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What is Flow Cytometry?

Flow = Fluid

Cyto = Caell

Metry = Measurement

A variety of measurements are made on cells, cell
organelles, and other objects suspended in a liquid and

flowing at rates of several thousands per second through a
flow chamber.

4
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Particle Size

e Detection range: 0.5~50um

Bacteria Phytoplankton  Red Blood Cell BD CBA Bead Lymphocyte Neutrophil Monocyte
0.5 um 2 um 6 um 7.5 um 8 pm 12 um 14 pm

- >
- »
Smaller Larger
5
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What Can a Flow Cytometer
Tell Us About a Cell?
« Its relative size (Forward Scatter—FSC ; Bia&E5] )
+ Its relative granularity or internal complexity
(Side Scatter—SSC ; I[AELH )
« Its relative fluorescence intensity

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company. & B D

A-3




108TPDA04014

Scatter Light

FSC Sensor

SSC Sensor

Forward Scatter—diffracted light
» Related to cell surface area
+ Detected along axis of incident light in the forward direction

Side Scatter—reflected and refracted light
+ Related to cell granularity and complexity
» Detected at 90° to the laser beam

7
&
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Ex. Lysed Whole Blood

Side Scatter (SSC)

Monocytes

=

8
6
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Fluorescence Light

A =488 nm HO 9 A =520 nm
AP ~t_t
Incident CO;H Emitted Fluorescent
Light Energy Light Energy
Fluorescein )
Molecule Antibody

» The fluorochrome absorbs energy from the laser.

» The fluorochrome releases the absorbed energy by:

— vibration and heat dissipation.
— [emission of photons of a longer wavelength. |

9
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Fluorescence intensity

Emitted fluorescence intensity proportional to binding sites

FITC
FITC
a
2
w
©
—
@
0
=
=}
=
Fluorescent Intensity —*
10
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Fluorescence intensity

Emitted fluorescence intensity proportional to binding sites

FITC
FITC
v Y
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Fluorescent Intensity —* 11
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Flow Cytometry Detection Principle

% =7

N/’

%
e
Q :Antigen CD4
" :Antigen CD3
T cell
12
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Main Component

Fluidics &t 24

108TPDA04014

To introduce and focus the cells for interrogation.

Optics {24

To generate and collect the light signals.

Electronics EF &4

To convert the optical signals to proportional digital signals,
process the signals, and communicate with the computer.

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.
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Fluidics

FACS Shutdown solution FACSClean

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.
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Housekeeping Solution Capacities
BD FACSFlow™ sheath solution 20 L

BD™ FACSClean solution 5 L
BD FACS™ shutdown solution 5 L
Waste tank 10 L

& BD
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Fluidics

Sheath Flow Sample Flow

sheath tank
test tube

sheath filter

sample injection
interior reservoir tube (SIT)

flow cell

interrogation point

waste aspirator

15
™
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Sample Flow
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:g?' b Flow Cell
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Sample Differential

Low Sample Pressure High Sample Pressure
9
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- 8 < red laser
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sample sample
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Optical
e Excitation optics:
— Lasers
— Filters and mirrors that route the laser light to the
fluid stream

e Collection optics:

— Fiber optic cables that direct the emitted light to
the appropriate emission block

— Filters that direct the signals in the emission block
to the appropriate photomultiplier tube (PMT)

18
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Excitation Optics

fiber optic cables prisms

red laser

488nm

blue laser

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.

steering plate

() 33

108TPDA04014

focusing
lens B RUT 535872

=
W‘\;\

flow cell

19
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Optical Filters

Longpass
460 500 540

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.
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Bandpass
460 500 540
20
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Collection Optics

Octagon
(8 detectors)

"\ Fiber Optic /
2 . Cable y,

Side Scattered and
Fluorescent Light

Photodiode
21
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Collection Optics—Octagon

Blue Laser Signal o
- BWOERIER : BEEH-R o b o 750-810 nm
- REEIE : SERIFEARE N / ‘

)

s,
1\ \%‘D ‘o 564—606 nm
/" ll' ?3\ \’

L /&

S
’/ ‘ 483-493 nm
°
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Collection Optics—Trigon
Red Laser Signal

650-670 nm

750-810 nm

23
&
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FACSCanto II™—QOctagon and Trigons
(BD Z7)i%51)

Bl ZFrEiks1 « [BFACSCanto II™
IV 12 3 [ R BENTIE E /1!

24
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Excitation and Emission

= Use the maximum excitation wavelengths to determine
lasers that can be used to excite the fluorochrome.

= Use the maximum emission wavelengths to determine
filters and PMTs that can be used to measure the signal.

488

sa0m0

Excitation /| ' Emission

T e .i'.’.. : -=_.'.;__ % = = — =y 25
T T L : 5 5
30 a0 430 300 % o e
i - Wavelength (nm) o

108TPDA04014
2 lasers, 4 — 2 Configuration
488nm Blue Laser
Alexa Fluor 488, FITC, BB515 530/30 502LP
PE 585/42 556LP
NA 610LP
PI, PerCP, PerCP-Cy5.5, BB700 670LP 655LP
PE-Cy7 780/60 735LP
640nm Red Laser
APC, Alexa Fluor 647 660/20 N/A
NA 685LP
APC-Cy7, APC-H7 780/60 735LP
26
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Electronics

108TPDA04014

= PMTs and preamps convert photons to voltage pulses.

= Analog-to-digital converters translate analog signals to

proportional digital signals.

= Compute area and height for each pulse.

» Perform compensation and calculate ratios and width.

= An embedded computer interfaces with the computer

workstation for data transfer.

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.
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Creation of a Voltage Pulse

Volts
Pulse Height

=

P

Pulse Width

Time (us)

i3

| laser Rt
Status  f hresho
Paramster Volkage: ||« al ab e

r FSC 407 ) ] ]
* 550 432 o=loo!
£ FITC 530 e ]
« PE 473 2 e ] ]
¢ PerCP-CyS-S l637 Oy
© PE-Cy7 778 F=o0l
" ARC 613 I 100
" APC-Cy7 61 @O

i
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Quantification of a Voltage Pulse

>

Volts
Pulse Height

<

Pulse Area

Time
(4 Seconds)

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.
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Data Storage

List-Mode Data
Time FSC SSC FITC

PE

Event1| 0 || 60 ]| 120][ 89 ][ 675 ]
Event2 [ 10][160 |[ 65][39,271][30.621] |:>

Event3 | 30]|650 || 160 |[22,688] 6,189 |

|39,271= = ®
o
o T3
= 3
L o
S
[ee}—=3
5 Ty T

; a
!
Ters] o F§8,621'|

1

FITC

=
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Histogram
Specimen_002-Tube_002
E
]
O
0 100 150 300 350
FITC-A (x 1.000)
Dot Plot
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= Linear Scaling
= Log Scaling

0 i | Detectors/Amps . Cy‘tumeier E]
e e 1 e \
P1 Fsc (€00 19) 371 ¥ (Uun 5 Status | Parameters | Thrashold | Lasar | Compensation | Ratio
P2 ssC anr f§ 100 B (G %)
b — Parameter Voltage Log A H W
e £l 150 [} .00 # (Log Y r FSC 250 | F O | [ |
f= i — 2 e £ 1 2 =
P4 FL2 150 g‘ 4 + Log $ e S5C 300 | D D D
Ps FL3 468 3] 3 [Log ) - FITC 500 | =] I
6 FLZ-A 1.00 ¢ Lin | PE 500 | =& OO
4 ~
&
o e 318 @ loa 19) | Add || Delete |
ﬁ_ﬂ Four Color DDM Param: Lz ) m Cybometer Connected
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= Linear amplification is usually used for light scatter parameters
and DNA analysis.

» Log amplification is used for fluorescence signals with a large
dynamic range.

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.
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Flow Cytometry Detection Princiste-

N \
1. fluidics 71
o — ~~—~ § ‘,‘__.. §
o Data FSC
=.= : | . Processing " =
< — ° \Y A~ N
A FITC
ERA é
| §
/ PerCP-Cy5.5

Computer operation

33
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Topic
= Introduction of Flow Cytometry
» Instrument setup
= Application of Flow Cytometry
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Non-stain sample

0 1w 10°
FL 1-Haight

Auto-fluorescence

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.
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e
- |

10 3 10

s 10°
FL1-Height

After voltage adjustment
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Emission Optics
100%
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IIP \I A\ |I III .;r ."I
- I PE _r,:'-,-? ﬁ.P‘:‘*c"‘f? ._1| _rr-
0% - T |J.. T = T _L_? .__‘-_I--- T T T
400 500 OO 700 a0
wavelength (nm)
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FITC Spillover

108TPDA04014

FITC PE
530/30 585/42
Qz2
ﬂ‘ﬂ ]
> =73
g <
i1} ]
2 T -
[
2
5 "=
&, 24
Illrllll LI} lil‘Hl T IrKIIPIE T
10 0 10
FITC-A
T L
500nm 600nm 650nm 700nh
Wavelength (nm)
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To Lower Cluster
Fluorochrome | - % Fluorochrome | Spectral Overlap
= PE FITC 2010
w191 Q2
bl
"ad Increase %
T 3 Subtracted
o L)
(=1

sl

Relative Intensity

500nm

550nm

© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company.

600nm

650nm

700nm

Wavelength (nm)
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FITC Compensation

To lower cluster, increase value.

108TPDA04014

Fluorochrome - % Fluorochrome | Spectral Overlap
Bl a2 * PE FITC
3 - 23
eq
N
&
E PE PerCP-Cy5.5
] -
} i - 585/42 670 LP
| [ [l
L[ 10 1w
EITC-A o 60
2
(%]
S
E
1@ Qa2 =~
1 :
3] K
b 73 Q0
§ x
|- i |
2 =x
2 3
"E'$ ParCP-Cy&-6-4
e —rrrmpn | | Poputation Mean 500nm  550nm  600nm  650nm  700rim
10 10 10 10 | [eE] ]
FITC- Bao 6 Wavelength (nm)
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Compensation Examples
Incorrect Compensation
Correct Compensation | Undercompensation Overcompensation
o Ja az . 0z o, ] az
wrg_; v-‘q_; w—g_;
o - - 3
i1} 4 41 4 w z
o o« o ©x n‘(‘)
oA L I e
el __ 1 |- - o
- > FITS 28 E FITC T = FITG
IIIII|I'| L IIIIIl T IIIIIH' T I'II|||| T rIlIIIII T I||II|I| T Jlllll‘ T IIIIIlII T Irlllll'l T
102 1w0° i 10° 102 10’ 1wt 10 10 0t 10®
FITC-A FITC-A FITC-A
PE-A PE-A PE-A
FPopulation Mean Fopulation hean Fopulation Mean
M uni 64 W Uni 61 MU 62
BErrc A4 M FiTe 96 WrTC -1
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Topic
= Introduction of Flow Cytometry

» Instrument setup

= Application of Flow Cytometry

41
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Applications

= Phenotype Analysis
(Cell Surface Antigens/Markers)

= Intracellular Analysis
-- Eg. Cytokines, Signal Transduction molecules...etc.

= DNA Analysis
-- Eg. Viability, Cell cycle, Apoptosis...etc.

= Cell Fuction Analysis
-- Eg. Free radicals, Ca?*, Reporter genes...etc.

= CBA (Cytometric Bead Array)

-- cytokine detection

42

)
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Phenotype Analysis
7?

-7

.
= Ligand
= Receptor
= Adhesion molecule
= etc
43
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Lysed Whole Blood Components

Peripheral White Blood Cells
CD45+

Monocytes l Granulocytes

_ Lymphocytes i N
Monocytes ' Neutrophils |

» ‘(*)~ CD3- i

CD3+ ("' - b
cD16+ Basophils

= . <D . cpser
Helper, HLA-DR* P N

D3 = |\_|\gosinophill§__)
CD4+ CD8* s 44
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Lymphocyte Subset

{w 1.000)

g ﬁ' ""e-i T heiper
® g
5 5 ;3
e 7] £, 1 :
E T cetls 8] %
a3 3 A
LALLL LILRLL LRELE T T 'WW
w w o w* 10° w0’ ' 10°
CD3FITC-A CD3FITC-A
""9; B celis
PO
£
8

CD3 FITC-A CDAFITC-A cD3 FITC-A
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Intracellular Analysis

= Cytokine
* Enzymes
= Structure Proteins

= Intracellular Signaling

& BD
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Intracellular Analysis

Permeabilizing
solution

Fixation /

solution

47
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Cell Surface and Cytoplasmic oo
Stain protocol

Whole Blood,

Stimulus, Srece  permeabilize sl Multicolor Analysis
Brefeldin A
' Inasbate [ l [Ana)_’nr ‘ .
4 n, 37°C 10 min 30 min RT,
wash and
fix

48
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Detection of Cell Surface and
IC Cytokine

Unstimulated PMA + lonomycin SEB

=+ =+ =+

=2 Ch3Y =7 cp3+| 7 CD3+
W oe ] TR W
& 5 o O 3] 5% <1%
o~ g ::4 C;"I E P
-ll ] :I :l
T o -
" - !
- e = =
§ < <

o

=

wo 104 102 102 10 100 101 102 102 10 wo 101 w2 102 104

CD4 FITC CD4 FITC CD4 FITC
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Cell Apoptosis AE AT

- Annexin V Apoptosis Assay

Annexin V-PE Conjugate
- '
e = & e
Plasma Membrane Phospholipid Flipping R of o® “a &
- lilates oAU "0\'-(,-
. Apoptosis . g o
000 0.0
M 0 o Cog &
Normal Cell Apoptotic Cell
Cytoplasm Externalization of Cytoplasm
Phosphatidylserine
(o}
PS
50
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Annexin V/PI Double Staining

103 <
Necr1 Necr2
1 3.1% 21.6%
102—§
& 107 -
ul ::' Early
100 f . Apoptosis
I l IIIITII [] I IlllllbII [ ililllb [] [] ]alélé

Annaxln V -FITC
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DNA Analysis

Ethanol

Detergent
\

Nucleic Acid Dye

52
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DNA Dye

Propidium 7-AAD

. Ty -
O~ D P

NH o o

o "Q C2H5 0
—~ e \\K
O =<
C2H5
\_ FiN

53
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DNA EHFHHE

a0

50
§ 40
w
=] 2N
5
! 20
w
w
=
=2 20
=

4N
10
0 I p |l 1 L I I
o 10 20 a0 40 &0 a0 70 80 [=1n] 100
ONA CONTENT
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Apoptosis (Sub
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Empty
55
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< Beam
Height Flow
Pukte Ares Direction
a 20  microns
-4
v G2/M
nae | Gt Doublet ceil
Tme (pSeconds) { \
FL2-A
FL2-W FL2 -
(W)
Time Time
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Cell cycle study

gu C'lﬂ::___ ! CTN.OOY g CIN.OOY
= ) ,rh &, g i G2 g
¢ IR 7 i
< 3 84 / 8.
o & i i GoM R
N gg:m e 3-% 81
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Application of Flow Cytometry

= Soluble form protein detection

58
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Cytometric Beads Array (CBA):
antibody-coated beads to capture analytes

Capture Ab Capture Bead

Q- Y—*&{
-
_ -

* )

« ¥
/ \

Analyze of Interest Fluorescent Detector Ab- PE

& BD
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Cytometric Beads Array (CBA)

Beads Sample Incubate 2~3 hr Wash

AMA

’# | ‘ » - : FEDc BA
o i jl ]
#;#‘ Detector Antibodies ¢ j > ¢ ; | I l l
#{( \.o‘%e‘ll‘bll\* p = R . . h o /.’

Flsige |
YYYY / 2™
ac Soluble : Starvdan C'P:::
pecificity Cytokines

i&ﬁf;i ig
(]
FL3-H

10 10’ 10"
- FL2-H
60
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Simultaneous Analysis of Multiple Cytokines

Typical Data

Standards 80 pg/ml

o*

& BD

4 i
FL2-H

108TPDA04014

Standard Curves

Concentratio n

IL-2: 125pg/ml

Conomﬁaﬁon’pglmL)
Standard Curve
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Questions ?
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Sample preparation Instrument setup Data acquisition Data analysis
1T 1 r 1T 1

Cell sample

detectar CD3* cells

e

CcDs

Laser light &
Baseline PMT source e
it voltage determination
— ———d : : 3 i;f]tt'rered o4
' OT“’“‘ Gate cell
| s " i
Separate i e populations
| mononuclear — of interest
el Optimize Pa et 7 l‘
Draw cellsusinga ey ss stained cell suspension
blccjd from| |Ficoll gradient detector sensitivity through laser beam CEEhiRan Ref. Ref. Sample
subject | e SD
l % of T cells 723 6.2 707
(total
lymphocytes)
% of CD4* cells 674 7.0 63.2
Stain with
fluprescent (total T cells)
antibody %of CDB*cells 256 66 304
conjugates (total T cells)

a BDGG
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e UIRRATIIQC (S )

AzUAHREEA (Flow Cytometry ,FCM ) EZEVERIERISMAF , B
AR EA B RICBFRRAEURERSTHMELER. TARIEE
PoROHEL. o, DRGSR

ba it Tl gl
EAEREE. (REA BesHmEEH

Bix=F %ﬁﬁi}%{’ﬁiﬂﬁﬁ’ﬂﬁ
|
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Quality Control 108TPDA04014
@381 (standardization) PAK BS$2¢ (monitoring):

Run QC beads at least once a day
* When clog, bubbles or weird data.

* Some laboratories insist that QC beads are run with every experiment.
This is ideal.

a BDGS
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Daily check: A typical run

108TPDA04014
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There’s a problem

108TPDA04014
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. Cleaning solved this problem
o] el

iy ey E B D .
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Daily check: where’s the problem?

108TPDA04014

T . r T v T T
U HOK 100K SE0K 200K 2SOK
a 50 O0W 50K 200K 250K o 5 100K 160K 200K 250K
TR i Floar 1% APC-CyTA

] Channel difference from normal: 15,000
] PMT voltage difference: 9v

| Violet laser alignment drifting
-] L 1B0K 150K 200K 250K

e S04 00K 1K 00K 2S0K
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0 o 400 . .
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= go0 J - e !
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Daily check: there’s a problem

) e '

P —

0 BOK 100K TSOK 20K 250K L i Lﬁ,&ﬁ‘lw = 0 50K 100K SOK 200K 260K
ur 130810 o waRa AT

§eod . Bead problem:

P3| A—— N ,‘. o (they don’t like contact with bleach)
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- UR beads fluorescence has degraded in the reds
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FEAGAUSILER, S E SEmiae

International Clinical Cytometry International Society for
Society (ICCS) Analytical Cytometry (ISAC)

ICCSHE _<tsac

International Society for Advancement of Cytomatry
aciety |-

European Federation of Flow Cytometry European Cytometry Network
Societies (EFFCYTS)

Clinical & Laboratory Standard Institute

&rcLsl

& BD73

ICCS, CLSI/ICSHHE " F1f5 i

Current Related References and Guidelines

International Clinical Cytometry Society (ICCS) consensus guidelines:
— Borowitz et al: Guidelines for the diagnosis and monitoring of paroxysmal nocturnal hemoglobinuria and
related disorders by flow cytometry. 78B:211-230, 2010.

— Davis BH et al. US-Canadian consensus recommendations on the immunophenotypic analysis of hematologic
neoplasia by flow cytometry: Medical indications. Cytometry (Communications in Clinical Cytometry) 30:249.
263, 1997 .

— Davis BH et al: 2006 Bethesda International Consensus Recommendations on the Flow Cytometric
Immunophenotypic Analysis of Hematolymphoid Neoplasia: Medical Indications. Cytometry, 72B:55-513, 2007

—  Wood BL et al: 2006 Bethesda International Consensus recommendations on the immunophenotypic analysis
of hematolymphoid neoplasia by flow cytometry: Optimal reagents and reporting for the flow cytometric
diagnosis of hematopoietic neoplasia 72B: 514-522, 2007

CLSI Document guidelines for flow cytometry, some co-authored with ICSH:

— HA42-A2, Enumeration of iImmunologically Defined Cell Populations by Flow Cytometry; Approved Guideline—

Second Edition, 2007

—  HA43-A2, Clinical Flow Cytometric Analysis of Neoplastic Hematolymphoid Cells; Approved Guideline —Second
Edition, 2007

— H44-A2, Methods for Reticulocyte Counting (Automated Blood Cell Counters, Flow Cytometry, and Supravital
Dyes); Approved Guideline—Second Edition, 2003
— HS52-A, Fetal Red Cell Detection; Approved Guideline, 2001 (A2 to be released within next 3-6 months)

—  I/LAZ24-A, Fluorescence Calibration and Quantitative Measurement of Fluorescence Intensity; Approved
Guideline, 2004

—  I/LA26-A, Performance of Single Cell Immune Response Assays; Approved Guideline, 2004

—  I/LA29-A, Detection of HLA-Specific Alloantibody by Flow Cytometry and Solid Phase Assays; Approved
Guideline, 2008

% BD74
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BD Cytometer Setup & Tracking (CST) Syste#o.

Monitors:
- Linearity
- Detector efficiency (Qr)
- Background fluorescence (Br)

+Dim Mid Bright

- Electronic noise (sDEN)
- Alignment (rCV)

2
o 010

-
10’

Ty
w0 1w0®

Pacific
] Blue

= a0 07 '1'}°”“:3‘"1'§‘ w01ttt f
3 5]
= - s i ] = )2
e #x & FITC s RE PE-TR i PerCP-
s8] = Bng ] L2 3 Cy5.5
g, =h 1 L "
A I Mid - & Mid | (Biekd [ l s
@ pim d & :.
& T TIIT I TTTrTT _T'M ] >3
m 00 50 = T T T I I ‘, Ty 1T "q T T T =3
‘FSC‘-.A mg:h?::] ma B i 1} ::s a1 L S O BT . 1?1‘ |;‘ P
g ] q g &
=E FSC g1 APC 231 Alexa 700| | -3 APC-Cy7 jIndo-1
3 - & L % Violet
& = 2] EE 1
#] |2"™ 3um & p % °
] ] BE 3
1 = L R il =] = ity -
i 5{} Irl‘l!\;“:lc‘l' 2:{0 250 n D10 11:' l;g' IﬂIs g0ttt ot Im’ e 10’ m‘mms g0t w0t 1|I|l=J n* 135

BD Cytometer Set-up & Tracking (CS&T) System

BDEcETHIYH Bl L igzs R E R QC R4
E@J{ BRRIEEHEERRE+CS&T beads

— Functions of CST:
* Characterizes baseline performance
* Optimizes and Standardizes instrument setup
* Tracks instrument performance

— Benefits of CST
* Day-to-Day reproducibility of data
* Helps in designing multi-color experiments
— Higher quality data from these experiments

* Early identification of degradation of instrument
performance

8TPDA04014
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TEFEFEEE%EL (Define baseline) Lo6TeDAGAO14

.EW :

ABEEHIRAE - STEE S A b B BA (optimized PMTV)E £y H 128 i B B 2L EHEEAE o
JRE -

TEA EEEEERERE NULECS&T beadsHI5E » 15 A [EIBEER{E I rSD, rCVihi4R » KiET ST HIE
?%E?%%Zﬂﬁ}ﬁ@%ﬁ BT A (B bR e EE R > Al DAL optimized PMTVAE 3y H % 23 in/E Y EE %
FE2#E o [ optimized PMTVU{Hibeads:zf5% - BIE{5F] Mt 7% beadsH target value”

TR

B — X E AT ~ BB - EEIRREICE (W4EE) -

& BD”
Baseline set up: F{E(LFESECEER
108TPDA04014
BE(LRCERSE E B R
13V SE3% P | ! %:%: . 1
1 = oy | [f———
c ol s
= s 15 1
= =y -
- gt T Pl | i2]
= ﬂ,..,j ‘ fi
(73[;/ SDE)UJ\H SR T AR 99 a Rk B 7 1 i e oI A e -
403 (8 R BE T beadsf{ i - B (Target - ERSRANGREEEN  rEER A T E
Vale) o Bl T L - < BD™
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Baseline Report: zF4liFESIRRE

108TPDA04014

Baseline¥ 45

Cytometer Baseline Report

:Se"v..t Bead PosXione 1
Cytometsr Configuration:  2-lasar, 8-color (4-2) (BO default)

FACSCantoll Lgar; Administator

vty Shuare D raCSTRG 6.1 i A
Carouesl rfat-:a't' owtsrzw;;::'s's:m Basel I n eﬁ = m@é

e CST beadsE i (L B T

Bead Product: ST Setue B=ads, Part®: 01073 ﬁ-[é 5‘%’#{3%
Dt 10000, Expiration Date:  12/31/2009 | S

Lot [mformation:  Avalable
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FREART T E B RAZIE (Check Performamee)
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Daily CS&T QC HJzEEAE

108TPDA04014
Cytometer Performance Report
Cytomater: FACS antnll s e
e et S Bucoen Sl
m‘mnm :-m_.ﬂ”g;-;. mmmmr w:mu e PMTY Delta from baseline: 50 (BDY)
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Siee e ook b e e g 5 R ey
e e S
Dutencten Settings
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LJ Chart (long-term tracing) 108TPDAOH014
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Levey-Jennings Report for Cytometer Setup
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FEIRE b= inls T/ERIZ

108TPDA04014

Start Up Alignment PMT | Color Sensitivity | | | Process
Cytometer Check Set up Compensation|— >|  Check Controls
BERERIESRERE BHE
Daocc
T adSS
Run_
Samples
|
Obtain
Results
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S & BD"
QC Fa I I E/\] J?\‘ 108TPDA04014
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108TPDA04014

Questions ?

& BD"

108TPDA04014

86
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Tony Liu 2=
Marketing Manager
BD Biosciences
tony.liu@bd.com

108TPDA04014

87

Why have an IQ, OQ, and PQ?

o TRREEEES - ENTCERSTE o BRI RSS I — A E
FRHYZE tn

- 1Q, OQKPQE /MIZRsas AL FRAE M

. ﬁD%{EFH'E'”“ erigEe R an XU AE ©

108TPDA04014
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* IVDES ~ FEEEEY) S SRR AT R SOl H B B 7 2E1Q, OQRPQ -

Q BDSS
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What is the Value to the Customer? 108TPDA04014

Bra A AE

tE SR e R s A S

IERs e At AR EREE s
IEAEHETTHIOQIe R ER PR EHEE AU KR

& BDS9

Validation of Flow Cytometric Testing during

drug development

Instrument 3Q

] Planning Phase

Testing Phase

TrainUsers || .aintain validated state
ssystem retirement

Implementation Phase |

CL. Green et al. / Journal of Immunological Methods 363 (2011) 104-119

BD FACSCanto 1l System
Installation Qualification
642480 Rev. 04

BD FACSCanto 1l System
Operational Qualification

642481 Rev. 04

Q BDQO
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108TPDA04014

Installation Qualification (IQ)

Establishes that the instrument is received as designed and
specified, and that it is properly installed in an environment that
is suitable for the operation of the instrument. The vendor

typically provides this protocol.

Environment /& FEE8 80 2 28R AN ~ FHEEE SR ~ 1B E e

ol BD 91
642480 Rev. 04
108TPDA04014
BD FACSCanto II System
Installation Qualification
Customer System ID*:
*Qnly if assigned by customer
40.. Dgz
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Approval of Installation Qualification

The following management representatives agree to the implementation of thus
1Q protocol as stated. Testing 15 completed by a BD Biosciences Field Service
Engineer.

Customer

Name

Title

Signature Date

Name

Title

Signature Date

Institution

This Installation Qualification is retrospective. The instrument was installed on
a previous date. dYes No

If yes and the mnstallation date is known, specify the date of mnstallation.

ProtQ&eob.o.

@ B D 93

Certification Training

The following BD Field Service Engineer has completed certification training
on (date) for documenting the Installation and Operational
Qualification for the BD FACSCanto™ II system.

Name

Signature Date

The BD Field Service Engineer is authonzed to execute the IQ protocol. review
test results, and add comments.

BD Field Service Engineer

Name

Signaturs Date

Imitials
The Customer 1s authonzed to review test results and add comments.
Customer

Name

Thtle

Signature Date

% BDQ4
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5EH§£§§{%&<% 108TPDA04014

Calibrated Testing Equipment

Multimeter

Date Calibrated

Calibration Expiration Date

Manufacturer

Catalog No. or Part No.

Serial Number

Attach a copy of the Calibration Certificate Oves UNo
Digital Sling Psychrometer

Date Calibrated

Calibration Expiration Date

Manufacturer

Catalog No. or Part No.

Sertal Number

Attach a copy of the Calibration Certificate Ovyes ONo ﬂ 95
& BD

Sco pe 108TPDA04014

This IQ protocol is limited to the BD
FACSCanto II flow cytometer,

BD FACSDiva software, BD FACSCanto
clinical software, BD FACS™ Loader, and
the BD™ High Throughput Sampler (HTS).
BD FACSCanto II testing includes BD
FACSDiva and BD FACSCanto clinical
software products.

This protocol addresses design and
service specifications developed by

BD Biosciences

BD FACSCanto Il, IVD

Q BD96
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Space Guidelines

Venfy that the workspace has at least the following dimensions:

Components

Dimensions
wxdxh

BD FACSCanto IT system and table

183 x 81 x 69 cm

108TPDA04014

Environmental Guidelines

Venfy the following environmental conditions:

Condition

Taupaanne
{as measured by sling

Specification

16-30°C
61 -86°F

el 7 b
72x32x27m psychrometer)

Fludies Cart T9x6]l x64cm

31 x24x25m

20— 80%0 relative at
16 - 30°C
61 - 86°F

Non-condensing relative
Thuonudty

21 x47x49 cm
or8x19x19in

Workstation

46 x47 x 49 cm
or18x19x 19in

*  Smgle memtor and
keyboard

02 x47 x 49 em
or36x19x19m

*  Dual momitors and
kevboard (optional)

* Barcode scanner

(optional)

15%x23x38cm
or6x9x15m

©BD”

Electrical Requirements 108TPDA04014

Specification

BD FACSCanto IT Dedicated power circuit

poser spply and Japan: 50/60 Hz. 100 VAC (=10 %).
circuit protection® 20 A

(as measured by "
multimeter)

North Amenica, Canada, Mexico,
Central and South America: 60 Hz,
115 VAC (210%). 20 A

Europe: 50 Hz, 220 VAC (10 %),
10A

Australia: 50 Hz, 230 VAC (=10 %),
10A

Umnited Kingdom: 50 Hz, 245 VAC
(=10%), 10 A

Computer power supply| Dedicated power supply
and circut protecion | 90— 127 VAC
{as measwured by 15A

multimeter) 200 — 240 VAC
(as determuned by visual| 10 A
inspection)

Electrical safety testing | As mandated by country legislation
foutside US only)

Dedicated power supply
100—127 VAC

Extemal power
transformer voltage*
(as measured by
miniltimeter)

2 Local repulations may dictate alternative specifications. &%, 98
g = s P 3 -
b. For facilities outside the US, an electncal transformer may be requured to provide the comect input volt- w

age
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Instrument and Options

Model

Cat. No.

Senal No

Manufacturing Date

Transformer Serial No.
(as required by
individual cowntries)

Cat. No. ‘ Serial No. ‘ Yes/No

BD FACS™ Loader 342065 O ves QNo
BD™ HTS 640009 O Yes U No
8-Color Violet Laser upgrade 641889 OvYes ONo
for BD FACSCanto II system

(4-2-2

8-Color PMT upgrade 641890 O vYes ONo
for BD FACSCanto II system

(3-3)

108TPDA04014

Workstation

Waorkstation

Installation Checkl

Model or

ist

Version | Power On

Software Installation ChEgRR4t014

|\'tr?;ion Na.

Operating System
Bh FACE D:."n software

Serial No.

Computer OYes ONo —

BD FACSCanto clmacal
Momutor UYes UNo software
Momtor O Yes ONo Microsoft® Office
Printer W yes WNo
Barcode Scanner O Yes QNo

The BD FACSCanto II acquisition system is used for data acquisition and
analysis. BD FACSDiva or BD FACSCanto clinical software can be used

with the BD FACSCanto II acquisition system.

A-50




BEFBMHEETE ? SEEHE ?

Install the BD FACSCanto II cytometer with fuidics cart,

Inspect for damage. Power up the cytometer. Fill flmd reservoirs, pnme
system, and remove air from the sheath filter

The BD FACSCanto II cytometer was found to be free of damage, and
installed by the BD Field Service Engineer.

Yes No

Previously Installed

TUnpack and install the BD FACSCanto I workstation.

Remove all packing materials. Inspect for damage. Connect the CPU to
the keyboard. monitor. peripherals, and to external power. Start the
workstation and verify powerup.

The BD FACSCanto II workstation was unpacked. found to be free of
damage, and wmstalled by the BD Field Service Engincer.

Yes No Previously Installed

Is the BD FACS Loader Option a part of the system to be installed?

Yes No Previously Installed

If yes. remove all packing matenals. Inspect for damage Connect the
Loader option to the BD FACSCanto II flow cytometer. Start the
module and venfy powerup.

The BD FACS Loader option was unpacked. found to be free of
damage, and wstalled by the BD Field Service Engineer.

Yes No NA

108TPDA04014

Is the HTS option a part of the system to be installed?

Yes No Previously Installed

If yes. remove all packing matenials. Inspect for damage. Connect the
BD HTS option to the BD) FACSCanto II flow cytometer. Start the

module and verify powerp.

The BD) HTS option was unpacked, found to be free of damage, and
mstalled by the BD Field Service Engineer.

Yes No NA

Is the S-color Violet Laser option (4-2-2) a part of the system to be
installed?
Yes No

Previously Installed
If yes, remove all packing matenals. Inspect for damage Install the
Violet Laser option onto the BD) FACSCanto II flow cytometer Start

the mstrument and venfy laser powerup.

The Violet Laser option was unpacked, found 1o be free of damage, and
mstalled by the BD Field Service Engmeer.

Yes No NA

Is the 8-color PMT option (5-3) a part of the system to be installed?

Yes No

Previously Installed

If yes. remove all packing materials. Inspect for damage. Install the
PMT option onto the BD FACSCanto IT flow cytometer. Start the
instnument and verify laser powernp.

The PMT option was unpacked, found to be free of damage, and
mstalled by the BD Field Service Engmeer.

Yes No NA 101

Declarations of Installation Qualification emoasors

BD FACSCanto II System

Serial Number,

Equipment Location

The results documented wathun the Installation Qualification have been
reviewed by the undersigned, and have been found to satisfy all installation
requirements. Approval by signature 1s a declaration that the indicated
equipment 1s wstalled correctly, with  Exception Reports attached.

dated

BD Field Service Engineer

Name

Signature

Customer

Name

Title

Signature

& BDoz
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Operatlonal Qua||f|cat|on (OQ) 108TPDA04014

The process of demonstrating that an instrument will
function according to the manufacturers
specifications. This can be provided by the vendor, but is
sometimes completed by the user.

& BD”
642481 Rev. 04 10STPDA04014
BD FACSCanto II System
Operational Qualification
Customer System ID*:
*Only if assigned by customer P
v BD"
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Multimeter

Date Calibrated

Calibration Expiration Date

Manufacturer

Catalog No. or Part No

Senal Number

Antach a copy of the Calibration Certificate Yes [ONo
Laser Power Meter

Date Calibrated

Calibration Expiration Date

Manufacturer

Catalog No. or Part No

Sernial Number

Arach a copy of the Calibration Certificate  Yes ONo
Pressure Gauge

Date Calibrated

Calibration Expiration Date

Manufacturer

Catalog No. or Part No
Senal Number

Anach a copy of the Calibration Centificate  Yes [ONo

108TPDA04014

©BD"

SUELE A HY U]

The following test reagents are required for the instrument operational qualification.

Cat. No.
- Date Expiration
Reagents Used Part No. | Lot No. Used Date
BD™ FACSClean 340345
solution
BD FACSFlow™ 342003
sheath flmid
BDFACS™ 7-color | 335775
setup beads
BD FACS™ gheath | 336524
solution with
surfactant
BD FACS™ 334224
shutdown solution
Red reference beads | 347240
for 488 nm laser
Blue reference 347241
beads for red laser
CAB beads 641320
CS&T beads 641319

108TPDA04014
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Instrument Software

Instrument Serial No. Result
—— Specification {Pass/Fail)
BD FACSCanto 11 3
cylometer Microsoft® Windows® operating system executes
BD FACS Loader successfully with no error messages
BD HTS Option BD I-'.-I\('.‘QT)L\'n \;fi'mme executes with the Iuspector, Browser,
and Worksheet windows on the desktop
BD FACSDiva workstation S ) :
BD FACSDiva software connects to the instrument

successfully with no error messages

BD FACSDiva software successfully saves data to a floppy
disk. CD. or external USB dnve.

BD FACSDiva software successfully prints data ona
supported printer

Specification

Microsoft® Windows® operating system executes
suecessfully with no envor messages

B FACSCanto clinical software executes with the
Inspector, Browser, and Worksheet windows on the
desktop.

ED FACSCanto climcal software commects 1o the
mstrument successfully with no error messages

BD FACSCanto clinieal sofiware successfully saves data to
a floppy disk, €D, or external USB drive.

BD FACSCanto clinical software successfully prints data
on a supported printer

BDO7

Fluidic System Operational Checklist (;iR52 %45 850)

108TPDA04014

Verify Fluidics Startup Procedure Startup Inspection Checklist

Select the Flmdics Starmp procedure in BD FACSDiva software Inspect the flmdic components and sensors for damage when the mstrument 15

tumed on. Make repairs or replacements when necessary.

Result
Parameter Specification (Pass/Fail)
Fluidacs System 15 pnimed with sheath fluid when the
Startap option is selected in the software Check for leaks

Inspect all guick-discormects for damage or leaks
Replace O-nings if necessary.

Check sheath flud for bubbles

Ve rify FI u i d i CS S h Utd OW n Pro Ced u re Sheath and waste level detectors are operational

Selecting the Fluadies Shutdown Procedure m BD FACSDiva sofiware tesulls i
successful execution and completion of the shurdown procedire

Resuli

Parameter Specification (Pass/Fall)

Fhndies Shutdown System 1s primed with water
when the option is selected in

the software.

B DOS
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Fluidic System Operational Checklist (;ii7% £ #85)

Air Pressure

Thus test verifies that the fluidics cart air pressure is within specifications.
Express units in pounds per square inch (psi) or millibar (mb). Use calibrated
pressure gauge to validate the flmdics cart gauge or to measure awuliary air
pressure

Result
(Pass/Fail)

Specification

Fludic Cart Air Pressure =
70= 5 psi or 4.826 £ 345 mb

Auxiliary air pressure’ =

=70 ps1 or 4,826 mb

2. Aumbisry zir must be free of oil water, and debns

Sample Flow Rate

108TPDA04014

Determune the Medium sample flow rate by measuring the volume of fluid
consumed in five minutes. Measure the Low and High sample flow rates using

the differential event rate of beads

Specification

Result

Actual (Pass/Fail)

Low sample flow rate 15 10 pL/mun (1.0 pL)
(as measured by bead count differential)

Medium sample flow rate is 60 pL/nun
(5.0 ul)
(volume displaced as measured by pipette)

High sample flow rate 1s 120 pL/mun
(£12.0 uL)
(as measured by bead count differential)

Sheath flow rate 15 18 mL/'oun
Runming for 5 nunutes 15 90 mL = 2.5 mL

Optical System Operational Checklist (F¢E 48 HI5)

Verify that basic optical characteristics of the flow cytometer are within

specifications. After a warmup period of at least 20 minutes, use the laser

108TPDA04014

power meter to measure laser power in milliwatts (mW). All measurements are
taken at the optical plate as the laser beam exits the optical fiber.

Primary Laser - 488 nm

Model:
Result
Power Specification (Pass/Fail)
14 mW
Comments

1f there are no comments, enter NA

Secondary Laser - 633 nm

Model:
Resuli
Power Specification (Pass/Fail)
12 mW
Comments;

If there are no comments, enter NA.

Tertiary Laser - 405 nm

Model
Result
Power Specification Actual (Pass/Fail)
25 mW
Comments

If there are no comments, enter NA

BDIO
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Optical Precision
108TPDA04014

Primary -~ Secondary and Tertiary Precision

Use the Nile Red beads - Blue beads or CAB beads to confirm that all primary (blue) -~ secondary
(Red) and Tertiary (Violet) lasers parameters meet CV specifications for the bead lot consumed.
Precision, expressed as a coefficient of variation, is the relative standard deviation of a signal
produced by identical cells or particles. Run the beads at a Low flow rate. Verify that CVs or
rCVs are within limits and attach printouts to this document.

CAB Beads: CAB Beads:
Parameter Specification Result 'I';‘.; ‘:: :'xcitnliun'} 13:‘;'-\“'; P Actual ?F:m .\l-'lfau:-
(488-nm excitation) (%rCY) Acitual (Pass/Fail) APC S0k-A
FSC 150k-A APC-Cy7 50k-A
SSC 150k-A Alexa Fiuor® 700 50k-A
sl inoii Artach a copy of the bead lot specification
PE 50k-A i
PerCP S0K-A i
PE-Cy 50k-A
PE-Cy7 30k-A
CAB Beads:

PE-Texas Red 50k-A

Parameter Speci i Resali
Attach a copy of the bead lot specification. (405-nm excitation) ( ) (Pass/Fail)
Yes No Pacific Blue™ 50k-A
AmCyvan 50k-A
< BD"
A mae==s == A JH[
£ B Loader, 5 Llloaderfgfll—2X 3/

Optical Precision-Fluorescence Sensitivity
108TPDA04014

The BD FACS 7-color setup beads are used to measure the sensitivity of each fluorescence
detector. The sensitivity measurements and specifications are fluorophore specific, and
measure how well the instrument resolves dimly stained particles. This measurement is
available for FITC, PE, PerCP, PerCP-Cy™5.5, APC, PE-Cy7, and APC-Cy7 detectors. Verify
that results are within specification limits and attach printouts to this document.

Brightness of various Auorachrame conjugates

o ] Bauget o

Stain Index Result

Detector Specification Actual (Pass/Fail)
FITC
PE A

|
I=

PerCP L
PerCP-Cy5 3 e D

PE-Cy7
APC-Cy7

; _ b
Stain Index = W

e e

Y3dds

(positive population median — negative population median )
2 x negative population rSD

o o, Stain index

..l | |
Bright= good resolution sensitivity

©BD"
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Digital PMT Voltage Control (& &5k £ 5570 ) 108TPDA04014

Measure the PMT voltage response by monitoring the range of light scatter and
fluorescence signal intensity of the red, blue, and/or CAB reference beads.
Parameter labels are identified by the instrument configuration.

. Resulf
Laser Specification (Pass/Fail)
Blue FSC PMTs generate current
= proportional to the
SSC fluoresced and scattered
FITC light signals.
PE When displaying the
output as a lustogram
PerCP changing the channel
e voltage moves the mean
PE-Cy™7 population of the
PE Tixas Red histogram to a dafferent
channel.
Red APC
APC-Cy7
Alexa Fluor® 700 *
Vieolet Pacific Blue™*
AmCyan®

a. Present m 5-3 optical confipurations only
b. Presentin 4-2-2 optical confizurations only.

108TPDA04014

Customer runs CST.

Yes No

Perform Baseline Run

Result

Specification (Pass/Fail)

Instrument completes a baseline run without warnings.

Perform Performance Check

Result

Specification (Pass/Fail)

Instrument passes the performance check.

{ B D14
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Attachment Log-#F Rl 45 RENH, FUNNAS 2 Sedbbaoons

Attachment
1 Attach a printout verifying that the primary precision with
Red Nile, Blue. or CAB beads generated the required
signal C'V as specified in “Primary Precision™ on page 10.
2 Attach a printout verifying that the secondary precision
with Red Nile, Blue. or CAB beads generated the required
signal C'V as specified in “Secondary Precision” on
page 11.
3 Attach a printout verifying that the tertiary precision with
Red Nile. Blue, or CAB beads generated the required
signal C'V as specified in “Tertiary Precision™ on page 11.
Al Attach a printout verifying the optical precision while
using the loader or HTS.
5 Training certificate
6 Test equipment certificate
7 Reagent certificate
8 Exception Report on page A-1 o B &
9 Declarations of Operational Qualification on page B-1 4

E XC e p ti O n Re p O rt BD FACSCanto II Flow Cyvtometer

Dane:

108TPDA04014

Mods]:

Sexial Number.

Equipment Location:

Reported by

Description of Exception. Diate

Recommended Sclution for Exception Date

Exception Resolved Date

BD Field Service Engineer

Name

Simnanre Doate

Customer

Name

Title

Siznamure Date ;q’% B D 16
A 4
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Declarations of Operational Qualification ewoassous
BD FACSCanto II System

Serial Number

Equipment Location

The results documented within the Operational Qualification have been
reviewed by the undersigned. and satisty all operational requirements. Approval
by signature is a declaration that the indicated equipment is operating properly.
with __ Exception Reports attached, dated

BD Field Service Engineer

Name

Signamre Date

Customer

Name

Title

@ BDU

Signature Date

108TPDA04014

Performance Qualification (PQ)

A process of demonstrating that an instrument consistently
performs according to a specification appropriate for its routine
use. As this is assay-specific, the user completes it.

Q BDIS
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Questions ?

©8D"
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National Sanitation Foundation
International Standard 49

AV e SmlA R

FEFHE
ERIFARAE

"
108TPDA04014
VAL —%.
T3 TE] - B 22 sR 2 VR 40 38
Ventilation
Glove Box Cabinet
e N L/F Clean
T mEM [~ “foe
. | EEER
Chemical
Hood Biological Safety
HER B Cabinets

/ MEYZE2RER \
Class | | Class |l
/ ‘ \ Class Il
Class Il Type B2
oo

Class Il
Type B1

2019/5/1
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108TPDA04014
) EWAN ¢ e, P
i BB T JE R ARE T 2\
Personnel | Product |Environmental

Chemical Fume Hoods {E22EERAE

(Protection From Vapors And Gasses)

v

Laminar Flow Clean Benches fEE @RS
(Protection From Particulates)

v

Class I Biological Safety Cabinets
(Protection from Particulates)

v

Class II & III Biological Safety Cabinets
(Protection From Particulates; Exhausted
Outside: Protection from Particulates and
Vapors)

108TPDA04014

BD Cell Sorters inside BSC

B-2
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WERIFE R AN ZELE G ER

Exhaust

nepaFier > F1j LI R
Suppl - \py.
HEPA Filten ok 72 SRR A JHE SR
t Flow
View Screen -Plenum T[ﬁf—ﬁ/ﬁ @%/ﬁg 2@
A A, e
Typically =T
iy (HEPA) fr 67t
" A ol

tEHEEES (Laminar Flow)

-

m A A V)2 EEAIIE:

m SRR o BRI

m 2003F-SARS# 1% © CDCENE S ATHF
(B EVEZRE G T 5535 JE 2R 4
BRI SRR T 2 EREA

m ISR PR E O AV Z 2 EE A
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Aerosols

m Aerosols are colloids of liquid or solid
particles suspended in a gas, i.e. air.

m Virtually all laboratory activities give rise to
aerosols of some magnitude.

m Aerosols are known to spread infectious
agents throughout the laboratory and
sometimes, building

m There is clearly a need to control aerosols

"
108TPDA04014

Top 4 Things You May Not Know About Biological
Safety Cabinets

1. At the beginning of the 20th century, German scientist Robert Koch constructed
the first ‘bio-containment’ cabinet after discovering that germs could float in air.
Despite various leaks and design flaws, this system allowed Koch to work safely with
anthrax, tuberculosis and cholera.

m 2. Despite these early rudimentary biological safety cabinets, scientists continued to
die of infections acquired in the laboratory. The incidence of laboratory-acquired
infections grew at an alarming rate, with as many as 2,456 infections and 164 deaths
by 1940. Particularly common lab-acquired diseases included tuberculosis, Q-fever
and the bubonic plague.

m 3. During the 1940s, the high-efficiency particulate air (HEPA) filter was developed by

the body which later became the Atomic Energy Commission.

4. The first clean air work station was developed by the Baker Company in 1951.

-Lab Managers Magazine

B-4
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Primary Containment

m Primary containment is the immediate removal
of aerosols at the site of their generation and
limitation of spread by contact.

m Biological Safety Cabinets were developed to
provide primary containment.

" S
R

m AV BB AR R T
m BV ERTSER
m BV e ERES AN

108TPDA04014
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= YA e B R AR

L

EN 12469

AS 2252 NSF 49
m Class I

m Class | Type AT

a Class I Type Az

m Class |l RE: E;
m Class |

m Class Il
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NATIONAL SANITATION
FOUNDATION/AMERICAN
NATIONAL STANDARD
INSTITUTE 49

13

"
108TPDA04014

NSF International Standard/
American National Standard 49

The purpose of this Standard is to establish
minimum requirements for materials, design,
construction, and performance of Biosafety
Cabinetry that are designed to protect personnel,
product, and the environment. This Standard
details requirements for performance testing as
well as field certification testing.

(Foreword NSF/ANSI 49-2010a)

14
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NSF 49 International

m NSF = National Sanitation Foundation

m NSF 49 first adopted in 1976, only pertaining to Class Il
BSC, with information on Class | and Class Ill BSC

m Conducts tests on BSC to ensure the products meet
minimum standards for cabinet classifications devised by
NSF

15
2019/5/1 www.bakerco.com

NSF 49 International

m NSF Standards are reviewed every 5 years
m Tests are conducted on cabinets submitted to NSF

m Products which meet these standards are certified by
NSF

m Tests on cabinets are repeated every 5 years

16
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NSF Classification,| Previous NSF 6 ID inti
Adopted 2002 | Classification SMEBIRS S RECHRMI

70% air recirculated; 30% exhausted
from a comman plenum to the
room; 75 FPM intake; biological

contaminated positive
pressure plenum

Class I, Class I,
Type A1 Type A

70% air recirculated; 30% exhaustad

from a common plenum to the room;

?"“ﬁ Tc'“s;gs 100 FPM intake; biologically contami-
¥pe P nated plenum under negative pressure

N S F 4 9 C I aSS I I or surrounded by negative pressure

70% air recirculated; 30% exhausted
. . from a common plenum to a facility
CIaSSIfI Catlon Class |1, Class Il, exhaust system; 100 FPM intake;
Type A2 Type B3 biclogically contaminated plenum
lIlIlel rlega:ive pressura of

S 2 —— ‘:;'E surrounded by negative pressure
N
\5 W IE, g % 40% air recirculated;

Class |1 Class Il 60% exhausted from cabinet;
4 ? pulled through dedicated exhaust

TypeBY Type Bt duct into facility exhaust system;
100 FPM* intake
0% air recirculated: 100% exhaustad
from cabinet; pulled through
Class |1, Class I, dedicated exhaust duct into facility
Type B2 Type B2 exhaust system: 100 FPM** intake;

all ducts and plenums under
negative pressure

* Ail biologically contaminated plenums are negative fo the room or surrounded by
negative pressure plenums.

** All contaminated ducts are under negative pressure or surrounded by directly exhaust-
ed negative pressure ducts or plenums.

17
2019/5/1 www.bakerco.com

Class ll Type A1 Airflow Schematic

Type Al Cabinet without canopy g R JEEAE 75 fom.
%? e AR EEHEPA R 22
SR A [F]— ([ i

O IEJ—*HL EENETTAZER.
w2008 #1&, B3 IEEERA

%

. PEREUEBHEPAZEE R E1ETE

A AR

Exhaust

Intake

m JAEEFE 1B A
FEZE IR ECE T

B-9




Class Il Type A2 Airflow Schematic

=1 S = Y

Type A2 Cabinet without canopy - WEE}E%ER% 100 fpm\.
R AR BIHEPA

Exhaust B ZE SR HE A 8] —1[E]E 2
o TR
5ok B Ry & BR B B BRER 4%
. R T

FENEEFETER

o EER AR
HEIER T LB
B - LT T, AAH

RIZETFEZFS)

19

Class Il Type B1 Airflow Schematic

e [ SR JEZR 100 fpm.,
TR HEHEPA )5 -
o A E TR

m ZESURGHERETE T PUCR
ﬁgﬁkﬁﬁﬁ%@@’ﬁ
KmHE R BB R HE R
=N

0 %Eﬁ%%ﬁ@ﬁ&%@ﬁ
B B BRI B R IR

W ey L
SRR R A
(17/2....)

20
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N
Class Il Type B2 Airflow Schematic

L STV 100 fom.

o TR B S P
Y45 BHEPA B8

n FTAAS AR EE
I By 5 R B I 2 R

m ERE NGRS 21
JEliE, K s HERIR A R
EIESEGU

:' Intake

m R E E e AT
TR ARG IR /é FHe

Vapor Handling of Class Il Cabinets

no

W

o
L.

200 TYPE A <-—— Type A2 Ducted to Outside

150+

e TYPE B <-——— Type B1

50~
100%
EXHAUST

e —— Type B2 100% Exhaust
0 5 10 15 20

LOCATION OF TOLUENE GENERATOR
(INCHES FROM FRONT OF WORK SURFACE)

CONCENTRATION TOLUENE (mg/M3)

2019/5/1 www.bakerco.com 22
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HEPA Filter Definition : NSF

PEE U R/ IR RE:

m EERFEENRCR R VAT
99.97%, DIFERr 51X 0.3
micrometer (Z5:H )

n VL eENS F599.99% R
at 0.3 micrometer

23

Theoretical HEPA Filter Collection

Efficiency

24
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SRR R i
m Inertial Impaction (15 14:hil#E)

= Interception (HH#&%)
m Diffusion (3Eg%)

25

108TPDA04014

Air Filtration Theory
Particle Collection Mechanisms

Air flow  Filter
Particle Stream Line Fiber

W

W Inertial Impaction M Interception M Diffusion
Particle inertia causes Particles with less mass Brownian motion/
it to leave flow stream  stay with the air stream diffusion due to
lines and impact and impinge upon the molecular
on fiber fiber as they go bombardment

around it

26
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Relative Effect of Particle

Collection Mechanisms

(Theoretical Filter
Efficiency vs Particle)

8
S

g
g
:
;
3

0.1 1.0
Particle Diameter (microns)

R

A H]
SR SR A A2 S SR

lﬂ[%

SRR (ERE S A B i
HARERL

28
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W AER) 2 B

A
NSF Cerztgifier

NSF 49 Annex f#:5

108TPDA04014

m Annex A - Performance Tests

These tests are intended for the qualification of a new
cabinet model by the testing organization.

m Annex F — Field Tests

These tests define the methods and acceptance
criteria that are appropriately applied for determining
qualification for field certification of all Class Il
biological safety cabinets.

30
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m E TSR E ST B ENSE 4905 T HIHY
T HIHY 0 B -

m Annex A 15 EJEELER: 7 how and where” -

m NSF 49 {KiEAnnex AT =Uigfll, iEi1% 4G
T I 4

n BUE AT IR R B e~ aa G TR
5 7871

m Annex F 2t A5 general
instruction, 552 Hi%zE [-11Jdata plate -

31
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Rt AV AR s ?

32
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Influences Effecting BSC Operation

s HVAC ?Ewgl-r
Supply |
m Building Exhaust System v“"’:“"' ..... i i
= Supply Air | ey
= People opening |
T:r:::'zj

Contamination from People

m Hair

m Skin flakes

m Clothing fibers
m Dirt

m Skin oils

m Cosmetics

m Lotions

m Fragrance

m Tobacco smoke

34
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1 _ 108TPDA04014
Activity-generated Particulate Contamination

Activity Particles Generated
(0.3, particles/ft’ air)

No movement 100,000
Movement of hands, arms, 500,000
neck and head
Movement of hands, arms, 1,000,000
neck and feet
Sitting down or getting up 2,500,000
Walking at 2 mph 5,000,000
Walking at 3.5 mph 7,500,000
Walking at 5 mph 10,000,000

GRUEEX Ui E=

Field Certification is the method by which
proper BSC operation is verified over time,
to be sure that product, personnel, and
environmental protection are maintained.

36
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EH B (Test Frequency)

Ll

T2 2 T8 (LR
NIRRT
BB %
1R

HEPA & %

S R B R 1R

37

MAYIZ 2R a MR

R =R

NIRRT R

HEPA J8 AR

YR IS

e e A

PRENHIES

g = RS

MERGEE SRR, CE AR Type A1 only)
PSSR A, (AL P&, PEREEHREE)

38

B-19




- |
108TPDA04014

Tests Directly Related to Containment

]
I
s HEPA SRSt L=
. i& fﬁ f—Tj; ; ﬁ% /Jﬂ }E /ﬂ”%ﬁ I,IIIII!IIIlIIIIIIHI
s TGRS HH
SR g ||H|l

w fEAGEETRRMAE (B AR Type A1 only)
w HREEHEAEL (IFTE R, PRAE )

39

Tests Related to Worker Comfort and Safety

m OB HE R

= REHIE

m DRI

m RIMESREAGE

m REE A AHE T =N

40
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/EH nﬁ*%/u\

m HEPA JHEHIER,
s TR A K HE R R R S A R
T S A e A i B B

U
HESREL N WCRIRHY e, PR ORAE 2

—EH b —FATEE, YRR
RE)E, RN B, AL, BOEIRIEIRE

108TPDA04014

Type A2 Cabinet without canopy

T Exhaust

41

/EU IJ:EVFE%/ oA

"

ERZLIER A, [FIRfESL SR

m HE RS,
DA B ERET 38

m HREHES

108TPDA04014

MR sEs, AR EE iy

PIN S ERAERVET B Ry tH 38R, Alaisas RS HIIREIZA

R FHIRBICLE

o “5—"139\ = HIEA

DI SR ERTET B Ry i 58Rh, M IREs 5

PRI By SR TEWY

A
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sa32F Certifier 1%

108TPDA04014

m Class Il Biosafety Cabinet Field Certifier
Certificate Number: 3M680-03

Date of Initial Accreditation: 05/23/06
Expiration Date: 05/23/21

43

108TPDA04014

FEFLE
Brka okt
> ERPEARAE Em&H
» NSF Certifier
OTel: 02-2825-0661 ext. 221
OEmail: alice.lai@tsaohsin.com.tw

44
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4 B (ATMP)GMP2F4E /5 A1 4 32 4] &
Z M By 1A AT

ATMP & A % HLARBR T 7k
B H#TOOS K IF

IHA D HLH

ATMP & FHEESUARER J772 K HAfERT B1O0S R

108TPDA04014

ATMP % P % il ik R Lok iR
OOS & 32

Sy

A

—. ATMP(Advanced therapy medicinal products )
R BRIRER T AN - MAMEZ R AR
1. & i35k Sterility Tests
2. ¥4 B RBR Mycoplasma
3. W3 Z#:5x Bacterial Endotoxin Test
= ~ ATMP % /A 2 SLAR B0 75 7k X K2R
=~ O0Sk ¥

ATMP 5 FHEE BLG B 5 R R B0 0S R 1
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GMP for ATMPs
(Advanced therapy medicinal products )

BR B #7 L B & 75 ML (EUs Regulation on advanced therapies)3? %
— I EIG R E s A (e Rmie) B2 uE (o
LBHENNBREMIE) Sbh— BRBLELTERERE
EREK -

R £ B @(EC)»2017F11 A @& 7 - A 85 % 5% (ATMP)
e REERE (GMP) 45d - 3%ds bRt 7 — 1838 EATMP4
R 45 EGMPZRAE -

o e B AT E ok A HGMP#H20184E5A228 M46:E/E » K %
HOMPAEBIR BB HAZ By ik » 35 b X3 P AN AR+
EW L RN EBIEE -

B2 REREBERE PR B EE > o fTEREE R/ JEREZEAR
A IEGMPEE 35 b JE AGMPAZ £ i fe ¥ # 4 B R IRHFER -

ATMPH; 8 sl 7 7% N R B OOS R

108TPDA04014
1= = N ivn J SA A5
B o on = | 155 %%?#ﬁ

BATE BT A B 2B ORI
VIR R R E B ST B R

“For each batch of drug product purporting to be sterile and/or
pyrogen free, there shall be appropriate laboratory testing to
determine conformance to such requirements” 21CFR211.167
(a) Applies to any drug product claiming to be sterile and non-
pyrogenic.

ATMPH; FHEE R R 772 e HoifEd BLOOS R HE
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Quality Control for ATMPs

Good Quality Control Laboratory Practice
Documentation

Sampling

Testing

On-going stability programme

Technical transfer of testing methods

ATMPH FHEE SR )% R H SR BLOOS I 5

108TPDA04014

Quality Control for ATMPs

Fo B B BRI ~ FRAE Fo AR A R PR AR AT o& B4R B 4 8] 2K

A LA AT o & S H B BB A ST

B &bt BHAT RN RSB
SHERRERNTRE ORI A THRYRE BHSE R
R IAS R

Fo BBk E W08 AR A R
LIAK R E ﬁ%%ﬁﬁﬁmg

"B E Ty AR o
- BT B A A T 8

\
m:B %0

\

N

aIEmA MR Q4 2056404 £ - DARE
BIEERER ) XMHEE - RGBS R &R &

(@ 78 2 ﬁi&
3o

e
;“H“ww
N

% o

ATMP 2 Bt 77 7 e ERgERY Bt O OS iz B

C-3




& R0 &

HAEMRZER &
BB E Aoz
B2 X ME R A RS R
HFA M EMEE
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TREAR ~ Forfo:

EOAET ©

/<

EEREA
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B E B BB — v i

B

S FE R o
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108TPDA04014
{w 1] ~ XK
- U R
—. R GTP - PIC/S GMP%
1. ta j FBRIREA ~ LEHEARBR AR % ZCOA -
—. BERERH 2. R B AR AR NEE ﬁiiﬁl °
3. BRI %%m%mrﬁﬁﬁﬁ%k%%%ﬂ
1. 4 fo 2 B #5 2R ARER -
Z. el 2 Mueirgagir z%ﬁﬁ%ﬁﬁ%%$°
BE 3. 8 gk Wik T RER -
4 1% B35t 4mA%zﬁ%§ﬁﬁmﬁ%&
4 & > I\
m, iR B LR SR S S
2.4 ¥ My B3R 2.2 EAA D B R c SPRBR A
«Pr (A aX ﬁ[‘ J lj
B BREDZ 3. 4h i’%zh.m/? M/ = E b AR .t iR
1= 2k Atmpaie s R E% NS . JU
HAT R SEERLE SR S S T P T ST
N BRHSMER g2t g Mo — B D ZAARE IR G AT E R R BT
-~ 2 E AR E S A2E P E LB — TR s e e o
I\ z—%%ﬁﬁ"?‘ % %a 675 )?‘é nuz/\ PETRAE AR o
> > 2t 1 Jf;“i%i CP é Uc"j == 2= N
o~ TR BB E D a5 M b M cEMS
2B AR miR bk E RSB E S K E » USP<1046> CELLULAR AND TISSUE-BASED PRODUCTS
ATMP FFISE LR BR )73 F LR ST B0 0S i 8
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Final Product Release Testing /
Product Safety Testing

Release Test
Cellular Test Method Criteria
Parenteral
Products

USP <71>
Sterility Sterility g 3 B gh Negative
EX R RIS ¥
n/a Mycoplasma USP<63> Negative; not detected
. . <5 EU/Kg
Endotoxin Endotoxin USP <85> 0.2 BU/Kg intrathecal
Particulate Matter USP

Reference: USP<1>, USP<1046>CELLULAR AND TISSUE-BASED PRODUCTS

ATMP; 2 Bk 7 7% N FCRES S B OOSpR 9

B A P B o B AR BR

© BAMAEMERIBAEINED A RO T A

R PR L LD Y EY LS S A TR LR
LR D SR

© JLAABf ey B ARER T E PR TEAG Y A AR LT

( B34 41/38 3% verification; inhibition/enhancement ) o
© FRLREBNEANTEIRFLSAFRIMFFIEAE
LR AT HLERY > WS IE B A A Sh AT e 2 T M S A8 BRI

* Reference: USP<1223>

ATMPH; FHEE R a7 72 Je HfEY B OOS R #E 10
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Sterility Tests

ATMP 5 I L8774 R ECHERRE00S
2 11

108TPDA04014

2 1 A By IR e i, ~ BB E SLATME

) SR Y B C RHH 2 ARE R
o REURMRB FAEERAR . FREALEZRER -
. i%%/ﬁﬁﬁiglél-i o ° cl:yfaﬁénan N %ﬁ%én‘{, . ﬁ%fii@;‘ﬁ

c [EAMMAEEEE ARFEER 5 iBIER A o
EReERE o baRR T SETEAE R RO -

. BEREFEAAHRH - o BEME -
- BAUBRAMHER - - EED
— ARBMABOE RIS o+ ERSUENF G AR

o AEREETARRES TR R
B FRBRSLEMAEY -

AR Hew EREAR eI eRNRARBRAREESRE -

ATMP 3 FRBE SR B 754 R LR 1005
i 12
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W

ERL A SRR AR T R
TFDA /EDA /EP /USP /PIC/s GMP

BRARRER
- BHRRK
- BEANEB
— ¥ HR R #AT A Fo B (Growth Promotion Test)f# B £2 5 o
— R Ak - k8 7 M (Method Suitability) 3R 5% ©
— Rtk RIKBE -
- BRBHER
- %‘"ﬁ‘?ﬁ&% A BRI AAER
— ERBE IR

ATMP'E P B sk By 7% N FChfEsH B OOS i Hi 13

108TPDA04014

/' —H- 2

4 \\\ " %\
The Growth Promotion Test & the Method Suitability
|| TestMicroorganisms | ____Incubation |

I. Fluid Thioglycollate : as a minimum 1 Aerobic + 1 Anaerobic

Pseudomonas aeruginosa
Aerobic bacteria Staphylococcus aureus At 32.5°C +2.5°C for NMT 3
Bacillus subtilis days

Anaerobic bacterium  Clostridium Sporogenes

II. Soybean-Casein Digest Medium : as a minimum 1 Fungi + 1

Fungi Aspergillus Niger At 22.5°C +/- 2.5°C for NMT 5
Candida albicans days
Bacteria-aerobic Bacillus subtilis ?;yS’SZ.S Ehatto CHOHNMIES

*not more than 100 cfu > ** £ RBUSP<71> > b 3 s gh > 4 4k 23080 5 &

ATMP; FHEEEL w775 N HoAfE SR BL0OS pm #i 14
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The Method Suitability

Membrane Filtration & Direct Inoculation

o fEFSESAT A A MR IR
a.ﬂé%%émﬁﬁﬁaﬂ%ﬁﬁﬁ;
b. BE R0y TSRS A st o

s BRERY MR RMAERERATINGFA

B SAERRGSTRAFRACE DTN > KA EEEMS
CAk B o

o Fyikil A MEERIE T AR A 5D Y & B B B B AT
18 S8 4R 44 A 7T ] BFIRAT o

ATMP' P S ki By 7% N FChfEsH EROOS i Hi 15

108TPDA04014

BEEME L
e KM LBEER AN EAEABEEI09 -
s BEARKERE -

E%idéi
/247 mmFU20.45 umZ S FLIE AL o
© A AT IR S K TSR AR oh 38 3B FUIE B
* 2100 mLey &R FRIERE - RIFA
1100 mL 5k »
© BFIEEARAEAL
© BBREGHEE -

ATMP &, FEE L g 7% R HERT B OOS R £ 16
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Number of Articles to Be Tested

Minimum Quantity to be Used for Each Medium

Quantity per Container Minimum Quantity to be Used

Less than 1 mL The whole contents of each container
1-40 mL Half the contents of each container, but not less than 1
mL

Minimum Number of Articles to be Tested in Relation to the Number of Articles in
the Batch

Number of Items in the Minimum Number of Items to be Tested for Each
Batch Medium

Not more than 100 containers  10% or 4 containers, whichever is the greater

100 - 500 containers 1 0 containers
Reference: USP<71>

ATMPE RS2 Sl )05 S HAEE BHOOS iz B 17

108TPDA04014
,b- X+ J—,‘ =N\ %’
7 \\ %27\ - \“Q % %

c W RABRIIRBBRATHBREMAENE KT H#] mL
LTRMEHERERANARBIERERFINIR - RAMEMAE KRR E
aﬁt\ %%{3\7%‘ °
s ESLAEMAMAE REELAFERHARLELY  MERATRIRE
oot o

> AR REEA R AR R R E SRS T ERAPAT
B RHER] 0 RA—ERSET 56954

a. BRI EBHEMAEMERHIE > Bor 4

b, HEmAFeyEEME BT HE -
BB agRMmEmER -

C.
d. sEERBRAERSOMAEY  BIAETHETHFLNRE ETH
3B A2 R 0 4 T o/ AT o

B a bRedrd o Bk ERR -

ATMP FHEE LGRS 705 R B B100S P B 18
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Sterility Tests

A Fdm e 2R B E S
Guidance for FDA Reviewers and Sponsors:

Content and Review of Chemistry, Manufacturing, and Control (CMC)
Information for Human Somatic Cell Therapy investigational New
Drug Applications (INDs):

* In-process sterility testing on a sample taken 48 to 72 hours before
final harvest or after the last refeeding of the culture.

* A rapid microbial detection test such as a Gram stain or other
procedure on the final formulated product

 the release criteria for sterility would be based oria negatlve rgsult
of the Gram stain and a no-growth result from the 48=-to~72-hour
in-process sterility test.

ATMPE P& sk By 7% N HCRfEsH B OOS i # 19

108TPDA04014

SELECTION OF AVAILABLE TECHNOLOGIES WITH
POTENTIAL FOR USE AS A RAPID STERILITY TEST

The Expert Panel selected the following six analytical platforms,
listed alphabetically, as candidates for compendial rapid sterility
testing:

* Adenosine triphosphate bioluminescence ATP 4 47 %%
 Flow cytometry & & 4= J 3t 3

* Isothermal microcalorimetry % /% 44 & #h 4%

* Nucleic acid amplificationz; & 4 3%

* Respiration™}%

* Solid phase cytometry [ 48 4= i1 31 3¢

Reference: USP

ATMPES FE B2 8 i B 752 B LS BHOOS & 3
20
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DETAILED DESCRIPTIONS OF THE MOST
CHALLENGING URS for RAPID STERILITY TEST

» Ability to detect a wide range of microorganisms, i.e.,
specificity

* Limit of detection

* Time to result

* Improved patient safety

« Sample quantity i.e., minimum number of articles tested and
quantity per container tested

» Sample preparation
» Aseptic test material handling, i.e., open vs. closed systems

Reference: USP

ATMP &, FZEHE AR B 02 T oS B100S R 3 91

108TPDA04014

&8¢ B (Mycoplasma) 5

ATMPH; FZE I B3 704 Fe AR EL00S
Gt 22
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@Bk & ob Z UL A (Mycoplasma) 7T 4%

@ (Mycoplasma) £ %= it B &5 44 ~ B LA Ffem o N 5 &
z@%a&%ﬁﬁﬁi% RAE DN —HAH0.15~0.3 um > &
A 0.22 um B EAAER o
MERGLER@IFT LBET O LEBET BIEHBRE R

%@%K%~& O B %%@%ﬁté 3t B AR TS
%xé BItHRLRE > RE HHk L%

IR A LT iR e EERVEZEELGLYE WwREAE
J'J':n HKESLY  THERERENRE -
eI R PRFROTER 2R TLRRRETHREBIMEAL -
%ﬁ“mﬁif& Ti&m#&%‘l fié’] B 0 B AT B —AEss A A A T

WRANAREBRIBRER AR -

ATMPH; &2 HiUfglig )7 0% R e B OOS R B

23
108TPDA04014
NGRS X+
LA B R A RIE
Cell Wall Synthesis _ Nucleic Acid Synthesis
Folate synthesis
Sulfonamides
Beta Lactams Trimethoprim DNA Gyrase
Penicillins e — Quinolones
Cephalosporins
Carbapenems RNA Polymerase
Monobactams Rifampin
Vancomycin
Bacitracin
50S subunit
Macrolides
Clindamycin
Linezolid
Chloramphenicol
Cell Membrane 30S subunit Streptogramins
Polymyxins Tetracyclines
©2011 TheMedSchool.com AmIanIVCOS|dES PrOtEin SynthESis
ATMP i, F#E iR 5 7 75 K HCHER R B100S PR o4
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o e

BARRERE © FHEBR > FREBAELTER USP<63>
(Culture) s RABBEH

s DEATE BALMERARLEA -
Brmppnds  + FEEOAML USP<63>

(Indicator, Hoechst  * #x & F &% %100 CFU/mL
DNA stain) B b R 4k

REEgER 8 R X ERH—ZE2 X APAT I ik
(PCR NTA-base) W FAEEE10 CFU/mL BE K

B ~ BEM R SN E ik

BIESPENBE RO R

BIES@EILE
FRBERE - B HRA G

1B

%% 1 USP, TFDA- 4 #) # SR B J R b 3 2 g

ATMPE FIZE iUt B 7% e e B OOS R B

108TPDA04014

2 ~ " .
U RARER- Bk
1 A& B 32 & 7k (Culture Method)

o BRBOIERNAE L8 R B HKRIE A 51k ¥ B (Positive control) e

o GMHBEAE K D RAFAE 154K

o B RARRAEBRM-FHERZEME RS TREICAIT F32k
(2AH<05% A RF/REAREHS5%-10% =5 bw ) -

o AT MR BFHESLARGFLIHME - |

© BAERDHI0mLE & E100mLiR 8238 & K

o B2ARBAE02mLE —EE R AELLE -

o BN AAAI0-21K c BB ARAI4K o

c ARAEREREEREEAL

© wRZA A A F R R 5 (Typical fried egg)uy £ & » 514 ¥ B2
Ep— A4 RRBEEEEE R - AAE R SRAR -

ATMPH FHEE Btk B 0% J LT B OOS iR
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YO X 1A A ¥ .
R AR - Bk

35 7~ fm i 32 & £ (Indicator, Hoechst DNA stain)

s ABREKMES A mHDNAL G BB R ALk @ oy
PR 2R 80K 3 6 R AR A o

o EATIHMHBRER 0 BRRF AL EHRAEA o

o4& RA2B100 cfud-il 89 M. hyorhinisfeM.orara%# # #k > BI3XAE
A 4= i Vero cellsty A 2414 o

© BImLAAR LB P e it AR B T A36L1 CFRAZEDIR

*  ZH 3% A M Achambered slides E AT IR B R #RLH e > 3-5KR G
E&:£2]509% °

* A pH7.484 %% B B8 4 87 B8 /K ¥ 2k 4m BB 3 A N\ ] 2 2 fixing solution (acetic
acid : methanol, 1:3) - B A & A& FKF L -

*  /mDNA % &, %]|(bisbenzimide working solution)#% & 1055-4&1% i 2% o

A glycerol and Phosphate-Citrate Buffer Solution pH 5.5% F 3% B -

ATMPH R 82 st 5 vk N R R ELOOS i P o7

108TPDA04014

R A ARER - oy ik
o 3Hi® % skfluorescence#sB] ( bisbenzimide#t &, » B 330nm / 380nm;& %
JE KR FaLP 440nmBE IR K R ) 0 R KRA004E R E 548 -
o FAMUSRETARBIEITEY - G H RBOMBNIER  E X RES
B o A TR mAn Y LR P A A S R R o
. MRBEX

_ show fluorescence typical of Mycoplasmas

Positive controls + -

Negative controls +

Product Sample +

The product to be examined
complies with the test

The test is invalid

Results

Vero cells chambered slides | Negative controls | Positive controls

ATMP R S stk 5 02k B R O OS i 28
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#UAE M AR - PCR

Reobgtt S R X

Polymerase Chain Reaction - PCR

1. 96°C &8 T 4 # iR DNA+T Bd

2. A #468°CT 3| FHDNARBL ¥ primersk B 16S-23S rRNA & 7
3. 4£72°C DNAt A (P=% A E8).
4

LB BEBER M REEREDNAT T — B EAR 0 AL
DNAK # o

5. EATH A5 BB E ko #7 > KDNAbandz B &R A EZE R N Ry ER -

ovigiial B - e "/
00 npicated v ¥ ¥ O & s o RN
» |nnm! = W -
L] ?' - ‘rnrrnrrr 3 : ¥ ¥ \ Mot :
5 ¥ D b 1]
I, o o s S
» t &  AAhkRLAL = 5 3 A g
¥ G TP R i
» i :ﬁmu — Il“u.u g ~
DA primmer ¥ 3 ¥ ¥ ~ '
i ~ e
N
A simplified scheme of PCR analysis
https://www.romerlabs.com/knowledge-center
ATMPFE FHZEHUG R 7 24 e ELRERT #200SiE HE 29
108TPDA04014
] g 'ii;:' /%\ ;%55{'3%3{
Bacterial Endotoxin Test
ATMPH FHEE Bz B )7 0% J HERR B OOS R 30
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NH&ZfohEE IR

s BBRAE—MBEBNS T @EAEANFEIIEETNRE -
NEEZHANEFRER @ dapiEyd > it —u
MR LN EA LRI T o B e AR RER
NEEfibiEE WEEZU S8 (LPS) HAHFL o

o PR AIPLEREN L S REART 0 B E AR B EMA T
MEG @/ E S maE AR PR E N X Mg R T -
s BB BB E LR TI SN BHBEEWYEE

BERBHrELET o

ATMP 3 FEIBE S #5873 B AL HERR HOOS .1

108TPDA04014

BRI 3 R

Pyrogen Bacterial Endotoxin Pyrogen
Rabbit Pyrogen LAL monocyte activation
(USP 151) (USP 85) (EP2.6.30)
HREMETRRANEERMN |« BELHT o AN ABHARG
JE#F#F (NEPs) © FEEHEZ (#0.03 R
BIRER T Raryik £0.001 EU/mL) s AN EEFIEN
TR &R © RAK FEEBR -
FHE B (05EUML) |+ (EMRMEEHA ©ohmAT
AR E 5k C EMENFES ARG || AT
BRILE RFHENT | AR ERRBAR - |7 THR (R
EEBELR « RE 5% T pH - B RE)
FMER D RTFH R FiRE ~ BREM - RN 5
JETTREL AFARE) © FEE o
FERALELELANR D |0 FEEALELAR D R
B8t ~ Rk BB ~ 4o Hab -~ tmfpgoh - A H
B B (o i o 9 e B ) REHA S -
MR FEREGY | BMHRATES

ATMPHE FHBE Bt g 502 ) HARERT Bl OOS i 39
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B JR AR B

MAT
Different methods based on the source of monocytes

Pyrogens: '
« Endotoxins fram gram Detection by Activation of Cytokines:
negative bacteria PnOtE TR - Monocytes D ogitll IL-18, 16
« NEPs from gram B o fNF_ﬂ';FN_;.
positive bacteria, yeast i
& maold, virus H N .‘
N
USP <151> (Pyrogen test R ices o ; ‘ q
=X 1 . monocytes Ll
] ,i'q,,%ﬁ) mentlgns that.. o MAT -
“A validated, equivalent in PBMC : Peripheral bload 2
. . - Whale blood mononuclear cells Monocytic call-line
vitro pyrogen or bacterial B sl
endotoxin test may be used g
in place of the in vivo MAT (monocyte activation test ¥ 4% 4m jiL 75 163X 8%)

rabbit pyrogen test,where

o was mentioned by FDA guidance for industry in
appropriate.

2012 as an alternative method for Pyrogen Detection

ATMP 3 TV i 77 e HL L OOS A 93

108TPDA04014

N AR

Recognized LAL (% Limulus Amebocyte
Lysate)methodologies in the pharmacopeia:

* Gel clot (limit) test 2288 (IR &) R

* Chromogenic endpoint test 2 &, £ 25 8] 3K

* (Turbidimetric endpoint test) b & £ 25 8] 3K,
 Kinetic chromogenic test & /1 2 &35k

* Kinetic turbidimetric test £ /7 /& F ] 3,

USP <85> :

GTERABRMRFHRBT > RELURBIRE
)3 (Gel-clot limit test) 2R ) & » P IE A2 R
EatB2RTAARA -

ATMP & FIEE Lt B 70 F e L OOS FR Y

34
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M 3 F AR R

* Gel clot (limit) test & Chromogenic test

* Incubate the reaction mixture at 37 + 1~ for 60 + 2 minutes,
avoiding vibration.

ATMP T P SE Ui a5 7% N B B O OS R #E

35

108TPDA04014

Bacterial Endotoxin Limits

* Calculation (for Pharmaceuticals)
Endotoxin Limit = (K / D) Potency
K= max. allowable endotoxin exposure 5 EU/Kg/Hour
D= max. human dose
Potency = drug concentration
Example: Endotoxin limit calculation
Dose: 2 units/kg ~ Potency: 100 units/mL
(5 EU/Kg / 2 units/Kg) 100 units/mL =250 EU/mL
*  Maximum Valid Dilution (MVD) = Endotoxin Limit/ A
Example:
Lysate Sensitivity=0.06 EU/mL Endotoxin limit = 3.0 EU/mL
3.0/0.06=50 A is equal to Label claim for gel clot lysate

ATMP & FIBE U B 7% B R O OS FR Bl 36
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Bacterial Endotoxin Limits

REAGENTS AND TEST SOLUTIONS

1.  Amoebocyte Lysate
Water for Bacterial Endotoxins Test (BET)
Pyrogen Free (Lysate- Reagent-Water)
Reference Standard Endotoxin (RSE)
Control Standard Endotoxin Solutions (CSE)
(E.coli O55:B5; E.coli O113:H10).

W AW

A. Test for Confirmation of Labeled Lysate Sensitivity
BT T B ARAE A B

B. Test for Interfering Factors —
I/E Test (inhibition and enhancement#p /48 i 8] 3X)
SRR RE AR TR E a9 0 A =4t -

C. Routine Test

ATMP'E P S sk By 72 N HChfEsY B OOS iz Hi 37

108TPDA04014

Gel Clot — Confirmation of Label Claim

* The result must be within a two-fold dilution of the label claim (i.e.
between 0.5\ and 21)

* Example:
— Sensitivity=0.06 EU/mL
— (Log0.06+ Log0.06 + Log0.06 + Log0.06)/4= 0.06 EU/mL
— The antilog of the results gives 0.06 EU/mL
— Permitted range 0.03 to 0.12 EU/mL
— Result: Reagents /meets the requirements

S S M | 5 B | 5 | S
1 + + + -
2 - + + =
2 1
2] ol o T -
4 + + + =

ATMP & FEE IR ER 774 K o HESR B O0S R i
38
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M 3 F R ER

Endotoxin Concentration/ Number of
Solution Solution to Which Replicates
Endotoxin Is Added

A:Sample solution (Unspiked)  None/Diluted Sample Solution 2

B: Positive Control 2)/Diluted Sample Solution 2

C: Positive Control 2)/Water for BET 2

D: Negative Control None/Water for BET 2
IR

» #Unspiked Samples 7 5t & » B & -~ i $it # &b HEndotoxin 4 &
RABBIR A -
> #Unspiked Samplesit & » Qi@ b & 548 47 B8 3K (Retest ) ©

ATMPiE R Bty 2 N HCRfERY B OOS iz H 39

108TPDA04014

N5 EER e SRR

c 2BRRGAEMERES (FDA) -
201811 A8B et/ Al €4 ®W +C ( rFC ,Recombinant Factor
C) BENFERRANE—FEY - CHRANYRER (El
Lilly ) #9Emgality™ ( galcanezumab ) 89 3 5 4xA] » T A& 2Bt
B E— By - R EREBRLKLLALSY ik (% Limulus
Amebocyte Lysate ) o

s FHRTFCETNFERA > SRR EHE LR THFHRR
MEAEEEZRT  AERETEEMERKEREMENERES > A
B FE AR BB R AR ey T A 4R M

o rFCARRI 7k AR s Bl o 35 £ R A (5.1.108 ) /8 ALAL
B R R Tk o

c FF R &ERR arBSmpEs A% Y A&k
s e B (F RANEE) °

ATMPE; I EE B i 7 0% B HER T B100S i R 40
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= ~ ATMP % i % SLA B 7 7k Z PR 30

ATMP R g ML g 7 74 R AR E200S
patiil 41

108TPDA04014

B gh Ao Bl Ty vE 2 B K

e USP<1225> Validation of Compendial Procedures

“e ,\fil%;—iﬂg;i
“’\#lﬁil?ﬂ BYFERL » R EIBE B E AT AR AR By PERE AT R
AW ERA & £ Keyidfz o7

 ICH
“ERGESM RSO EL BN AEAGEFES LA A Y -
« USP<1226> Verification of Compendial Procedures
“BRAERMEFFTERA LY OS> REZRFZERLA
e e £ E F"ﬂ'ﬁi!ﬁ{i#'ﬁii&ﬁﬁ Mo EZ @i WERAEAALER
21 CFR21 192k - 7 194 (a) (2) HATH “T’é‘ﬁ'&zu»%ﬁéﬁ
GMP” #kf] > R PR T “ArA R A 6837 A 60 8 A PR AT IR
16 A A5 4T ATERE o

13

ATMPH; FHE R R 772 e HoifEd BLOOS R 7 42
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2 A By Ty ik Z AR

- FDARZE LR EIEH EREMES & -
“USP#Y 75 ik R A% 30 A BB 0 4o R T 23 EANDA ) — 3
S0 RRA T CEBAER - “HRNBEWRIT X LIBAHFERZLY
EABEAE RS T AL BB S EE AN E R ME
A A5AF -

ATMPH FBE B A 7707 e HUERE BLOOS i 7

43
108TPDA04014
Validation and Verification
Bl 7S 0 T ST B B 3% 1 AT #E 4 ( Validation) LA R AT B J& 3% 5 25
( Verification)fF & — 4L H #% -
o #7534 (Validation)Fo B 35 ( Verification) » S4B AE R 047
EWERARB Y -
o ho R4 ER B ¥ ( pharmacopeia) 0 i B § f£ Fi AN EEEA 4
% 50 5% A B3 (monograph) & K > 3% AR A A LAY
( Validated) o
o fa R F b FErE (Verify 3% & B A F AT F EAIR -
s RIS IEALRE B XK/ T HEEH(monograph)
K 0 BIsL SRR A by k2 ( Validated) » 4 - 91 8 gh SR 43
MERFAE
ATMPH FEE LR TG oAk N HAEST ELOOS R 1 44
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Validation & Qualification

o JE#45E ¢ ICH -~ FDAZ5 H st A0 USP = 87 <1225> 84 #% 24 R R v 2
L B I B B A ) WORE 2 <1227 o

© HEEUED) - QAERRITE - 3BAe A B BAEEE ~ R RE3Q A
B~ AT T AR R AR WA R

o # #2 8E 5 Process validation : 4¢ 2 Esafety ~ — Zk Pk consistency ~ 54 M
robustness ~» fo g &K E L LY o

© BRRBREMERAMENBELET BALEBMAEMSLENESR -
© DT TR RS A AR

s RBEEI XA BEREGOR BT B PO E PG R TH M
FB A% Bt B 2 Ao SR BB AT RN B A

o JRIEILHHANBQPEYIZE -
o AT A E Sboy EEAE L o

ATMPE FZE HUG B 7 74 T ELRfERT #200S iR FE 45

108TPDA04014

Quality Data

USP<1058>
ANALYTICAL INSTRUMENT QUALIFICATION

» "..four critical components involved in the generation
of reliable and consistent data (quality data)." From
most to least critical, the components were

QcC
check
samples

System suitability

— quality-control check samples, tests

- SyStem suitability tests, /ﬂmalytical method validation\
— analytical methods validation, and

. . . . Analytical instrument qualification \
— analytical instrument qualification.

* System-suitability tests to be the same as verification.

ATMP' P S St B 572 N HChfERE B O OS i Hi 46
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Microbiology Method Preparatory Tests Routine tests
Microbial Examination of Growth/ Suitabilit Blank Positive/
Non-Sterile Products Inhibitory Y Negative
. Growth/ e Positive/
o 1 .
Bioburden Inhibitory Suitability | Blank Negative
Environmental Monitoring Growth Blank | Negative
Media Fill Growth Blank | DOSItve/
Negative
- . e Positive/ Stasis*
Sterility Testing Growth Suitability | Blank Nl tost
Bact.erlal Endotoxin L.y.sa.te UE test*** | Blank Posm.ve/ Splk.ed/
Testing Sensitivity** Negative | Unspiked
e Positive/
Mycoplasma Vero cells | Suitability | Blank Nl
*Stasis: Bacteriostasis/Fungistasis Test » **Labeled Lysate Sensitivity »
***]/E: Inhibition and Enhancement Test
ATMPE FIZE B B 704 o R B2 OOS B BE 47
108TPDA04014

VALIDATION OF MICROBIAL RECOVERY
FROM PHARMACOPEIAL ARTICLES

o 7k (Validation)®F 72 54 4B 25 B v MBI AZ &

— PAROEI SR PR F R AR H E S T i

0l)

)Lii#h#h g%ﬁ%’( °

— PR EFE RGREFMAEDG L -
o ZHERMNTRBMAEMME Fik LR F] - HAERE R -
o AR HIET0%ENL ¢ B RS A K EAviB B R IE A K o
s MAMARE REEBAEATHMAMRKEL RO EIL -
 HBMBILB=ZMBARARARAZHOPKE  BREHF ETHLFH HELAR

by REAR

— b AR T P Ao H AR B o A B B3RS (<100 cfu) -
— BAIRHB A D BHEIR P A APRER R B #£(<100 cfu) -

- BREA RERA 2w AR B B #(<100 cfu)

Reference: USP<1227>Validation of Microbial Recovery From Pharmacopeial Articles

ATMPH; F 2 R 772 Ky HofE sl B OOS i 48
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VALIDATION OF MICROBIAL RECOVERY FROM
PHARMACOPEIAL ARTICLES

IR AR FERIA B ey tb ¥
FER AR Z A B %} /;%E | % | B | e g q‘z
Al | B & R o | %
¥ & 7% G B Blank o
F2 4 ¥} B8 Negative Control [ )
B BRIRIE 6 B A o
UV R Y
microbial recovery
BATR¥RAE C B
2 Buffer solution control group ¢ ¢ ¢ ¢
BAEAE RHE RS
3 | the viability group o o o
(inoculum control)
5 DHL R AR AR T R R L AP ) 6 b Aok
9 DHH SRR R T R AR AR S H A M A R EFH AR D MA M FE
B R ¢ b R AR AR Sh Au R B O R N A E I R 3 U4 A AR (CT0%) -
Reference: USP37 <61>, <62> &<1227>

ATMP & I ZE SRR 7% e HolfERR B0 OS R B

o 49
108TPDA04014
A RAR T
Alternative Test Methodologies
© HATHA a0 Bk A S IR EHAT R JB 42 Sterility -
Mycoplasma, v Endotoxin/g]z& - (FDA)
o ARG TR ORERAT E 9 ARAR R R ~ BRI F R R 4E
RABIEE SR AR o
© AR EMEE  REAELLEFANBATRE 0 K% 3
REFAERAT AR AHEESMAFH ERE > BT HT
WATHEE R > R mi & ey T ER o
« USP<1223> Validation of Alternative Microbiological Methods
ATMP 3 PR 58 173 oS B OOS T s

C-25




7{2"\‘ ,f)i ;‘E\'J %—i‘(“ ﬁ }\ il:\‘ 108TPDA04014
Alternative Test Methodologies

» USP—#%3%46.30 :

“ho RUAIMEEFENE C FRUE AR BEMREA LR
A MACBIE R D 638 ﬁ&ﬁ@&& LA BRI LT AR AR S
R ST LA 2R F 0k o 3\1}9%54&7]‘/2}15 48 B R B ... i+ B

S JERE T AR ) 3 AT R,

* 20114 > FDA CDER#%# T A Regulators View of Rapid
Microbiology Methods it 45 & >

‘AR EREELEABREE  BRAPTRAALERT R
REFA TAE o HH B8 23 > Rapid Microbiology Methods
T P55 JATHEKLE R o

ATMPH P S Ui a5 7% N FCRfE B O OS R 51

108TPDA04014

B IR R
Method Validation Criteria

EREAZ R BEHE TMF*E
Validation Parameter Qualitative Quantitative

£ 2k & Accuracy

# . Precision

45 B M Specificity

#x78) P Limit of Detection

%1t &4 Limit of Quantification
4. M Linearity

%5 # Operational (dynamic) range
B [E] Robustness

% 45 M Repeatability

B2 B @t A Ruggedness

% 24/t #U8) 3K Equivalency

Ao fo Fo Fo o Fo Fo o Fe o Fo Fo Fe Fe
Ae o Ao Mo oo o) oY e He oo o)

ATMP % 1A % s i By 7y 7k B L eg 32 2 O0S 1% 32 59
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BRI AE M E T IR T

« USP/EP/JP3A4o & & & 2R Bafu e ik [l 48 4o o ot B0 74 AT EL &
ST IR R AR T B e B IR o

s B TTHRBMIETHAY  CAEATRER - KHITE - %R
BW 2xci AR REFRAE  ZuEhassx
DR ERRGHERAAREERABRAFA

* EARTHEREIAMPNMESFEAFE A EMOHE > KA
MR T ERERBARRT E S EREST EZHGTFHER
B3t P EZ R LSRR BN TRER -

o KEATIHAE AT R AR A M AR BIARR T & 0 AR HRAR R A R
EREN B AR EERENES (USP/EP/JP) 2 & @AHR

Reference : European Pharmaceutical Review

ATMP 3 FIZE SR B )7 3 B HUHERR 100 AT 53

108TPDA04014

* Qualification of installation
IQ ° Done by supplier, Finished and fulfilled

* Operational Qualification
OQ ° Done by supplier, Finished and fulfilled

* Performance Qualification
PQ ° Done by supplier, Finished and fulfilled

* Validation with Model with microorganisms and without product.
PQ 1 ° Done by supplier, Finished and fulfilled

* Suitability Test : product versus alternative method
* Done by , Ordered by the customer

* Comparability testing with both methods on one product

g%’ * Done by , After a successful PQ 2-1

ATMPHE FSE iR B 5 7% K HORE R B OOS R 54

Cc-27
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SEEER

ATMP 8 22 5 774 2 HHERR 91 00S B BT 55
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H4£BHR (ATMP ) GMP:#4& oM % 32
) B Z 38 B BLAS T B AT

1k BEFRA b 32
( Out Of Specification ,00S )

EHEANREH

(kR % (Out Of Specification ,00S) iz ¥

1 BEIRAS o 32

14 LCGMP” 183 > B3R A BB H 3% ~ BB Fudk

B kRIS BRI IAR AR R o

o BRESVHEAM (PAT) #RFA ARG LGB E B RA Y
EAn i T BARAE A R BHATRE > MARRERETREM
B R TR R -

o FubE BFERF R R Ao MAT H R AR R R A - BRI B A B
o - ~ AR P AR e R oh B4 B AT > 32 B|GMPAR G o

o EFLAIEHYIATE R AR ~ B AZE R~ FE TR M

B s B AZEER > R B AR P EAFIETOOSLE R E X

DL o

FDA:Guidance for Industry

(£ % (Out Of Specification ,008S) iz F 9

D-1
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1 B LA b 32, OOS

© mMHOOSERIEAR Bk F T RAK > HL/BRKIEL - B
HOOSHERE/THAL  AELR (A ENMBRALER) R
PG foi el BEQCE EMRBERHELE -

© Wl A B M RIAT RIEL B AT

c BERMAMCESHOAE

o HL A M2 R 84 48 £ (MDD Microbial Data Deviation
Investigations °

« AN TMAMEIRZHIFEREAENES -
— Sterility tests
— Microbial limits tests
— Bacterial endotoxin test

— Antimicrobial efficacy test.

{mEEFR A& (Out Of Specification ,008) & ¥

3
108TPDA04014
&—
16 B R R T2, OOS
s RRAELTHABRHNENBLAOSLYE  MALAEITEY
Bk o 3 B B VE AR SR A B A RE AR R ORE 8 o B L g2 M e A Ak
M -7 (ICH » 2001)
© LABL W fTRAEARERE (00S) eRBRER -
e JufTHEBEOO0SHRLE R > &4 .
- ERFABHEE -
- EREREMNAL
~ THE R AR
— FEEREREINGASE
— DR PR B R KK -
fREERRZ (Out Of Specification ,00S) EZ H .

D-2
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T BERA e 3R R AZ
(Out Of Specification ,00S)

r EERE M

FE 1b A E

2
R M2 AL
:
BE3 A

<

{REEE & (Out Of Specification ,008)EEFE

108TPDA04014

TERE N

“BHEHK (00S) /#3 (O0T) /A 27

THAAUTHUR > LIBETHE

— BibE HAT R FFo AL 45 A AR o

— gy Hla R HBIE AN ESE LR
w RAHE Ry EE -

— T ERR R L/ R B (AP &Y 2 B AR R
FEMmER RN (BB HRR)

— ZETRATHII R BAAEOOSH & P oy 424 K
AR HOOSs TTse & X o

— AREE R AE PR -

kR % (Out Of Specification ,008S) i ¥

D-3
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BERE RN

s BARGATAR ERFAE 0 ARIATA BIFA LB F — AR
B AR MR -
o ES AR R AR BN AT B A S AR L 0 Bl
— A EE X E(dissolution )S1 ~ S22 S3#7,4%;
— B ¥ B4y % 3 4 M (Uniformity of dosage units )2048 £ 5 f # %8 9k
it A8 2R 84 F 4%
— SRR -
s BMAMREEZBELTF —®AR > wARLAERRKET
— %R BACAEEETAEE > BIERETAE -

IR #% (Out Of Specification ,008S) &z ¥

ﬁ4o 14

16 & 32, #% Out-of-Specification(OOS) &) & £ -

— BREREARAESTALE T ANPAZE (4 -
REXPF -SRI ET - &
K Y IRERAZ E ) o

— BIRRE RAB A B fu/ S 3] s (BPR

HRM s B P/ REELARE) PBRL
B B AZ # o

et A% (Out Of Specification ,00S) & #il

D-4
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16 8 #5 % Out of Trend (OOT)ey & & —
- BERETHSEREZECAGEAMMEYE -
— MR 2 PR TR E A
A2 AR 0 BIE -
— BERR—ZAO00S » {2 R AL A gy BLIE -
— EEATHBRIRGA T 0 Bl TEN
gﬁ)kii'riéﬁiﬁé (AT ) MR 2 % & TR )48

i EEHR #& (Out Of Specification ,008) 7

FBA/BRF/RFER
Atypical / Aberrant / Anomalous -
- BRMARAMREN > RTINS
TE s FAR] -~ RBERRIER
Yo & LB AN B AMNEE 0 M
ARRE ) BINERE -

{REEFA(Out Of Specification ,00S) EEFH

10

D-5



Mg 1b B/E

EL®) % —brE
ERmERE

{R B (Out Of Specification ,00S) i 1

R4

s F—aALRRTHEELTHLERNIIERER
(o TRHKE) Ko A B A2 R BIE AT R 2]
BRAASE SR > fldo i MARARE R B AT DS BCGAE -

o HIMMAM SN 0 BT LR RS ETIR B E
BIPAE X 15 AT o

« BEAARHBERTAEIbRI AT plA
L e e A

[EE 1b FE#

Rk & (Out Of Specification ,00S) & 12

D-6




% :

HEMEBR-SWABNEEES AP EE-

1B - ANB R EE R4S EH o 20 “TREF,EEN K W

FiT A 48 B o 4 XA o

BHEE - AB R EE AT 0 0 “BRBREFTEH >N
Yo BRXGF k-

R REEE - Fldw > HRBIBREY 0 FRAOBRRTE oW ANEB LA

WEk c HINMUAMB AR > ET R A AR RARERS FREAEK

P s G 3 B8 & AL -

BBSBARERE-flho » BB B R BABBRYEE  »AERES

WEREAME o R AEHMMRBLAE FEEH oM AR AR

XA o

o RARA LT RBERE R > A LAET—  DBEAE -

{REEE & (Out Of Specification ,008) R 13

108TPDA04014

% —bFE A S <— Ref 1b W&

SHARREEZRAE

BB A R R =] kR B
R R B £ (A REHZ)
| A '
sk mums  ERER L
SRS i CAPA

'

{REEE & (Out Of Specification ,00S)EE

14

D-7
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F—bMEAL - A

MAE E &~
— RIRIA B IR 0 SRy AT R BT S ST 6 A AR -
- BE - BRI ECRHEFS LRGN TAYNA & THELHRBATE -
— HEMAET RAE RN A0 I BT 54 AR AT R A A
AR £ o
- AL R EEHRE BBAALSIL M EARE  TEE T HREML
AR B R -
R B A —
AT B9 BIRAAE o 4o R by RE ILBATHA B P IRAAEAF AR A AT HUAE
SAAR B —
BEXOMRFERGBMARS] - BE RS
Bt~ # 5ok S ARG IR B E AR R
M ERIRAE — TR RIRAE B B AT IR B -

i 6 3 e
BARAKEE -

mEERR A% (Out Of Specification ,00S) EE

15
TOSTPDAOUHO014
A — bb n' % - S X x
F—bMERALE - & @4
S )R - R EETOOSK Tk £ R E ey £ F & ReF o Rk
R E e
THREQER AR REHEAEZT DIAR R EREIITRE R
By R -
L BA RA TR —
— W fE R % EE G AR R AR B LS (ERalert )
— 2 HR R B T B3 o o
— FEWB AR AEMEE - AIRBFLERRATEHKERE -
3%/ BRI -
— BATABMBR A B AR KR D THAE IR AR A ¢ ke 0 i
—F R A BIE R E IR I/ R R B R R -
- THRELEBR% -
{REER £ (Out Of Specification ,008) & H 6

D-8




108TPDA04014

B ETA
Corrective and Preventive Actions (CAPA)

45 LT85 (CAPA)
c fmE A AREBEERE - S8 A RRESE -
o 45 F 356 Corrective Actions

SH¥ O A BAER 2 AR 2R B AT IREUN IR 696 -
* TA [+ s Preventive Actions

SRR T AR A 2R 2R B ATIRER &Y 3k

fRREERLE (Out Of Specification ,00S) iz ¥ .

TOSTPDA04014

P ABFEEZIRHE

MEEE - ENMETEREREAELREBITM S AL -

© WRA R/ SRIRHE SHEANBQP)/EHZMITHA
(MAH,Marketing authorisation holder) °

s WMAEMSW —BFRERTERER  HEIREMA LA KB AARIER >
fldo @ BALFE AT A m ~ R - ZMOMRAES C BEEYE - A
BFRE ~ RXE - A RITRE - ERRALEZAT  FIEH RAEFTHE R 69
L& 35 B2 /B]iﬁ—/g%m

s oM B ETRERMEMRMDBIE XM/ 0 EE -

o BATAR LT E BRI B B Tk o BCRAIRKT a1 R A6 TAF
IR > 2R &35 bR -

(i £ A% (Out Of Specification ,008S) & H 18

D-9
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SMABREEZAE @

FAERARFOET T REETREAL TR A A NDIAEAR

EFEH RIS AT F ok o 4o ¢ SOPRR AR, ©
BRE/MREENKD (RERBTHEENTIRE) -
FHFtkm T BN EANESNEY (REFEEFEMHRMAE) -
BIRATAR O B B ol B AT -

R EAE Y BRARAZ T 0 9] d IR 4R SOPRR A 3% -

AR AR R/ E R ARRGER PARSL T R AT RN -
Bl PR AP A XBEAREREIHZA -
FEEMmER B

AN P ARy e9AR G o

1% B oA/ RIEH| bk FREA AT o
HAEARGER ST (SHATF o 8Af]) o

{# P 7 o 3075 0 338 B m o

1& A EFEAS R B/ B EARAEAE o

(R #& (Out Of Specification ,008) & FH 19

TOSTPDAO4014

A AR EETZHAE @y

JE R EFE B RA o

WAL e 38 R AR A -

— WA BHR -

- BARE (B#fam) BTrEdRETIIE -
HABIEARNARE -

PMANBER THZF EEY -

3 B o B3P AE IE A AL T 69 o3

W ERAGHAE 0 035 CEB fo b AT E F R TR EE RBIE -
IS TR R AT B9 44T BT AR o

JE RO A 6 R4 B TR R/ 5 -

12 AT AR > R B IR G B8 R AEAT BT -
WEALAR — o4 & FHATH Eehtkey) 8% -

& & AR B M A IR L AT 094247 H400S & R -
FiERB L o

fREERR A& (Out Of Specification ,00S)Ez B 20

D-10
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SHMABFREEZRE #

o

WMAED A REEE EEE

s REHHARKERESS - FE ﬁﬁ%

c HREBAARTRE-RRAEmMLE Hik

s REHFAHAMRR (RAAHAR) XX FE > OFREEE -

s MG HHRBERLITLSANE -

 REHEAER T EAENIEER/RE -

c KRB ATTERRR -

o BIERATAR SB/32 R AR B AR A AT A E AR AT A B 4K B N v B R

7k (AR) -

s EEMHATEE o

. &M ERriE R n stk B R (O Am ~ 3 K &fofefT
fefA e Kb R\ ) o

iR A% (Out Of Specification ,00S) & F

21

RakE/ KK
EE

BAOCEE
BB B <

(R EEHI (Out Of Specification ,00S) i

22

D-11
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pRIT

omkAm

{REEEIA (Out Of Specification ,00S) iz FE

F_mEAE

© RF—PAAEREATRE TH AR AT -

© FoMEAEhSEBRNE Rl TRES

c RE—FRRRZAT BRBEFRERAE  UAZATLEY
BETRELERANEE -

* WRAERSRGEME EFQA—ARBIEHEARQP -

¢ E BTSN AIREE o B4 TR K80 A BB BT -
A A — &Ry g S i ABATEH AR -

s WwRABHEE AN B AEREE A 48 B £k a9 48 B
SN B AT BATOI TR 2 HF ©

{mEEE A& (Out Of Specification ,00S)jE H o4

D-12
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® 15 3% /3 & 3K Hypothesis/Investigative Testing —
WATRIRA A T H B AR R D ARAR B » BT A4 A4 4477 3
RO FH 0 Blho o THEA MARSDRIE - B F KR I/ R —
F R Fo BN R RES

® & 47/83X Re-Test -
ho RRAEHR S Ao bt KA A AR/ AR T A 0 R A RBATHRABR -

® F Hihtk Re-sample -
JEETTREAE A RAR S 28 T &Mtk on 0 IR IER WA on T R tRA
H R R RIRAEAR R M B AR o

® I 7] At 89 & B Most probable cause -
FHE2LSEWHEL > BRUFEETRETEHE -

(R EEE % (Out Of Specification ,008S) & 95

MR EGAE- Rao/ Bk TR

B2 3% 8] 3 Hypothesis Testing (i8R % — ~ afo f )

© WwRFE— - afFERABTIREHRE > BBEENE P -
o ERSECEARZAT 0 B4 B AR > K1k EQA/ Contract Giver /
QA Hb/fE o FEIARKE K ¢
— LIRRGIL T R TR o
— BB AENRATEA o
— BRI A S o
— FEEHATRIR -
— dof 3P4k B
o TR 4 B A E R BRAIR -
BB RFRANRIMLBAET RGO SATER o (R A NFER IR
REAY R B e

fR#EFR#% (Out Of Specification ,00S) iz F "

D-13




BEUERERRUSVTAE T REETTRELERKTRER » FTAF

J& EHA

é AR
1 R RGBT ARG 5tk BAT A KK BRERIR

© W RFBHFDLARRL > AlLAEBQA/ Contract Giver / QA% [F] & & H7 AL
R TERAAE T

o R AN GO FHE R BT R AT 0 BTSRRI

o PR REHRERAFLZESIEH R ARLE > B ARFT -

* BN Y%RSDFw EAE MG RIS I L ik BnE AT e (EHEE - KAk
J& Fv P Rk, B accuracy, precision, and intermediate precision) 48 ff °

s RRNBEASKF LEZEF A -

o BREGERERY I BAEEARE S B AT

{REEE & (Out Of Specification ,008) R

014

27

M

o CPHEA AMEBGANARA R BB o R PIHET R EE
MEXR -
Bldo - M AMRITHHFELT » A D R A S A LR T 4%
ffg A P41 -

¢ Ea /E'J vih B i‘l—’-/?'] iémﬁm é’JT% H:-E‘,l’ @'J‘k“‘k‘}*/bab %/n% 4’5]}”/7 ,J Fi
x| A 47 4 4 M (dosage form content uniformity) » AR FE4E A P34 4E o

o PHERA S REE R R R 2 R 6 T bk aysREE o Bk 0 BEE
5 PR AR 0 B R R AR B B 69 A -

© EFREFAT  MEHERTEMUENSRIRE - wHASEH M
B R R R E (RAHEARER ZRSD ) #1485 B4 B 2 AL R
—ALHRE

{REEE & (Out Of Specification ,00S)EE HH

014

28

D-14




014

I ME (usR)

 FOOSHE LT H M AT ZA N AT » AR &Y R4 AR E R UK £00S
PERMEFOBARRENBBRLER B TPHARLEY  BAE
TEBR T EBEERMEGG EN - R ELERZOOSH AL RF AR
B BB FHESNE S ELEBRE -

s FREFBREAMABBHHLER DG IREQA/ LK A B QPEATIHE
FoF & o

s FMAERRERBELASL (& LALH 3 BHRRBLFIMHR
SRV A1009 A2 A RFE X EHRNIFHR) -

s BHAFMELBLARMRAFT ELIEEER -

o FFPIBEAHISK%TIEE (CLIS% ) » M feiE A -F3gataarm s 2

o

{REEE & (Out Of Specification ,008) R 90

ﬁ4o 14

F3gE (H#E)

o FREEAFHENISHTIERE (CLIS% ) #5Baw1E A T34 4E 55 84
T -

« 7T 4*@&5\43 MK E D CL=T3{E 41 g 12 NN AT

- ’/f;’/‘;f{ ‘:‘7% é’]’fﬁ n tg5o
- nidf?«i\z 2 12.71

3 4.30

5] © F3451E 4100 > *T-%ﬁﬁ]6*§¢\i7%9éﬁ 4 3.18
AR AE S D ? 5 2.78
EMRCL = 100 + 2.26%(6/y/ 9) = 104.5 3 ii;
T FRCL =100 - 2.26*(6// 9)= 95.5 0 2:26

20 2.09

95 '100 ' 105 120 1.98

RS {irE " 196

IR F% (Out Of Specification ,00S) iz ”

D-15
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T3 (Fp))
Bldn 1 RS B R IRAE A90960 21109084 B &

T T

b
8

7N

34
s}

I

Ny

S}

T EF R 0 B
&H— 89% 90% 91% 90% R R AE @ P FE R
JB 45850084 £

R RERERR W
OOS#& R » {288~
o LT G I BT RE
AT -

80% 85% 105% 90%

LEREEF  BHEREROLERM AR PHERFEERG LY -

{FBERH % (Out Of Specification ,00S) . H 31

ﬂ4o 14

il

Ak -

BV EE A& o

4o R R AEH R  BE R R BAEAT I — 5 AR 0 AL ZA@IBQA/
Contract Giver / QPE R E EH AL XKL TREAEF -
JEAE A Bl AR SuAB B S8 H A EH BRI - 124 0 WwRFE
FE R RN R R RIS e B AR R > AR
#E b 2edk -

MRR P E IR A o

THARBE S E R EZIR R AL PR/ T 6
8B F SR RAT o

BAHRBE T RARDE B o

o RBEATE N IA > R LBARRASEYF2ERE -

{REEE & (Out Of Specification ,00S)EE HH 32

D-16
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£ %14 8] 3 Outlier test -

e EFRMAETARARARTART LB ERTHRAEAGEZNE
R B TRAKAREKATE A S LM o

© BWERRE R G 0T UM AREEFo AT 89— ° A
r‘fﬁ ﬁj‘ﬁ/\éﬁé cEesGRARIvE PR S AN P - R ﬁ%&%&%&’;
BAFEH  AIFRERRGENXIELHIKE -

« HBAROOSIEHILIFABMMNAEMRAZ 547 2 ETREAAL
éﬁi% ° BP ~ PhEur #oUSP% % 3 % 35 S 58 7 0 ) A7 B W fE 3R
CiECE

{REEE & (Out Of Specification ,008) R 43

ﬁ4o 14

WAEMAE

s MAMAERFHENET RALGRITARLETHINIEZIZ2AE > B8
T REAEHLR B i 1% BOR o RAT o

o AFapAE R L AR/ E S/ SR R RRIFFER - o
BOEFRERTRERGRIR > AR T —ERSEERREELTE -

s BREMAEHRBERZDTRANAL -

o AL AR AECGIIEN 8 RENIES o

s RTEATREAFAGAY  FET TR PR - L F K bﬁﬁé’]i’@ﬁ?

* 3% %‘%Q’J*T‘/R-W%ﬁﬁi%ﬁk%/\ﬁ?%éﬁ HETRE ~ RABE -

o B R ME/RHE — FEAL - Fo i HARAE o

. 3?‘1%«%\5&@&%‘1?\%@&% Eiﬁx/i&%%wiﬁ’% °

o RIRIBILMYF R A

© fEREYHFE o

IR F% (Out Of Specification ,00S) o
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MAMALE (#5E)

o AEREEORAR B oA R BHES A BB d AT R T AR

* THRAEZERARRE -

s FEERFAEATH B MK R THITE) -

s BAMAMERATEMN  RERHEFIHRAEMELEINES
JE R Fo i o

s RAEFRFFHEHATHRBLANTE -

o BATHOMAEGRMEGRELTE R BRI RF I

o AEATEER TR E £ FIDNA/RNAKE (A4 & AR KEKITF) -

s FEREERAEANT LR -EAE P AKE DT RRREE

o B RAFE R R/ G R AN 5T o

s BAEROFEAHEEMHEEMASEL -

s EHEBEHMETMRTLE AT AT BN -

{EfERR % (Out Of Specification ,00S)Z HH 35

ﬁ4o 14

wAEmEE (%)

o P TEBNE ARG ATERE - REEREN - BREEN - R
A4 R TRSERTRMERRA -

s ATVRMEATABOMEIEAEGDY  HAKILLER/MAEMER
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This is a guidance document that details MHRA expectations

Note: This guidance is complementary to FDA Guidance For
Industry Investigating Out-Of-Specification (OOS) Test
Results for Pharmaceutical Production October 2006.

2 — iy mAMHRARR ¥ vy 35 8 s ¢

AT T AN RHAHIDAL 200651018 % &4 £ K44 (00S)
ARG RYFDAGE £ 89 2L o

*The Medicines and Healthcare products Regulatory Agency (MHRA) is

an executive agency of the Department of Health and Social Care in the United
Kingdom which is responsible for ensuring that medicines and medical

devices work and are acceptably safe.
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* FDA Guidance For Industry

Investigating Out-of-Specification (OOS) Test
Results for Pharmaceutical Production 2006

 ICH

* The Medicines and Healthcare products Regulatory
Agency (MHRA) Guidance

Out of Specification & Out of Trend Investigations
2017
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