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UNAINIFY

Establishing a complete set of target, alert and action

1
limits for microbial counts in purified water

Pramote Cholayudth

Biolab Co., Ltd. and King Mongkut’s University of Technology Thonburi (KMUTT),
6/756 Number One Complex, Bangkok-Ram 2 Road, Pravate, Bangkok, 10250 Thailand

E-mail: cpramote2000@yahoo.co

Introduction

Purified water (PW) is probably the
only raw material essentially produced for
internal use by pharmaceutical and other
healthcare companies. The microbiological
attribute in Purified Water is hard to control
when compared with control using online
conductivity meter and total organic carbon
analyzer. Although related guidelines
including WHO and US Pharmacopeia
describing microbial limits for Purified Water
are available, establishing in-house limits is
practically required to effectively control
the microbial contamination. This article is
issued in addition to the two previous JVT
articles — entitled: Establishing Alert Limits
for Microbial Counts in Purified Water
published in November 2006 [1] and
Application of Poisson Distribution in
Establishing Control Limits for Discrete
Quality Attributes published in May 2007 [2].

! Originally published in Journal of Validation
Technology (8 Mar 2013)
http://www.ivtnetwork.com/article/ peer-reviewed-
establishing-complete-set-target-alert-and-action-
limits-microbial-counts-puri

This article is intended to introduce the
same statistical method (as discussed in the
two articles) using two different groups of
validation data to compute the target, alert
and action limits. So reading and
understanding of the two previous articles is
strongly recommended.

According to the FDA Guide to
Inspections of High Purity Water Systems [3],

“Thus, in establishing the level of
contamination allowed in a high purity
water system used in the manufacture of a
non-sterile product requires an
understanding of the use of the product,
the formulation (preservative system) and
manufacturing  process. For  example,
antacids, which do not have an effective
preservative system, require an action limit
below the 100 CFU/mL maximum.”
Therefore establishing such action limits will
fulfill this FDA guide.

Specifications

Purified Water USP [4] has a

specification as follows:

NIFIRNANINITERaIMNTIH TN 1 QUU7] 2 1



Quality attributes

Specification limits

Conductivity

< 1.3 US/cm (25 °0)

Total Organic Carbon (TOC)

< 500 ppb

Microbial Count

<100 CFU/mL

Microbial limits at various stages in water purification system suggested by WHO [5] are as below:

Maximum limits (CFU/mL) suggested by WHO
Sampling points

Target Alert Action
Source (Raw) Water 200 300 500
Post Carbon Filter 50 300 500
Pre RO Unit 20 200 500
Pre Polishing Unit * 10 50 100
Purified Water 1 10 100
* May be EDI (Electrodeionization) Unit or Mixed Bed Column

Background

In a Thai government’s WHO-GMP
pharmaceutical plant project planned to
start up in the first quarter of 2013’s, the
author takes the responsibility of validation
project supervision. Purified Water system is
one of the critical supporting systems that
require validation. DQ, 1Q, OQ, and PQ are
performed on the system (RO/EDI with 36
points of use) as usual. According to WHO
TRS # 970 (Annex 2) requirements [6],
validation phase 1, 2, and 3 (PQ phase) will
need to be carried out over different
suggested periods of time i.e. 2 weeks each
for phase 1 and 2 and 12 months phase 3.
The actual time for each of the first two
validation phases (1 and 2) is 3 weeks,
which is determined to provide a sufficient

data of the microbial count.

2 TIPA Journal Vol. 1 No. 2

Establishing target, alert and action limits
using microbial count data from
validation Phase 1 and 2

The alert and action limits are
established following the procedures,
adopted from the second previous article
[2], as below:
« Collect microbial count data for each type
of water in the system over the 6-week time
(.e. amount of data = 6 weeks x at least 5%
days/week x 1 water sample/day = 30
observed microbial count data per point of
use; * 7 days in this project)
« Compute for the averaged count (C). This
average value will be determined as target
limit for each type of water data. Note that
an individual result that is recorded as < 1

for zero result is regarded as 1 when

computed for the average c



» Compute for the upper alert limit using

E+4\/€ principle. In case of action limit,
the data equal to and greater than the
computed value of upper alert limit are
computed for average value prior to
computing the upper action limit (lower
limit is not necessary in this case)

« Justify the established limits before use by
plotting the data in ¢ Chart and adjust the
limits such that the data are properly
distributed and fitted within the adjusted
alert or action limits (Note: ¢ Chart is a kind
of control charts dedicated to Poisson
distribution, where the mean and standard

deviation of the distribution are estimated

by the averaged count (C) and its square
root (\/g) respectively, and the control

chart limits in general are c+ 3\/3)

All the microbial data and relevant
calculated limit values are tabulated in
Figure 1. The average of each water data is
used for construction of Poisson distribution
as illustrated in Figures 2 and 3 where one
can imagine how the microbial count data
for each type of water distribute. Figure 4
illustrates summarization of target, alert and
action limits involved. Figures 5 - 10
illustrate how the computed alert and
action limits for water in the system are

justified.

Discussion

The preliminary (computed) alert and
action limits require to be established from
phase 1 data using the same method as
discussed above so that the resulting limits

can be used for controlling phase 2 data.

Then the accumulated data up to the last
day of phase 2 is recomputed for the target
(if required), alert and action limits for use in
phase 3. Figures 11 and 12 illustrate the
target, alert, and action limits established
from phase 1 data and, after justified, used
as control limits for phase 2 data.

One will see that the limits
constructed before (Figures 2 and 3) and
after (Figures 11 and 12) phase 2 are slightly
different except for feed water data limit.
This demonstrates that each of PW system
components relevant to microbial control is
robust in their function. However phase 1
and 2 is just a temporary period, the true
system robustness is to be demonstrated in
phase 3 over 12 months which takes into
account the worst quality of feed water due
to the annual seasonal changes.

Using the “average + 4 standard
deviation” |orinciple2 as upper limit is based
on the criteria proposed to compensate the
microbiological method error as discussed in
the first previous article [1]. No matter how
the limits (alert or action) are established
(either computation method or distribution
curve  method - described below),
justification of them is essentially required
through, for example, determining the
plotted data to see if they properly fit
within the limits. If not, adjust (i.e. shift) the
limit line a bit to higher or lower level
(summarized in Figure 4) until satisfactory

and, the most important, until acceptable

? As discussed in [1], the principle of “average + 4
standard deviation” is the special case for
microbiological data; it should not be applied to non-

microbiological data.

NIFIRNANINITERaIMNTIH TN 1 QUU7] 2 3



to Quality Assurance unit. The adjusted
limits illustrated in Figures 5 - 10 are
intended for demonstration example only,
adjustment  with  worst-case  condition
included may be made for a more
preventive purpose of the limits.

Justification of using the data equal to
and greater than the alert limit value for
computing the action limit is also required.
This particular group of data will spread
above the upper alert limit. Justification is
made through the assumption that there is
a second Poisson distribution above the
alert limit. Subsequently, with the rule of
Poisson distribution, the upper tail will
indicate the action limit location.

If one can construct a Poisson
distribution curve using MS Excel function as
follows:

Probability (on Y-axis) = POISSON
(AB,FALSE), where A=0, 1, 2, 3, ..... (on X-
axis), and B = averaged microbial count
value.

Then the limit (roughly) can also be
determined visually from the curve and
used as alert or action limit depending on
the full or selected data used (alert or
action limit respectively) and subsequently

follow justification procedure prior to use.

Conclusion

In establishing a microbial control limit,
one should realize and understand the type
of data and its distribution. Microbial count
is attribute data (discrete data) where its
distribution is  binomial and poisson.
Realization of the microbial data as attribute

rather than variable (normal distribution)

il TIPA Journal Vol. 1 No. 2

data will help us select the right tract for
calculation of the control limits where, in
the past, normal distribution of the data
was assumed. Calculation of the limits using

Poisson distribution parameters (mean = E

standard deviation = \/g) is so simple and
their use is discussed above in this article.
Microbial alert and action limits should be
established for control of Purified and even
other water systems. Target limit will reflect
the central tendency of the total data.
Combined use of these limits will provide
an effective and preventive control of the
entire system. However  a good
understanding of the water system

operation and control is also required. ®

Acronym listing

TOC: Total Organic Carbon

MS: Microsoft

RO: Reverse Osmosis

EDI: Electrodeionization

DQ: Design Qualification

IQ: Installation Qualification

0OQ: Operational Qualification
PQ: Performance Qualification
GMP: Good Manufacturing Practice
WHO: World Health Organization
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val Microbial Count Data (CFU/mL) _
Phasés Day # Feed ACF Soft RO EDI Purified Water/POU #
Water | Water | Water | Water | Water 1 2...35 36
— 1 <1 <1 32 13 <1 <1 <1..<1 <1
10 2 <1 <1 35 3 <1 <1 [<t.<1| <1
= g 3 6 <1 73 21 <1 <1 <l..<1 <1
s=» | 4..20 [1..10]12...66|8...26|4...1 |<1..8 |<1l..<l]| ... <l..<1
> 21 69 28 2 <1 <1 <1 [201..<I <1
o~ 22 75 16 7 <1 1 <1 <1..<1 <1
3% 23 80 <1 19 <1 <1 <1 | <t.<1| <1
= g 24 64 4 11 2 4 <1 <1l..<1 <1
S [ 25..41 |44..<1] 3.2 |<l.. . 14|<l..<I|<l..4]|<l. <] ... <1l..<1
> 42 <1 9 <1 <1 4 4t <1..<l <1
- 24.2 174 11.0 5.1 3.0 1.2
Average (C) 1 1 1 1 1 1
Target Limit
(Rounded) 24 17 11 5
- = 43.9 34.1 24.3 14.2 9.9 5.5
UL (¢ +4\/E ) 7 1 1 1 1 i
Computed Alert
Limits (Rounded) i & & & -
Average? (C) 95.3 57.9 39.2 31.0 20.5 15.6
- = 134.3 88.3 64.2 53.3 38.6 314
UL (c+44C) y 1 y y y y
Computed Action
Limits (Rounded) | 34 | 88 o4 53 39 8
Note: Zero result is denoted as <1 and transformed to 1 when computed for average value.
POU: point of use (36 points), ACF: activated carbon filter, RO: reverse osmosis, EDI: electrodeionization
Tt is hard to know these individual microbiological data are outlier or not. If really occurred, such very
few percentage of the occurrence (1 in 1,512 in this project; 42 days x 36 data/day = 1,512 data) will have
very little change on the average value and subsequently the alert or action limits. Furthermore whether or
not an outlier is present, prior-to-use justification of the limits is required at the end.
2 Obtained from data equal to and greater than those computed alert limits.

Figure 1. Microbial count data (short)
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Poisson Distribution for Microbial Count in Water: Validation Phase 1&2 (42 Days)

% - Target (Curve Mean)
<

35% 1 s

30% 1 —Purified Water
Z 50 | Alert Limit EDI Water
g ¥ / N —RO Water
E 20% A / i i AN — Soft Water
s v A \ —ACF Water

(VA S I \ N

15% S ' \ N —Feed Water

10% A .;

5% 1

0% -

SV OO RN AR D P D DD RS
Microbial Count (CFU/mL)
Figure 2. Determining target and alert limits using phase 1 and 2 data
Poisson Distribution for Microbial Count in Water: Validation Phase 1&2 (42 Days)
12% 1
10% A . .
Action Limit
RN —Purified Water

> O ) EDI Water
§ P —RO Water
E 6% 1 P — Soft Water
= s —— ACF Water

4% - { —Feed Water

2% A

0% -

U U
Microbial Count (CFU/mL)

R

Figure 3. Determining action limits using phase 1 and 2 data
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Maximum Limits (CFU/mL)

Sampling Specifica-
. Alert Limits Action Limits . A
Points Targets tion Limits
Comp Curve Adj Comp Curve Adj
Feed Water 24 a4 39 50 134 126 130 500*
ACF Water 17 34 31 35 88 84 80 -
Soft Water 11 24 22 25 64 62 60 -
RO Water 5 14 14 15 53 52 55 -
EDI Water 3 10 10 10 39 38 35 -
Purified Water 1 6 6 10 31 31 30 100**

C: Average of microbial count data, ¢ Chart is based on Poisson distribution

Comp: computed limits, Curve: limits determined from curve, Adj: adjusted limits, the columns in gray
color are the established Target, Alert and Action Limits.

* WHO drinking water standard and also referred by USP as microbial quality of source drinking water
for Purified Water system, ** USP Purified Water standard

Figure 4. Microbial count limits established based on validation phase 1 & 2 data

Alert and Action Limits for Microbial Count Data (PW): Phase 1 & 2 (1,512 Data)

70
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Figure 5. Justification of microbial alert and action limits for purified water
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Alert and Action Limits for Microbial Count Data (EDI): Phase 1 & 2
40
35
30
g 5
fre
o 20 ——ACTION
——ALERT
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LTI S B I TN T O I D I T S I S R T S T
Day #
Figure 6. Justification of microbial alert and action limits for EDI water
Alert and Action Limits for Microbial Count Data (RO): Phase 1 & 2
60
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-
E
e
o 30 ——ACTION
——ALERT
20
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0 +——+ —— .....;.é..;;.;......é..
A T AR R I R B N S AR
Day #

Figure 7. Justification of microbial alert and action limits for RO water
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Alert and Action Limits for Microbial Count Data (Soft): Phase 1 & 2
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Figure 8. Justification of microbial alert and action limits for soft water
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Alert and Action Limits for Microbial Count Data (ACF): Phase 1 & 2
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Figure 9. Justification of microbial alert and action limits for ACF water
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Alert and Action Limits for Microbial Count Data (Feed): Phase 1 & 2
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Figure 10. Justification of microbial alert and action limits for feed water
Poisson Distribution for Microbial Count in Water: Validation Phase 1 (21 Days)
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Figure 11. Determining target and alert limits using phase 1 data
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Poisson Distribution for Microbial Count in Water: Validation Phase 1 (21 Days)
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10% A . .
Action Limit
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Figure 12. Determining action limits using phase 1 data
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The  molecular  complexity  of
therapeutic  macromolecules  such  as
polypeptides, proteins immunoglobulins,
enzymes, nucleic acids, and their derivatives
have posed concern to manufacturers
recarding quality control of macro-
molecules. Unlike most small molecular
drugs, the primary structure of proteins or
nucleic acids may have diverse folding or
pairing patterns which results in different
higher-order structures as shown in Figure 1.
The pharmacological effect of biopharma-
ceuticals are structure-dependent, meaning
that different folding of macromolecules
give diverse biological activity. Variable in
post translational modifications also result
in different biological effect. In addition, the
impurity  profiling of biopharmaceutical
products can be much more complicated
than small molecules due to the
production process that utilized cell culture
system and microorganism fermentation
which  generally less  straightforward

compared to chemical synthesis in term of

12 TIPA Journal Vol. 1 No. 2

purification and impurities. Understand the
basic sciences behind the characteristic
nature and manufacturing process of
macromolecule therapeutics are necessary
to address the intricacy of biopharma-
ceuticals quality control.

The international conference on
harmonisation of technical requirement for
registration of pharmaceuticals for human
use (ICH) has developed the Q6B guideline1
for biotechnological and biological products
specification  since  1998. The principle
behinds quality consideration of biopharma-
ceutical products is quite similar to small
molecule such that the specification of
macromolecules needs to ensure identity,
quantity, and purity of the active molecules.
Testing  on  biological  activity and
immunological properties are the add-on in
specification of the macromolecule drugs to

confirm potency of the products.



T
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2

Secondary structures
Tertiary structures

2N

Quaternary structures

4

Figure 1. Illustrated example of a higher-
order structure formation that is analogous

to an origami folding.

Identification of therapeutic proteins,
nucleic acids, and their derivatives requires
more than characterization of primary
structure or sequencing. The key difference
from small molecule identification is that
the analytical methods for macromolecules
identification need to be able to obtain
information regarding identity of higher
order structures that exhibit biological
activity. Multiple methods may be used
depend on the capability to provide enough
information to selectively identify target
structure. Electrophoretic, chromatographic,
chemical reaction methods, or enzymatic
sequencing are among the common
method to be used for drug identification
which usually provides sufficient information
about primary structure and degree of post
translational  modifications  but  give
inconclusive information regarding higher-
order structure of macromolecules. Circular
dichroism  (CD) and  multidimensional
nuclear magnetic resonance (NMR) are

spectroscopic methods that can be used to

obtain  profile  of  higher-order  of
macromolecules. The different conforma-
tion or folding of nucleic acids or proteins
give different patterns in CD spectrum due
to their conformation-dependent absorption
of circular polarized Lightz. The global
structure  of the higher-order macro-
molecules then can be identified based on
their CD spectra. Compilation of information
obtained from several two-dimensional NMR
studies, such as correlation spectroscopy
(COSY) and nuclear overhauser spectro-
scopy (NOESY), can provide more detail on
local molecular structure that can be used
to support identity of macromolecular
foLding3. Although information from CD and
NMR are very informative, these instrument
are expensive and may not be available in
common quality control lab.

The assay for quantity of active
compounds is based on protein or nucleic
acid contents depend on the product type.
Correlation between quantity and potency
of macromolecules is not as direct as small
molecules since inactive form may be
present due to different folding and post
translational modification. Therefore, bio-
assay for biological activity or immune-
logical activity is necessary in characteri-
zation process to ensure efficacy of the
biopharmaceutical products. Several
procedures such as animal-based bioassay,
cell-based biocassay, or biochemical assay
can be used to assess the biological activity.

Impurity  profiling  of  biopharma-
ceuticals can be difficult because of variable
of biosynthetic production and the

complicated nature of product purification
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from  production medium. There is
difference between conventional small
molecule drugs and macromolecules such
that any component that is not active
chemicals and inert excipients are regarded
as impurities in small molecules which may
not be the case for macromolecular drugs.
The  product-related  substances, for
instance variants in post translation modify-
cation with desirable biological effect, are
considered as a part of active substances in
biopharmaceuticals. Chromatography and
electrophoresis based on the differences
between the relevant physicochemical
characteristic of active substances and
impurities are still the effective method to
determine purity of the biopharmaceuticals.

In conclusion, although more
sophisticated analytical methods may be
required for characterization of biopharma-
ceuticals, the core basis behind quality of

biopharmaceuticals is no different from

small molecule drugs in term of characteri-
zation of identity, quantity and purity to
ensure safety and efficacy with the addition
of biological activity assay that is integrate
to the quality test of therapeutic

macromolecules. [
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Supplement A: The anatomy of five elements’ forces of change

As depicted in Figure 1, the forces of change consist of 5 elements: (1) technology, (2) political-legal

changes, (3) social-cultural changes, (4) the economy and (5) the market. All of which (individually or collectively)

can serve as potential value migrators to your product and company. The forces of change are categorized

based on two distinct variables: immediacy of impact and tangibility of impact. The immediacy of impact is time-

based; that is, the forces of change can be immediate or incremental. Political-legal forces are immediate, since

they can affect the industry almost immediately. Social-cultural forces, on the other hand, are incremental, since

lifestyle values gradually evolve over a long period of time.
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Figure 1: The Anatomy of the Forces of Change

Supplement B: Health services sector classification including social services and health services

professional membership organization

DIVISION 93 HEALTH AND SOCIAL SERVICES

931 Human health services
9311 93110  Hospital services
9312 Medical and dental services

93121  General medical services

93122  Specialized medical services

93123  Dental services

9319 Other human health services

93191 Deliveries and related services, nursines,
physiotherapeutic and para-medical services

93192  Ambulance services

93193  Residential health facilities services other than
hospital services

93199  Other human health services n.e.c.

932 9320 Veterinary services
93201  Veterinary services for pet animals
93209  Other veterinary services

933 Social services
9331 Social services with accommodation
93311  Welfare services delivered through residential

NIFIRNANITNITERaIMNTIH TN 1 aUUh 2
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8512

8519

8519
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DIVISION 95

93312

93319

9332

93321

93322

93323

93324
93329

institutions to old persons and the handicapped

Welfare services delivered through residential 8531
institutions to children and other clients

Other social services with accommodation 8531
Social services without accommodation

Child day-care services incl. day-care for 8532
the handicapped

Guidance and counselling services n.e.c. 8532
to children
Welfare services not delivered through residential 8532
institutions
Vocational rehabilitation services 8532
Other social services without accommodation 8532

SERVICES OF MEMBERSHIP ORGANIZATIONS

Services rendered by membership organizations to the general public or to other businesses are classified

according to the principal services involved (e.g. as lodging, insurance, education or medical services).

951

9511 95110

9512 95120

Services furnished by business, employers and professional organizations

Services furnished by business and employers organizations Information

dissemination services, representation services before government agencies, public
relations services, labour negotiations services and other services, supplied by
associations whose member interests centre on the development and welfare of
business or trade in general or of a particular line.

Exclusion: Public relations services rendered by others, on a fee or contract basis,
on behalf of the association are classified in subclass 86506 (Public relations
services).

Services furnished by professional organizations

Information dissemination services, development and supervision services of
standards of practice for particular professions, representation services before
government agencies and public relations services; other services supplied by
associations whose member interests centre on scholarly disciplines or professional

practices of technical fields in general or of a particular field.

Received: 23 Sep 2013 | Accepted: 25 Sep 2013
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A1519% 2 Fegnaves target product profile “Examplain 20 mg tablets”

Description Round normal convex uncoated tablet
Identification Positive for examplain hydrochloride
Assay 20 mg + 5% examplain free base at time of manufacture

Degradation products

Less than 2% des-ethyl examplain at end of shelf life

Dissolution

Immediate release

Uniformity of dosage units

Meets pharmacopoeial acceptance criteria

Microbiological limits

Meets pharmacopoeial acceptance criteria

BIOPHARMACEUTICAL
CLASSIFICATION SYSTEM

100+ !
3 ! o
& * High solubility ; ® Low solubility
g 10- © High permeability i e High permeability
S i
2 |
S T W
2 14 eHighsolubility | e Low solubility
% * Low permeability : e Low permeability
. a
v )
a 0.1 | . | |
1 10 100 250 1,000 10,000 100,000

Volume Required to Dissolve the Highest Dose (mL)

g‘dﬁ 5 Biopharmaceutical classification system (BCS)

131: www.particlescience.com
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Granulation

Fluidized Bed

Dispensation Dryer

EEL 3

Raw Materials
Blending

> Packaging

3U# 8 n3zUIUNTIHER Examplain 20 mg tablets

Plant Factors

Water
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3§ﬁﬁﬁqmﬁa mau validate ﬁﬁwmu%ﬁiﬁaﬁqm
Wilowisnnegne Slowaoenund GRIRIEITGEY
prriiauileiney wuvinoudtals viod
apnldiwuy validate Meutuaufidominiod
clean in place 19 updulunounszsuaazin
clean in place Auiadeann Aiifasllei
pylsdnd

31NN15LW8U protocol  151lAkUINGNEN
sonluaesnguaudiendda tsseulnuden
1n Aldedesinslunisuansmfufonniiuiu
fadien ldladesneiazldvin senanfnnsisli
ad1etu Tun1smAn MACO aBunedieq reuluy
A15797 2 Rovenfiansenn erfidnsenndenan
avanetnlil wondundeafnislesn denlsld
Fordudn Product A Wil batch size vou
faniildiasosdnsnanideatu 1Wioiaudn
Product B mﬂfuﬁﬁwuammwmqmﬁﬁlﬁ%L%EJum
fio

566.00 mg x 116.8 kg x 10°
3.504 ¢

18.867 g of A/116.8 kg of B

161.532 ppm (> 10 ppm)

(10 ppm of A/ 116.8 kg of B = 1.168 ¢)

Calculated limit:
(1.168 x 1000 x 100)/44,461
2.627 mg/100 cm’

il

« LTD = lowest therapeutic dose of Ding Dong
500 = 566.00 mg Ding Dong per capsule

« smallest batch size B = 116.8 kg = 116.8 x 10’ g
(Product B: P3 RX 500)

. safety factor = 1/1000 = 10~

+ MDD of Product B = 3 times x (2 caps x 584
mg unit weight) = 3.504 ¢

« Total contact surface area = 44,461 cm2

Acceptance criteria limit: NMT 2.627 mg/100 cm’

Maximum

Allowable LTD x smallest batch size B x safety factor

(Chigggv)er MDD of Product B

ﬂﬁi']\?ﬁ 1

Swab test
Theoretical Measured Measured TOC % Recovery
TOC (ppb) TOC (ppb) (after minus blank)
Blank (purified water) - 17 - -
Blank (background swab) - 122 - -
Sample 1 786 664 68.57
Sample 2 847 725 74.86
Sample 3 817 695 7177
Sample 4 831 709 73.21
Sample 5 858 736 76.00
sample 6 768420 950 828 85.50
Sample 7 966 844 87.15
Sample 8 916 794 81.99
Sample 9 794 672 69.39
Sample 10 960 838 86.53
Average 77.50
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A157°9% 2 N15AIUI maximum allowable carryover (MACO) amounts

) ) Solubility | Cleaning | API Unit wt LTD (mg | MDD (g Batch Size MACO*

Products in train ) ] )
of active | ease (mg/cap) | (mg/cap) | active) unit wt) kg #MDD | (9)

GROUP 1 PING PONG CAPSULE
P1 RX 500 slightly 3 573.87 585.00 573.87 3.510 117.0 33,333 19.129
P2 RX 500 slightly 3 573.87 585.00 573.87 3.510 117.0 33,333 19.129
P3 RX 500 slightly 3 575.50 584.00 575.50 3.504 116.8 33,333 19.183
GROUP 2 DING DONG CAPSULE
Ding Dong 500 freely 4 566.00 600.00 566.00 4.800 120.0 25,000 | 18.867
Ding Dong 250 freely 2 283.00 420.00 283.00 3.360 84.00  p5,000 9.433
* = (LTD x smallest batch size of Product B x safety factor)/(MDD of product B)
solubility: highest = freely, lowest = slightly easy clean: easiest = 1, hardest = 4
LTD: lowest therapeutic dose MDD: maximum daily dose

MACO

LDs;x BW x 0.0005 x SBS x safety factor
MDD of product
2,000 me/kg x 75 kg x 0.0005 x 840 x 10° ¢ x 10°

3.360 g

= 1.875 g of Teepol / 84.0 kg of product =

Acceptance limit:

22.321 ppm (>10 ppm*)

* 10 ppm = 0.84 ¢ Teepol / 84.0 kg B = (0.84 x 1000 x 100) / 44,461 = 1.889 mg/100 cm’

Taa?

* LDy = 2,000 me/kg (refer http://teepol.co.uk/datasheets/mpd-datasheet.pdf)

« BW = body weight = 75 kg
+ 0.0005 = safety factor

+ SBS = smallest batch size = 84.0 kg = 84.0 x 10° g

« safety factor = 1/1000 = 10~

« Total contact surface area (using Teepol) = 44,461 cm’

Acceptance criteria limit for Teepol: NMT 1.889 mg/100 cm’

INAITANIUIENUIIAT MACO 11nN7N
10 ppm 513dldAndidesninde 10 ppm 1Tu
wnaieansu weidlaugasu laslidladaug
grauudnit (Aeeq 91u ldeinasu) druvesans
hanuarengengngrafua1NAsy

2818UY microbiological count e
ASU Weuld protocol tae Tiasus azlaauiela
wsneddeyansudiulunisdiluiivua
cleaning hold times Wie3osdnsuazqunsal
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Sendifigoaiunisdrsanseiumiuavenitls
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AN5197 3 S1PNUNANITNAFDU

BN1IMIAUEZDINAULENEAIT SOP  A19917
Auareinbianunsalinaniuazeinedly
LU BUTU

n13141 TOC a1 ldinr1v03d198199 ]
Yamanfuiniosdnsiing Arrunisldeuun
wukaransliazeinlile Aeneovinnegative
control aznuilsinunasiane sgraiuine
n3l4d solvent a1slazIna33e NaULAT rinse
§2811 DlmrunIng auavenn wardavi
negative control laleinuftdfalailiisuduyin
cleaning validation ws1gvilufienniiazniu

Topic Acceptance criteria Result of Ding Dong 500
(Ding Dong capsules)
(mg/100 cm’)
Lot 1 Lot 2 Lot 3
Visual control No visible traces of Conforms Conforms Conforms
product residue,
detergent, water or
other foreign
matter is present on
equipment surfaces
TOC method for swab samples Must be
Negative control 0 mg/100 cm’
(Residue teepol detergent)
NIB-01 - -
NIB-02 - -
NIB-03 - -
Positive control Not less than
(Residue Ding Dong) 2.627 mg/100 cm’
PIB-01 33.065 - -
PIB-02 61.275 - -
After cleaning Not more than
(Residue teepol detergent) 1.889 mg/100 cm’
IB-01 0.009 0.023 0.012
IB-02 0.017 0.021 0.029
IB-03 0.039 0.025 0.021
Microbiological Count < 100 cfu after clean 7 days Conforms Conforms Conforms
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Quality-by-Design (QbD): An integrated
process analytical technology (PAT)
approach for a dynamic pharmaceutical
co-precipitation process characterization
and process design space development
Authors: Huiquan Wu, Maury White,
Mansoor A. Khan

Source: International Journal of
Pharmaceutics, Volume 405, Issues 1-2, 28
February 2011, Pages 63-78

Abstract: The aim of this work was to
develop an integrated process analytical
technology (PAT) approach for a dynamic
pharmaceutical  co-precipitation  process
characterization and design space
development. A dynamic co-precipitation
process by gradually introducing water to
the ternary system of naproxen-Eudragit
L100-alcohol was monitored at real-time in
situ via Lasentec FBRM and PVM. 3D map of

count-time-chord length revealed three
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distinguishable process stages: incubation,
transition, and steady-state. The effects of
high  risk  process  variables  (slurry
temperature, stirring rate, and water
addition rate) on both derived co-
precipitation process rates and final chord-
length-distribution were evaluated
systematically using a 33 full factorial
design. Critical process variables were
identified via ANOVA for both transition and
steady state. General linear models (GLM)
were then used for parameter estimation for
each critical variable. Clear trends about
effects of each critical variable during
transition and steady state were found by
GLM  and were interpreted  using
fundamental process principles and Nywvlt's
transfer model. Neural network models
were able to link process variables with
response variables at transition and steady
state with R2 of 0.88-0.98. PVM images
evidenced nucleation and crystal growth.
Contour plots illustrated design space via
critical  process  variables’  ranges. It
demonstrated the utility of integrated PAT
approach for QbD development.



Handling uncertainty in the
establishment of a design space for the
manufacture of a pharmaceutical
product

Authors: Salvador Garcia-Mufioz, Stephanie
Dolph, Howard W. Ward |l

Source: Computers & Chemical Engineering,
Volume 34, Issue 7, 14 July 2010, Pages
1098-1107

Abstract: Recent  trends in the
pharmaceutical sector are changing the way
processes are designed and executed,
moving from: allowing the process to
operate in a fixed point, to: allowing a
permissible region in the operating space
(a.ka. design-space). This trend is driving
product development to design quality into
the manufacturing process (Quality by
Design) and not to rely solely on testing
quality in the product. These changes
address the presence of uncertainties
entering the process and their negative
effect on product quality if the operating
conditions are not free to compensate for
these disturbances. This work provides a
review of methods to address the presence
of these uncertainties, ranging from the
establishment of multivariate specifications
for incoming product, to feed-forward
process control. It also presents the
development of a feed-forward controller
to compensate the process for the
observed changes in the properties of the
incoming material. The development and
testing of this controller is illustrated with a
wet-granulation process. The performance
of the multiple control strategies is back-

propagated to the changes in the

acceptance regions for the raw materials.
Ultimately, the controller and its model are
used to define an integrated design-space
that accounts for the network of complex
relationships between materials, process
conditions and product. This work proposes
and demonstrates that the use of
mathematics is the only way to reach the
maximum potential of the Quality by Design
by providing a tool to specify an integral

Design Space.

General procedure to aid the
development of continuous
pharmaceutical processes using
multivariate statistical modeling

- An industrial case study

Authors: Emanuele Tomba, Marialuisa De
Martin, Pierantonio Facco, John Robertson,
Simeone Zomer, Fabrizio Bezzo,
Massimiliano Barolo

Source: International Journal of
Pharmaceutics, Volume 444, |ssues 1-2, 28
February 2013, Pages 25-39

Abstract: Streamlining the manufacturing
process has been recognized as a key issue
to reduce production costs and improve
safety in pharmaceutical manufacturing.
Although data available from earlier
developmental stages are often sparse and
unstructured, they can be very useful to
improve the understanding about the
process under development. In this paper, a
general procedure is proposed for the
application of latent variable statistical
methods to support the development of
new continuous processes in the presence

of limited experimental data. The proposed
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procedure is tested on an industrial case
study concerning the development of a
continuous line for the manufacturing of
paracetamol tablets. The main driving forces
acting on the process are identified and
ranked according to their importance in
explaining the variability in the available
data. This improves the understanding
about the process by elucidating how
different active pharmaceutical ingredient
pretreatments, different formulation modes
and different settings on the processing
units affect the overall operation as well as
the properties of the intermediate and final
products. The results can be used as a
starting point to perform a comprehensive
and science-based quality risk assessment
that help to define a robust control
strategy, possibly enhanced with the
integration of a design space for the

continuous process at a later stage.

A model-based systems approach to
pharmaceutical product-process design
and analysis

Authors: Krist V. Gernaey, Rafiqul Gani
Source: Chemical Engineering Science,
Volume 65, Issue 21, 1 November 2010,
Pages 5757-5769

Abstract: This is a perspective paper
highlighting the need for systematic model-
based design and analysis in pharmaceutical
product-process development. A model-
based framework is presented and the role,
development and use of models of various
types are discussed together with the
structure of the models for the product and

the process. The need for a systematic
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modelling framework is highlighted together
with  modelling issues related to model
identification, adaptation and extension. In
the area of product design and analysis,
predictive models are needed with a wide
application range. In the area of process
synthesis and design, the use of generic
process models from which specific process
models can be generated, is highlighted.
The use of a multi-scale modelling
approach to extend the application range of
the property models is highligshted as well.
Examples of different types of process
models, model analysis and model

generation are presented.

Quality by design for wet granulation in
pharmaceutical processing: Assessing
models for a priori design and scaling
Authors: Defne Kayrak-Talay, Steven Dale,
Carl Wassgren, James Litster

Source: Powder Technology, Volume 240,
May 2013, Pages 7-18

Abstract: The effective implementation of
Quality by Design (QbD) for wet granulation
requires quantitative models for design and
scaling of granulators. This paper reviews
that current state of the art of granulation
modeling, especially with respect to QbD in
the pharmaceutical industry. Our thesis is
that the state of the art use of high shear
wet granulation models for QbD should be
at the intermediate level between the
extremes of data-driven empirical models
and first principles models, i.e., regime-
based models. These models have a sound
mechanistic basis and can be used for both

formulation design and process scaling.



Although not fully predictive, regime map
approaches are a significant advancement
over a typical design of experiments
approach, where little is known about the
process. In addition, regime maps are
particularly useful for process scale-
up/down. This review focuses on the status
of wet granulation regime maps and
critically assesses their applicability to real,
rather than model formulations. The
approach is illustrated by two case studies.
The first case study evaluates the effect of
changing the properties of one excipient,
lactose, on formulation behavior. Changing
lactose size distribution leads to substantial
changes in both the formulation drop
penetration time and dynamic yield stress,
which can lead to changes in operating
regime. A size measurement technique that
accurately measures the fine end of the
distribution is necessary to predict the effect
of changing the lactose size distribution. The
second case study uses the regime map
approach to propose a design space and
scaling rules for a high drug load
formulation, and successfully validate the
scaling rules for scaling from a 10 L to a 75 (
granulation. This case study emphasizes the
importance of spray distribution to avoid
operation in the mechanical dispersion
regime and subsequent lump formation as a

granulation is scaled up.

Design space approach in the
optimization of the spray-drying process
Authors: Pierre Lebrun, Fabrice Krier,
Jérébme Mantanus, Holger Grohganz, Mingshi

Yang, Eric Rozet, Bruno Boulanger, Brigitte

Evrard, Jukka Rantanen, Philippe Hubert
Source: European Journal of Pharmaceutics
and Biopharmaceutics, Volume 80, Issue 1,
January 2012, Pages 226-234

Abstract: From a quality by design
perspective, the aim of the present study
was to demonstrate the applicability of a
Bayesian statistical methodology to identify
the Design Space (DS) of a spray-drying
process. Following the ICH Q8 guideline, the
DS is defined as the “multidimensional
combination and interaction of input
variables (e.g, materials attributes) and
process parameters that have been
demonstrated to provide assurance of
quality.” Thus, a predictive risk-based
approach was set up in order to account for
the uncertainties and correlations found in
the process and in the derived critical
quality attributes such as the vyield, the
moisture content, the inhalable fraction of
powder, the compressibility index, and the
Hausner ratio. This allowed quantifying the
guarantees and the risks to observe whether
the process shall run according to
specifications. These specifications describe
satisfactory quality outputs and were
defined a priori given safety, efficiency, and
economical reasons. Within the identified
DS, validation of the optimal condition was
effectuated. The optimized process was
shown to perform as expected, providing a
product for which the quality is built in by
the design and controlled setup of the
equipment, regarding identified  critical
process parameters: the inlet temperature,

the feed rate, and the spray flow rate.
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Optimization of a pharmaceutical freeze-
dried product and its process using an
experimental design approach and
innovative process analyzers

Authors: T.R.M. De Beer, M. Wiggenhorn, A.
Hawe, J.C. Kasper, A. Almeida, T. Quinten,

W. Friess, G. Winter, C. Vervaet, J.P. Remon
Source: Talanta, Volume 83, Issue 5, 15
February 2011, Pages 1623-1633

Abstract: The aim of the present study was
to examine the possibilities/advantages of
using recently introduced in-line
spectroscopic process analyzers (Raman, NIR
and plasma emission spectroscopy), within
well-designed  experiments,  for  the
optimization of a pharmaceutical
formulation and its freeze-drying process.
The formulation under investigation was a
mannitol (crystalline bulking agent)-sucrose
(lyo- and cryoprotector) excipient system.
The effects of two formulation variables
(mannitol/sucrose ratio and amount of
NaCl) and three process variables (freezing
rate, annealing temperature and secondary
drying temperature) upon several critical
process and product responses (onset and
duration of ice crystallization, onset and
duration of mannitol crystallization, duration
of primary drying, residual moisture content
and amount of mannitol hemi-hydrate in
end product) were examined using a design
of experiments (DOE) methodology. A 2-
level fractional factorial design (2571 = 16
experiments + 3 center points = 19
experiments) was employed. All
experiments were monitored in-line using
Raman, NIR and plasma emission

spectroscopy, which supply continuous
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process and product information during
freeze-drying.  Off-line  X-ray = powder
diffraction analysis and Karl-Fisher titration
were performed to determine the
morphology and residual moisture content

of the end product, respectively.

Strategic funding priorities in the
pharmaceutical sciences allied to Quality
by Design (QbD) and Process Analytical
Technology (PAT)

Authors: Buket Aksu, Thomas De Beer,
Staffan Folestad, Jarkko Ketolainen, Hans
Lindén, Joao Almeida Lopes, Marcel de
Matas, Wim Qostra, Jukka Rantanen, Marco
Weimer

Source: European Journal of Pharmaceutical
Sciences, Volume 47, Issue 2, 29 September
2012, Pages 402-405

Abstract:

Pharmaceutical R&D strategy are required to

Substantial changes in

address existing issues of low productivity,
imminent patent expirations and pressures
on pricing. Moves towards personalized
healthcare and increasing diversity in the
nature of portfolios including the rise of
biopharmaceuticals however have the
potential to provide considerable
challenges to the establishment of cost
effective and robust supply chains. To
guarantee product quality and surety of
supply for essential medicines it s
necessary that manufacturing science keeps
pace with advances in pharmaceutical R&D.
In this position paper, the EUFEPS QbD and
PAT Sciences network make
recommendations that European industry,

academia and health agencies focus



attention on delivering step changes in
science and technology in a number of key
themes.  These  subject areas, all
underpinned by the sciences allied to QbD
and PAT, include product design and
development for personalized healthcare,
continuous-processing in  pharmaceutical
product manufacture, quantitative quality
risk  assessment  for  pharmaceutical
development including life cycle
management  and  the  downstream
processing of biopharmaceutical products.
Plans are being established to gain
commitment for inclusion of these themes
into future funding priorities for the

Innovative Medicines Initiative (IMI).

Online quality control with Raman
spectroscopy in pharmaceutical tablet
manufacturing

Authors: Julie Ann Stuart Williams, Winston
Bonawi-Tan

Source: Journal of Manufacturing Systems,
Volume 23, Issue 4, 2004, Pages 299-308
Abstract:  Quality testing for tablet
composition and  uniformity at  the
manufacturing stage is critical to the
pharmaceutical industry. However, current
off-line, destructive, wet chemistry analysis
incurs significant costs and long test times.
This paper introduces a methodology to
form a population batch size for quality
control sampling in tablet manufacturing for
an alternative online testing technology,
Raman spectroscopy. An approach s
presented to determine the minimum
testing batch size for quality control

sampling based on the desirable confidence

level, margin of error, testing rate, and
production rate. Experiments with both
traditional wet chemistry analysis and
Raman spectroscopy are conducted. The
results demonstrate that the quality of
Raman spectroscopy is comparable to that
of wet chemistry analysis. The proposed
quality sampling methodology reduces the
queue time by orders of magnitude for
typical tablet batches of one to four million
tablets awaiting test results following the
tablet compaction process. Furthermore, it
increases the tablet sample size, which

subsequently raises the confidence level.

Active content determination of non-
coated pharmaceutical pellets by near
infrared spectroscopy: Method
development, validation and reliability
evaluation

Authors: J. Mantanus, E. Ziémons, P.
Lebrun, E. Rozet, R. Klinkenberg, B. Streel, B.
Evrard, Ph. Hubert

Source: Talanta, Volume 80, Issue 5, 15
March 2010, Pages 1750-1757

Abstract: A robust near infrared (NIR)
method able to quantify the active content
of pilot non-coated pharmaceutical pellets
was developed. A protocol of calibration
was followed, involving 2 operators,
independent pilot batches of non-coated
pharmaceutical pellets and two different
NIR acquisition temperatures. Prediction
models based on Partial Least Squares (PLS)
regression were then carried out. Afterwards,
the NIR method was fully validated for an
active content ranging from 80 to 120% of

the wusual active content using new
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independent pilot batches to evaluate the
adequacy of the method to its final
purpose. Conventional criteria such as the
R2, the Root Mean Square Error of
Calibration (RMSECQ), the Root Mean Square
Error of Prediction (RMSEP) and the number
of PLS factors enabled the selection of
models with good predictive potential.
However, such criteria sometimes fail to
choose the most fitted for purpose model.
Therefore, a novel approach based on
accuracy profiles of the validation results
was used, providing a visual representation
of the actual and future performances of
the models. Following this approach, the
prediction model using signal pre-treatment
Multiplicative Scatter Correction (MSC) was
chosen as it showed the best ability to
quantify accurately the active content over
the 80-120% active content range. The
reliability of the NIR method was tested
with new pilot batches of non-coated
pharmaceutical pellets containing 90 and
110% of the usual active content, with
blends of validation batches and industrial
batches. All those batches were also
analyzed by the HPLC reference method
and relative errors were calculated: the
results showed low relative errors in full
accordance with the results obtained during
the validation of the method, indicating the
reliability of the NIR method and its
interchangeability with the HPLC reference

method.
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Process analytical technology applied for
end-point detection of pharmaceutical
blending by combining two calibration-
free methods: Simultaneously monitoring
specific near-infrared peak intensity and
moving block standard deviation

Authors: Wataru Momose, Keiji Imai, Shoji
Yokota, Etsuo Yonemochi, Katsuhide Terada
Source: Powder Technology, Volume 210,
Issue 2, 25 June 2011, Pages 122-131
Abstract: Here, we describe a combination
approach  using  Two  Calibration-Free
Methods with reflectance near-infrared
(TCFM-NIR), which involves detecting end-
points for active pharmaceutical ingredients
(APIs)  blending by

monitoring specific NIR peak intensity of APIs

simultaneously

and calculating moving block standard
deviation (MBSD). After determining the
specific NIR peak range of nicaldipine
hydrochloride, conditions for TCFM-NIR were
established by monitoring the differential
intensity of the second peak (1136 nm)
while MBSD was calculated from the NIR
peak intensity between 1100 and 1150 nm.
In comparison with the validated reference
method of UV-VIS spectroscopy, which is
particularly destructive, TCFM-NIR was found
to be useful in detecting end-points for
blending of nicaldipine hydrochloride.
TCFM-NIR monitors two important factors
for estimation of blend uniformity: API
concentration, using specific NIR peak
intensity for APIs, and blend homogeneity,
using MBSD. Also, the conditions of TCFM-
NIR were confirmed to be adequate by
using Partial Least Square (PLS). Further,

simultaneously monitoring these two blend



uniformity  factors is more useful in
preventing estimation errors for
nondestructive  monitoring  of  blend
homogeneity than monitoring only one

factor, as with NIR spectroscopy.

A benefit/risk approach towards selecting
appropriate pharmaceutical dosage forms
- An application for paediatric dosage
form selection

Authors: Tom Sam, Terry B. Ernest, Jennifer
Walsh, Julie L. Williams, on behalf of the
European Paediatric Formulation Initiative
(EuPFI)

Source: International Journal of
Pharmaceutics, Volume 435, Issue 2, 5
October 2012, Pages 115-123

Abstract: The design and selection of new
pharmaceutical dosage forms involves the
careful consideration and balancing of a
quality target product profile against
technical challenges and development
feasibility. Paediatric dosage forms present
particular complexity due to the diverse
patient population, patient compliance
challenges and safety considerations of this
vulnerable population.

This paper presents a structured framework
for assessing the comparative benefits and
risks of different pharmaceutical design
options  against pre-determined  criteria
relating to (1) efficacy, (2) safety and (3)
patient access. This benefit/risk framework
has then been applied to three
hypothetical, but realistic, scenarios for
paediatric dosage forms in order to explore
its utility in guiding dosage form design and

formulation selection. The approach allows

a rigorous, systematic and qualitative
assessment of the merits and disadvantages
of each dosage form option and helps
identify mitigating strategies to modify risk.

The application of a weighting and scoring
system to the criteria depending on the
specific case could further refine the
analysis and aid decision-making. In this
paper, one case study is scored for
illustrative  purposes.  However, it s
acknowledged that in real development
scenarios, the generation of actual data
considering the very specific situation for
the patient/product/developer would come
into play to drive decisions on the most

appropriate dosage form strategy.

Regulatory demands on data quality for
the environmental risk assessment of
pharmaceuticals

Authors: A. Kuster, J. Bachmann, U. Brandt,
l. Ebert, S. Hickmann, J. Klein-Goedicke, G.
Maack, S. Schmitz, E. Thumm, B. Rechenberg
Source: Regulatory Toxicology and
Pharmacology, Volume 55, Issue 3,
December 2009, Pages 276-280

Abstract: The evaluation of the quality of
data and their use within the review of
environmental risk assessment of human as
well as veterinary pharmaceuticals s
described from a regulatory point of view. A
definition and differentiation in  three
categories for the reliability of data are
given.  Existing  criteria  relating to
international testing standards for
categorising reliability are adopted for their
use within environmental risk assessment of

pharmaceuticals. Systematic documentation
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of evaluating reliability for literature data as
well as for experimental studies (effect and
environmental fate studies) is proposed.
The data quality criteria are defined in order
to increase the transparency of the

evaluation process in Germany and thus

the quality of the environmental risk

assessment of pharmaceuticals.
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