous
Manufacturing than for Batch Manufacturing.

When developing a control strategy for Continuous Manufacturing, it is important to
employ controls based on the effects on the quality of products (Fitness for Purpose),
utilizing the knowledge obtained during the developmental phase and the result of risk
assessment, as well as specific considerations for the control strategy for Continuous
Manufacturing presented below.

2. Specific considerations for control strategy for Continuous Manufacturing
2.1 Understanding of process dynamics

When formulating a comprehensive control strategy for Continuous Manufacturing,
aspects unique to Continuous Manufacturing should be considered. With Continuous
Manufacturing, raw materials and blended materials continuously enter the manufacturing
process and the products are discharged on a continuous basis; therefore, discharged
products not meeting the desired quality will be more than in Batch Manufacturing due to
potential changes during processing. In order to ensure that the products meet the desired
quality consistently through the over the operation time, we should not only control each
unit operation that comprises the manufacturing process but also understand the process
dynamics within or between unit operations.  Understanding of process dynamics
includes ensuring traceability such as residence time distribution of the input materials in
the process, and investigation of effects that expected changes have on the quality of
downstream products. In Continuous Manufacturing, it is necessary to establish a robust
control strategy that comprehensively covers the entire manufacturing process and to show
that it is a state of control. It is useful to monitor quality attributes of the processing
materials such as intermediates using a PAT tool during the process as one means of
ensuring state of control. Even when it is difficult to utilize a spectroscopic PAT tool, it
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will be possible to assure a state of control if the process dynamics have been grasped by
simulating the manufacturing process using a residence time distribution (RTD) model.

2.2 Handling of products obtained during process disturbance

Continuous Manufacturing is expected to maintain the state of control; however, the state
of control may collapse tentatively if a process disturbance occurs over the operation time.
Regarding handling of the product produced during such disturbance, while there may be
instances where only those manufactured during the disturbance are considered
unacceptable, in other instances all products manufactured in a series of processing
containing the abnormality should be considered unacceptable. The decision whether
part of the products are rejected or all products in the batch are rejected should be made
according to predefined criteria based on the level of effects on the product quality during
the process disturbance. When part of the products are rejected, the rejection may be
made at process of manufacture or at the end, depending on in which process in the
Continuous Manufacturing the disturbance occurred.

Online monitoring by PAT is beneficial for judging the need of rejection from the process.
If a certain portion of the product forms physical fractions, control on the basis of the
fraction is considered effective. However, in this case, it is necessary to ensure that all
fractions considered unacceptable are properly removed from the process.

3. Glossary

Quality by Design (QbD): A systematic approach to development that begins with
predefined objectives and emphasizes product and process understanding and
process control, based on sound science and quality risk management. (ICH Q8

[R2])

Real-time release testing (RTRT): The ability to evaluate and ensure the quality of in-
process and/or final product based on process data, which typically include a valid
combination of measured material attributes and process controls. (ICH Q8 [R2])

Critical Quality Attributes (CQA): 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. (ICH Q8 [R2])

Proven Acceptable Range (PAR): A characterised range of a process parameter for which
operation within this range, while keeping other parameters constant, will result in
producing a material meeting relevant quality criteria. (ICH Q8 [R2])
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Process Analytical Technology (PAT): A system for designing, analyzing, and controlling
manufacturing through timely measurements (i.e., during processing) of critical
quality and performance attributes of raw and in-process materials and processes
with the goal of ensuring final product quality. (ICH Q8 [R2])

Action Limit: An internal (in-house) value used to assess the consistency of the process at
less critical steps. (ICH Q6B)

Process Dynamics: Traceability traits such as residence time distribution of the input
materials, and effects of expected changes on the quality of the downstream products.

State of Control: A condition in which the set of controls consistently provides assurance
of continued process performance and product quality. (ICH Q10)

Performance-based Approach: Differing from the process control using fixed process
parameters, the control method that can achieve the desired product quality by
flexibly adjusting process parameters according to any changes that occur during
processing based on measuring and assessing quality of the final or intermediate
products in real time using PAT, etc..

Fitness for Purpose: Weighting of control depending on the influences on pharmaceutical
products.

(Note) Sakura Bloom Tablets P2 Mock: A mock intended to illustrate the contents to be
included in CTD 2.3.P.2 “Pharmaceutical Development” regarding drug products
developed using the Quality by Design (QbD) methodology presented in ICH Q8, Q9,
and Q10.
http://www.nihs.go.jp/drug/section3/QbD_P2_mock_SakuraBloomTab_J Feb2015.pdf
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I1. Batch Definition in Continuous Manufacturing

There is no difference in the definition of batch between the batch process and Continuous
Manufacturing. However, the concept of batch size will be different.

1. Definition of Batch (or Lot)

The definition of batch is found in “Good Manufacturing Practice Guide for Active
Pharmaceutical Ingredients” (PFSB Notification No. 1200 dated November 2, 2001) (ICH
Q7) as follows:

“A specific quantity of material produced in a process or series of processes so that it is
expected to be homogeneous within specified limits.  In the case of continuous production,
a batch may correspond to a defined fraction of the production. The batch size can be
defined either by a fixed quantity or by the amount produced in a fixed time interval.”

A batch will need to be manufactured under a state of control regardless of its size, with
homogeneity ensured; furthermore, traceability between the raw materials used and the
products will need to be ensured.

2. Concept of Batch Size

The batch size in Continuous Manufacturing can be specified as follows:
(1) The run time and the throughput speed
(2) The amount materials manufactured
(3) The charge amount of the raw materials

Any batch size should be within the validated range.

In Continuous Manufacturing, the batch size can be changed by specifying the run time at
a certain throughput speed or the total amount of manufacturing in the manufacturing order
for each production. The continuity and homogeneity of a batch can be ensured by
continuous monitoring with mathematical models and/or PAT, etc. Below is an example
of the concept of batch size.

The minimum batch size is the batch size for the smallest amount (or the shortest run time)
for which its quality can be ensured under the state of control.  Although there is no clear
definition of minimum batch size, the batch size used during the development of processing
conditions based on the manufacturing equipment and equipment performance, or the size
of the semi-continuous/batch process (e.g., drying after wet granulation, film-coating
process, etc.,) would be appropriate, considering losses of the raw materials at start-up and

16



shutdown. The maximum batch size can be determined based on the risk assessment on
quality at an extended run time and the result of the process validation.
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I11. Process Validation (PV) for Continuous Manufacturing

The basic concept of process validation for Continuous Manufacturing is not different from
that for Batch Manufacturing. For Continuous Manufacturing, it is important to validate
the following:
(1) Process performance and quality attributes during Continuous Manufacturing are
consistently controlled by the control strategy established in advance.
(2) Variations in quality between batches remain within an acceptable range.
Variations in quality over time within a batch also remain within it.

1. Batch size in Continuous Manufacturing
The batch size for a Continuous Manufacturing is established upon process validation by
the manufacturer based on the charged amount as in the Batch Manufacturing or the
operating time at a certain processing speed. In either case, the batch size needs to be
specified in the process validation protocol.

2. Manufacturing scale for the process validation

A Continuous Manufacturing should be maintained a state of control which is established
by control strategy. Time-series changes in quality are assumed to be unlikely to occur;
therefore, it is not always necessary to perform process validation on all batches at the
maximum batch size. However, at least one batch should be manufactured at the expected
maximum batch size to ensure the quality. If the process validation is performed on
multiple batches with different processing time, it is important to validate that the variation
in the processing time does not affect the quality.

3. The number of batches for process validation

Basically, a minimum of three batches are required for the process validation to ensure the
repeatability, as in the Batch Manufacturing. However, as previously mentioned, since
the batch size in Continuous Manufacturing can be adjusted by changing the processing
time even with the same manufacturing equipment, it is not considered necessary to
manufacture three batches at the maximum batch size as specified, if it is scientifically
proven that no time-series changes occur in the quality upon examination during the
developmental stage before the process validation.

Additionally, since it is assumed that the same equipment and conditions as in the
developmental stage are used in commercial production for Continuous Manufacturing, the
data acquired in the developmental phase will be directly applied to the commercial
production. When study drugs or industrialized research items for application (drug for
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New Drug Application) are manufactured using the same equipment and under the same
conditions for commercial production, it is possible to use these manufacturing batches as
those for process validation by specifying the above conditions in advance in the process
validation protocol. ~The same condition as in commercial production means that
qualification of the manufacturing equipment is maintained, and that manufacturing
conditions for these batches (e.g., that processing parameters are the same as those of the
commercial production) are the same as those of process validation.

4. Change of the maximum batch size after process validation

When the maximum batch size needs to be changed (e.g., by extension of the processing
time) after process validation is performed, at least one batch validation (prospective
validation or concurrent validation) is required.

5. Data from the developmental stage, process validation, and continuous process
verification

If continuous process verification is applied, validation with three batches for commercial
production is not necessarily required even for the conventional batch manufacturing
method (GMP Cases, GMP 13-53). Since it is assumed that the same equipment or
manufacturing conditions as in the developmental stage are used in Continuous
Manufacturing, the manufacturing results in the developmental stage will be directly used
as the data on the commercial production. Therefore, there may be some differences in
the number of batches for process validation or items for verification depend on the amount
of data accumulated during the developmental stage. In addition, it is anticipated that there
may be some differences in the number of the batches for process validation or items for
verification, as the plan for continuous process verification progresses.

For the manufacturing with the same equipment under the same manufacturing conditions
from the developmental stage to the commercial production, the process validation of the
three batches for the commercial production scale may not be necessary if process
validation has been performed in a systematic way during the developmental stage and
application of continuous process verification is specified in the process validation protocol.

6. Validation required in switching from the batch manufacturing to Continuous
Manufacturing
In general, this would be handled in the same manner as previously explained.

7. Glossary

19



Continuous Process Verification: An alternative approach to process validation in which
manufacturing process performance is continuously monitored and evaluated. (ICH Q8

[R2])
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IV. Stability Testing for Continuous Manufacturing

1. Size of the primary batch

In Continuous Manufacturing, unlike Batch Manufacturing, the batch size can be varied by
changing the operating time of the manufacturing process, etc. Therefore, unlike Batch
Manufacturing, in the case of Continuous Manufacturing, it is especially more important
to ensure that products are being manufactured at the same quality at any sampling time
point during the manufacturing process than production scale. For the same reason, it is
required to ensure that a state of control is maintained during operation, and that time-series
variation in the quality are not likely to occur. Upon meeting these conditions, it is
considered that batches of any batch size in Continuous Manufacturing are sufficiently
representative with regard to the manufacturing methods and processes applied to the
commercial production and variation in the batch size will not necessarily pose a major
risk to stability. In Continuous Manufacturing, a view that batches of any batch size can
be employed for the primary batch will be acceptable. In this case, similarly to the
traditional Batch Manufacturing, it is necessary to understand the potential risks arising
from the variation in the batch size by risk assessment, etc., and to explain that the primary
batch has the same characteristics as other batches manufactured at a commercial
production scale.

2. Number of primary batches

Even in Continuous Manufacturing, the basic idea for the number of primary batches
needed is the same as that in Batch Manufacturing; basically, at least three batches are
required according to “Stability Testing of New Drug Substances and Products”
(PFSB/ELD Notification No. 0603001 dated June 3, 2003) (ICH Q1A [R2]). Onthe other
hand, for Continuous Manufacturing, it is necessary to record information on the sampling
points intended for the primary batch, as the batch size of the primary batch itself may vary
unlike the case in Batch Manufacturing. If, in Continuous Manufacturing, the
manufacturing equipment used for the production of the primary batch is also used for the
commercial production, further stability testing on the commitment batches is considered
unnecessary, since the primary batch is considered equivalent to the commitment batches.

3. Glossary

Primary batch: A batch of a drug substance or drug product used in a formal stability study,
from which stability data are submitted in a registration application for the purpose of
establishing a re-test period or shelf life, respectively. A primary batch of a drug substance
should be at least a pilot scale batch. For a drug product, two of the three batches should
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be at least pilot scale batch, and the third batch can be smaller if it is representative with
regard to the critical manufacturing steps. However, a primary batch may be a production
batch. (ICH Q1A [R2])
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