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Challenges in Modern Bioanalysis

» Therapeutics are becoming more targeted, specific, and potent
— Dose less

— Requires more Sensitive methods

 Preclinical - three R’s
— Reduction, Refinement, and Replacement of laboratory animals
— Lower sample volumes

— Requires more Sensitive methods

* QQQ can only become so sensitive

— We aren'’t just detecting more analyte ions, we are detecting more background noise
ions as well

— Requires more Selective methods
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How to Achieve More Selectivity

« QQQ MS Platforms
— Additional chromatography development (longer gradients)
— lon mobility (DMS or FAIMS)

 Alternative Mass Analyzers - High Resolution Accurate Mass Spectrometry
(HRMS)

— QTOFs
— Orbitraps

HCD Cell C-Trap Quad Mass Filter
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Practical Considerations on Implementation
of HRMS in a Regulated Bioanalysis

Environment
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Implementation of HRMS in a Bioanalytical Lab

Considerations

« Software validation

* Instrument calibration frequency

« Mass Extraction Window (MEW) tolerance

» System suitability requirements

» Peak sampling: (Resolving power and points across a peak)
» Acquisition modes

 Data file size minimization

» Analyst education
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Implementation of HRMS in a Bioanalytical Lab

Considerations

« Software validation

* Instrument calibration frequency

« Mass Extraction Window (MEW) tolerance

« System suitability requirements

» Peak sampling: (Resolving power and points across a peak)
» Acquisition mode decision tree

 Data file size minimization

» Analyst education

 Examples

Sturm RM, Jones BR, Mulvana DE, Lowes S, (2016), HRMS using a Q-Exactive series mass spectrometer for
regulated quantitative bioanalysis: how, when, and why to implement, Bioanalysis 8, 1709-1721.



System Suitability
Triple Quadrupole Data

100 - RT: 2.26
“Determination of instrument performance .0 -
(e.g. sensitivity and chromatographic Area: 3604
retention) by analysis of a set of reference 80 SN: 61
Standards conducted prior to the 2o
analytical run”

60

- FDA BMV draft guidance, 2013

50 A

Relative Abundance

« Common suitability criteria:

Signal to Noise
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System Suitability

HRMS Data
100- RT: 3.03
MS/MS (PRM)
904
* Infinite signal to noise? Response: 3e4
. 80- Area: 56873
* No noise. SN:
704
3
* How to extrapolate a characteristic of an 5 60
XIC (other than S/N) to judge the suitability 3
of a system? i
. Peak height? § 40-
» Peak area? 304
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Peak Sampling

Required resolving power drives minimal peak width:

Q Exactive Transient Times for Various Resolution Settings

Resolving Approximate Approximate Transient Suggested
Power Scan Speed Scan Time Length Maximum Injection

at m/z 200 (Hz) (ms) (ms) Time (ms)

17,500 50
35,000 7 (~3) 145 110
70,000 3 290 240
140,000 1.5 580 500

L

« Common MS1 RP: (70,000)

— Analyte and IS measured in same orbitrap scan

* = Scan frequency for analyte and IS
using targeted MS/MS acquisition mode

— Minimum baseline peak width: ~ 5 sec

« Common MS/MS RP: (17,500 or 35,000)
— Analyte and IS measured in separate orbitrap scans
— Minimum baseline peak width: ~ 3 sec (RP 17,500)
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Peak Sampling

Required resolving power drives minimal peak width: Target > 10 points across a peak

100 - RT:4.34 100 - RT: 2.57
ﬂ MS1 SIM MS/MS (PRM)
90 - RP: 70,000 90 - RP: 17,500
Area: 30332 Area: 28611
80 - Points Across Peak: 19 80 - Points Across Peak: 16
70 70 -
g 3
g 60 § 60 -
£ 504 é 50 -
2 g
© i © i
E 40 § 40
30 4 30
~ 6 sec width ~ 3 sec width
20 4 20 1
10 - ﬂ 10
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Acquisition Mode Decision Tree (Q Exactive Series MS)

Analyst Would Like to Develop a Q-Exactive HRMS Quantitative Method

(The compound could a small molecule, peptide therapeutic,
surrogate peptide of a protein therapeutic, etc)

Is there adequate selectivity and sensitivity for the
compound in a MS1 acquisition?

Are the data acceptable using a selected ion monitoring
L Does the compound fragment well?
acquisition mode (SIM)?

Move forward with a Try a multiplexed targeted Try a targeted MS/MS

Try a survivor SIM method
SIM method SIM (MSX) method (PRM) method




Selected lon Monitoring Mode (SIM)
MS1 Acquisition Mode

i Quad: m/z244.0- 2540 ] \ * Quadrupole isolation width
(I | = {X brackets analyte and IS

= | together
| = - Match fill time with
-%7 orbitrap duty cycle
RP: 70,000 r y * Analyte and IS measured in
l . m/z the same orbitrap scan

Example:
Cox JM, et al. (2016) Characterization and quantification of oxyntomodulin in human and rat plasma using high-resolution
accurate mass LC-MS, Bioanalysis, 8: 1579-1595.



Multiplexed Targeted Selected lon Monitoring Mode (MSX)

MS1 Acquisition Mode
i 1 Quad: 246.0195 + 1 Th ﬁ' » Quadrupole isolation width
| ]
( | —————— brackets analyte and IS
= - Fill time for each ion is
g half of what you would
EE use for SIM
/ .:::-::.:,":
RP: 70,000 F o y  Analyte and IS measured in
\\m‘/z‘] | m/z ] the same orbitrap scan
i i > Inclusion list triggered
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Parallel Reaction
Monitoring Mode

MS/MS Acquisition Mode

1. Quadrupole Isolation of target
analyte or IS

2. Fragmentation of analyte or IS
in HCD cell

3. All product ions are injected
into the orbitrap and analyzed

* Analyte and IS measured in
separate orbitrap scans

XIC generation

« Sum as many product ions as
you want (have HRMS full scan

product ion spectra as Raw

data) Gallien S and Domon B (2014) Quantitative proteomics using the high resolution accurate
mass capabilities of the quadrupole-orbitrap mass spectrometer. Bioanalysis 6:2159-2170.
[ O’Solutions
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Survivor SIM
MS/MS Acquisition Mode for Difficult to Fragment Precursors

1. Quadrupole Isolation of target analyte or IS )

i

|

2. Fragmentation of co-isolated background l!mﬂ." =f-
interfering ions (i — || T

!

3. m/z space simplified for quantification of intact
analyte

ol

I

/]

XIC generation

« Sum precursor ions for the selected charge
envelope

Gallien S and Domon B (2014) Quantitative proteomics using the high resolution accurate
mass capabilities of the quadrupole-orbitrap mass spectrometer. Bioanalysis 6:2159-2170.

Ciccimaro E, Ranasinghe A, D'Arienzo C, Xu C, Onorato J, Drexler DM, Josephs JL, Poss M and Olah T (2014)
Strategy to improve the quantitative LC-MS analysis of molecular ions resistant to gas-phase collision induced
dissociation: application to disulfide-rich cyclic peptides. Analytical chemistry 86:11523-11527.
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Survivor SIM

Medium-sized molecule example

Natriuretic Peptide

(A) 616.805
100 7 NCE: 10

90 1
801
70- 616.910
60

504 616.699 617,101
40
304
20+ 616.603 617.30

= =7
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m/z

Relative Abundance
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Overcoming QQQ Selectivity Challenges by Use of HRMS
to Enable Sensitive Quantitation of a Small Molecule
Therapeutic in Rabbit Plasma

Small Molecule Example:

* Preclinical program
where an LLOQ of
approximately 1-3 pg/mL
was required

» Not achievable by QQQ
due to background
transition noise

Triple Quadrupole Selected Reaction Monitoring (SRM)

100

80
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M S

-| Stable-isotope
Labeled Internal

N P
o o

—_
o
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Relative Abundance (%)
s (e)] co
O_ _ o o

N
o

0

| Analyte
Normalized Target
Level (NL): 1.27 = 104

Transition Noise (1 pg/mL)

Standard (SIL IS) Retention Time (RT): 3.07
NL: 5.58 x 104 Area: 92833

_

2.0

2.2 2.4 26 2.8 3.0 3.2 3.4 3.6 3.8 4.0
Time (min)

Mulvana DE, Sturm RM, Bowen CL, Buckholz JE, Biondolillo RF, McCardle K, Evans CA and Jones BR (2015) Overcoming Triple
Quadrupole Selectivity Challenges by Use of High-Resolution Accurate Mass Spectrometry to Enable Sensitive Quantitation of a Small
Molecule Therapeutic in Rabbit Plasma, in 21st International Reid Bioanalytical Forum, Guildford, UK.



HRMS MS1 Selectivity
2.5 ng/mL standard. Will not have sensitivity at target LLOQ = 2 pg/mL

MSX (MS1) at 140,000 Resolving Power

1005 _
] RT: 1.00
= Area: 153826 Analyte
803 NL: 6.33 x 104
603 : : .
- High Baseline Noise
_ 403
8 203
c =
@
ERE
£1005 RT: 1.00
<C = 2
o 3 Area: 21675 SILIS
® 803 NL: 8.60 x 103
¢ 3
603
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HRMS MS/MS (PRM) Selectivity

Now we have a functioning assay

Matrix Blank with Internal Standard

1003 Analyte 10035115 RT: 273
ML: 0 J HL: 3.70 = 108 Area: 634939
— B0 BU%
E )
g &0 603
E -
E -
g 40 4043
L 3
20 203
L e e e e e e e M 0 T AL L L T
25 26 2.7 2.8 29 3.0 2.5 26 2.7 28 29 30
Time (min) Time (min)
LLOQ (2 pg/mL)
1003 Analyte RT:2.73 1003 gy 4s RT:273

ML: 6.34 x 102 Area: B656 ML: 288 » 108 Area: 673149

Relative Abundance (%)
i
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Inter-Day Statistics

MS/MS (PRM) mode _ Standard Curve

1gL Regression Method = Linear; Weighting Factor = 1/x*
r Response = Slope x Concentration + Intercept
[ Slope =0.009153; Intercept = -0.006931; r-Squared =0.9982

-
-
-

Instrument Response
(Anakyte/SIL IS Peak Area Ratio)

f_‘l-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 200 400 600 80D 1000 1200 1400 1600 1800 2000
MNominal Concentration (pg/mL)

Inter-Day Method Accuracy and Precision

GSKA Concentration (pg/mL)

LLOQ QC Qc1 Qcz Qcs3 Qc4

2.00 6.00 60.0 800 1600

Mean 2.29 6.41 62.8 799 1570
sD 0.178 0.325 1.88 26.3 61.5
CV (%) 7.8 5.1 3.0 3.3 3.9
RE (%) 14.5 6.8 4.7 -0.1 -1.9
n 18 18 18 18 18

CV (%) = (SD/Mean) x 100
RE (%) = [(Mean — Nominal)yMominal] = 100
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Sequential Protein and Peptide Immunoaffinity
Capture for Mass Spectrometry-Based Quantification
of Total Human 3-Nerve Growth Factor

Large Molecule Example:

Bottom-up, sequential immunoaffinity nano-LC-MS/MS SRM assay

104155/bio-2015-0022 © 2016 Future Science Ltd

Siloanalysis
Gary A Schultz*",

Large-scale implementation of sequential iy Mecardie

protein and peptide immunoaffinity e sl

enrichment LC/nanoLC-MS/MS for human o o o e
& Metabolism, Pfizer, Inc., Andover,

B-nerve growth factor MAG1810, USA

Required an abundance of expertise and attention due to the utilization of nano-scale

chromatography and electrospray equipment
*Lacked a high degree of robustness and ease-of-use
*Needs to be simplified
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Technological Advancement
NanoSpray Sources for Bioanalysis

« Advion Triversa NanoMate « Thermo EASY-Spray
— Pro: Highly sensitive — Pro: Integrated column/Sprayer
— Pro: Robust against sprayer (nozzle) — Pro: All connections can be nanoViper
failure

— Pro: No additional software
— Con: Added complexity from additional

— Pro: Closed source
software

_ Con: Post column mixing — Con: Integrated column/Sprayer

: : : « Sprayer failure means column replacement
— Con: Can’t use nanoViper for connection to

column e Turns out to be robust

Does not require considerable expertise to

— Con: Open air source by
setup, maintain, and operate system

Considerable expertise required to setup,
maintain, and operate system

Presented at Reid Bioanalysis Forum, 2015 22



Results

7 pg/mL LLOQ Chromatograms

» Tested on several different occasions, using the EASY-Spray ion source coupled to a TSQ Vantage
MS, the signal-to-noise ratio for the B-NGF SRM transition was too low to accurately quantify B-NGF
ata 7 pg/mL level

TriVersa NanoMate & EASY-Spray &
TSQ Vantage TSQ Vantage
1003 g.nGF RT: 345 1005 B-NGF i i
Area: 4104 1 Area: 448
ggpd SRM: 647.3 — 893.4 ] SRM: 647.3 — 893.4

807

807

Relative Abundance (%)
Relative Abundance (%)
2

0 e e T T T T I T T T
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High Resolution Accurate Mass Spectrometry
Selectivity Advantage

« The orthogonal selectivity offered by accurate mass measurements using a Q Exactive Plus MS
enabled the EASY-Spray ion source to accurately quantify B-NGF at a 7 pg/mL level

EASY-Spray & EASY-Spray &
TSQ Vantage Q Exactive Plus
1005 E‘”GFME AT L i‘”GF43634 RT: 3.84
3 rea: rea.
9-0; SRM: 647.3 — 8934 90 Sl.;l:.l‘!:‘i:dgi,syis.
7 T
804 80
707 70
2 3 3
%] g%
8 3 SRM 3
g 503 3 50
< 3 =
X $
B 403 3 40
- &
SD; 30
203 20
103 10
2 H 1-r u: TTTT [ TTr T T rTrrrTrrrrrrrrry rrrrrrorrT TTTrrrrrr LI u
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Representative HCD (MS/MS) Spectra Q Exactive Plus MS

¥7 ¥7
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204 ¥4
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] -
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Three product ions (ys, Ys, and y7) were selected to generate an XIC for
, ] B-NGF and two product ions (ys and y;) to generate an XIC for SIL-IS
[4 Q*Solutions using EASY-Spray ion source and Q Exactive Plus MS.
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Conclusions

 HRMS offers clear value to quantitative bioanalysis
> Drives sensitivity through selectivity
> Useful for molecules of all sizes

« Some practical considerations
> Software validation
Instrument calibration frequency
Mass Extraction Window (MEW) tolerance
System suitability requirements
Peak sampling: (Resolving power and points across a peak)
Data file size minimization
« Multiple scan modes increase options when working through bioanalytical
challenges
> MS1 (SIM or MSX)
> MS2 (PRM)
> Survivor SIM

V V V V V
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