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A condition in which the set of controls consistently provides assurance of continued process
performance and product quality.

Journal of
Pharmaceutical
Innovation 2015; 10(3):

State of control is a condition in which a set of controls consistently provides assurance of continued
process performance and product quality. A continuous process operating under a state of control
helps to ensure that product with the desired quality is being consistently manufactured. A state of

191-199 control could differ from "steady state" where all the parameters and material attributes associated
with the process do not vary with time. Criteria for the establishment of a state of control depend upon
the control strategy employed.

Journal of

To ensure that products with the desired quality are being consistently manufactured over time, a
continuous manufacturing process needs to operate under a state of control. In practice, a continuous
manufacturing process does not run at a steady state condition, but rather at the condition in which a
set of critical process parameters and quality attributes are kept within a specified range of target
values (state of control). Deviations from these target values triggered by disturbances do generally
occur during the normal operation but they can be detected and are often small enough to be negligible
or controllable, resulting in no or minimal impact on product quality. Larger changes in process
variables and quality attributes may happen when the continuous manufacturing process is in a
transient state, such as during start-up, shut down, changes from one operating condition to another,
and significant disturbances (e.g., equipment failure or sudden change in raw material attributes).
Understanding of the process sensitivity against disturbances can be a useful tool to elucidate the
remaining risk on product quality that should be addressed by the appropriate control strategy.

Pharmaceutical
Sciences 2017;106(11):
3199-3206
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State of Control in Continuous Pharmaceutical Manufacturing

1. Introduction

Continuous Manufacturing is a manufacturing method in which raw materials or blended materials
are entered continuously in the manufacturing process throughout the duration of the process, and
products are produced continuously through the manufacturing. To ensure that products with the
intended quality are produced throughout the total period of process operation, it is necessary to not
only control the unit operation comprising manufacturing processes (e.g. blending, granulation,
tableting) as is controlled in the batch production but determine the dynamic characteristics in between
each unit operation (e.g. between blending process and granulation process), and it is necessary to
establish the robust control strategies covering the whole manufacturing processes and demonstrate
and maintain “State of Control”.

“State of Control” is defined in ICH Q10. The following table also refers to “Steady State” which
is similar to “State of Control” to ensure the smoothness of following discussions and specifically
demonstrate “State of Control” in continuous manufacturing.

This document has been prepared regarding manufacturing solid oral preparations (e.g. tablets)
using chemically synthesized APIs (low-molecular-weight compounds), but this idea can also be
applicable for other cases. Note that this document summarizes basic concepts of “State of Control”
in 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.

2. Discussions based on definitions and explanations of terms in ICH Q10 guideline and
published articles

Table 1 shows definitions of “State of Control” proposed in published articles as excerpts from three

main articles.
Table 1 Definitions of “State of Control” in a guideline and published articles
Article title Excerpt

ICH Q10 guideline A condition in which the set of controls consistently provides assurance of continued process
performance and product quality.

Journal of State of control is a condition in which a set of controls consistently provides assurance of continued

Pharmaceutical process performance and product quality. A continuous process operating under a state of control

Innovation 2015; 10(3): | helps to ensure that product with the desired quality is being consistently manufactured. A state of

191-199 control could differ from "steady state" where all the parameters and material attributes associated
with the process do not vary with time. Criteria for the establishment of a state of control depend upon
the control strategy employed.

Journal of ) To ensure that products with the desired quality are being consistently manufactured over time, a

Pharmaceutical continuous manufacturing process needs to operate under a state of control. In practice, a continuous

Sciences 2017;106(11): | manufacturing process does not run at a steady state condition, but rather at the condition in which a
3199-3206 set of critical process parameters and quality attributes are kept within a specified range of target
values (state of control). Deviations from these target values triggered by disturbances do generally
occur during the normal operation but they can be detected and are often small enough to be negligible
or controllable, resulting in no or minimal impact on product quality. Larger changes in process
variables and quality attributes may happen when the continuous manufacturing process is in a
transient state, such as during start-up, shut down, changes from one operating condition to another,
and significant disturbances (e.g., equipment failure or sudden change in raw material attributes).
Understanding of the process sensitivity against disturbances can be a useful tool to elucidate the
remaining risk on product quality that should be addressed by the appropriate control strategy.

“State of control” means a condition in which a change remains within the control range under the

predetermined control even if the condition changes over time due to the fluctuation of external factors.



The control range refers to the range assuring the product quality (range satisfying the specification).
In general, the action limit is determined inside the control range for quality control.

On the other hand, “steady state” means a stable condition which does not change over time. Unlike
“State of control”, the condition does not necessarily return to a stable condition which is the same as
seen before the fluctuation of external factors and a new stable condition which does not change over
time may be achieved. Figure 1 is a conceptual diagram depicting “state of control” based on the above
explanations.

(1) Stable period

==y (2) Unstable period ==l (3) Re-stabilazation

£ = A

Flpctuationfof
external faqtors ‘

// N\ -ﬁ lv’/ \\\‘ ﬂ Y 4 NS
/ N\ /

/ \ / \
\ /

N ; b \\ // N

N
Figure 1: Conceptual diagram depicting State of Control

(Note: The red belt indicates the control range and the red arrow indicates designed control.)

3. Arelationship between State of Control and Steady State

Zone [5]
a) (b) ()

Control ‘ ‘
range B
Zone[2) Zone [3] Zone [4] Zone [6] Zone [7] Zone [8]
Zone [1]
*  Time
we | | @2 | B | 14 [5] 6] | 2 | 8 | @
Startup Startup Steady state Condition (a)Deviation from the Condition Steady state Condition Shutdown
(Condition (Condition within the control range which is with within the (Deviation
o where where control (b)Condition where steady unsteady different control from the
Description | control range | control range state is achieved but which after values from range control
of is not yet range is despite the is still out of control range recovery Zone 3 despite range)
condition achieved) achieved fluctuation | (c)Condition shifts to the of the commen-
but is of external unsteady and is still out of control cement of
unsteady) factors control range range shutdown
(a) (b) () procedure
Steady
tead N N Y N N|Y|[N| N Y N N
State of
e N Y Y Y N | N|N| Y Y Y N
Diversion
of products Y Y/N N Y/N Y Y Y Y/N N Y/N Y

Figure 2: Conceptual diagram depicting relationship between “Steady State” and “State of
Control”

(Y: Yes, N: No, Y/N: Yes or No)

A) Zone [1]: Startup (Condition where control range is not yet achieved)

9



B)

C)

D)

E)

F)

G)

H)

Products in this condition, which is neither “steady state” nor “state of control”, should be
diverted from the line.
Zone [2]: Startup (Condition where control range is achieved but which is not yet steady
state)
The condition which is unsteady is still assessed as “state of control” when subsequent changes
are foreseeable and the condition is maintained within the control range. Meanwhile, the
judgment on whether the products are treated as conforming products at the same time the
condition reaches the control range or after confirming the condition is maintained within the
control range for a certain period is considered to be made different between companies or
products. Since a part of products may be diverted from the line in Zone [2], "Y/N" is used in the
diagram.
Zone [3]: Steady state
Desirable manufacturing condition where “Steady State” and “State of Control” are achieved.
Zone [4]: Condition still within the control range despite fluctuation of external factors
The condition which is unsteady but is still within the control range under control to return to
steady state before getting beyond the control range is assessed as “State of Control”. Since
products are diverted from the line immediately before the condition goes beyond the control
range, "Y/N" is used to describe diversion of products as is used for Zone [2]. Whether the
products should be treated as conforming or non-conforming depends on the result of deviation
handling and the associated investigation.

Zone [5]: Condition deviating from the control range

(@) Products need to be diverted from the line under the unsteady state and deviation from the
control range.

(b) Inthe condition where steady state is achieved but which is still out of control range, products
need to be diverted under the deviation from control range. The “Steady State” and “State of
Control” become the opposite case to Zone 2, Zone 4, Zone 6 and Zone 8, however, there
might be rare cases that occur in reality.

(c) To recover to the control range, the condition shifts to the unsteady and has not yet reached
the control range, so products need to be diverted from the line.

Diversion of products outside of the control range should initiate an investigation.

Zone [6]: Unsteady state after recovery to the control range

The condition which is unsteady but is intentionally under control to return to the median is

assessed as “State of Control”. Since products may be diverted from the line as in Zone [2] or [4],

"Y/N" is used in the diagram because there is a possibility of diversion of products.

Zone [7]: Steady state whose values are different from Zone [3]

The condition where “Steady State” is maintained at the level near the upper limit of the control

range while conformity to the control range, i.e. fulfillment of quality specification, is

intentionally maintained is assessed as “State of Control”. In the actual manufacturing site,
however, manufacturing would be controlled mostly to maintain the value near the median of the
control range.

Zone [8]: Condition still within the control range despite the commencement of shutdown
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procedures
As in Zone [2], since subsequent changes are foreseeable despite the commencement of shutdown
procedures, the condition is assessed as “State of Control”. The condition of diversion of products
is similar to the condition at startup in Zone [2].

1)  Zone [9]: Shutdown (Deviation from the control range)
Products in this condition, which is neither “steady state” nor “state of control”, should be

diverted from the line.

4. Conclusion

We summarized the relationship between “State of Control” and “Steady State” as depicted in the
conceptual diagrams (Figures 1 and 2). In continuous manufacturing, it is necessary to operate not
under “steady state” but under “state of control” that enables permanently guaranteeing the operability
of manufacturing processes and the intended product quality. For this reason, strategies for
determination and control of critical quality attributes (CQA) and critical process parameters (CPP),
which are critical to each drug, are considered to be the basis.

To help understand the concept of “State of Control” in continuous manufacturing and easily explain

the relationship with “Steady State”, the following Q&A was prepared.

Q1 “Which” and “How” should be evaluated as the assessment criteria on whether or not “State of
Control” is achieved and guaranteed in continuous manufacturing?

Al To the question, “Which,” the consistency can be evaluated from two viewpoints, “operability of
manufacturing processes” and “product quality”, which are mentioned in the definition in ICH Q10
guideline.

As for the question, “How,” it is difficult to show unified specific assessment criteria since “How”
should be assessed as appropriate for individual cases and differs depending on the control strategies
established by the manufacturer. If feedback/feedforward control or PAT-based high-level control
strategies are established as part of the quality risk management, for example, a flexible control range
may be designated for series of process parameters and targeted/set process control values under real-
time monitoring. On the contrary, if control strategies are established at a conventional level
(manufacturing based on the pre-determined process parameter), “State of Control” needs to be
explained by designating a stricter control range for series of process parameters and targeted/set

process control values and frequent quality analyses, etc.

Q2 Does demonstrating “Steady State” assure “State of Control” in continuous manufacturing?

A2 Even if steady state is maintained, since the operation may be implemented outside the control
range for quality assurance, maintaining “Steady State” does not necessarily guarantee “State of
Control”. Itis necessary to guarantee that the operation is maintained within the control range of preset
targeted values/set values by following the predefined control strategy. Although “Steady State” is not
a requirement for assuring “State of Control”, maintaining steady state where the operation is kept

under control more easily is considered to be a desirable condition.
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Q3 Isit possible to guarantee “State of Control” if variables subject to control are verified within the
control range in continuous manufacturing where “Steady State” is not achieved?

A3 It would be theoretically possible to guarantee “State of Control” if variables subject to control
are verified within the control range and robustness during the process of changes is demonstrated
despite the unsteady state. Nevertheless, it should be born in mind that unsteady state has multiple
technical problems including the difficulty in establishing an RTD model.

Q4 s it acceptable to treat the period of diversion as “State of Control”?

A4 Asseen in the glossary of ICH Q10, “State of Control” is a condition in which the set of controls
consistently provides assurance of continued process performance and product quality. Therefore, the
case in which products are diverted from the line during the period of deviation from the control range
is not deemed as “State of Control”. On the other hand, Cases of Zone 2, 4, 6, and 8 illustrated in Fig.2
show that diversion of products is done by industry’s decision even if they are within the control range.

So in these cases, the period of diversion can be treated as “State of Control”.
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