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Peak integration: critical examples
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Peak integration: critical examples
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Peak integration

* Integration in GMP laboratories is critically important
* has become focus of data integrity-centric regulatory inspections

* Data systems developed for chromatograms rather than electropherograms,
and the increased regulatory scrutiny call for a resolution.

* This extends to R&D, clinical, and academic labs

Tim Blanc, Hermann Watzig and Cari Sanger — van de Griend,

Peak Integration of Electropherograms in GMP and Research Labs:
Navigating Increased Scrutiny Amid Data Integrity Audits and Inspections
Electrophoresis, 2025; 46:653—-668

http:// dx.doi.org/10.1002/elps.70002
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Peak integration: Conclusions from this review

* We need APs and SOPs

* \We need detailed method descriptions, defaults, parameter lists,
illustrations, training

* We need to keep manual integration at the present time
* Collaboration within the industry for generally accepted standards
* Benchmark data sets could be an important step

* Based on this, considerable improvements in integration algorithms
are possible

* So probably less manual integration in the future, but at present it is still
a must
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Peak integration: Conclusions from this review

* We need APs and SOPs

* \We need detailed method descriptions, defaults, parameter lists,
illustrations, training

* We need to keep manual integration at the present time
* Collaboration within the industry for generally accepted standards
* Benchmark/Reference data sets could be an important step

* Based on this, considerable improvements in integration algorithms
are possible

* So probably less manual integration in the future, but at present it is still
a must
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Interesting Reference Data for Peak Integration

10 20 30 40 50

« Broad, asymmetrical peaks
* Fronting/Tailing
« Baseline irregularities
(3]
- Existing softwares can not properly face these challenges
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Intercompany Collaboration on Reference Data

= Multinational collaboration of CE experts
= Data collection

= Experts set peak limits

» Comparison and Discussion
Marlon Krompholz = Refined integration rules

* Pre-integration by Marlon

= Approval/Confirmation by experts
= Approval by the community

» Reference Data Set CE Integration #1

!

Ly
gt Technische — :
%E Universitit 8 SEP 2025 | Watzig, H. et al. | Integration of Electropherograms | Page 11

° B hwei Wiitzig et al. | 24
5 Braunschwe . .. N e
e 4 welg Institut fiir Medizinische und

Pharmazeutische Chemie

~°N
$-)
&
<
o 1
5
+
o,
s



Intercompany Collaboration: a CASSS initiative

Mostafa Abuzeid, Timothy Blanc, Tao Bo, M Chan, Patricia
Christensen, Adriana Coll de Pefa, Miyuru de Silva, Hans Dewald,
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Philip Hoang, Robert Hong, Christopher Hood, Philipp Huber, Andrei
Hutanu, Ryan Hylands, Yun Hwang, Pilsoo Kang, Steffen Kiessig,
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Ryan Nai, Trang D Nguyen, John Orlet, Rebecca Osborne, Jeremy
Osko, David O’Sullivan, Ashley Prout, Timothy Riehlman, David Ripley,
Jacob Rostkowski, Shauna Salem, Cari Sanger-van de Griend,
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Intercompany Collaboration: Data Collection

com1-typel-samd (version 1) omé-typed-sam2
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Intercompany Collaboration: Experts set peak limits

# Manual Integrator - ] X

Group stage - Intercompany Collaboration

Open New CSV-File
Export Boundaries
Import Boundaries

Current file: comB-type1-sam7-R.cav

0.10

0.08

Software tool:

Developed
with

Python using N
the V- Il

Open Q I 03 5 10 15 20 25 30 35
(1085, 0.0003722)
m Od e I (11,65, 0.0004326)
(15,74, 0.000414)
(16.09, 0.0003845)
(18.92, 0.0003997)
(19,38, 0.0004314)
(19,64, 0.0003967)
(20,21, 0.0004049)

(22.13, 0.000267)
(22.98, 0.0002462)

RéES PQ=E

0.02 4
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Intercompany Collaboration: Experts set peak limits

# Manual Integrator - ] X

Group stage - Intercompany Collaboration

Open New CSV-File
Export Boundaries
Import Boundaries
came e COMO-type1-sam7-R.csv

0.10

0.08

Software tool:

Developed
with

Python using N "
the V I

:'Ia lb lIS 2b 2|5 30 35
OpenAl 03
(10.85, 0.0003722)
model (1153 ooz

(16.00, 0.0003845)

0.02 4

(12.93, 0.0003097)
(19.38, 0.0004314)
(19.64, 0.0003967)
(20.21, 0.0004049)
(22.13, 0.000267)

(22.98, 0.0002462)

RéES PQ=E
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Intercompany Collaboration: Comparison and Discussion

# Limit Comparstor - ] X
I

Group stage — Intercompany Collaboration

Open New .CSV-File
Add Peak-Boundaries

oporin e comb6-type1-sam7-R.csv

Current file: comb-typel-sam7-R.csv

0.10

0.08 -

0.06

Software tool:

Developed
with

Python using = a 1l

th 5 10 15 20 25 30 35
aAds $Q= (x. y) = (13.70, 0.0602)

OpenAl 03

. comb-typel-sam7-Pl.csv Delet:

I I I Od e I comb-typel-sam7-P13.csv

0.04

Hi

==

comb-typel-sam7-P1%.csv M Delete

. comb-typel-sam7-P2.csv Mﬂ
. comb-typel-sam7-P20.csv Mw
. coméb-typel-sam7-P24d.csv Mﬂ
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Intercompany Collaboration: Comparison and Discussion

# Limit Comparator - [ X

Group stage — Intercompany Collaboration

Open MNew .C5V-File
Add Peak-Boundaries

oot com6-type1-sam7-R.csv

Current file: comB-typel-sam7-R.csv

0.004 -
0.003 A

0.002 -

Software tool:

Developed ' - T
with B -

—0.002

Python using

e 15.0 17.5 20.0 225 25.0 275 30.0 32.5
th
A € o{-o Q= {x, y) = (18.95, 0.00329)
OpenAl 03
B cor6tpel-samT-plesy EE
mOdeI comé-typel-sam7-P13.csv ﬂ%
comé-typel-sam7-P19.csv EE
I comb-typel-sam7-P2.csv E%
B comb-typel-sam7-P20.csv ﬂ%
B cormb-typel-sam7-p2d.csy EE
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Intercompany Collaboration: Comparison and Discussion

Re-set
boundaries

Experts’
boundaries
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Refining Integration Rules

0.004 \J
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0.001 A
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0.000
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0 Limit Library

o o o o o °

g g g g g

m Q o [=] I=]

[T} < m ™~ —

|eubis

oSogTdoy a +
= = (= o — [ [}
EEEEEEEEEEEEEEEEEEEEEEEEEEBEEEEEE ® | o @
[ v A o o i R o B R o B B B s R TR B B R A B v o o R i o M .m
e e I A A a = o
VU LD YLD UDLDDLLYUDLDLYYLDDLYDD Y OED DU DD D ] Q [
[sissisccscccccccicciciclciclclciiclciciciel CjeRcilellelle e = A D [=}
R - [ I 71 o
EEEEEEEEEEEEEEEEEEEEEEEEEElREEEEEE 1 w
OO0 0O00O0COO0OO0OO0OCODOO0O0DO0O0C0COCO0O0O0O0O0OOEsOO0O0OCOC
L O o o o s S S O L S I O [ WY | o o oy o5 o o

1200

800

400

200

Time

= B

aé3 $Q

Pre-Integration by Marlon

Python using

Developed
the

with

Software tool

OpenAl 03

model

[
=
7}
R
c
=
]
-
Qﬁ

&
o
%

8 SEP 2025 | Watzig, H. et al. | Integration of Electropherograms | Page 20

tat

% Universi

-

Witzig et al. |
Institut fiir Medizinische und

Braunschweig

I
e
&

33|

Q
&
<
2]
L]

*

.
Nsch

mie

Pharmazeutische Che



Intercompany Collaboration: Confirmation by the Experts

§ Limit Library = a *
com1-type2-sam8 (1)
com1-type2-sam8 (2)
com1-ype2-sam9 (1)
com1-type2-sam9 (2)
com1-type2-sam10 (1)
com1-type2-sam10 (2)
com1-type2-sam11 (1)
com1-type2-sam11 (2)
com1-type3-sam1
com1-type3-sam2
com1-type3-sam3
com1-type3-sam4
com1-type3-samd
com1-typed-samé 40000 -
com1-type3d-sam7
com1-fype3-sam8
com1-fype3-sam9
com1-type3-sam10
com1-fype3-sam11
. com1-typed-sam1
S Oftwa re tOOI . com1-typed-sam?2 30000 7
com1-fyped-sam3
com1-typed-sam4
Developed com1-typed-sam5
com1-typed-samé
R com1-typed-sam7
W|th 20000
com1-typed-sam9
com1-typed-sam10
com1-typed-sam11

Python USing com1-types-sam1

com1-type5-sam2

coml-typed-sam8

50000

Signal

com1-tvneh-sam3

th e 10000 A

¥ Show Markers

OpenAl 03 Accept
model

Decline : T ‘ " ‘
200 400 600 800 1000 1200
Time
Export Report
AEHPQ=
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Intercompany Collaboration: Confirmation by the Experts

Software tool:

0 Limit Library

com1-type2-sam8
com1-type2-sam8
com1-type2-sam9
com1-type2-sam9
com1-type2-sam10
com1-type2-sam10
com1-type2-sam11
com1-type2-sam11
com1-typed-sam1
com1-fype3-sam2
com1-fype3-sam3
com1-fype3-sam4
com1-fype3-sam5
com1-type3-sam6
com1-type3-sam7
com1-type3-sam8
com1-type3-sam9
com1-type3-sam10
com1-type3-sam11
com1-typed-sam1
com1-typed-sam2

1)
2)
1)
2)
(1
2
(1
]

Developed
with

Python using
the

OpenAl 03
model
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com1-fyped-sam4
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com1-fyped-samé
com1-fyped-sam7
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com1-type5-sam2
com1-fvneh-sam3

¥ Show Markers
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Export Report
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Debatable and context-dependant cases
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com2-type1-sam15 VS. com2-type1-sam?2

>
\4{

* |Is circle marked area a peak or noise?

* |f peak: Which approach is better?
» Should square marked points be integration limits due to the comparison

to the left image section?
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10

{
¢

1 (Pt
'y

10

—24
0.5

com2-type2-sam2
* Does the marked area belong to the baseline or does it lay above and

therefore form a peak?
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17.5 4
15.0 4
12.5 1
10.0 4
7.5 4
5.0 1
2.5
\ )
0.0

—2.5 -

T T T T T
0.5 1.0 15 2.0 2.5

com2-type2-sam25 and com2-type2-samb

» Are there any peaks to be considered between the main peaks or is it
just noise?
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17.5 4

15.0 4

7.5 \f\-"

5.0 A

2.5 A

—2.5 -

/\M/\\ \/_ﬂ/_\/\rv-’\-/\/\_[\'\f\_/\,\ww/\/ o 25

[

com2-type2-sam25 (top) vs. com2-type2-sam5 (bottom)

» Are there any peaks to be considered between the main peaks or is it
just noise?
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17.5 4

15.0 4

7:5: N /\ \../‘/\ A% \_\N\»\/\'\f/\/\/\/*’mw /\\/‘ SR S

5.0 A

2.5 A

—2.5 -

/\M/\\ \/_ﬂ/_\/\rv-’\-/\/\_[\'\-\‘_/\,\ww/\/ o 2.5

[

Suggestion, related to the European Pharmacopoeia 2.2.47, Capillary Electrophoresis:

Find baseline as close as possible to the possible peaks of interest, 20 times as long
as a major peak’s h, 5, estimate peak-to-peak noise. All signal S/N > 3 considered as
peaks
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Interesting Findings

# Limit Comparator — o X

Group stage — Intercompany Collaboration

Open New .CSV-File
Add Peak-Boundaries
Export Final Result

Current file: com1-type3-sam1-R.csv

60000
50000
40000 -
30000
20000 A
10000 A
0 r\_A _J L_J\A
260 4[‘)0 6(‘)0 BLl!O 10:30
aEd PQE=
Show All
. com1-type3-sam1-P10.csv Show | Delete
com1-typed-sam1-Pld.csv Show | Delete
com1-typed-sam1-P18.csv Show | Delete
. com1-type3-sam1-P23.csv Show | Delete
. com1-type3d-sam1-P26.csv Show | Delete
. com1-type3-sam1-Pd.csv Show | Delete
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Interesting Findings

# Limit Comparator — u] X

Group stage — Intercompany Collaboration

Open Mew .CSV-File
Add Peak-Boundaries
Export Final Result

Current file: com1-type3-sam1-R.csv

2000
1500 |
1000
Zoom level
is crucial b
0
_500 L T T T T T T T T
400 500 600 700 800 300 1000 1100
A€? $Q= (x. y) = (770.9, 1597 )
Show All
. € Show | Delete
Show | Delete
com1-type3-sam1-P18.csv Show | Delete
B comitypessomi-Pa3csy Show | Delete
. [ Show | Delete
. Show | Delete
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Interesting Findings

# Limit Comparator = (=) X
pe

Group stage — Intercompany Collaboration

Open New .CSV-File
Add Peak-Boundaries
Export Final Result

Current file: com1-type3-sam1-R.csv

2000 A

1500 1

1000

. U L\VWM L// v N

—500 1

T T T T T T T T
400 500 600 700 800 900 1000 1100

AREF PQE

Show All

. com1-type3-sam1-P10.csv Delete

com1-type3-sam1-P1d.csv Show | Delete
com1-type3-sam1-P18.csv Show | Delete

com1-type3-sam1-P23.csv Hide | Delete

com1-type3-sam1-P. Delete

com1-type3-sam1-P. Show | Delete
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Interesting Findings

# Limit Comparator = =] xX

Group stage — Intercompany Collaboration

Open New .CSV-File
Add Peak-Boundaries
Export Final Result

Current file: com1-type3-sam1-R.csv

2000 4

1500 4

1000

500

—500 1

T T
400 500 600 700 800 200 1000 1100

ARES PQE

Show All
B comitype3-sami-Pidesy Show | Delete
coml-type3-sam1-P1d.csv Show | Delete
com1-type3-sam1-P18.csv Show | Delete
. com1-type3-s Show | Delete
. com1-type3-s Show | Delete
. com1-type3-sam1-Pd.csv Hide | Delete
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Interesting Findings

Integration depends on the context:
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Interesting Findings

Integration depends on the context:
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Integration depends on the context:
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Integration depends on the context:
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Integration depends on the context:
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More Examples => Marlon’'s Poster

Marlon Krompholz
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Peak Integration of Electropherograms:
Reference data sets as a landmark for real improvement

Marlon Krompholz',

Dr. Huixin Lu?, Dr. Gabor Jarvéas’, Prof. Dr. Cari Singer — van de Griend“, Prof. Dr. Hermann Witzig'

“University of Technology Brunswick | Institute of Medicinal and Pharmaceutical Chemistry | Brunswick, Germany

“Health Canada | Ottawa, Canada
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Abstract

Capillary electrophoresis (CE) often offers superior separation relative 1o for
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macromolecules like monockinal antibodies (mAbs), a major pharmaceutical class  However,
electropheragram baselines pose challenges that traditional chromatography integration algorithms cannat
address, necessitating complex integration processes [1]. There are numerous ideas for improving peaic
integration, ranging from simple algorithms to improve the SiN ratio to mare sophisticated Al solutions.
Hawever, none of these can demonstrate that they are genuine improvements, as they cannot be
compared with each other or with previous aigorithms using the same reference datasets, This is why a
multinational collaboration between industry and universities was initiated. Dala sets were collected,
brought into a standardized format and then integrated by teams of experts. Once all the experts have
reached a consensus on ressonable peak boundaries, this consolidated data is now available to the
scientific public.

Discussions among the experts have revealed, that the used zoom factor appears to have a nolable

]

influence on the way people integrate, ofits and
Collecting
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[1] Blanc, T Watzig, H. Sanger - van de Griend, C. Peak in GMP and
Navigating Increased Scrutiny Amid Data Integrity Audiits and Inspections. Electrophoresis. 2025; 10.1002/eips. 70002
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Conclusion

= By the end of the collaboration, we will publish a
total of over 229 electropherograms with approved
reference peak boundaries.

* To ensure comprehensibility, we recommend the
documentation of the zoom level currently applied
whenever manual integration is carried out, as well
as the utilisation of pre-defined zoom factors.
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Intercompany Collaboration: a CASSS initiative
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The next steps

= Approval by the community

» Reference Data Set CE Integration #1
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The next steps

= Approval by the community

» Reference Data Set CE Integration #1

Software development and qualification

» Performance tests of * Investigations on
existing softwares: Human errors in
precision & accuracy integration

* Development of
algorithmic and Al
strategies

Extending the concept to LC (HPLC 2025)
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Thank you very much!
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