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Complex Characterization Challenges
and Analytical Solutions for
Development of AAV Products
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Agenda

1.

LC-UV-MS Based Methods for Characterization of Capsid Proteins

and Monitoring Vector Product Attributes

. Empty/Partial/Full Capsid Separation by Anion-Exchange

Chromatography (AEX)

. Complexities of Analyzing Surfactants in AAV Products
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Analytical Characterization of AAV Gene Therapy Products

Capsid Proteins Characterization W7 oW Nucleotide Characterization

. N AT
€ /P Ratio (LC-UV-MS, CE, SDS-PAGE) % Yn / ¢ |dentity (LC-MS, g/ddPCR, NGS)
¢ VP Identity (LC-MS, UV/FLD-HPLC, Western) " polyA heterogeneity (MRNA)

= % Cap (mRNA)
® PTMs/Degradants (LC-MS) AAV = VP
" N-termi i ¢ PTMs (LC-MS)
-terminal acetylation I

®  Phosphorylation =  Cap methylation (mRNA)

=  Methylation / \ ®  Lipid conjugation (LNPs)
"  Deamidation, oxidation / \\ ® Sjze / Conformer (HPLC, CE, Agarose Gel)

® N-terminal Sequences (LC-MS) '
Capsid i
@ Splice Variants (LC-MS) P Potency/Activity

‘ ® Vector Genome Titer (qPCR)

Particle Characterization \" ® Infectivity / Infectious Titer

® Full vs Empty/Partial (AUC, HPLC, SEC-MALLS) . ® Ppost-administration Product Monitoring

® Aggregation (AUC, DSF, AF4) ® Expressed Protein: LC-MS, Western, ELISA
Purit : : . .

® Particle Size & Counts (DLS, MFI, MALLS) y ® Nucleotide: mRNA, insertion sites

® HCP Profiling (ELISA, LC-MS)
€ Residual Host Cell DNA (qPCR, NGS, CE, HPLC)

® Process Impurities & Residuals (HPLC, LC-MS, NGS)
¢ ProtaGene
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LC-UV-MS Based Methods for
Characterization of Capsid Proteins and
Monitoring Vector Product Attributes

Infact Mass Approach
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LC-UV-MS Method for Analysis of Intact Viral Proteins
(UV Portion)

VAN
AR
UV 280 nm "““X
\gg/
VP3 l
20000 _:
- ]
5 10000 I
] VP2 VP1
o A _ TruncatedVP3 -
rrjrrrryprrrryrrrrJyrrrrJjrrrr|p 1ttt 1 1 1]
21 22 23 24 25 26 27 28 29

Time (min)

+ Separation of intact viral proteins, along with related truncation variant, accomplished by a RPLC-UV-MS
method.

* Determine relative ratio of the 3 major VPs and relative level of the truncation variant from the UV trace.
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LC-UV-MS Method for Analysis of Intact Viral Proteins
(MS Portion)

#9484-9644 RT:49.69-50.01 AV: 161 NL:8.69E4 #10277-10648 RT:51.33-52.04 AV: 372 NL:3.38E5
T:FTMS + p ESI Full ms [750.00-4000.00]

T:FTMS + p ESI Full ms [750.00-4000.00] 1459.65  1574.82 0 oo
B O | VP2 (139-738) R VP3 (205-738) (Acetylated)
e s ' Observed MS =66518.7 | Observed MS =59804.7

Theoretical MS =59804.7

1930.20

=]
3

Theoretical MS =66518.1

Relative »:“bundance
Relative Abundance

£
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L e
1200 1300

#11095-11254 RT:53.14-53.58 AV: 160 NL: 2.80E4

#9896-10056 RT:50.54-50.87 AV: 161 NL:5.89E4 T FTMS + p ESI Full ms [750.00-4000.00]
1055.02 144656 1581.99

| e VP1 (2-738) (Acetylated) I w7 Truncated VP3 (205-659) (Acetylated)

e 1541.79
] 298.31 1687.44

Observed MS = 50592.8
Theoretical MS = 50593.9

1874.84

1238.37

sms, WS R Opserved MS = 81666.9
1634.32 . Theoretlcal MS =81666-7

633.04

@
3
A

Relative Abundance

1946.92

Relative Abundance
» o
s 38
L

@
8
i
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miz
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miz

+ Identities of the 3 major VPs with truncation and PTM (oxidation) variants determined by MS.
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Ratio of VPs by LC-UV-MS

1 10.8%
(VP2)
2 75.9%
(VP3)
£ 9.8% :
(VP1)
4
(VP3 truncated 3.5%
form)
Ratio of 3 VP 1.2:1.2:10

VP1 % = Peak3 %

VP2 % = Peak1 % (major portion 90%)

VP3 % = Peak2 % + Peak1 % (oxidized VP3 10%) + Peak 4 %
Ratio of 3 VP determined by corresponding %

20000

10000

UV 280 nm

VP3

VP2

major !" L"‘-‘_
( J );‘ VP:] _Tt_f__qucated \{P3

R L L
21 22 23 24 25 2 27 28 29

Time (min)

For example, VP1:VP2:VP3 = 9.8% (Peak3) : 9.7% (Peak1 x 0.9) : 80.5% (Peak2 + Peak1 x 0.1 + Peak 4)

=1.2:1.2:10.0
¢ ProtaGene
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Infact Method LC-UV-MS (N=4 Samples)

UV 280 nm

VP3
20000_E
5 = Control [\
> 10000 [\ VP1
3 VPZ Truncated form VP3
- N\
g 10000_: Sample 1 III".II
. \
o _ o - M ~— - o o
2 " Sample 2
N |\
o _ - _'.'/-\—/J.n' \.__/—-\\__ ) o - B
20000 [\
2 10000 3 Sample 3 [\
E _//_\____Jx'III "\__/_\\.h___ o
I e e [ [y I O B B |
21 22 23 24 2 26 27 28 29
Time (min)

Each Peak can be identified/confirmed by MS.
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VPs Ratios (N=4 Samples)

10.8%

(VP2)

2

(VP3)

3

(VP1)

4

(Truncated VP3)

Ratio of 3 VP

¢ ProtaGene

75.9%

9.8%

3.5%

1.2:1.2:10

11.3%

76.1%

9.7%

2.9%

1.2:1.3:10

10.9%

76.7%

9.4%

3.0%

1.2:1.2:10

11.2%

76.4%

9.6%

2.8%

1.2:1.3:10
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Intact Method LC-UV-MS of Different AAV Serotypes

UV 280 nm

: vP3
so000 4 AAV 2
. ) N Truncatedves
I |21| S Izzl C |23| S |24| S |25| S A
w00 | AAV 8 N
2 oo vz ]
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L L .
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$#ProtaGene

LC-UV-MS Based Methods for Characterization of
Capsid Proteins and Monitoring Vector Product

Atributes

Peptide Mapping Approach
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LC-MS Peptide Mapping

- 650-665 N-terminal VP3
- (Ac-)205-238
Digestion — Near C-terminus 476-484 N-terminal VP1
3 710-732
7 7- Ac-)2-20
] \ 514-527 e 557-566 l (Ac-)
] ' 550-55 246.258 610-620 533-544
i 448-459 | ||| n | ! | “ | ﬁ‘| | 2925 |
o - |
5 J l - _ I AL 1 R A A [N o i I o
5100 - C-terminus N-terminal VP2
<< |
0 - 731-738 139-165
Enzyme 2§ 0 g0.05
Digestion = , - 256-277
w 2 1 Digestion
20 .
] Peptides
0 —
10 15 20 25 30 35 40 45 50 55 60 65 70
Time (min) o — ——

- Sequence coverage (100% by two Enzyme digestion, >95% each one).
- Enzyme 2 covers the sequences not identified in Enzyme 1.
* Identify the expected N/C-termini (matches with Intact MW).

- Sample preparation under different conditions (e.g., low pH) to avoid of artifactual PTMs.

# ProtaGene
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Comparative LC-MS Peptide Mapping (Enzyme 1 Digestion)

100 — 650-665 N-terminal VP3 Control
s - 641-649 (Ac-)205-238
- Near C-t i
60 7f(?—r732ermmuS n 476-484 off N-terminal VP1
B 514-527 \ 557-566 ” (Ac-)2-20
3 1 350-556 | \‘ ﬂ \‘\ 246-258 610-620 533-544
0 3 448-459 ‘/~ | | “W\ ‘\ H\ J\ I L | 230245 | \‘t
0 B ) JL~ ) J\ p‘u\ U U \w“\_w‘bk“% LA o ) ik I )\ A
1000 o
g0 - Sample 1
goo ‘ H ﬁ
- | R
So L l \H‘ {‘ ﬂ ‘W‘ I f - ﬂ ”‘ r | |
g o 1 | ) N VRN L P NON T o N I N
00 7
0 ' Sample 2
60 — \
w0 = ' \
- m N | / | | | |
2 | | \ | LS Y - ﬂ | | “\
0g® = [ L ‘ AN JK_AULMU\;LA_N‘\;& Nl U I\ I A
80 — ‘ l Sample 3
© | ||
0 - f\ i
] i n ‘
2 | | “ || I A“ ol L | | I
0 :\ J\ /‘\Lﬁ\ J‘ T T \J\ T T “‘\ \\ T \‘UIL\L—'T“\J\E\_\JKW‘}\—\EJ “\‘\/VJ'\\U K\_/\\ﬁ‘\#%“ww%?_}‘k\ T \‘L}‘\# T \h\ T “\L\ T \H\\ T T
10 15 20 25 30 35 40 45 50 55 60 65 70
Time (min)

- Similar chromatograms and sequence coverage (>95% for each sample).

¢ ProtaGene
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Comparative LC-MS Peptide Mapping (Enzyme 2 Digestion)

C-terminal

100 — (VvP1/VvP2/VP3) N-terminal VP2

. 731-738 80-95 139-165
80 3

UU B X l 256277 MM% Control
o MMML Sample 1
: il m k\ ﬁ MW&MWW“ A.A m o

100" 5

60 3
240 o

£20
HIRE -
@ 1 A

o’

80

e m”&l humh Mmﬂ i), A Al -

5 45 50 55 60 65 70
||||||

- Similar chromatograms and sequence coverage (>95% for each sample).
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Summary of VP Identifications (Example: N-terminal Portion)

. Theoretical MW | Observed MW | Mass Error .
Region RT (min)
(mono) (mono) (ppm)

Ac-2-20 1791.850 1791.851 1 63.7 VP1 N-term
26-36 1660.810 1660.811 1 32.8
37-29 1300.750 1300.752 2 31.0
30-41 1360.237 1360.237 0 32.0
42-48 1471.694 1471.695 1 19.3
49-59 2388.232 2388.232 0 33.0
59-65 1386.824 1386.823 -1 26.2
66-85 2016.602 2016.603 0 22.4
80-95 2342.476 2342.478 1 25.1 By Enzyme 2
88-123 4275.148 4275.148 0 54.1
124-144 3495.057 3495.059 1 35.7
139-165 3915.493 3915.493 0 374 VP2 N-term, by Enzyme 2
145-161 2463.279 2463.281 1 16.5
162-184 2277.402 2277.405 1 27.0
185-194 1758.258 1758.261 2 26.8
195-238 4259.150 4259.145 -2 29.3
Ac-205-238 3100.025 3100.026 0 42.5 VP3 N-term

* The identity of each viral protein may be confirmed.

:% prOtaGene Confidential | Page 15




PTMs (N/C-termini)

% Acetylation

XXX XXXXXXXXXXXXXXX

VP3 205-238 205 :9,9,9,9.9.9.9,9.9.9.9,9,9,9.9.9.9.9.9.9.9,9,9,0.4 99.2 99.5 994 99.6

- Similar results obtained as with Intact MS analysis.
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PTMs (Deamidation)

Enzyme 1 Digestion (Basic pH)

Enzyme 2 Digestion (Acidic pH)

30%

2% « Control

« Sample 1
« Sample 2
« Sample 3

20%

15%

C12
3
10%
. III--II_ III.III_ IIII...- T .

N262 N382 / N383 N513 /N516 N539

X
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Peptide Mapping (Different AAV Serotypes)

AAV 2

AW MMJLWMHH

Ry I

-
=1

e S ]

B

= Relative Abundance
= (=] [=3]

. : AAV 8

. | ' | \

1|?.'I' f ] L— . 'h" A "‘ ’L .h' | |.'n WL ."u"\ 'A'a'l\l .n'. N \ . ﬂu L IJI
AAV 9

2';; — I_Iﬂl.nnlﬁ'll_l . J”J\Ln f{ M'J..I ﬁ“kl. .|_| U e ﬁ. — .A.' - .A. l.’."Ll. — .I. e

Peptide Mapping LC-UV (MS) can be further developed for ID test method.
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Summary of LC-UV-MS Based Methods for Characterization of
Capsid Proteins and Monitoring Vector Product Attributes

Intact masses and major PTMs for VPs

VPs ratio monitoring from batch to batch

100% sequence coverage for each lot and PTMs monitoring

Methods apply to main AAV serotypes

f@ protace g [=] Confidential | Page 19
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Empty/Partial/Full Capsid Separation of

Challenging AAV Samples by Anion-
Exchange Chromatography (AEX)



AAVs Are Complex Products: Particle, Proteins and DNA

Capsid Empty Full

ssDNA
~3.8 MDa (~25 nm)
Partial/Overloaded
A
| |
—_ D
s N %
| : ;n / @
I
— B
I Truncated/partial Contaminant Incomplete capsid Capsid with DNA
transgene DNA/protein or alternative VP attached to surface
ratios
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AUC - The Gold Standard for Empty/Partial/Full Capsid Analysis

A 05 : Empty Full —x
Capsid A2607A280
0.4 1 Content S20w ratio —A280
] | Empty | 56 Q.58 ﬂ
© ] Partially Filled 70-95 1.12
% 0.3 1 . R 108 1.39 f.\
E )
2 0.2
I
- Excellent resolution of Empty (66 S), Partial (~80 S), and Full 011 J
(105 S) Capsids a0 . L e | |
50 60 70 _ 80 _ 90 100 110 120
+  A260/280 ratios support Empty and Full Capsid identification Sedimentation Coefficient (s,)
B 0 6 | O R
- AUC serves as an excellent tool for orthogonal support of ' B —100 % Empty
Empty/Partial/Full analytical method development 05 — 80 % Empty
50 % Empty
* Not validated 5 04° —20 % Empty
H — 0% Emply
g 03]
g Full
% 0.2 ]
0.1
00 T T T T T T l\l T T T T T T ¥ T T T T T T |j\l T 1
50 60 70 80 90 100 110 120

Sedimentation Coefficient (s,p,,)
Werle, Amanda K., et al. "Comparison of analytical techniques to quantitate the capsid

content of adeno-associated viral vectors." Molecular Therapy-Methods & Clinical
Development 23 (2021): 254-262.
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HPLC AEX-based AAV Empty/Full Capsid Analysis

Empty Capsid

Full Capsid
Empty Cfc}psid

Signal Intensity
Signal Intensity

Sample 1
Sample 2

Time Time

- Different AAV products have unique properties and different methods are needed to achieve good separation
— Column choice
— Gradient profile (slope(s), plateau use and timing)

— Mobile phase compositions can vastly differ in terms of what leads to well-resolved and identifiable peaks (complex
solutions/mixtures, inclusion of unusual additives)

;% protaoe g [=] Confidential | Page 23




Adding a Plateau into the Gradient Can Yield Improved Empty/Full
Separation

AAV AEX Gradient

100
90
80
70
60
50

%B

40

30

20

10

0 2 4 6 8 10 12 14 16 18 20
Time (mins)

*  With some products, the addition of a plateau allows for efficient separation of Empty and Full Capsids. The length of the
plateau can vary as can the position within the gradient to accomplish good separation of Empty and Full Capsids.
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A260/A280 Ratios Confirm Empty/Full Ratios Determined by AEX

100.0

90.0 — — = == —= -

80.0 -

70.0 "

60.0 he
50.0 ‘.

40.0 A

30.0 .

20.0 1

10.0 .

0.0 [ |

0.50 0.70 0.90 1.10 1.30 1.50

Werle, Amanda K., et al. Molecular Therapy- — SEC UV260/UV280 Ratio

Methods & Clinical Development 23 (2021):
254-262.

% Empty Capsids by AUC-SV

* As an orthogonal measure of Capsid composition, both AAV samples were concentrated and scanned on Shimadzu UV-1900 Spectrophotometer.
A260/A280 ratios were also determined via AEX and HIC.

+ Excellent consistency with respect to % Empty Capsid was observed between the various measurements.
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Complexities of Analyzing Surfactants in
AAYV Products

« An overview on surfactants used in gene therapy products and
specific analytical challenges

« Approach to surfactant quantitation in AAV products by LC-CAD

« Characterization of surfactant species by LC-QDA
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Popular Surfactants Used in AAV Product Manufacturing

Non-ionic
0
D\/}\OJ\/\A/\/\/\
o) /\}DH
Hof/\oz ’\7”°H — Polysorbate 20
CHs o
H O 0 OH Poloxamer 188
X y z (P188; Pluronic

F68)

O
XXQ/ n Triton X-100

¢ ProtaGene

Cationic

H H
3CT /\1’0 Polyethyleneimine
(PEI)

Surfactants are a diverse class of
polymers with distinct chemistry,
structure and charge

Their heterogeneity complicates

structure confirmation and
quantification
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Surfactants Utilization in AAV: Process Reagents and Excipients
Function and Potential Risks

Surfactant m Potential Risks

Polysorbate 20/80 Cell Lysis Reagent Susceptible to chemical degradation
Formulation Excipient Formation of visible and subvisible particles
Poloxamer 188 Formulation Excipient Susceptible to chemical degradation

Formation of visible and subvisible particles

Triton X-100 Cell Lysis Reagent Acute oral toxicity, eye damage, skin irritation

Polyethyleneimine Plasmid Transfection Reagent Cytotoxicity

« Surfactants are used as process reagents in manufacturing and as excipients in the final formulation
of AAV DS and DP

« There are different analytical requirements that apply to surfactants as process-related impurities or
formulation excipients

0’ prOtaGene Confidential | Page 28




Importance of Surfactants as Excipients in AAV Products

120 ~

100 A

% % « Compatibility studies were undertaken to evaluate
¢ % AAV2 in different delivery devices.

(ns]
o
L
[ ]

Significant losses of AAV2 (up to 80%) were
observed in formulations without surfactant in
different delivery devices.

AAV2.RPEG5 concentration (%initial)

@ Pre device (+PF68) *
O Pre device (-PF68) .
101 A Dovico A (+PF68 + Surfactants, such as Pluronic F68 at low
A Device B (+PF68) % concentrations (0.001%), can prevent this loss
A Device C (+PF68) I{] . :
20 | B Device A (-PF68) and ensure product delivery to the patient.

[ Device B (-PF68)
[ Device C (-PF68)

Devices

;% protaoe g [=] . Confidential | Page 29
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Regulatory Expectations of Excipients and Process Impurities
in Gene Therapy Products

“Guideline on quality, non-clinical and clinical requirements for investigational
advanced therapy medicinal products in clinical trials” from EMA

870 S.3.2. Impurities

871 During the production of an ATIMP, variable amounts of impurities, product- and process-related, may
872 be introduced into the active substance. Any reagents known to have clinical impact in humans should
873 be analysed in the active substance (or in individual components if otherwise not poessible) and

874 acceptance criteria should be set. The specification limits should be justified by levels detected in

875 batches used for toxicological and/or clinical studies.

B85 Process related impurities (e.g. media residues, growth factors, host cell proteins, host cell DNA,

BBa column leachables) and product related impurities (e.g. cell types not linked to the therapeutic effect,
887 cell fragments or non-viable cells, precursors, degradation products, aggregates) should be kept to the
888 minimum or a risk assessment provided. Based on the risks identified, consideration should be given to
889 the maximum amount for the highest clinical dose and an estimation of the clearance should be

890 provided. In case only qualitative data are provided for certain impurities, this should be justified.

1279 Upper limits, taking safety considerations into account, should be set for the impurities. For the
1280 impurities not coverad by the active substance specification, upper limits should be set, taking safety

1281 considerations into account.

1306 The final product should be tested for residual manufacturing reagents with known or potential
1307 toxicities and the test procedurs described. Limits need to be included in the specifications, unless
1308 otherwise justified
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Challenges and Approaches for Surfactant Analysis in AAV Products

Surfactants are often associated with capsid proteins and oligonucleotides
* Requirement to optimize procedures for surfactant release prior to analysis

« Chemical nature of surfactants means small differences in sample handling can cause
significant change in quantitative results
« Importance of specifying sample handling procedure and evaluating recovery at all stages

« Surfactants contain multiple species including a complex variety of potential degradants
 Ultilization of reversed-phase or mixed-mode chromatography for separation
« For quantification, gradients can be modified to either quantify total surfactant level or
separate species for monitoring individual constituents

« Surfactants are generally UV-transparent
» Use of special detectors including CAD, ELSD or QDa

« Surfactants are ‘sticky’ leading to carryover and complicating quantification
« Implementation of column cleaning steps into LC method or sequence and careful
consideration of contact surfaces

? prOtaGene Confidential | Page 31




Instrumentation and Techniques for Quantitation and
Characterization of Surfactants in AAV Products

LC - CAD LC - QDa LC - ELSD

’ pfOtaGene Confidential | Page 32
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Approach to Surfactant Quantitat

AAYV Products by LC-CAD



Charge Aerosol Detector (CAD)

* Nebulize HPLC eluent into aerosol, then
1 HPLC Colum 2. Nebulizer and dry small aerosol droplets into particles in
Eluent 4

Impactor 10. Signal Out eva porathn tu be

* Mix particles with a stream of charged

s :.l 5 Eporaton \’\‘\* e ; nir:rogeg gaft _inl the mixing chamber to form
_. < : o charged particles
N ° (‘-é;:.,-»- = « Charged particles pass through the ion
ikl | N \0{\ = Y. trap, then generate responses based on
ds L/},’ Dishearge Nesdle the charge detected by a sensitive

: 6. Mixing Chamber electromete r.

Image Curtesy of Thermo Scientific

« Fundamentally a particle detector

* Provide almost universal response independent of the physical or chemical properties
of the analyte
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Mixed-mode Chromatography Column for Surfactant Analysis

100 = Simultaneous separation of cationic, nonionic, amphoteric & anionic surfactants
Cationic Nonionic Anionic
[ . | . L A ) | A )
3
5 7
1.  Sodium Xylene Sulfonate
pA ; 2. Laurylpyridinium Chloride
. 3. Lauryldimethylbenzyl ammonium
4 ' ‘ chloride
| ! 6 4.  Triton X-100
y 6. Sodium Decyl Sulfate
7. Sodium Dodecyl Sulfate
JL 8. Sodium Dodecylbenzene Sulfonate
D L
1 I Ll L] 1
0 3 6 , 9 12 15
Minutes Thermo Acclaim Surfactant (Plus) Column

» Mixed-mode chromatography column is a powerful tool for surfactant separation
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Quantification of Surfactant 1 in AAV Formulation A by LC-CAD

125108 R2=0986

1.00108] / -_
8.0)(10?—_ /

60)(107__ /

Area
4
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* Mixed Mode analysis was used to analyze Surfactant 1 in the presence of two other surfactants

« LC-CAD achieved excellent linearity (R? = 0.986) and repeatability of quantification of Surfactant
1 standards down to 10 mg/L.

» Levels of Surfactant 1 in AAV products were below the limit of detection of this method
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Characterization of Surfactant Species by

LC-QDa



Single Quadrupole (QDa) MS Analysis of Analytes

Turbo Speed 100.0
Turbo Power 48

Turbo Temperature 46 “C

Image Curtesy of Waters

« Can perform Full Scan (MS mode) and Single lon Recording (SIR Mode)
* Lower LOQ than CAD detector

« Suitable for surfactant quantitation and characterization
* Plug and play MS
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Targeted MS for Surfactant Analysis

Targeted MS Surfactant 2 (SIR Channel 1)
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Surfactant 2 (SIR Channel 2)
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« MS can be utilized to study specific ions within a surfactant utilizing selected ion monitoring
(selected SIR channel on QDa detector)

« Excellent linearity (R? 20.99) of Surfactant 2 standards was observed using both selected ions

« If an AAV sample contains multiple surfactants, selected ion monitoring by MS can improve

specificity and S/N values
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Targeted MS for Surfactant Analysis: Process Residual Clearance

Surfactant 2
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» Analysis of Surfactant 2, a process-related impurity in an AAV product

» Targeted MS was used to demonstrate clearance of Surfactant 2 in this AAV sample
» The level was below the detection limit of 2 pg/mL established for the assay
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Summary

» Analysis of surfactants in AAV products is important both for monitoring formulation excipients
and process-related residuals and impurities

» Based on the nature of surfactants, sample preparation need to be optimized to release
surfactants before analysis

« Mixed-mode chromatography can be used if multiple surfactants need to be monitored
simultaneously

« Both CAD detector and MS detectors can provide accurate quantitation of UV transparent
surfactants

« Surfactant monitoring has become expected in the release panel by regulators
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