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Data Processing Method, System, and Apparatus For High Resolution Mass
Spectrometry
[0001] The technical field of the present disclosure generally relates to a data
processing method, system, and apparatus for mass spectrometry. In particular, the
present disclosure relates to a data processing method, system, and apparatus for

improving quantitative analysis of high resolution mass spectrometry data.
BACKGROUND OF THE INVENTION

[0002] Mass spectrometry generally refers to various techniques for measuring
the mass-to-charge ratio (m/z) of a molecule in a compound of interest. In
conventional mass spectrometry gaseous or liquidous atoms are turned into charged
particles (e.g., positive ions or negative ions), accelerated and introduced into the
vacuum chamber of the instrument. The ions have their “mass to charge” ratio (m/z)
determined based on deflection, filtering, arrival time, frequency of movement,

depending on the type of mass analyzer used in the instrument.

[0003] There currently are a number of different types of mass spectrometers, the
quality of which will depend upon the type of mass analyzer installed and the specific
type(s) of scan mode implemented for that mass analyzer. As used herein, mass
spectrometry (“MS”) will generally be used to refer to all such mass spectrometers
known in the art or to be developed, such as QqQ or triple quadrupole MS, , sector
mass spectrometer, time-of-flight mass spectrometer, quadrupole mass analyzer,
and trap based mass spectrometers. Such mass spectrometers as well as their

structure, function and operation are well known to those skilled in the art.

[0004] Current approaches to quantitatively analyzing MS data require the
operator to manually define a specific method for data analysis. The manual
approach is limited by the ions and parameters the user selects and may not provide
the optimal method. Interacting through all possible combinations of ions and
parameters with a manual approach is also not possible using existing data

processing tools.

[0005] Existing data processing tools, e.g., for mass spectrometry and tandem
mass spectrometry, for quantitative analysis require the user to select a specific
signal of interest to use for analysis with a predefined extraction window. This

approach has several limitations including 1) the need to develop predefined data
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acquisitions methods to collect data compatible with the current data processing
tools, 2) requires the user to select specific signals (m/z values) and processing
parameters (e.g., extraction window) that may not be optimal and does not make use
of other data (e.g., fragments, isotopes, adducts, etc.) collected during the
experimental process and, 3) requires the user to select i.e., manual selection, the
parameters for regression analysis (e.g., function, weighting, range) which can
introduce bias into the results. Current approaches require the operator to manually
define a method for data analysis. This manual approach is limited by the ions and
parameters the user selects and may not provide an optimal method. Further,
iterating through all possible combinations with a manual approach is laborious and
not possible using existing data processing methodologies and tools. These
limitations in quantitation of MS data have been the biggest barriers for the adoption

of high resolution mass spectrometry (HRMS).
BRIEF SUMMARY OF THE DISCLOSURE

[0006] The subject disclosure provides an automated data processing system
and method for use in full scan mass spectrometry (MS) and/or tandem mass
spectrometry (MSMS) and related mass spectrometry techniques. The subject
disclosure could be embodied in any industrial application that uses mass
spectrometry for quantitative analysis, which includes, but is not limited to,

pharmaceuticals, food science, and environmental industries.

[0007] In accordance with an exemplary aspect of the subject disclosure, the
method for processing MS data includes using the structure of the molecule being
analyzed to identify all ions related to a compound. This includes multiply charged
ions, adduct ions, isotopes, and fragment ions. It does this e.g., by processing a
data file specified by a user or the system that has the compound of interest present.
Using a bond breaking algorithm, it automatically assigns fragment ions (if present)
of the compound of interest. All signals related to the molecule are then used to
select a subset that provides the best overall performance for quantitative assay.
The method automatically selects optimal parameters (e.g., ion extraction window,
ions to sum, etc.) to provide the best overall method to meet acceptance criteria
defined by the user or system {e.g., signal to noise, points across the peak,
accuracy/precision, etc.). The method then conducts a regression analysis for

quantitative analysis to select the best overall model {e.g., linear, quadratic, etc.) and
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weighting (e.g., unweighted, 1/x, 1/x2, etc.). The method can provide at least three
different parameters: peak quality, reproducibility, and model fit quality. When
multiple models are possible with the exact same quality, the simplest model is
automatically selected, e.g., the one with the fewest number of combined ions. The
method then provides method solutions including 1) highest dynamic range, 2) best

upper limit of quantification and 3) best lower limit of quantification.

[0008] In accordance with another exemplary aspect of the subject disclosure, the
system for processing MS data includes a processor configured to or memory having
computer executable instructions executable by a process to: determine a most
suitable extraction window size based on stability of mass accuracy over all the
injections, determine most suitable ions to use for quantitation (M+H, fragment ion,
adduct ion, isotopes, some combination of these), iterate through all the
combinations to provide acceptable accuracy and precision, determine the most
suitable calibration range to use based on the spread of unknown values, truncate
the top and bottom of the curve as needed, determine the best fit to use for
regression analysis using statistical tools (i.e., Akaike information criteria), and do all

the calculations and generate a list of concentrations for the unknown samples.

[0009] In accordance with an exemplary embodiment, the subject disclosure
provides a system for the automated processing of MS data collected using full scan
mass spectrometry (MS) or full scan tandem mass spectrometry (MSMS) for
quantitative analysis. The automated approach or method agnostically and
automatically identifies all ions related to the compound being analyzed in both the
MS and MSMS data. The system automatically selects optimal parameters (e.g., ion
extraction window, ions to sum, etc.) to provide the best overall method to meet the
acceptance criteria defined by the user or system (e.g., accuracy/precision). The
system continues to do regression analysis for quantitative analysis to select the
best overall model (e.g., linear, quadratic) and weighting (e.g., unweighted, 1/x, 1/x2,
etc.). This system provides methods for sample collection for quantitative analysis
using high resolution mass spectrometry. The system provides data collection and

processing that is faster and provides better quality than conventional methods.

[0010] The system determines the most suitable extraction window size based on
stability of mass accuracy over all the injections, determines the most suitable ions to

use for quantitation (M+H, fragment ion, adduct ion, isotopes, some combination of
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these), iterates through all the combinations to provide acceptable accuracy and
precision, determines the most suitable calibration range to use based on the spread
of unknown values, truncate the top and bottom of the curve as needed, determines
the best fit to use for regression analysis using statistical tools, and does all the

calculations and provides concentrations for the unknown samples.

[0011] In accordance with an exemplary embodiment, the subject disclosure
provides a computer-implemented method for quantitative analysis of mass
spectrometry data by a computing device comprising: receiving mass spectrometry
data for a plurality of reference standards; receiving data indicative of a chemical
structure of a compound of interest; identifying a plurality of ions related to the
compound of interest based on the chemical structure; determining a
chromatographic peak for each identified plurality of ions of the compound of
interest; identifying ions for analysis based on the determined chromatographic
peaks for each of the identified plurality of ions and the mass spectrometry data of
the plurality of reference standards; determining a peak area for each of the
identified ions for analysis based on an auto-adjustable extraction mass window;
identifying N selected ions based on ions of interest of the plurality of reference
standards having a chromatographic peak area to concentration correlation; and
combining each of the N selected ions in a plurality of combinations and determining
which of the plurality of combinations provides an optimized regression model for
overall dynamic range, a lower limit of quantification, and/or a highest upper limit of
quantification. The various steps or one ore more steps of said method can be
performed automatically by e.g., a system or mass spectrometer of the subject

disclosure.

[0012] In accordance with an aspect, the method further comprising receiving
experimental mass spectrometry data for a target compound; determining a peak for
each of the ions for analysis for the target compound; determining a peak area for
each of the identified ions for analysis based on an auto-adjustable extraction mass
window; and determining a concentration of the target compound based on the
determined optimized regression model. In accordance with an aspect, the method
further provides wherein the step of identifying a plurality of ions related to the
compound of interest based on the chemical structure comprises virtually

fragmenting the compound of interest to identify compound related fragments. In
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accordance with an aspect, the method further provides wherein the step of virtually
fragmenting the compound of interest comprises: identifying a starter atom and
associated bond and determining if the bond is inside a cycle; identifying all atoms
bonded to the starter atom; identifying a secondary atom bonded to the starter atom;

and identifying all atoms bonded to the secondary atom.

[0013] In accordance with an aspect, the method further provides wherein the
step of determining a chromatographic peak for each identified plurality of ions of the
compound of interest comprises determining a change in slope of successive peaks
as ions are extracted across a time or scan window. In accordance with an aspect,
the method further provides wherein the step of determining a chromatographic peak
for each identified plurality of ions of the compound of interest comprises clustering
signals within a predetermined m/z range based on a predetermined peak tolerance.
In accordance with an aspect, the method further provides wherein in the
predetermined peak tolerance is based on a number of points across the peak, a
comparison of the area of the peak with the area of the same m/z outside the peak

range, and/or a peak shape analysis.

[0014] In accordance with an aspect, the method further provides wherein the
step of determining a peak for each identified plurality of ions of the compound of
interest comprises filtering based on peak shape. In accordance with an aspect, the
method further provides wherein the step of identifying ions for analysis comprises
determining if a difference between an m/z value of the identified plurality of ions and
the mass spectrometry data for the one or more reference standards exceeds a
predetermined peak tolerance. In accordance with an aspect, the method further
provides wherein the step of determining a peak area for each of the identified ions
for analysis based on an auto-adjustable extraction mass window comprises
iteratively reducing an extraction mass window size from a prior step by a
predetermined amount until a computed slope between two successive peaks is

greater than a predetermined slope criteria.

[0015] In accordance with an aspect, the method further provides wherein the
step of determining a peak area for each of the identified ions for analysis based on
an auto-adjustable extraction mass window comprises determining a slope between
successive peaks. In accordance with an aspect, the method further provides

wherein the step of combining each of the N selected ions and determining which of
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the plurality of combinations provides the optimized regression model comprises
evaluating each of the plurality of combinations based on peak quality criteria. In
accordance with an aspect, the method further provides wherein the peak quality
criteria include a number of points across a peak, a peak area versus areas of m/z

outside a peak range, and/or a peak shape.

[0016] In accordance with an aspect, the method further provides wherein the
step of combining each of the N selected ions comprises conducting a combinatorial
analysis on a subset of the N selected ions predetermined by the user or system. In
accordance with an aspect, the method further provides wherein the step of
combining each of the N selected ions comprises combining the ion intensities
across scans for all signals and forming a new peak. In accordance with an aspect,
the method further comprising outputting the optimized regression model via a
display.

[0017] In accordance with another exemplary embodiment, the subject disclosure
provides a system for quantitative analysis of mass spectrometry data comprising: a
mass spectrometer; and one or more processors configured to: receive mass
spectrometry data for a plurality of reference standards; receive data indicative of a
chemical structure of a compound of interest; identify a plurality of ions related to the
compound of interest based on the chemical structure; determine a chromatographic
peak for each identified plurality of ions of the compound of interest; identify ions for
analysis based on the determined chromatographic peaks for each of the identified
plurality of ions and the mass spectrometry data of the plurality of reference
standards; determine a peak area for each of the identified ions for analysis based
on an auto-adjustable extraction mass window; identify N selected ions based on
ions of interest of the plurality of reference standards having a chromatographic peak
area to concentration correlation; combine each of the N selected ions in a plurality
of combinations and determining which of the plurality of combinations provides an
optimized regression model for overall dynamic range, a lower limit of quantification,
and/or a highest upper limit of quantification; and output the determined optimized

regression model.

[0018] In accordance with an aspect, the method further provides wherein the
processor is further configured to: receive experimental mass spectrometry data for

a target compound; determine a peak for each of the ions for analysis for the target
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compound; determine a peak area for each of the identified ions for analysis based
on an auto-adjustable extraction mass window; and determine a concentration of the

target compound based on the determined optimized regression model.

[0019] In accordance with yet another exemplary embodiment, the subject
disclosure provides a mass spectrometer having a mass analyzer, comprising: one
or more processors configured to: receive mass spectrometry data for a plurality of
reference standards; receive data indicative of a chemical structure of a compound
of interest; identify a plurality of ions related to the compound of interest based on
the chemical structure; determine a chromatographic peak for each identified
plurality of ions of the compound of interest; identify ions for analysis based on the
determined chromatographic peaks for each of the identified plurality of ions and the
mass spectrometry data of the plurality of reference standards; determine a peak
area for each of the identified ions for analysis based on an auto-adjustable
extraction mass window; identify N selected ions based on ions of interest of the
plurality of reference standards having a chromatographic peak area to
concentration correlation; combine each of the N selected ions in a plurality of
combinations and determining which of the plurality of combinations provides an
optimized regression model for overall dynamic range, a lower limit of quantification,
and/or a highest upper limit of quantification; and output the determined optimized

regression model.

[0020] In accordance with an aspect, the method further provides wherein the
processor is further configured to: receive experimental mass spectrometry data for
a target compound; determine a peak for each of the ions for analysis for the target
compound; determine a peak area for each of the identified ions for analysis based
on an auto-adjustable extraction mass window; and determine a concentration of the

target compound based on the determined optimized regression model.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0021] The foregoing summary, as well as the following detailed description of the
subject disclosure, will be better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the subject disclosure, there are

shown in the drawings exemplary embodiments. It should be understood, however,
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that the subject disclosure is not limited to the precise arrangements and

instrumentalities shown.
[0022] In the drawings:

[0023] FIG. 1 is a schematic block diagram depicting a system for mass
spectrometry in accordance with an exemplary embodiment of the subject
disclosure;

[0024] FIG. 2 is a flow diagram of a method for quantitative analysis of mass
spectrometry data in accordance with an exemplary embodiment of the subject
disclosure;

[0025] FIG. 3 is a representative illustration of an exemplary common output data
structure applicable to the subject disclosure;

[0026] FIG. 4 is a calibration curve in connection with Example 1;

[0027] FIG. 5 is a regression analysis of Predicted vs. Experimental
Concentration in connection with Example 1;

[0028] FIGS. 6A-6C are compound structures and SWATH MSMS spectra in
connection with Example 2;

[0029] FIG. 7 is a table of a fragment analysis in connection with Example 3;
[0030] FIGS. 8A, 8B are MSE spectra in connection with Example 3 for low and
high collision energy traces;

[0031] FIG. 8C is a fragmentation tree in connection with Example 3;

[0032] FIGS. 9A-9C are data tables in connection with Example 4;

[0033] FIG. 10 is a data table in connection with Example 4;

[0034] FIG. 11 is a schematic block diagram depicting a mass spectrometry in
accordance with another exemplary embodiment of the subject disclosure.

DETAILED DESCRIPTION

[0035] Reference will now be made in detail to the present embodiments of the
invention illustrated in the accompanying drawings. Wherever possible, the same or
like reference numbers will be used throughout the drawings to refer to the same or
like features. It should be noted that the drawings are in simplified form and are not
drawn to precise scale. In reference to the disclosure herein, for purposes of
convenience and clarity only, directional terms such as top, bottom, above, below

and diagonal, are used with respect to the accompanying drawings. The term
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“distal” shall mean towards the bit-end. The term “proximal” shall mean towards the
backhead-end. Such directional terms used in conjunction with the following
description of the drawings should not be construed to limit the scope of the

invention in any manner not explicitly set forth.

[0036] Certain terminology is used in the following description for convenience
only and is not limiting. The words “right,” “left,” “lower” and “upper” designate
directions in the drawings to which reference is made. The words “inwardly” and
“outwardly” refer to directions toward and away from, respectively, the geometric
center of the identified element and designated parts thereof. Additionally, the term
“a,” as used in the specification, means “at least one.” The terminology includes the

words noted above, derivatives thereof and words of similar import.

[0037] Certain terminology is used in the following description for convenience
only and is not limiting. The words “right,” “left,” “upper,” and “lower” designate
directions in the drawings to which reference is made. The terminology includes the

words above specifically mentioned, derivatives thereof, and words of similar import.

[0038] “About” as used herein when referring to a measurable value such as an
amount, a temporal duration, and the like, is meant to encompass variations of
+20%, £10%, 5%, +1%, and £0.1% from the specified value, as such variations are

appropriate.

[0039] Ranges: throughout this disclosure, various aspects of the invention can
be presented in a range format. It should be understood that the description in range
format is merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accordingly, the description of a
range should be considered to have specifically disclosed all the possible subranges
as well as individual numerical values within that range. For example, description of
a range such as from 1 to 6 should be considered to have specifically disclosed
subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 2.7, 3,

4,5,5.3, and 6. This applies regardless of the breadth of the range.

[0040] Furthermore, the described features, advantages and characteristics of the
embodiments of the invention may be combined in any suitable manner in one or

more embodiments. One skilled in the relevant art will recognize, in light of the
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description herein, that the invention can be practiced without one or more of the
specific features or advantages of a particular embodiment. In other instances,
additional features and advantages may be recognized in certain embodiments that

may not be present in all embodiments of the invention.

[0041] In accordance with an exemplary embodiment, the subject disclosure
provides a system 100 (also known as a computing device) for the quantitative
analysis of mass spectrometry data. The system 100 can include and/or
communicate with one or more components. For example, system 100 may include
a mass spectrometer 102 and one or more components connected (e.g.,
communicatively or operatively connected) to mass spectrometer 102. The system
100 can include any conventional mass spectrometer known in the art or to be
developed capable of detecting the mass-to-charge ratio of a compound of interest
and generating MS data. In an example, the mass spectrometer 102 can include an

ion source 104, a mass analyzer 106 and an ion detector 108.

[0042] System 100 can include a data processing system 110 configured to
perform quantitative analysis of MS data in accordance with the method further
described herein. The data processing system 110 can include a processor, or one
or more processors 112. The data processing system 110 (e.g., processor 112) can
be configured as a unitary component of the mass spectrometer or a component
operatively connected to or in communication with the mass spectrometer 102. That
is, the data processing system 110 and the mass spectrometry 102 can each
represent a type of computing device although both may be run on a single

computing device or be configured as a single computing device.

[0043] The processor 112 can be, or can comprise, any suitable microprocessor
or microcontroller, for example, a low-power application-specific controller (ASIC)
and/or a field programmable gate array (FPGA) designed or programmed for the
task of controlling a device, or a general purpose central processing unit (CPU), for
example, one based on an architecture as designed by Intel™ or AMD™ or a
system-on-a-chip as designed by ARM™. The processor 112 can be coupled (e.g.,
communicatively coupled and/or operatively coupled) to auxiliary devices or modules

of the mass spectrometer 102 using bus 114 or other coupling.

10
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[0044] System 100 can comprise a power supply 116 for providing power to mass
spectrometer 102 and/or one or more devices coupled to mass spectrometer 102.
The power supply 116 can include one or more batteries and/or other power storage
device and/or a port for connecting to an external power supply. For example, an
external power supply can supply power to the mass spectrometer 102 and a battery

can store at least a portion of the supplied power.

[0045] The system 100 can comprise a memory device 118. The memory device
118 can be internal to mass spectrometer 102 and/or external to mass spectrometer
102. Memory device 118 can be coupled to the processor 112. Memory device 118
can comprise a random access memory (RAM) configured for storing program
instructions and data for execution or processing by the processor 112 during control
of the mass spectrometer 102. When the mass spectrometer 102 is powered off or
in an inactive state, program instructions and data can be stored in a long-term
memory, for example, a non-volatile magnetic optical, or electronic memory storage
device. The RAM and/or the long-term memory can comprise a non-transitory
computer-readable medium storing program instructions that, when executed by the
processor 112, cause the mass spectrometer 102 to perform all or part of one or
more methods and/or operations described herein.

[0046] System 100 can comprise a network access device 120 allowing the mass
spectrometer 102 to be coupled to one or more external devices. Mass
spectrometer 102 can communicate to one or more external devices via an access
point of a wireless telephone network, local area network, or other coupling to a wide
area network, for example, via the Internet. The processor 112 can be configured to
share data with the one or more external devices (e.g., external network devices) via
the network access device 120. The shared data can include, for example, usage
data and/or operational data of the mass spectrometer 102, a status of the mass
spectrometer 102, a status and/or operating condition of one or more the
components of the mass spectrometer 102, text to be used in a message, and/or any

other data.

[0047] The processor 112 can be configured to receive control instructions from
the one or more external devices via the network access device 120. For example, a
configuration of the mass spectrometer 102, an operation of the mass spectrometer

102, and/or other settings of the mass spectrometer 102, can be controlled by the

11
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one or more external devices via the network access device 120. An external device
can include a server that can provide various services and another external device.
For example, the external device can include a smartphone for controlling operation
of the mass spectrometer 102. In some examples, the smartphone or another
external device can be used as a primary input/output of the mass spectrometer 102,
such that data is received by the mass spectrometer 102 from the server, transmitted

to the smartphone, and output on a display of the smartphone.

[0048] The mass spectrometer 102 can comprise an input/output device 124
coupled to one or more of the processor 112, the network access device 120, and/or
any other electronic component of the mass spectrometer 102. Input can be
received from a user or another device and/or output can be provided to a user or
another device via the input/output device 124. The input/output device 124 can
include any combinations of input and/or output devices such as buttons, knobs,
keyboards, touchscreens, display or displays, light-emitting elements, microphones,
speakers, and/or the like. In an example, the input/output device 124 can include an
interface port, such as a wired interface (e.g., a serial port, a Universal Serial Bus

(USB) port, an Ethernet port, or other suitable wired connection).

[0049] The input/output device 124 can include a wireless interface, for example
a transceiver using any suitable wireless protocol, for example WIFI (IEEE 802.11),
Bluetooth®, infrared, or other wireless standard. For example, the input/output
device 124 can communicate with a smartphone via Bluetooth® such that the inputs
and outputs of the smartphone can be used by the user to interface with the mass
spectrometer 102. In an example, the input/output device 124 can comprise a user
interface. The user interface can include at least one of lighted signal lights, gauges,
boxes, forms, check marks, avatars, visual images, graphic designs, lists, active
calibrations or calculations, microphones, speakers, 2D and/or 3D representations of

mass spectrometers 102 and other interface system functions.

[0050] The input/output device 124 can comprise a touchscreen interface and/or
a biometric interface. For example, the input/output device 124 can include controls
that allow the user to interact with and input information and commands to the mass
spectrometer 102. For example, the input/output device 124 can comprise a touch

screen display and/or can be configured to provide screen shots. User inputs to the

touch screen display are processed by, for example, the input/output device 124

12
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and/or the processor 102. The touch screen display can provide controls and menu
selections, and process commands and requests. Application and content objects
can be provided by the touch screen display. The input/output device 124 and/or the
processor 112 can receive and interpret commands and other inputs, and interface

with the other components of the mass spectrometer 102 as required.

[0051] The input/output device 124 can include an audio user interface. A
microphone can be configured to receive audio signals and relay the audio signals to
the input/output device 124. The audio user interface can be any interface that is
responsive to voice or other audio commands. The audio user interface can be
configured to cause an action, activate a function, etc., by the mass spectrometer
102 (or another device) based on a received voice (or other audio) command. The
audio user interface can be deployed directly on the mass spectrometer 102 and/or
via other electronic devices (e.g., electronic communication devices such as a
smartphone, a smart watch, a tablet, a laptop, a dedicated audio user interface
device, and the like). The audio user interface can be used to control the

functionality of the mass spectrometer 102.

[0052] FIG. 1 provides an example of the components and communications
described herein. The components and communications between components
provided in FIG. 1 are for illustrative purposes only. Other examples may include
one or more of the components shown in FIG. 1 having one or more communications
with one or more other components. For example, processor 112 may communicate
with one or more components, network device 120 may communicate with one or
more components, input/output device 124 may communicate with one or more
components, etc. In an example, mass spectrometer 102 may communicate with
processor 112, and processor 112 may thereafter communicate with network device

120 and/or processor 112 may communicate with input/output device 124.

[0053] The mass spectrometer generates MS data upon analysis of a sample of a
compound of interest. The MS data may be transferred to one or more of the
components of system 100. The MS data may be transferred to one or more of the
components of system 100 prior to, during, and/or after a sample for a compound of
interest is analyzed via the mass spectrometer. For example, the MS data may be
transferred to the data processing system 110 and/or may be provided to one or

more users via input/output device 124. The MS data can include “mass to charge”
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ratio (m/z) values and relative intensity. This MS data can be used for a mass
spectrum plot which portrays the different ions in order of their m/z value and

facilitates a detailed quantitative analysis of component molecular weights.

[0054] In accordance with another exemplary embodiment, the subject disclosure
provides a mass spectrometry 1102 having a data processing system 1110 and/or
processor 1112, a bus 1114, a power supply 1116, a memory 1118, and an
input/output 1124. The components are similarly configured as described above for
system 100 thereby providing a mass spectrometry configured to perform the

methods of the subject disclosure {see FIG. 3).

[0055] I|n accordance with an exemplary embodiment, the subject disclosure
provides a method for processing MS data collected from mass spectrometry for
quantification analysis. The method optimizes the selection of data processing
parameters to identify a best or optimized overall method for identifying a compound
of interest. The method achieves high sensitivity and high selectivity of the
compound of interest based on utilization of the subject method of processing MS
data applied to the MS data of compound of interest. The method is a computer-

implemented method for quantitative analysis of mass spectrometry data.

[0056] The method of processing MS data (referred to herein as the method) is a
method of quantitatively processing MS data utilizing optimized data processing
parameters. The method includes four main stages (FIG. 2), Stage 1) Selection of
Potential lons for Analysis, Stage 2) Signal Calculations, Stage 3) Selection of lons
and Regression Analysis, and Stage 4) Determination of Compound Concentration

Calculation.

[0057] Stage 1

[0058] The mass spectrometer or system receives, obtains, or acquires data or is
transmitted data thereto regarding one or more reference samples, such as a
plurality of reference samples, from a set of compound standards selected by a user
in view of the compound of interest in which the user is looking to perform mass
spectrometry on. Alternatively, the mass spectrometer or system receives, obtains,
or acquires data or is transmitted data thereto regarding one or more reference
samples, such as a plurality of reference samples, from a set of compound

standards identified by the system based on the compound of interest in which a
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mass spectrometry is to be performed on e.g., from a database of compound
standards stored in memory or received by the system. Typically reference samples
are of a nominal concentration that is high enough to positively identify the reference
compound. The reference samples are processed by the MS and the system
receives MS data on the reference samples. The MS data can include a set of m/z
values that can be used to identify each reference standard within a retention time
window. The MS data on the reference standards can include all potential

compound related signals for the reference compound, such as fragment ions.

[0059] The mass spectrometer can acquire MS data from the mass spectrometer
or via the mass spectrometer for said reference samples using one or more of the
following data acquisition techniques: Data Dependent Acquisition (DDA), Data
Independent Acquisition (DIA) or any other acquisition method. The mass
spectrometer can process all acquisition methodologies commonly used in the art or
may be developed in the future. Additionally, in the event the user or system utilizes
internal standards, the mass spectrometer can receive m/z data provided by the user

or the system accesses m/z data from a database or memory.

[0060] Such MS data is then transformed to a common output data structure for
further processing. The common output data structure is a predefined data structure
utilized by the system for storing MS data of the reference standards and any MS
data for a compound of interest on a memory or other database in communication

with the system.

[0061] The common output data structure can be any data structure suitable for
the intended purpose, such as linear data structures, tree data structures, hash

tables, graph data structures and combinations thereof.

[0062] The transformation of the MS data to the common output data structure
can include one or more optional steps to perform, such as a mass correction, a data
centroiding step if the data is collected in profile mode, and/or a scan filtering step.
The scan filtering step is performed if the user selects to proceed with an automatic
noise reduction analysis, or if the system determines to proceed with an automatic
noise reduction analysis. In this case, the system computes an intensity value that
will be considered the noise level and any signal below that intensity level will be

removed from the data set. The user can also select, or the system determines, an
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intensity threshold that will be used to remove any data point that has an intensity
lower than a user specified value. In the case that the user specified value or
system determined value is 0, no data will be removed from the MS data set, and all
the MS data will be used in the quantitative processing of the MS data.

[0063] In Stage 1, the system also receives, obtains, or acquires the chemical
structure of the compound of interest. The system can receive the chemical
structure of the compound of interest e.g., from a data file or database, or the
chemical structure is inputted into the system by the user. That is, the system

receives data indicative of a chemical structure of the compound of interest.

[0064] The chemical structure(s) of the compound of interest is then virtually
fragmented via a “virtual fragmentation” to produce compound related fragments by
disconnecting bonds between atoms in the molecule. Hydrogen atoms are ignored
for the bond disconnection step. All atoms of the compound of interest are
considered in the virtual fragmentation algorithm. Alternatively, the virtual
fragmentation can be conducted via an algorithmic approach or via an automated
intelligence (Al) driven fragmentation selection process, e.g., where only a subset of

fragments is selected for further analysis.

[0065] Virtual fragmentation is performed by the system via a virtual
fragmentation algorithm stored in memory and executable by the processor to
perform virtual fragmentation of the compound of interest to identify all possible

fragment ions of the compound of interest.

[0066] The virtual fragmentation algorithm comprises identifying a target bond in
the chemical structure of the compound of interest, and determining if the target
bond is not inside a structural cycle. Starting from one of the atoms associated with
the target bond e.g., a starter atom, identify all atoms bonded to it until no more
atoms are selectable. The identified atoms define an atom set identified as a
fragment. This process is then repeated for other atoms e.g., a secondary atom,
bonded to the starter atom (i.e., the process of identifying all atoms bonded to the
secondary atom is repeated), thereby obtaining additional compound atom sets
identified as additional fragments. This process is repeated inside of the compound
atom sets for every bond, obtaining a collection of atoms (i.e., fragments) each time.

The process is repeated for a predetermined number of steps specified by the user,
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such as 2, 3, 4, 5, 10, 15, 20, 30, 50, 100, 150 or more steps, or for a predetermined
number of steps identified or determined by the system e.g., predetermined system
settings stored in memory. After the fragments (atoms sets) are defined, the m/z for
each fragment is determined. The defined fragments may be amended to include
hydrogen atoms that can be lost or gained during the fragmentation process. If the
bond is in a structural cycle when the atom is fragmented, they will yield the same
groups of atoms starting from the starter atoms in the bond than from the other atom.
In this case the molecule has a new starting point for another cycle of the bond

breaking process.

[0067] In sum, virtual fragmentation occurs by disconnection of bonds in a
sequential manner breaking as many consecutive bonds as defined by the user as a
user defined parameter of the system or as set or determined by the virtual
fragmentation algorithm. The mass spectrometer then identifies the atoms in the
fragments, and the potential m/z is computed for all the fragments of the compound
of interest considering the resulting ion could be an even or odd electron fragment,
as well as the possibility of chemical reorganizations like gaining or losing hydrogen

atoms from the fragment(s).

[0068] In addition to all the ions, the one or more ions, or the plurality of ions that
can be assigned to a chemical fragment virtually generated from the chemical
structure, the ions selected can include charge species ions, isotopic signals,

adducts, dimers or neutral losses of the compound.

[0069] The system then utilizes each ion identified from the virtual fragmentation
i.e., identified ions, to extract a peak from the MS data for each reference sample
i.e., peak detection for each reference sample. Each peak represents an area of the
ion i.e., (m/z) in the sample. That is, each peak is representative of the m/z, a
retention time range (peak starts and end), the intensity of the m/z in each of the
scans, and the area under the curve computed from the scans. For every mass to
charge ratio that has passed an initial spectral data filtering, the system determines if
it forms a peak by detecting a change in the slope relative to the noise as the ions
are extracted across a time window or scan window for the detection of the

compound of interest.
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[0070] The initial spectral data filtering is method of filtering the spectral data to
identify peaks based on predetermined criteria. That is, within the peak retention
time range there may be multitude ions that are co-eluting with the m/z of interest,
but the ions (m/z) that may come from the ions of interest (fragments, isotope,
charge species, adducts, etc.) have characteristics that meet the predetermined
criteria, such as peak shape, accuracy, right spectral ions, number of points across
the peak, signal/noise ratio, etc. In sum, all ions that are co-eluted are passed
through the initial spectral data filtering to identify which ions have the same or

substantially similar peak shape as the ions of the compound of interest.

[0071] During the initial spectral data filtering, signals that are within a certain m/z
range are clustered together using a peak tolerance set by the user, i.e., a
predetermined peak tolerance, or as determined or set by the system. For example,
the predetermined peak tolerance can be based on multiple peak quality criteria,
such as the number of points across the peak, comparison of the area of the peak

with the area of the same m/z outside the peak range, peak shape analysis, etc.

[0072] All identified peaks are clustered if they have a similar peak shape. A
similar peak shape is a peak shape having certain similarity in the curve produced
e.g., having a similar intensity of the m/z in the Y axis and the scan or similar
retention time in the X axis. The criteria to select the peak is based on a Hocking
similarity index where the index is optimized against the retention time. If the index

is above a certain number both peaks are considered to be in the same cluster.

[0073] Said peaks are clustered based on the m/z values for said ions having
similar peak shape and meet predetermined criteria for quality control, such as peak

quality, regression quality, and replica quality.

[0074] For all the virtual fragments identified of the compound of interest, the m/z
values of the virtual fragments are then compared to the spectral ions identified in
the MS data of the reference standards. If the difference between the observed ions
in the spectra (i.e., a plot of m/z to intensity) of the reference standard and the
theoretical m/z is within a peak tolerance, said fragment ions are selected for further
analysis i.e., ions for analysis. That is, the system determines if the difference
between the observed ions in a mass spectrum of the reference standard and the

theoretical m/z of the identified fragment ions are within a predetermined peak
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tolerance; if so the observed ions are selected for further processing, and also
referred to as ions for analysis. At this point, the mass spectrometer or system has

identified all ions applicable for analysis of the compound of interest.

[0075] Stage?2

[0076] In Stage 2, all peaks are identified, and peak areas determined for each of
the ions for analysis applying an auto-adjustable extraction mass window to every
standard reference sample MS data including all concentrations and all replicates.
This allows the system to determine the best area and accuracy for each identified

peak thereby providing a system with high selectivity.

[0077] The system identifies the peaks for each of the ions for analysis utilizing
the initial spectral data filtering. The system extracts all signals in a mass extraction
window set by the user or system, and computes the signal’s peak area. The mass
extraction window is typically set in units of parts per million (ppm) or milli-daltons
(mDa). The mass extraction window set by the user or system is the mass range
containing the calculated m/z for the ion of interest plus or minus a window or range
defined by the user or system. Experimentally measured ions by the MS are

assumed to fall within this mass extraction window.

[0078] For all the virtual fragments identified of the compound of interest, the
system automatically identifies the fragments (including combinations of fragments,
also referred to as a plurality of fragments) applicable to the reference standards’

spectra.

[0079] The fragments that are selected have to fulfil a number of criteria: first of
all, the m/z value in the spectra has to match the m/z computed (considering
hydrogen atom reorganizations), the m/z for the fragment generated within a certain
tolerance window defined by the user or system. This operation is done with the
user or system selected reference standard samples, typically those of high nominal
concentration to have a spectrum for the compound. Once the fragment has been
assigned, a peak finding is performed on each of the standard samples using the
m/z in the MS spectra (MS, MSMS, SWATH, MSe, low/high energy of collision, etc.)
to obtain the retention time range for the peak; this retention time is within the
retention time tolerance set by the user or system. In case that the m/z passed the

previous filters, then an automatic extraction window is applied on every standard
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sample that maximize the area and minimize the difference between the observed

and the calculated m/z.

[0080] Thatis, the system automatically identifies the fragment ions (including
combinations of fragments) applicable to the reference standards in an iterative
manner, where the system reduces the mass extraction window size from its
previous step in e.g., 1 ppm or mDa increments, and repeats the process to extract
the ions and compute its peak area. This process is repeated until the computed
slope {A area/A window size) between two successive peak areas is greater than a
predetermined value. Once the computed slope criteria are achieved, the process is
stopped and the mass extraction window used before triggering the change in slope
is selected to be used for the peak area determination. This process is completed
for all identified fragment ions (including combinations of fragments) i.e., the plurality
of ions, of the reference samples.

[0081] Alternatively, the user can set a fixed or predetermined extraction window,
if preferred. In the case when the user sets up a fixed value for the extraction

window, no optimization will be done.

[0082] Stage 3

[0083] In the third stage the best combination of ions related to the peak,
predicted concentration, and replicate quality criteria (accuracy, precision) are
selected to provide the best or optimized regression model between the
experimentally determined peak areas and the nominal concentrations of the
reference standards.

[0084] For each of the reference samples or calibration standard samples, peak
areas are computed for ions of interest to see if there is a correlation between the
peak area and the nominal concentration using a statistical regression analysis.
Alternatively, if internal standards are used, the area for the ion of interest divided by
the internal standard area computed to see if there is a correlation between the peak
area ratio and the nominal concentration using a statistical regression analysis.
When the degree of correlation meets acceptance criteria or predetermined
correlation criteria to provide acceptable accuracy and coefficient of variation, the ion
is selected for further analysis. The ions selected for further analysis are designated
“N selected ions.”
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[0085] “N”can be a number selected by the user, a predetermined humber, or a
number identified based on the reference sample, or a number determined or set by

the system.

[0086] For the N selected ions, a combinatorial analysis is conducted based on a
subset of the N selected ions predetermined by the user or system. For each
combination of ions, all the sighals are extracted, and a new peak is formed by
combining the ion intensities across their scans. This process is done for each of the
calibration standard reference samples. For each combination of ions the peak area
is computed and in case internal standard(s) are provided the peak area ratio i.e.,
area of ion/area of internal standard, is computed. The number of combinations of
ions produced in this step is based on the number of compound related ions
detected that meet the criteria for selection e.g., ions for analysis, as well as the

number of ions the user or system sets to combine, e.g., N combination of ions.

[0087] Each combination of ions, or plurality of combinations, is evaluated by
using user or system defined settings that control the peak quality, including the
number of points across the peak, sighal-to-noise ratio, accuracy, precision and
coefficient of variation for each sample. In addition, each combination of ions is
evaluated with rules that consider the overall regression, such as the minimum
number of concentration levels, the difference in nominal concentration between two
selected consecutive levels, etc. Said rules are predetermined criteria for quality
control of the regression models. There are different regression models that can be
used for each condition using simple linear fit, weighted linear fit, quadratic, an Al-
based regression model e.g., that selects a peak attending to a model based on data
already generated by a user or stored in memory, etc.

[0088] The system evaluates three different potential outputs: (1) a combination
of ions that provide the best overall dynamic range, (2) a combination of ions that
provide the best lower limit of quantification, and/or (3) a combination of ions that

enables the highest upper limit of quantification.

[0089] After the system evaluates the plurality of combinations and parameters, a
regression model that provides the best fit based on predefined user or system

criteria is selected. That is the system determines which of the plurality of
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combinations provides the best or optimized regression model for overall dynamic

range, a lower limit of quantification, and/or a highest upper limit of quantification.

[0090] In case that there are multiple regression models that fulfil the user or
system criteria, the system selects the simplest one as the one using the fewest

number of ions.

[0091] In other words, once the area is computed for any of the selected
fragments, a regression analysis is conducted between the area and the hominal
concentration for each standard sample. N numbed of m/z with the best regression
model in terms of correlation coefficient are pre-selected, where N is determined by
the user or system. Then the areas of the selected ions are combined in a
combinatorial fashion using first 1, then 2, 3 and so on until X number of ions, where

X is the maximum number of ions that are defined by the user or system.

[0092] When a combination is obtained that fulfils all the quality control
requirements defined by the user or system, the system stops the search and reports
the result in the form of a regression equation. Other algorithms that sort the search

can also be applied to reduce the computation time.

[0093] After the best or optimized regression model is determined, the peak
quality (number of points across the pick, signal-to-noise ratio, etc.), accuracy,
precision and coefficient of variation for each sample as well as for the nominal
concentration replica, if applicable, is outputted to the user as output data. The
output data can be displayed on a display or output in other means via an

input/output device.

[0094] Stage 4

[0095] In the fourth stage, the system acquires the mass spectrometry data for all
additional applicable samples e.g., quality controls, blanks, unknowns, target
compounds, etc. Alternatively, the system can receive the additional samples and
conduct mass spectrometry on the additional samples to acquire the MS data. The
system then identifies the peaks for each of the ions for analysis utilizing the initial
spectral data filtering for each of the additional applicable samples following the
same peak determination process as described above in Stage 1. That is, the
system extracts all signals for the additional applicable samples in a mass extraction

window set by the user or system and computes the signal’'s peak area.
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[0096] Then for the N combination of ions all signals are extracted, and a new

peak is formed by combining the ion intensities across the scans. The quality of the
peak is also evaluated with respect to the number of points across the peak and the
signal-noise ratio. If the peak passes the user or system defined quality criteria, the
peak area is computed. In the case of using an internal standard the ratio between

the computed area and the area of the internal standard is calculated.

[0097] Using this peak area and the best or optimized regression model
determined for the reference standards (which provides the best quality based on
predefined user or system criteria), the concentration is predicted for all the

additional applicable samples, such as the target compound.

[0098] In summary, the subject disclosure provides a system and method that
includes the development of a set of algorithms to achieve high sensitivity and high
selectivity regression models based on High Resolution Mass Spectrometry for
compound quantification analysis. To perform this analysis the user or system may
provide multiple samples with different nominal concentration that cover the
concentration range intended for the quantification analysis. There could be multiple
replicates for the nominal concentration samples. In addition to these samples, the
user or system can also provide blank samples of any type, Quality Control Samples
with a nominal concentration and/or unknown samples to evaluate their potential

concentration based on the Mass Spectrometry data.

[0099] High sensitivity is achieved by studying the nominal concentration samples
and analysis the regression model parameters that is obtained between the nominal
concentration and the Chromatographic peak area. The regression model obtained
will have to pass different business rules like a limit in the Pearson coefficient value,
minimum levels of nominal concentration, maximum spacing between the
concentration and the maximum number of levels that can be dropped between two
consecutive levels. The invented methodology achieves high sensitivity by
accumulating the area of multiple ions that can be obtained from the MS full scan or
for the different acquisitions methods to obtain a MS2 trace. The first step in the
algorithm is to select which are the m/z values that are eligible to be summed. The
ions selected include all the identified charge species ions, the isotopic signals, the
adducts, dimers or neutral losses of the compound as well as all the ions (m/z) that

can be assigned to a chemical fragment virtually generated from the compound’s
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structure. The fragment assignment is performed based on one or more than one
sample that has been identified by the user or system as reference. Each ion from
this list is used to extract a peak from the mass spectral data for each of the samples
under consideration. All peaks are evaluated based on multiple peak quality criteria
such as but not limited to the number of points across the peak, comparison of the
area of the peak with the area of the same m/z outside the peak range, peak shape
analysis, etc. Those ions that pass the multiple peak quality criteria are then
evaluated also on the regression capacity. Multiple regression models (direct or
weighted on the X, and on the Y) are tested for chromatographic peaks obtained
from each individual ion (m/z). If the regression model derives an acceptable line
based on regression quality check terms like Pearson coefficient value. The ions that
produce the top N {value assigned by the user or system are then selected) are then
selected for the next step. In the next step the combination of the N selected ions is
performed first starting from the simplest model, that is the combination of the N ions
taken by 2, to the most complex situation of taking the N ions combined to the X, X
being a parameter set by the user or system. For each combination the intensity of
the selected ions is added scan by scan and point by point. In the case of ions from
the MS2, the time lack between full scan and the MS2 scan is considered for building
the new peak. In this way for each combination and each sample a new peak is built.
The quality of the peak is again checked as it was done with the single ion
chromatographic peak. Additionally, the peak for the internal standard is also
computed starting from the m/z and expected retention time of the compounds, the
peak for the internal standard has to pass the same quality criteria as the peaks for
the compound of interest ions. Considering the peaks that passed the peak quality
criteria, the area of the compound derived peak divided by the area of the internal
standard peak is computed for each sample. In the case of having multiple replicates
and that the user or system has defined different business rules like but not limited to
number of acceptable replicates for the concentration level to discard one of the
concentration levels, those rules will be applied at this step. Finally multiple
regression analysis is performed using the different weighting factors that the user or
system has selected. There are three ways to select the concentration levels
attending to the business rules (accuracy and the coefficient of variance) of the
concentrations predicted for the different level using the derived equation. The first

option is to look for the regression model that has the Lower possible Limit of
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quantification, in this case if the regression model cannot be used for the entire
nominal concentration range (it does not meet the business rules criteria) the system
evaluates the impact in the regression model by removing the upper part
concentration levels, in every step only one level is removed and the entire
regression model is built again until an acceptable model (meet the business rules
criteria) or the combination is removed, in the second case the entire process start
with another ion combination. The second option is to look for the regression model
that has the Upper Limit of Quantification possible, in this case if the regression
model cannot be used for the entire nominal concentration range (it does not meet
the business rules criteria) the system evaluates the impact in the regression model
by removing the lower part of the concentration levels, in every step only one level is
removed and the entire regression model is built again until an acceptable model
(meet the business rules criteria) or the combination is removed, in the second case
the entire process start with another ion combination. Finally, the third option is to
look for the regression model with the highest dynamic range, in this case if the
regression model cannot be used for the entire nominal concentration range (it does
not meet the business rules criteria) the system evaluates the impact in the
regression model by removing alternatively one sample from the upper part of the
concentration levels and later from the lower part of the concentration level, in every
step only one level is removed and the entire regression model is built again until an
acceptable model {meet the business rules criteria) or the combination is removed,

in the second case the entire process start with another ion combination.

[00100] High selectivity is obtained by the adjustable extraction window, that is the
m/z range in ppm or amu that is allowed when comparing the computed m/z based
on the compound structure or formula and the observed m/z in the spectra. The
adjustable extraction window does an optimization of the extraction window value to
have the lowest possible value (the lower the value, the better is the selectivity for
the ion m/z), but keeping the maximum possible area computed for the ion of
interest. The user or system sets up the maximum value possible for the extraction
window and the system computes the area under the curve for the selected range by
accepting the MS scans that are inside the selected window, then the system
modifies the extraction window value and computes the area again. The operation is

repeated until there is a statistically significant change in the area value. The
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extraction window selected is the one before the changes in the area value are

produced.
[00101] The subject disclosure is exemplified in the following aspects:

Claim 1: A computer-implemented method for quantitative analysis of mass
spectrometry data comprising:

(@) receiving mass spectrometry data for a plurality of reference standards;

(b) receiving data indicative of a chemical structure of a compound of
interest;

(c) identifying a plurality of ions related to the compound of interest based
on the chemical structure;

(d)  determining a chromatographic peak for each identified plurality of ions
of the compound of interest;

(e) identifying ions for analysis based on the determined chromatographic
peaks for each of the identified plurality of ions and the mass spectrometry data of
the plurality of reference standards;

{f determining a peak area for each of the identified ions for analysis
based on an auto-adjustable extraction mass window;

(9) identifying N selected ions based on ions of interest of the plurality of
reference standards having a chromatographic peak area to concentration
correlation; and

(h)  combining each of the N selected ions in a plurality of combinations
and determining which of the plurality of combinations provides an optimized
regression model for overall dynamic range, a lower limit of quantification, and/or a

highest upper limit of quantification.

Claim 2: The computer-implemented method of claim 1, further comprising

(i) receiving experimental mass spectrometry data for a target compound;

() determining a peak for each of the ions for analysis for the target
compound;

(K) determining a peak area for each of the identified ions for analysis
based on an auto-adjustable extraction mass window; and

) determining a concentration of the target compound based on the

determined optimized regression model.
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Claim 3: The computer-implemented method of claim 1 or 2, wherein the step of
identifying a plurality of ions related to the compound of interest based on the
chemical structure comprises virtually fragmenting the compound of interest to
identify compound related fragments.

Claim 4: The computer-implemented method of claim 3, wherein the step of virtually
fragmenting the compound of interest comprises:

identifying a starter atom and associated bond and determining if the bond is
inside a cycle;

identifying all atoms bonded to the starter atom;

identifying a secondary atom bonded to the starter atom; and

identifying all atoms bonded to the secondary atom.

Claim 5: The computer-implemented method of any of the preceding claims, wherein
the step of determining a chromatographic peak for each identified plurality of ions of
the compound of interest comprises determining a change in slope of successive

peaks as ions are extracted across a time or scan window.

Claim 6: The computer-implemented method of any of the preceding claims, wherein
the step of determining a chromatographic peak for each identified plurality of ions of
the compound of interest comprises clustering signals within a predetermined m/z

range based on a predetermined peak tolerance.

Claim 7: The computer-implemented method of claim 5, wherein in the
predetermined peak tolerance is based on a number of points across the peak, a
comparison of the area of the peak with the area of the same m/z outside the peak

range, and/or a peak shape analysis.

Claim 8: The computer-implemented method of any of the preceding claims, wherein
the step of determining a peak for each identified plurality of ions of the compound of

interest comprises filtering based on peak shape.

Claim 9: The computer-implemented method of any of the preceding claims, wherein
the step of identifying ions for analysis comprises determining if a difference between
an m/z value of the identified plurality of ions and the mass spectrometry data for the
one or more reference standards exceeds a predetermined peak tolerance.
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Claim 10: The computer-implemented method of any of the preceding claims,
wherein the step of determining a peak area for each of the identified ions for
analysis based on an auto-adjustable extraction mass window comprises iteratively
reducing an extraction mass window size from a prior step by a predetermined
amount until a computed slope between two successive peaks is greater than a

predetermined slope criteria.

Claim 11: The computer-implemented method of any of the preceding claims,
wherein the step of determining a peak area for each of the identified ions for
analysis based on an auto-adjustable extraction mass window comprises

determining a slope between successive peaks.

Claim 12: The computer-implemented method of any of the preceding claims,
wherein the step of combining each of the N selected ions and determining which of
the plurality of combinations provides the optimized regression model comprises
evaluating each of the plurality of combinations based on peak quality criteria.

Claim 13: The computer-implemented method of claim 12, wherein the peak quality
criteria include a number of points across a peak, a peak area versus areas of m/z
outside a peak range, and/or a peak shape.

Claim 14: The computer-implemented method of any of the preceding claims,
wherein the step of combining each of the N selected ions comprises conducting a
combinatorial analysis on a subset of the N selected ions predetermined by the user.

Claim 15: The computer-implemented method of any of the preceding claims,
wherein the step of combining each of the N selected ions comprises combining the

ion intensities across scans for all signals and forming a new peak.

Claim 16: The computer-implemented method of any of the preceding claims, further

comprising outputting the optimized regression model via a display.

Claim 17: The computer-implemented method of any of the preceding claims, further
comprising conducting mass spectrometry on a target compound to obtain

experimental mass spectrometry data for the target compound.
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Claim 18: The computer-implemented method of claim 2, further comprising

outputting a concentration of the target compound.

Claim 19: A system for quantitative analysis of mass spectrometry data comprising:
a mass spectrometer; and
one or more processors configured to:

(a) receive mass spectrometry data for a plurality of reference
standards;

(b) receive data indicative of a chemical structure of a compound of
interest;

(c) identify a plurality of ions related to the compound of interest
based on the chemical structure;

(d)  determine a chromatographic peak for each identified plurality of
ions of the compound of interest;

(e) identify ions for analysis based on the determined
chromatographic peaks for each of the identified plurality of ions and the mass
spectrometry data of the plurality of reference standards;

() determine a peak area for each of the identified ions for analysis
based on an auto-adjustable extraction mass window;

(9) identify N selected ions based on ions of interest of the plurality
of reference standards having a chromatographic peak area to concentration
correlation;

(h)  combine each of the N selected ions in a plurality of
combinations and determining which of the plurality of combinations provides
an optimized regression model for overall dynamic range, a lower limit of
quantification, and/or a highest upper limit of quantification; and

(i) output the determined optimized regression model.

Claim 20: The system of claim 19, wherein the processor is further configured to:
receive experimental mass spectrometry data for a target compound;
determine a peak for each of the ions for analysis for the target compound;
determine a peak area for each of the identified ions for analysis based on an

auto-adjustable extraction mass window; and

29



WO 2024/253963 PCT/US2024/031937

determine a concentration of the target compound based on the determined

optimized regression model.

Claim 21: A mass spectrometer having a mass analyzer, comprising:
one or more processors configured to:

(@) receive mass spectrometry data for a plurality of reference
standards;

(b) receive data indicative of a chemical structure of a compound of
interest;

(c) identify a plurality of ions related to the compound of interest
based on the chemical structure;

(d)  determine a chromatographic peak for each identified plurality of
ions of the compound of interest;

(e) identify ions for analysis based on the determined
chromatographic peaks for each of the identified plurality of ions and the mass
spectrometry data of the plurality of reference standards;

() determine a peak area for each of the identified ions for analysis
based on an auto-adjustable extraction mass window;

(9) identify N selected ions based on ions of interest of the plurality
of reference standards having a chromatographic peak area to concentration
correlation;

(h)  combine each of the N selected ions in a plurality of
combinations and determining which of the plurality of combinations provides
an optimized regression model for overall dynamic range, a lower limit of
quantification, and/or a highest upper limit of quantification; and

(i) output the determined optimized regression model.

Claim 22: The mass spectrometer of claim 21, wherein the processor is further
configured to:
receive experimental mass spectrometry data for a target compound;
determine a peak for each of the ions for analysis for the target compound;
determine a peak area for each of the identified ions for analysis based on an

auto-adjustable extraction mass window; and
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determine a concentration of the target compound based on the determined

optimized regression model.

Claim 23: The mass spectrometer of any of the preceding claims, wherein the mass
spectrometer is configured to conduct mass spectrometry on a target compound to

obtain experimental mass spectrometry data for the target compound.

Claim 24: A system for quantitative analysis of mass spectrometry data

characterized by the mass spectrometer of claim 21.

Claim 25: A method of performing mass spectrometry comprising:

conducting mass spectrometry on a target compound to obtain experimental
mass spectrometry data for the target compound; and

determining a concentration of the target compound using any of the
computer-implemented methods for quantitative analysis of mass spectrometry data
disclosed here.

[00102] EXAMPLES

[00103] Example 1
[00104] Methodology: A comparison of a conventional methodology for analyzing

MS data with the method of the instant invention was conducted. In this example,
the same set of standard samples for 5 compounds were analyzed using both
approaches. Traditional triple quadruple MRM data was collected and processed
using SCIEX MultiQuant™ software. The same samples were analyzed using data
independent high resolution mass spectrometry and was processed using the

methodology of the instant invention.

[00105] Acceptance criteria for quantitative data were based on accuracy and
precision of the values calculated from the regression model used for the calibration
curve(s). The required accuracy and precision of the replicates will depend on how
the data is being used and/or regulatory guidance. In early drug discovery studies
100£25% for accuracy with a Coefficient of Variance (CoV) £25% is typically used.
Other criteria can be applied such as signal-to-noise ratio >20, points across the
chromatographic peak =8, minimum number of accepted replicates, and mass

accuracy <15 ppm with the automatic adjustment of the signal extraction window.
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[00106]
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Results. The results of the analysis conducted using conventional

methodology are provided in Table 1 for compound 1; and results of the analysis

conducted using the methodology of the instant invention are provided in Table 2 for

compound 1.

Table 1: QQQ Data analysis: MultiQuant Results for Compound 1

1 30f4 1.26 1.92 152.5 126.06 0.14 0.16 3.48 5.35
2.17 4 of 4 141 0.16 11.63 65.09 1.32 1.29 1.39 1.65
4.7 4of 4 3.79 0.15 4.06 80.65 3.9 3.57 3.88 3.81
10.2 40f 4 10.22 0.51 5.04 100.17 10.63 9.81 10.69 9.73
22.1 40f 4 23.36 1.66 7.1 105.69 24.26 22.04 25.25 21.89
48 4of4 54.44 3.33 6.11 113.41 56.04 49.98 57.69 54.04
104 4of4 119.17 5.72 4.8 114.59 12471 111.16 120.44 120.39
226 4of4 235.93 12.28 5.21 104.39 237.56 219.94 236.36 249.85
490 4of4 500.35 22.83 4.56 102.11 520.41 479.56 519.79 481.62
1060 dof4 990.56 80.8 8.16 93.45 1056.64 | 913.56 1063.96 | 928.1
2310 Oof4 N/A N/A N/A N/A N/A 674.34 N/A N/A
5000 Dof4 N/A N/A N/A N/A 817.58 755.41 823.5 818.95

[00107] The statistical parameters used in the existing methodology include:

1. Correlation coefficient R2: 0.8662
2. Low Limit of Quantification: 4.7 nM

3. Upper limit of quantification: 1060 nM

[00108]

Sample with nominal concentration at 1 nM fails due to the accuracy of the

average is outside the 25% error allowed. Sample with nominal concentration at

2.17 nM fails due to coefficient of variation is outside the 25% error allowed. Sample

with nominal concentration at 2310 nM fails due to not detected peak with the

sufficient quality. Sample with nominal concentration at 5000 nM fails due to

underestimated of predicted drug concentration.

[00109] Table 2: QQQ Data analysis: MultiQuant Results for Compound 1
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1 3of4 1.07 0.17 0.16 1.07 1.14 1.19 0.88 #N/A
217 40of4 1.92 0.36 0.19 0.88 1.85 1.73 1.65 244
4.7 1of4 3.65 #DIV/0! #N/A 0.78 #N/A 3.65 #N/A #N/A
10.2 4of4 9.76 0.80 0.08 0.96 10.80 9.90 9.43 8.93
221 40of4 23.90 0.85 0.04 1.08 24.13 22.70 24.03 24.73
48 4of4 50.25 3.79 0.08 1.05 51.03 44.68 52.78 52.52
104 4of4 100.69 | 4.08 0.04 0.97 98.56 96.81 106.18 101.21
226 4of4 219.69 12.07 0.05 0.97 226.38 | 230.13 219.40 202.86
490 4of4 480.92 | 47.66 0.10 0.98 476.32 | 428.09 543.94 475.35
1060 40f4 1106.96 | 60.39 0.05 1.04 1037.05 | 1096.74 | 1184.03 | 1110.00
2310 4of4 2251.15 | 146.64 0.07 0.97 2224.86 | 2465.64 | 2164.44 | 2149.67
5000 20of4 5364.34 | 10.18 0.00 1.07 5357.14 | 5371.53 | #N/A #N/A

[00110] The statistical parameters used in the methodology of the instant invention

include:

1. Correlation coefficient R2: 0.9966
Low Limit of Quantification: 1.0 nM,

Upper limit of quantification: 5000

e

Sample with nominal concentration 4.17 nM has 3 replications that do not

meet the peak quality criteria.

[00111] A calibration for Compound 5 is shown in FIG. 4. A regression analysis of
Predicted vs. Experimental Concentration is shown in FIG. 5.

[00112] Example 2

[00113] Materials

[00114] Imipramine, Verapamil, Buspirone and Nefazodone as well as HPLC
grade acetonitrile (ACN), dimethyl sulfoxide (DMSQ), methanol (MeOH) and formic

acid (HCOOH, 98 — 100%) were purchased from Sigma-Aldrich (St Louis, MO,
USA).

[00115] Instrumentation

[00116] An ACQUITY ultra-performance liquid chromatograph (Waters
Corporation, Milford, MA) consisting of a binary pump, autosampler, degasser, and
column oven was used for gradient elution for triple quadrupole data acquisition. A

Sciex API 6500+ triple quadrupole mass spectrometer with a OptiFlow Turbo V
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Electrospray ionization™ (TIS) source (Concord, ONT, Canada) was used as the
detector for SRM based analysis. Processing of SRM data was done with SCIEX
MultiQuant® (MQ) software (Toronto, Canada). An Agilent 1290 liquid
chromatograph (Agilent, Santa Barbara, CA) consisting of a binary pump,
autosampler, degasser, and column oven was used for gradient elution on HRMS
data acquisition. A Sciex API 7600 Zeno quadrupole time of flight mass
spectrometer was used for full scan MS and MSMS data collection. HRMS data was
processed using Al-QUANT™ software developed by Mass Analytica (Sant Gugat,

Spain) as part of this work.

[00117] Standard Solutions and Calibration Curves

[00118] Stock solutions of compounds were prepared at a concentration of 2 mM
by weighing the solid compound and dissolving in an appropriate volume of DMSO.
Triplicate twelve-point (1, 2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 5000 nM)
calibration curves were prepared using an HP D300 digital dispenser to directly
dispense into 50 uL of blank plasma. Calibrators and blank plasma were crashed
using 150 uL of ACN containing Imipramine at 200 nM as internal standard. After
centrifugation, 100 uL of sample was transferred to a clean 96 well plate and diluted
with 100 uL of water. Each independent curve was injected twice to provide n=6

replicates at each concentration.

[00119] Chromatographic conditions

[00120] The chromatographic separation was accomplished using a Waters BEH
Shield RP18 column (2.1 x 50-mm, 1.7 um) maintained at 40 °C. A solution of 0.1%
FA in H20 and a solution of 0.1% FA in ACN were used as mobile phase A and B,
respectively. A linear gradient with a flow rate of 0.75 mL/min was selected, starting
at 10% B, and raising to 90% B in 1.5 minute and then held at 90% B for 0.5 minute.

The total run time was 3 minutes.

[00121] Mass spectrometry detection conditions

[00122] For triple quadrupole analysis, the precursor ion and fragment ions for all
compounds were determined using DiscoveryQuant Optimize software from Sciex.
Solutions {5 uM) were automatically injected to optimize source voltage (DP) and
identify fragment ions. Parameters for SRM (Q1 m/z, Q3 m/z, collision energy) were

further adjusted to ensure optimal conditions (Table 3). For Q-tof based acquisition,
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no method development was performed. A SWATH based acquisition method with a
TOF MS scan from m/z 200 to m/z 600, followed by MSMS scans collected using 25
Da windows from m/z 275 to 475 with a collision energy of 30 and a collision energy
spread of 10. Fragment ion spectra were collected from m/z 50 to 500. The total
cycle time was 0.56 seconds for the SWATH based acquisition. For the API 6500,
the source temperature was 550 and gas settings were GS1 60 and GS2 50, the DP
voltage was 120. For the API 7600, the source temperature was 550 and gas
settings were GS1 40 and GS2 50, the DP voltage was 80.

[00123] Table 3. Triple quadrupole parameters used for data acquisition.

Compound Q1 Q3 Dwell (ms) CE
Buspirone 386.2 122 50 25
Verapamil 455.4 165 50 40
Nefazodone 470.2 2741 50 25
Imipramine (I1S) | 281.3 193.1 50 50

[00124] Results and Discussion

[00125] Three drug molecules were used to compare the traditional triple
quadruple quantitative workflow to the HRMS Al-Quant workflow. The structures
and SWATH MSMS spectra are shown in FIGS. 6A-6C.

[00126] Triple quadrupole approach: Q1 and Q3 selection, CE optimization

[00127] Selected reaction monitoring method development for targeted
quantitation on the triple quadrupole instrument was done using an automated tuning
approach within the DiscoveryQuant software. The resulting transition and
instrument voltages for each compound were used without further optimization
(Table 3). In this workflow, an acquisition method is developed and saved for each
compound that is being analyzed. Sample lists are generated for data acquisition by
selecting the saved methods. Once the data is acquired, a data processing method
is also created using the vendor provided software, MultiQuant for this work. The
user or system selects criteria such as regression model, weighting factor and which
standards to use based on accuracy and precision requirements. The process is
manual in nature and if the selected SRM transition does not provide an acceptable
result, the analyst must modify the acquisition method and acquire a new set of data.

Examples where method modification are needed would be for 1) dynamic range
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where either a lack of adequate sensitivity or saturation of the response, and 2)
interference from matrix components on the selected transition. In both cases

method modification and sample reanalysis would be required.

[00128] For the test compounds, standard curves prepared in plasma (n=6) were
analyzed using triple quadrupole mass spectrometry. The results obtained using the
MQ software are shown in Table 4. The MQ method used 1.0-point Gaussian
smoothing and linear regression with 1/x2 weighting for all compounds. Standards
were not used if they did not pass the required £25% accuracy and precision metric

used in discovery stage quantitative assays.

[00129] Table 4. Data quality for QQQ-SRM based analysis of Nefazodone,

Verapamil and Buspirone standard curves (n=6).

Nefazodone Verapamil Buspirone
gg:é Mean %CV Acc. Mean %CV | Acc. Mean | %CV | Acc.
(nM)
1 N/A N/A N/A N/A N/A N/A N/A N/A N/A
2 2.0 9.6 98.4 1.9 11.2 96.3 2.0 21.6 | 100.6
5 5.2 4.0 104.5 5.4 3.2 108.1 5.0 10.6 | 100.5
10 10.0 3.7 100.0 10.3 3.4 102.5 9.7 6.4 97.2
20 19.2 3.2 96.3 19.2 0.9 96.2 19.0 4.1 95.1
50 45.9 2.8 91.8 471 0.8 94 .1 45.7 3.3 91.31
100 122.1 9.5 122.1 127.2 9.2 127.2 125.1 8.8 125.1
200 2124 3.8 106.2 2194 4.5 109.7 218.4 3.8 109.2
500 478.8 1.3 95.8 482.1 1.4 96.4 499.0 1.7 99.8
1000 931.8 1.6 93.2 900.3 1.1 90.0 966.4 1.5 96.6
2000 1836.8 1.3 91.8 1587.6 0.9 79.4 1898.0 1.2 94.9
5000 N/A N/A N/A N/A N/A N/A 4481.1 1.7 89.6

[00130] All compounds had a lower limit of quantitation of 2 nM for these samples

and methods, the lower standard at 1 nM had accuracy and precision outside the
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acceptable criteria and therefore were not used. The upper limit of quantitation was
5000 nM for Buspirone, whereas Nefazodone and Verapamil was only 2000 nM due

to saturation of the signal.

[00131] HRMS Quantitation Using MS and Targeted MSMS

[00132] Current approaches for HRMS quantitative analysis using existing vendor
supplied processing software use either MS or MSMS data. For MS data
processing, a compound related ion, typically the [M+H]*, is selected and a user or
system defined extraction window is used to generate chromatographic peaks for
integration of peak area to be used in quantitative analysis. Defining the optimal
extraction window is a manual process that can have significant impact on the
overall quality of the results. For targeted MSMS data, a compound specific
acquisition method is developed to collect the data that provides enhanced
selectivity and sensitivity relative to an MS only approach. The advantage of a
targeted MSMS approach is also its limitation, in that effort is required to develop
compound specific methods just like for triple quadrupole workflows. Once the data
is collected, a processing method similar to MS data is generated that extracts the

fragment ion of interest for peak generation.

[00133] Table 5. Data quality for HRMS based analysis of Nefazodone, Verapamil
and Buspirone standard curves (n=6) generated by using the [M+H]* ion with a 20

mDa extraction window.

Nefazodone Verapamil Buspirone

N(o:(r)nr::al Mean | %CV | Accuracy | Mean | %CV | Accuracy | Mean | %CV | Accuracy
(nM)

1 N/A N/A N/A N/A N/A N/A N/A N/A N/A

2 1.9 21 96.6 N/A N/A N/A 2.0 23.5 98.6

5 5.5 13.3 109.1 57 19.4 113.7 5.2 5.8 103.4

10 10.0 7.7 99.9 8.7 11.2 87.5 10.2 7.2 101.8
20 19.6 7.1 97.9 15.7 6.3 78.4 18.8 6.1 94.2
50 443 7 88.6 36.1 71 721 458 6 91.6
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100 121.3 | 11.8 121.3 110.5 | 13.6 110.5 121.9 | 7.1 121.9
200 2079 | 5.6 103.9 2025 | 34 101.2 217.5 4 108.7
500 5109 | 71 102.2 5235 | 5.2 104.7 5253 | 5.5 105.1
1000 993.7 | 9.4 99.4 1120.2 | 2.5 112 10165 | 2.5 101.7
2000 1914.7 | 8.3 95.7 239 | 4.7 119.8 19116 | 3.8 95.6
5000 4267.4 | 2.8 85.3 N/A N/A N/A 3867.2 | 3.5 77.3

[00134] For both MS and MSMS data sets, the summing of signals to enhance
assay performance is possible. However, this requires a manual and iterative
approach to determine which ions benefit from summing and what extraction
windows are optimal for each ion to be summed. For these reasons, an exhaustive
search for a method that uses all the relevant data collected using HRMS data

acquisition is not feasible using a manual approach.

[00135] Based on the data shown in Table 4, the QQQ method provides robust
quantitative performance as expected. Using just the [M+H]* ion from HRMS full
scan data acquisition works over a similar range and can be as sensitive as the
QQQ method in many cases. Results for the study compounds using the [M+H]* ion
extracted from the TOF-MS scan with a window of £10 mDa are shown in Table 5
and are similar to the QQQ results while showing more imprecision overall.
Targeted MSMS (not done in this study) can be more sensitive than a QQQ method
but may have a narrower dynamic range. It also requires the development of a
specific acquisition method and more complex data processing relative to the QQQ

data.

[00136] AI-QUANT™ Molecular Structure and MS Data Driven Quantitative
Analysis

[00137] This method starts by using the structure of the molecule being analyzed
to identify all ions related to that compound. This includes multiply charged ion,
adduct ions, isotopes, and fragment ions. It does this by processing a data file
specified by the user or system that has the compound of interest present, for
example a standard. Using a bond breaking algorithm, it automatically assigns

fragment ions (if present) of the compound of interest. All signals related to the
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molecule are then used to select a subset of ions that provide the best overall
performance for the quantitative assay. The algorithm automatically selects optimal
parameters (mass extraction window, ions to sum, etc.) to provide the best overall
method to meet the acceptance criteria defined by the user or system (signal to
noise, points across the peak, accuracy/precision, etc.). The processing continues
to do regression analysis to select the best or optimized overall model (linear,
quadratic, etc.) and weighting (unweighted, 1/x, 1/x2, etc.). The results are checked
for acceptance criteria parameters including peak quality, reproducibility, and model
fit quality. When multiple models are possible with the exact same quality, the
simplest model is automatically selected; the one with the fewer number of combined
ions. The user is presented with different method solutions including 1) highest
dynamic range, 2) optimal upper limit of quantification and 3) the best lower limit of
quantification.

[00138] To test this new approach, the same set of samples analyzed on the triple
quadrupole instrument were also analyzed on a Sciex 7600 quadrupole time of flight
mass spectrometer with a generic SWATH acquisition method. The data was
processed using the AI-QUANT™ software to generate results tables for each
compound with output focused on dynamic range, upper limit of quantitation and
lower limit of quantitation. The output from the algorithm for each compound is
shown in Tables 5, 6 and 7 for Nefazodone, Verapamil and Buspirone, respectively.
The ions used for each compound and output are shown in Table 8. An interesting
observation from this automated processing is that the fragment ion used for the
SRM method was not selected for any of the compounds or outputs. In other
examples processed using this tool (data not shown), SRM fragments were used,
and the selection of appropriate ions is done in an unbiased and automated manner
by the software.

[00139] Table 6. AI-FQUANT™ results for SWATH-MS of Nefazodone standard

curves.

Nefazodone Dynamic ULOQ LLOQ
Nominal
Conc. (nM) | Mean | %CV | Accuracy | Mean | %CV | Accuracy | Mean | %CV | Accuracy
1 N/A N/A | N/A N/A N/A | N/A N/A | N/A | N/A
2 2.1 20.8 | 105.7 N/A N/A | N/A 2.3 3.9 115.2
5 5.2 17.2 | 104.1 5.7 6.0 115.0 5.2 7.6 104.2
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10 9.8 3.8 |97.9 10.5 4.3 105.1 9.7 116 |97.4
20 18.5 7.8 |92.6 19.0 6.8 |94.9 178 |83 |89.2
50 43.3 3.1 86.6 421 25 |84.2 420 |61 83.9
100 111.1 11.6 | 111.1 113.5 11.5 | 113.5 109.9 | 129 | 109.9
200 2062 |5.3 103.1 2008 |[5.5 100.4 1911 |42 |95.6
500 530.8 |20 |106.2 519.7 |19 |103.9 4523 |48 |90.5
1000 1084.9 | 4.1 108.5 1052.1 | 4.2 105.2 826.7 (4.0 |827
2000 2102.6 | 3.0 | 105.1 2031.7 | 3.0 |101.6 N/A N/A | N/A
5000 4801.7 | 3.5 |96.0 4602.1 | 3.4 |92.0 N/A N/A | N/A

[00140] Table 7. AI-FQUANT™ results for SWATH-MS of Verapamil standard

curves.
Verapamil Dynamic ULOQ LLOQ

Nominal
Conec. Mean | %CV | Accuracy | Mean | %CV | Accuracy | Mean | %CV | Accuracy
(nM)

1 1.0 11.4 [ 104.0 N/A N/A | N/A 1.0 10.9 | 100.4
2 1.9 49 |95.0 N/A N/A | N/A 2.3 3.7 115.4
5 4.9 23.3 | 98.2 5.2 19.9 | 104.9 N/A N/A | N/A
10 8.7 8.9 |86.5 10.7 10.3 | 107.0 10.3 11.9 [ 102.5
20 15.6 24 |78.0 18.1 3.9 903 18.8 42 1938
50 40.9 N/A | N/A 41.6 47 |83.2 43.4 8.1 86.7
100 1054 | 12.6 | 1054 1124 127 | 1124 106.1 |24 |106.1
200 189.6 | 3.1 |94.38 202.7 (48 |101.3 2181 3.4 | 109.1
500 4704 129 |94.1 482.6 (3.7 |96.5 538.3 | 2.8 107.7
1000 9978 | 2.6 |99.8 975.1 |50 |97.5 1143.7 | 2.5 114.4
2000 2071.5/3.6 | 1036 2059.3 [ 5.4 |103.0 2398.6 35 |119.9
5000 5731.6 | 1.2 114.6 5440.5 | 2.2 108.8 N/A N/A | N/A

[00141] Table 8. AI-FQUANT™ results for SWATH-MS of Buspirone standard

curves.
Buspirone Dynamic ULOQ LLOQ

Nominal

Conc. (nM) | Mean | %CV | Accuracy | Mean | %CV | Accuracy | Mean | %CV | Accuracy
1 N/A N/A | N/A N/A N/A | N/A 1.0 11.8 | 95.5
2 2.0 13.2 | 101.5 N/A N/A | N/A 2.2 7.8 108.5
5 5.1 2.4 102.4 N/A N/A | N/A 4.4 12.9 | 88.4
10 9.9 11.1 199.5 12.2 3.0 121.7 10.1 8.4 101.5
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20 17.8 6.5 |88.9 20.1 2.2 100.6 19.5 46 |97.5
50 42.9 53 |85.7 44.2 56 |884 48.2 6.0 |964
100 117.4 | 6.3 117.4 116.1 | 6.9 116.1 112.7 10.7 | 112.7
200 2276 |5.2 113.8 2125 4.3 106.2 223.8 |[10.1 [ 111.9
500 569.5 |[3.5 111.9 524.8 | 4.7 105.0 478.7 |3.8 |95.7
1000 1107.9 | 1.8 110.8 1059.0 | 2.4 105.9 7833 |24 |78.3
2000 2068.3 | 3.3 103.4 1959.5 4.0 |98.0 #DIV/O! | #N/A | #N/A
5000 4198.3 | 3.1 84.0 39932 3.0 |79.9 #DIV/O! | #N/A | #N/A

[00142] The processing algorithm automatically selects the ions that provide the
best fit to the acceptance criteria and iterates through ever decreasing extraction
windows to maintain signal whilst reducing noise. Selected ions using the optimal
extraction windows are summed in all possible combinations to identify the final set
of ions for the method based on the overall acceptance criteria. This includes
selecting the regression model with weighting factor. For Nefazodone, the dynamic
range focused processing was able to find a method that spanned the entire
standard curve range from 1 to 5000 nM by summing three ions in the MS scan
function. The variability was higher at the lowest concentrations relative to the triple
quadrupole data, but still within the acceptance criteria. The ULOQ focused method
only used two ions from the MS scan, resulting in a curve spanning 5 to 5000 nM.
The method was able to reach a higher ULOQ than the triple quadrupole method
while providing much better precision. The LLOQ method summed two ions from the
MS scan and two ions from the MSMS scan. The result was a curve from 2 to 1000
nM with better precision than the QQQ method.

[00143] Table 9. lons used for each compound and quantitative output.

Compound Dynamic uLoQ LLOQ
246.1237 MSMS +
Nefazodone j;;ggg; mg I 472.2299 MS + 473.2322 MS +
470'2317 MS 470.2317 MS 470.2317 MS +
' 470.2317 MSMS
. 455.2904 MS + 456.2937 MS +
Verapamil 455.2904 MS 303.2067 MSMS | 455.2904 MS
Buspirone 386.2551 MS + 387.2580 MS + 386.2551 MS +
P 150.1026 MSMS 386.2551 MS 386.2551 MSMS
[00144] Similar results are generated for Verapamil and Buspirone. Automated

processing provides methods that match or exceed the quantitative performance of
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the QQQ methods. The algorithm selected a combination of MS and MSMS ions,
including isotopes to build the processing method. In some cases, an improvement

in LLOQ and ULOQ can be achieved by the algorithm’s selection of appropriate ions.
[00145] Conclusions

[00146] Current data processing approaches require the analyst to manually define
a specific method for data analysis. This manual approach is limited by the ions and
parameters the user selects and may not provide the optimal method. lterating
through all possible combinations with a manual approach is not feasible using
existing vendor provided data processing tools. The approach developed in this
work agnostically and automatically identifies all ions related to the compound being
analyzed in both the MS and MSMS data, acquired with data dependent or data
independent methods. The algorithm automatically selects optimal parameters (ion
extraction window, ions to sum, etc.) to provide the best overall method to meet the
acceptance criteria defined by the user or system (accuracy/precision). The
processing continues to do regression analysis for quantitative analysis to select the
best overall model (linear, quadratic) and weighting (unweighted, 1/x, 1/x2, etc.).
This new methodology enables generic methods for data collection for quantitative
analysis using mass spectrometry. With this approach, data collection is faster, and

the processing algorithm provides quality better than conventional methodologies.
[00147] EXAMPLE 3

[00148] Calibration lines in LC-MS drug quantification workflows are traditionally
determined using QQQ instruments that have high sensitivity and selectivity, gained
via selected or multiple reaction monitoring. This workflow needs a previously
identified transition from precursor ion to fragment ion to be monitored to obtain the
needed selectivity for the compound of interest. |n this work we demonstrate an
automated methodology to perform quantification studies based on high-resolution
mass spectra (HRMS) data. We obtain selectivity based on the high resolution, low
ppm difference between the observed and the theoretical mass-to-charge ratios
(m/z) computed from the compound and fragments formulae. We gain the needed
sensitivity by automatically considering and summing multiple ions, including

adducts, isotopes and fragments, in the computation of the peak areas.

[00149] Methodology
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[00150] The methodology has been developed using MSE data acquired on a
Waters Xevo G2XS Q-tof and SWATH data acquired on a Sciex AP| 7600 Q-tof, but
could be used for HRMS datasets from other vendors. A peak analysis is done in
the high and low collision energy traces. The m/z of each of the identified peaks in
both scan functions are then compared to the m/z values obtained for the parent
[M+H]n+ ions, adducts ions, isotopes, and/or the theoretically generated fragments.
There are a number of rules that are set to ensure the quality of the automatic

regression analysis.

[00151] Peak Quality:
1. Number of points per peak
m/z tolerance for scan selection (ppm)
Retention time tolerances for each selection across the samples
Noise evaluation time range

Signal/noise ratio

o oA ® N

m/z extraction window (Auto adjust same peak tolerance). Depending
on the data the same peak tolerance will be auto-adjusted within the

range set-up by the user
[00152] Sample Analysis:

1. Maximum allowed variation of the nominal concentration at each
concentration

2. Maximum coefficient of variation for each concentration level

3. Maximum variation of the nominal concentration compared to the

average concentration at each level

[00153] Concentration parameters:

—

. Minimum number of concentration levels
Maximum fold change between concentrations

Minimum number of replicates per concentration

nal

Maximum number of consecutive concentrations that can be removed

[00154] The m/z extraction windows of chromatograms for defining the peaks that
will be used to quantify the regression area are automictically adjusted. An initial
maximum extraction window is defined by the user (e.g. 15 ppm). A peak extraction

is performed at that value. Then the value is incrementally decreased by 1 ppm (or
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0.01 amu) until there is a drop of peak area of 1% or more. In addition, there should
not be more than a 10% difference between the initial and the final value after

successively decreasing the initial extraction window threshold.

[00155] The regression lines will be evaluated to cover the Lower Limit of
Quantification (LLoQ), the Upper Limit of Quantification (ULoQ) or the maximum
dynamic range of concentrations. Also, the different regression models will consider
different weights on the X or Y variables. In all cases, all combination of points is
evaluated in the same way: use all concentration ranges and, for each one, evaluate
if a regression can be obtained considering the constraints provided by the users. If
more than one regression has the same LLOQ or ULOQ or dynamic range, the
algorithm will take the one with the highest number of regression levels. In the case
of having several lines with the same levels, the algorithm will take the one with

highest correlation coefficient.
[00156] Results

[00157] The data for the working example is obtained for a compound at 10
different concentration levels: 1, 2, 5, 10, 20, 50,1 00, 200, 500, 1000, 2000, 5000,
10000 ng/mL measured in triplicate. The molecular ion m/z is only detected with a
very low concentration {(area < 1000) in the highest concentrated samples due to in-
source fragmentation. Therefore, the only possibility to generate a calibration line
and a reliable concentration estimation is based on the analysis of ions obtained
from the in-source or high energy trace fragmentation. A fragment analysis is
performed using a single bond breaking of the precursor to generate fragments to
select the m/z spectral values that will be used to compute the calibration line (FIGS.
8A, 8B, and 8C).

[00158] The peak quality criteria were based on a minimum of 6 to 8 scan points
per peak, a difference in Retention Time between samples lower than 0.05 min, and
the ions with a difference between the observed and the computed m/z lower than
15 ppm. The extraction window was evaluated using the auto-adjust option at 15, 10
and 5 ppm and also a fixed value of 15 ppm, the noise evaluation time range (peak
units) was set to 6, and the minimum signal/noise ratio to 3. The maximum variation
of the nominal concentrations of each sample and the average concentration, as well

as the maximum CV was set to 25% for a point to be accepted for regression. For a
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line to be accepted a minimum number of concentration levels was set to 6, with a
minimum replication of 2, and a maximum fold change between consecutive points
was 10. Three lines can be derived to cover the wider dynamic range (FIG. 7), the
LLOQ and the ULOQ using different weighting factors. In the example below the best
fragments for quantification are obtained even in absence of the M+H ion due to in-
source fragmentation. The regression line obtained covered the dynamic range from
2 ng/mL to 10000 ng/mL with all the quality controls fulfilled with a combination of
two m/z values. It is also observed that due to the different ion intensity and noise
evaluation for each ion, it was then necessary to perform an automatic optimization

of parameter for the best peak quality.

[00159] The regression line with the widest dynamic range is obtained using
15ppm in auto-adjust or fixed mode and with 6 to 8 scan points per peak

respectively.
[00160] Conclusion

[00161] The overall computation process of file transformation, fragmentation,
peak extraction, area calculation, regression line analysis, etc. took about 20 mins.
on a single CPU.

[00162] EXAMPLE 4

[00163] Peak Quality:

¢ Number of points per peak

¢ m/z tolerance for scan selection (ppm)

* Retention time tolerances for each selection across the samples
¢ Noise evaluation around peak time range

e Signal/noise ratio

* m/z extraction window (Auto adjust same peak tolerance)

[00164] Depending on the data the same peak tolerance will be auto-adjusted

within the range set-up by the user.

[00165] Sample Analysis:

. Maximum allowed variation of the nominal concentration at each
concentration

° Maximum coefficient of variation for each concentration level
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. Maximum variation of the nominal concentration compared to the average
concentration at each level

[00166] Concentration parameters:

] Minimum number of concentration levels

. Maximum fold change between concentrations

. Minimum number of replicates per concentration

. Maximum number of consecutive concentrations that can be removed

[00167] Results

[00168] Conventional HRMS

[00169] FIGS. 9A-9C illustrate conventional results of LLOQ. FIG. 9A illustrates
QQQ 6500+ MRM Results: m/z 351> 175. LLOQ is 10 ng/ml based on 25%
accuracy and precision. FIG. 9B illustrates TOF 7600 HRMS Results: m/z 351.
LLOQ is 20 ng/ml based on 25% accuracy and precision, uses only [M+H]* ion. FIG.
9B illustrates TOF 7600 HRMS Results: m/z 175. LLOQ is 5 ng/ml based on 25%
accuracy and precision, used only the m/z 175 fragment ion.

[00170] HRMS Automation Processing

[00171] Results of HRMS automation processing are illustrated in FIG. 10. LLOQ
is 2 ng/ml based on 25% accuracy and precision. ULOQ is 10,000 ng/ml.

[00172] It will be appreciated by those skilled in the art that changes could be
made to the exemplary embodiments described above without departing from the
broad inventive concept thereof. For example, additional components and steps can
be added to the various systems, methods, and devices. It is to be understood,
therefore, that this invention is not limited to the particular exemplary embodiments
disclosed, but it is intended to cover modifications within the spirit and scope of the
subject disclosure as discussed herein and set forth in the claims.
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Claims
We claim:

1. A computer-implemented method for quantitative analysis of mass
spectrometry data characterized by:

(@) receiving mass spectrometry data for a plurality of reference standards;

(b) receiving data indicative of a chemical structure of a compound of
interest;

(¢) identifying a plurality of ions related to the compound of interest based
on the chemical structure;

(d) determining a chromatographic peak for each identified plurality of ions
of the compound of interest;

(e) identifying ions for analysis based on the determined chromatographic
peaks for each of the identified plurality of ions and the mass spectrometry data of
the plurality of reference standards;

() determining a peak area for each of the identified ions for analysis
based on an auto-adjustable extraction mass window;

(g) identifying N selected ions based on ions of interest of the plurality of
reference standards having a chromatographic peak area to concentration
correlation; and

(h)  combining each of the N selected ions in a plurality of combinations
and determining which of the plurality of combinations provides an optimized
regression model for overall dynamic range, a lower limit of quantification, and/or a

highest upper limit of quantification.

2. The computer-implemented method of claim 1, further comprising:

(i) receiving experimental mass spectrometry data for a target compound;

(j) determining a peak for each of the ions for analysis for the target
compound;

(k) determining a peak area for each of the identified ions for analysis based
on an auto-adjustable extraction mass window; and

() determining a concentration of the target compound based on the

determined optimized regression model.
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3. The computer-implemented method of claim 1, wherein the step of identifying a
plurality of ions related to the compound of interest based on the chemical
structure comprises virtually fragmenting the compound of interest to identify
compound related fragments.

4. The computer-implemented method of claim 3, wherein the step of virtually
fragmenting the compound of interest comprises:

identifying a starter atom and associated bond and determining if the bond is
inside a cycle;

identifying all atoms bonded to the starter atom;

identifying a secondary atom bonded to the starter atom; and

identifying all atoms bonded to the secondary atom.

5. The computer-implemented method of claim 1, wherein the step of determining a
chromatographic peak for each identified plurality of ions of the compound of
interest comprises determining a change in slope of successive peaks as ions

are extracted across a time or scan window.

6. The computer-implemented method of claim 1, wherein the step of determining a
chromatographic peak for each identified plurality of ions of the compound of
interest comprises clustering signals within a predetermined m/z range based on

a predetermined peak tolerance.

7. The computer-implemented method of claim 6, wherein in the predetermined
peak tolerance is based on a humber of points across the peak, a comparison of
the area of the peak with the area of the same m/z outside the peak range,

and/or a peak shape analysis.

8. The computer-implemented method of claim 1, wherein the step of determining a
peak for each identified plurality of ions of the compound of interest comprises

filtering based on peak shape.

9. The computer-implemented method of claim 1, wherein the step of identifying
ions for analysis comprises determining if a difference between an m/z value of
the identified plurality of ions and the mass spectrometry data for the one or more
reference standards exceeds a predetermined peak tolerance.
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10.The computer-implemented method of claim 1, wherein the step of determining a
peak area for each of the identified ions for analysis based on an auto-adjustable
extraction mass window comprises iteratively reducing an extraction mass
window size from a prior step by a predetermined amount until a computed slope

between two successive peaks is greater than a predetermined slope criteria.

11.The computer-implemented method of claim 1, wherein the step of determining a
peak area for each of the identified ions for analysis based on an auto-adjustable
extraction mass window comprises determining a slope between successive

peaks.

12.The computer-implemented method of claim 1, wherein the step of combining
each of the N selected ions and determining which of the plurality of
combinations provides the optimized regression model comprises evaluating

each of the plurality of combinations based on peak quality criteria.

13.The computer-implemented method of claim 12, wherein the peak quality criteria
include a number of points across a peak, a peak area versus areas of m/z

outside a peak range, and/or a peak shape.

14.The computer-implemented method of claim 1, wherein the step of combining
each of the N selected ions comprises conducting a combinatorial analysis on a

subset of the N selected ions predetermined by the user.

15.The computer-implemented method of claim 1, wherein the step of combining
each of the N selected ions comprises combining the ion intensities across scans

for all signals and forming a new peak.

16. The computer-implemented method of claim 1, further comprising outputting the

optimized regression model via a display.

17. A mass spectrometer (102, 1102) having a mass analyzer (122),
characterized by:
one or more processors {112, 1112) configured to:
(@) receive mass spectrometry data for a plurality of reference

standards;
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(b) receive data indicative of a chemical structure of a compound of
interest;

(c) identify a plurality of ions related to the compound of interest
based on the chemical structure;

(d)  determine a chromatographic peak for each identified plurality of
ions of the compound of interest;

(e) identify ions for analysis based on the determined
chromatographic peaks for each of the identified plurality of ions and the mass
spectrometry data of the plurality of reference standards;

() determine a peak area for each of the identified ions for analysis
based on an auto-adjustable extraction mass window;

(g) identify N selected ions based on ions of interest of the plurality
of reference standards having a chromatographic peak area to concentration
correlation;

(h)  combine each of the N selected ions in a plurality of
combinations and determining which of the plurality of combinations provides
an optimized regression model for overall dynamic range, a lower limit of
quantification, and/or a highest upper limit of quantification; and

(i) output the determined optimized regression model.

18.  The mass spectrometer of claim 17, wherein the processor (112, 1112) is
further configured to:
receive experimental mass spectrometry data for a target compound;
determine a peak for each of the ions for analysis for the target compound;
determine a peak area for each of the identified ions for analysis based on an
auto-adjustable extraction mass window; and
determine a concentration of the target compound based on the determined

optimized regression model.

19. A system (100) for quantitative analysis of mass spectrometry data

characterized by the mass spectrometer (102, 1102) of claim 17.
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