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A complex problem: drug quality and safety

Safety
Is the product safe to use?
(e.g. Immunogenic effects?)

Potency
Does the drug have the expected effect?
(e.g. CDR complementation)

Knowledge
How do changes effect the therapeutic?
(e.g. Oxidation)

Quality
How do changes in process effect the product?
(e.g. Glucose concentration on glycoforms)
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Definition of critical quality attribute (CQA)
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A physical, chemical or biological property or characteristic of a drug product that should be 
within an appropriate limit, range, or distribution to ensure the desired product quality.

CQAsCQAs

Disulphide 
Bonds

Disulphide 
Bonds

ImpuritiesImpurities

DeamidationDeamidation

OxidationOxidation

GlycosylationGlycosylation

Point 
Mutations

Point 
Mutations

Christine Nowak, et al, mAbs, 2017; 9(8):1217-1230.



The concept of MAM – the LC-MS based multi-attribute method
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2.) ELISA1.) SDS gel 3.) CEX 4.) RP-LC with UV Detection

…

Multiple workflows are required for quality control of biopharmaceuticals

RP-LC with 
High Resolution Mass Detection

Digestion

Biotherapeutic Protein Peptides with or without PTMs
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Peptides are separated with LC and detected with MS

CQA Quantitation

XIC

1.) targeted approach

New Peak 
Detection 
(NPD)
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2.) untargeted approach

Sum of all peptides= product quality 
attributes (PQA)

Set of critical peptides that need to be 
monitored to ensure saftey and efficay= 
Critical Quality Attributes (CQA)
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MS in QC Lab: Multi-Attribute Method
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>400 members

>80 companies

FDA Publications



Sample 
Preparation

MS/MS Data 
Acquisition

Peptide 
Mapping

Thermo Scientific™
BioPharma Finder™ Software

Target Peptide 
Workbook

Thermo Scientific™
Chromeleon™

Chromatography Data 
System (CDS) 

MS1 Only 
Acquisition

CQA 
Monitoring 
and NPD

Reporting

Attribute Monitoring and 
New Peak Detection

Attribute Characterization

HR MAM: First Step of a Shared MAM Journey 
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Thermo Scientific™
Q Exactive™Plus Hybrid 
Quadrupole-Orbitrap™
Mass Spectrometer



Continued Conversations and Partnership
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MAM user meetings

Engagement with Partners Customer-Prioritized MAM Features

• Identified gaps in early MAM offerings

• Provided input on future requirements

• Defined major themes for improvement

• Identified gaps in early MAM offerings

• Provided input on future requirements

• Defined major themes for improvement

• Identified gaps in early MAM offerings

• Provided input on future requirements

• Defined major themes for improvement

 Simplified workflow

 Integrated software 

ecosystem

 Common HW platform 

from development to QC

 Application focused

Connectivity

Ease of Use

Fit for Purpose

Compliance-Ready

Training and Support

 User privilege



Thermo Scientific MAM 2.0: Purpose-Built MAM Solution 
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Development

QC
Compliance-Ready

• Audit trail

• User access privilege

• Ease of administration

Connectivity

• A scalable software ecosystem for 
enterprise deployment at global 
scale

• Centralized and secure data 
storage for seamless knowledge 
sharing

Ease of Use

• Direct method transfer from 
development to QC

• Automatic workflow execution 

Fit-for-Purpose

• Thermo Scientific™ Orbitrap 
Exploris™ 240 Mass 
Spectrometer for attribute 
characterization

• Thermo Scientific™ Orbitrap 
Exploris™ MX mass detector 
for attribute monitoring

Dedicated global support team of MAM experts 

(HW, SW, Application)
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MAM 2.0: Straight through to Breakthrough

An Ecosystem from Development to QC
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Orbitrap Exploris MX 
Mass Detector 

(Full MS only)

Orbitrap Exploris 240 

Mass Spectrometer

(MS, MS/MS)

 Common SW and HW Platform

 Consistent Results

 Direct Method Transfer

 Common SW and HW Platform

 Consistent Results

 Direct Method Transfer

 Common SW and HW Platform

 Consistent Results

 Direct Method Transfer

Development  QC 

• Extended Life 

Cycle

• Ease of Operation

• Robustness

• Cost Effective

Thermo Scientific™

Vanquish™ Horizon or 

Flex UHPLC system
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Thermo Scientific™

Vanquish™ Horizon or 

Flex UHPLC system



Research & 

Development 

Attribute 

Characterization

MAM 2.0: An Ecosystem from Development to QC 
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PQA Monitoring

Manufacturing 

& QC

CQA Monitoring Reporting

• Enhanced data security and integrity

• Ease of collaboration at global scale

• Enhanced data security and integrity

• Ease of collaboration at global scale

• Enhanced data security and integrity

• Ease of collaboration at global scale

Compliance-Ready, Scalable, Fit-for-Purpose

• Single compliance-ready 
enterprise data system

• Automatic workflow execution

• Single compliance-ready 
enterprise data system

• Automatic workflow execution

• Single compliance-ready 
enterprise data system

• Automatic workflow execution

Thermo ScientificTM

HyperBridgeTM Software
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MAM 2.0: Attribute Characterization
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PQA Monitoring
HyperBridge

Lab Office Home

Lab 1 Lab 2 Lab 3

• Confident and comprehensive attribute characterization 

• Enhanced data security and integrity with single sign-on

• Flexible and secure data access anywhere, anytime

• Ease of collaboration at global scale

Confident attribute identification, Data security, Ease of collaboration

Attribute Characterization
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Simplify complex processing with superior algorithms

Peak List HCP Search Merge Results

PQA Identification – Confident and Comprehensive

Kinetic prediction model 

Kinetic 

Prediction Model

Classic

Prediction Model

Measured 

Spectrum
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Attribute Characterization



13

MeasuredMeasured

PredictedPredicted

DM(ox)IFNFYFDVWGQGTTVTVSSASTK

Prediction algorithm enables identification of expected and unspecified modifications 

Peak List HCP Search Merge Results

PQA Identification – Confident and Comprehensive

Kinetic prediction model 

EEQYN(A2G0F)STRY

MeasuredMeasured

PredictedPredicted

• Expected and Unspecified PTMs

• Sequence Variants

• Host Cell Proteins

Single workflow, Fast Processing! E
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Intuitive Interface, Customizable Reports

PQA Review and Reporting 
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Attribute Characterization



Enhanced Collaboration at Global Scale

Data security with intelligent version control 
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Scientist 2

Manager

Scientist 1

Accelerated Method Optimization! 
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Enhanced Collaboration at Global Scale

PQA selection for targeted monitoring
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Scientist 2

Manager

Scientist 1

PQA Selection Workbook Creation
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Research & 
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Attribute 

Characterization

MAM 2.0: Attribute Characterization
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PQA Monitoring

Confident and comprehensive attribute characterization with HRAM MS/MS

A software ecosystem with centralized data storage 

Flexible and secure data access at global scale for ease of collaboration
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Research & 

Development 

Attribute 

Characterization

MAM 2.0: Attribute Monitoring and New Peak Detection
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PQA Monitoring

• Secure data transfer

• Ease of collaboration at global scale

• Accurate detection and quantification of targeted attributes with 
composite scoring.

• Confident new peak detection using mass analyzer algorithm to avoid 
false positives and false negatives

Reporting

Targeted Monitoring
New Peak Detection

Lab 1 Lab 2 Lab 3

Accurate, confident detection and quantification of targeted attributes and new peaks

Attribute Monitoring
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PQA Monitoring – Made more connected

 Target Peptide Workbook

• Accurate Component Detection

• Intelligent Peak Integration

• PQA Quantitation 

• Customized Reporting 

• New Peak Detection 
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Thermo Scientific 
HyperBridge

• Seamless transfer of target peptide workbook
• Data sharing at global scale

Import target peptide workbook 

from HyperBridge

to Chromeleon
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PQA Monitoring – Higher confidence

• Target Peptide Workbook

 Accurate Component Detection

• Intelligent Peak Integration

• PQA Quantitation 

• Customized Reporting 

• New Peak Detection 
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Composite scoring to ensure accurate component detection

Attribute Monitoring

Peak apex alignment for confirming ions Within set mass tolerance

Matching isotope 
distribution

1.4 ppm

2.6 ppm

1.0 ppm

4.8 ppm
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PQA Monitoring – Made simpler
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• Target Peptide Workbook

• Accurate Component Detection

 Intelligent Peak Integration

• PQA Quantitation 

• Customized Reporting 

• New Peak Detection 

Attribute Monitoring

Select detection reference for consistent start and stop peak integration

Define mass tolerance threshold per component

• Ability to mass resolve peaks that are difficult to resolve chromatographically

• N387 deamidation (PENNYK peptide)
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PQA Monitoring – Made simpler
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• Target Peptide Workbook

• Accurate Component Detection

 Intelligent Peak Integration

• PQA Quantitation 

• Customized Reporting 

• New Peak Detection 

Select detection reference for consistent start and stop peak integration

Define mass tolerance threshold per component

• Ability to mass resolve peaks that are difficult to resolve chromatographically

• N387 deamidation (PENNYK peptide)

Peak 1

Peak 2

Set mass tolerance to 3ppm

Set mass tolerance to 8ppm

Attribute Monitoring
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PQA Monitoring – Accurate Quantitation
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• Target Peptide Workbook

• Accurate Component Detection

• Intelligent Peak Integration

 PQA Quantitation 

• Customized Reporting 

• New Peak Detection 

Attribute Monitoring
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2.6 %

4.0 %

2.5 %
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<5% RSD
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PQA Monitoring – Customizable
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Attribute Monitoring

• Target Peptide Workbook

• Accurate Component Detection

• Intelligent Peak Integration

• PQA Quantitation 

 Customized Reporting 

• New Peak Detection 
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PQA Monitoring – No missed information
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• Target Peptide Workbook

• Accurate Component Detection

• Intelligent Peak Integration

• PQA Quantitation 

• Customized Reporting 

 New Peak Detection 

Attribute Monitoring

Mass Analyzer algorithm harmonization for new peak detection
Non-targeted MS processing

Identical parameter settings 
used for NPD



Positive control: 15 new peaks from PRTC spiked into NISTmAb digest
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PQA Monitoring – No missed information

F
it

-
fo

r-
P

u
rp

o
s

e

E
a

se
 o

f 
 u

se

• Target Peptide Workbook

• Accurate Component Detection

• Intelligent Peak Integration

• PQA Quantitation 

• Customized Reporting 

 New Peak Detection 

Attribute Monitoring

Mass Analyzer algorithm harmonization for new peak detection
Non-targeted MS processing



Positive control: 15 new peaks from PRTC spiked into NISTmAb digest

27

PQA Monitoring – No missed information
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• Target Peptide Workbook

• Accurate Component Detection

• Intelligent Peak Integration

• PQA Quantitation 

• Customized Reporting 

 New Peak Detection 

Attribute Monitoring

Mass Analyzer algorithm harmonization for new peak detection
Non-targeted MS processing

All PRTC 
peptides were 
detected with 
≤5 ppm mass 

error



Removing targeted components to avoid false positives
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PQA Monitoring – No missed information
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• Target Peptide Workbook

• Accurate Component Detection

• Intelligent Peak Integration

• PQA Quantitation 

• Customized Reporting 

 New Peak Detection 

Attribute Monitoring

Mass Analyzer algorithm harmonization for new peak detection
Non-targeted MS processing

Apply targeted filter to filter out 
PRTC components



Summary: Attribute Monitoring and New Peak Detection

• A software ecosystem to facilitate collaboration at global scale

• Composite scoring to ensure accurate detection of targeted peptides

• Intelligent peak integration to ensure accurate quantification

• Improved new peak detection (NPD)
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Research & 

Development 

Attribute 

Characterization PQA Monitoring

Reporting

Targeted Monitoring
New Peak Detection

Attribute Monitoring
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MAM 2.0: CQA Monitoring in QC 
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PQA 

Monitoring

Manufacturing 

& QC

CQA Monitoring
Reporting

• Enhanced Data Security and 
Integrity 

• Ease of Collaboration at Global 
Scale

Compliance-Ready, Built-for-Purpose, Simplicity

Thermo Scientific 
HyperBridge

CQA Monitoring in QC

• Purpose-built orbitrap mass 
detector

• Automatic workflow execution

• Single compliance-ready 
enterprise data system



Orbitrap Exploris MX: the mass detector built for QC
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• Built on the same Orbitrap technology

• Full MS scans only

• Resolution: up to 180K @ m/z 200

• Mass accuracy: 1-point calibration achieves <3 ppm RMS drift 
over at least 4 weeks

• m/z range: 40-3000 (up to 8000 with BioPharma option)

• Consistent unit-to-unit performance

• Compliance-ready

• Ease of operation

• Direct method transfer from Orbitrap Exploris 240

• Automatic workflow execution

• Extended life cycle

• Cost effective
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Orbitrap Exploris MX: Consistent Performance
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Consistent CQA measurement with RSD< 4%< 3ppm mass deviation over 6 weeks 

One-Point Calibration 

• 9 tryptic peptides

• 19 injections per data point
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CQA Monitoring in QC



Orbitrap Exploris MX: Consistent Performance
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Consistent CQA measurement with RSD< 4%
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CQA Monitoring in QC

15 peptides, RT across gradient
%CV between 0.13% to 2.89%



Consistency with Easy Method Transfer to QC

Seamless method migration from development to QC
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Orbitrap Exploris MX 

Mass Detector

Orbitrap Exploris 240 

Mass Spectrometer

0%

10%

20%

30%

40%

50%

A2G0F A2G1F A2G2F A1G0F A1G1F A2Ga1G1F M5 Unglycosylated

R
e

la
ti

v
e 

a
b

u
n

d
a

n
ce

 %

Product Quality Attributes

Cross platform comparison of NISTmAb PQAs
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MAM eWorkflow
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CQA Monitoring in QC

RSD< 10%



Automatic Workflow Execution 
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• Seamless method migration from development to QC

• Secure method transfer

• Easy workflow setup and execution for users at all levels

Acquisition MethodAcquisition Method

Processing MethodProcessing Method

Reporting TemplateReporting Template

View SettingView Setting

Sequence LayoutSequence Layout

MAM eWorkflow

Sequence Setup Report
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CQA Monitoring in QC



MAM 2.0: Built for Compliance End-to-End

Managed Access to 
Instruments with full 

event logging

eWorkflows to 
automate sequence 

creation

Automatic data 
processing and 

comprehensive reporting

Secure login 
with role-based 

permissions

Audit trails 
automatically 

record all activity
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Summary : CQA Monitoring in QC 
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PQA 

Monitoring

Manufacturing 

& QC

CQA Monitoring
Reporting

• Enhanced Data Security and 
Integrity 

• Ease of Collaboration at Global 
Scale

Compliance-Ready, Built-for-Purpose, Simplicity

Thermo Scientific 
HyperBridge

CQA Monitoring in QC

C
o

m
p

li
an

ce
-r

ea
d

y

E
a

se
 o

f 
 u

se

F
it

-
fo

r-
P

u
rp

o
s

e

• Orbitrap Exploris MX delivers consistent and robust performance 

 Same platform as Orbitrap Exploris 240

 Same high-quality results with same instrument parameters.

 Mitigates method re-development for QC transfer

• Automatic workflow execution

• Chromeleon CDS - complete suite of compliant tools



MAM Expert Support Team 

• Supported by a dedicated MAM focused team.
• Application scientists

• Service engineers

• Software experts

• Combination of on-site and remote training 
customizable to meet your needs.

• A dedicated support process to quickly 
connect you with the right MAM expert.

Support



MAM 2.0: System Performance Evaluation Tests (SET)

• Instrument performance tested for MAM application requirements

• An LC-MS test run by MAM support engineer to evaluate system performance against a 

comprehensive set of acceptance criteria that are relevant for peptide mapping and monitoring
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Orbitrap Exploris 240 or 

Orbitrap Exploris MX 

Mass Spectrometer

Thermo Scientific™

Hypersil GOLD™

Vanquish C18 column

Vanquish Horizon 

or Flex UHPLC

Chromeleon CDS for data 

acquisition, processing, 

and reporting

Thermo Scientific 

Pierce™ BSA protein 

digest

Sample Process and Report

SET eWorkflow

Support

https://www.thermofisher.com/us/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/multi-attribute-method.html



Summary: Thermo Scientific MAM 2.0

Development

QC

End-to-end, compliance-ready platform for deployment from development to QC  

Connectivity

Ease of Use

Fit for Purpose

Compliance-Ready

Training and Support  Dedicated MAM expert support team

 End-to-end compliant tools in Chromeleon CDS

 Seamless method migration from development to QC
 Automatic execution of entire MAM workflow in QC

 Same Orbitrap platform - Direct method transferability

 Orbitrap Exploris MX is purposely built for QC

 A software ecosystem for connectivity at global scale

CQA Monitoring in QCAttribute MonitoringAttribute Characterization



Thermo Scientific MAM 2.0
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Where 

development 

& 

quality control

come together 
QC

DEVELOPMENT
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>200 Thermo Fisher Scientific Colleagues

• Digital Transformation team

• Orbitrap Exploris MX team

• HPLC team

• Chromatography Consumables team

• Application team

• Marketing team

Acknowledgement
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