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From manual expense
to digital flow
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Novo
Nordisk
at a glance

Novo Nordisk is a leading global
healthcare company, founded in 1923
and headquartered in Denmark.

Our purpose is to drive change
to defeat serious chronic
diseases, built upon our
heritage in diabetes.

We do so by pioneering
scientific breakthroughs,
expanding access to our
medicines, and working to
prevent and ultimately
cure disease.

1. https://companiesmarketcap.com/pharmaceuticals/largest-pharmaceutical-companies-by-market-cap/

(As of 6 August 2025).

Supplier of nearly Net sales

50%

of the world's insulin billion DKK
Investing more than
5 2 R&D facilities

in China, Denmark,

billion DKK in R&D UK, US and India

*‘” .
Cardiovascular & _E@ging
Therapy Areas /_/ /

A 7 w BN

290.4 g:,

Rare Disease /"/

A top ten

pharma company measured by
market value’

Affiliates in

countries

Globally, serving
more than

45.2

million people living with
serious chronic diseases

™

Strategic production
sites in Belgium, Brazil,
China, Denmark, France,

Italy and US

——

Diabetes
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Introduction

« Corporate metrology process:

« Purpose - to ensure reliable and
traceable measurements for critical
processes

« Strategic goals - to remove manual
transfer of data and to have FAIR and
relevant data available for decision-
making

« Running pilots for implementation of
Digital Calibration Certificates (DCC)
and Digital Calibration Request (DCR)
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Novo Nordisk Calibration Programme

o SIS High level

« Define what to measure

 Identify the requirements for the measurand

« Calibration requirements for the measuring equipment is based on the
requirements for the measurand

« Calibration intervals are specified based on a risk assessment assessing impact,
probability and mitigation

« If measuring equipment does not comply with requirements - Deviations are
created to evaluate the use in the entire period back to the last passed calibration
« Qutsourcing:

« Execution of calibration can be outsourced
« Responsibility of result evaluation cannot be outsourced

" DITTE MARIA BRAUN

e « Conformity statements in calibration certificates are not wanted

Denmark

e Calibration certificates must be delivered to Novo Nordisk
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Calibration Data Flow

« Corporate IT system manages
calibration program

 Centralized database records
results from Novo Nordisk and
suppliers

« Manual entry of calibration
data into the system

« IT system evaluates if a
calibration is pass or fail

« Performance monitored using
dashboards

Future goals
* Predict equipment failure

In-house calibration

i

Paper and PDF
Calibration certificates

1P|l

Manual entry w/ 2nd
person review
(double swivel chair)

Corp. database

« Optimize calibration program for efficiency and avoid over-processing and under-processing

Novo Nordisk®

Dashboards

D i

L

r'Y
1
1
1
1
1

Predictive Metrology

N



2025.10.08

From manual expense to digital flow

Digitalisation and Automation Journey
- Calibration performed by supplier

Strategic goals in the corporate

metrology process:
Remove manual transfer of data
FAIR and relevant data is available for

making decisions

E o

'\

.Digitally

.Digitally
signed PDF
certificate

O for manual
Paper handling

Development >

signed PDF
certificate for
automatic
handling

R
% =
C_- 2

$

A\

'DCC/DCR for

manual
handing

DCCphase1 >

DCC/DCR for
semi-
automatic
handing

DCCphase2 >

DCCphase3 )

Novo Nordisk®
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Digitalisation and Automation Journey

Operational - digitally signed PDF calibration certificates

« Guidance document established for receiving digitally signed PDF
certificates

- Corporate requirements managed by record management process

« Contracts established with 10 Danish and 3 Chinese suppliers

 Signature(s) on PDF certificate verified against corresponding root
certificate

« Use of Adobe AATL program for robust solution
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Digitalisation and Automation Journey

Operational - RPA solution for digitally signed PDF calibration certificates

Perf ' he d ' ' ification i impl ivity for all @ g

« Performing the data integrity verification is not a simple activity for a 06
employees -

- The corporate automation team has created an RPA solution to receive N \“"?3
and archive digitally signed PDF certificates o o o

Srpalier STl BOT handles the BOT notifies the

performs the calibration

calibration certificate to BOT certificate SN et

« Preconditions:
« Agreement with supplier e
« Mail body requirements - the PDF certificate is not machine readable, e et
but certificate metadata is needed for the archiving process TIT e
« Signature root certificate is available in AATL (Adobe Approved Trust List)

Adobe Approved Trust List



https://helpx.adobe.com/acrobat/kb/approved-trust-list2.html
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DCR and DCC workflow

DCC is generated by the
DCR is generated by NN supplier

Supplier receives
Request and the digital Calibration
equipment is sent Calibration performed by
for calibration Request and supplier

Digital Calibration NN receives the
Certificate and Digital Calibration
Equipment is sent Certificate and
to NN Equipment

Equipment
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DCR pilot

/
~_
- .
] Data from the database:
(—
-
s
00
ﬁﬁﬁ Manual data collection:
o
K
Standard text in the DCR:
\

/

GitHub - TC-IM-1448/DCC-Tables

Input Schema Validation

\-L‘-’ o

Sl

DCR
middleware tool

DCR XLM file

Novo Nordisk®

DCR Test Case

e The DFM NMI of
Denmark developed
the schema.

« Novo Nordisk
produces a DCR
using the DFM
schema.

« The Danish
Technological
Institute is verifying
whether they can
process the DCR XML
file.
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DCC - Phase 1

« Apply experience from work with digitally

signed PDF calibration certificates

the PDF as an attachment

implementation of DCC and DCR

Retain the ability to present the PDF (human
readable) during inspection and audit

Running pilots with Danish suppliers for

we s

Ly, Signed and a signatures are valid.

Attachments
B &R &

- Start by having suppliers embed XML files to “ ==

CAUsersUL s\ AppDatat Local Temgacrondi,

aaaaaaaaaaaaaaaaaaaaaa

TEKNOLOGISK
INSTITUT
Teknologiparken
Kongsvang Allé 20
Bygning 14

8000 Aarhus C

T +45 72 20 20 00
info@teknologisk dk
wewew teknologisk dk

Side 1 af 3
Antal bilag: 0
Init: THEN/

ogely" 962
1452025

13:11:18 +02'00'

old til internationale krav (DS/EN ISO/TEC 17025:2017) ag i
je vilkir. Kalibreringsresultater gaelder udelukkende for det
~ mé kun gengives | uddrag, hvis Teknologisk Institut skriftligt har

nriksen, 72201952, then@teknologisk.dk

Dette d er kun ayldigt med digital signatur fra Teknologisk Institut.
Udstedelsesdato fremgér af den digitale signatur. Godkendt og signeret af

Novo Nordisk®
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DCC Data Extraction Example

« Using xpather.com for Data Extraction to extract individual data from DCC XML file

« The xpath sting below corresponds to the data search of:

The uncertainty value of the measurement error of the first calibration point
€ G o

A Notsecure | xpather.com A

f

G

s
@
&

//dcc:measurementResult/dcc:results/dcc:result[@refType="gp_measuringResult Elements found: 1
1"]/dcc:data/dcc:list/dcc:quantity[@refType="basic_measurementError”]/si:re
al/si:expandedUnc/si:uncertaint

<dcc:content lang="de">Messabweichung</dcc:content>
<dcc:content lang="en"»Error: [I-S]</dcc:content>
</dcc:name>
<siireal>
<si:value>@.016</si:value>
<si:unit>\degreecelsius</si:unit>
<si:expandedunc>
<si:uncertainty»@.1e8</si:uncertainty>
<si:coverageFactor>2</si:coverageFactor>
<si:coverageProbability>®.95</si:coverageProbability>
</si:expandedUnc>
</si:real>
</dcc:quantity>
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Mapping of Dataflow from DCC to NN IT System

Xpaths need to be consistent, well defined and objective

« If an XPath leads to multiple query results, the development of the middleware will become more complex, consequently

increasing the risk of failure.
m) Complexity

« More Xpaths for the calibration results:
« //dcc:quantity[@refType="basic_referenceValue"]/si:hybrid/si:realListXMLList

« //dcc:quantity[@refType="basic_referenceValue"]/si:hybrid/si:realListXMLList[2

<dcc:data>
<dcc:list refType="gp_tablel">
<dcc:quantity refType="basic_ referenceValue">
<dcc:name>
<dcc:content lang="de">Bezugswert</dcc:content>
<dcc:content lang="en">Reference value</dcc:
</dcc:name>
<si:hybrid>
fTTreallListXMLList>
<si:valueXMLList>267.074 278.167 300.204</si:valueXMLList>
<si:unitXMLList>\kelvin</si:unitXMLList>
</si:reall

=5 B
5 L

content>

1S CXMEET=E=>
S MLL1st>
<si:valueXMLList>=6.076 5.017 27.054</si:valueXMLList>
<si:unitXMLList>\degreecelsius</si:unitXMLList>

</sitTreallistXMLList>
</si:hybrid>

<dcc:measurementMetaData>
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DCC Example

Calibration results must be uniquely
identifiable

« Clear and unambiguous data path

« Ample metadata to ensure correct data
transfer

« Collaboration with PTB
« Example: 3-point temperature calibration

« Structure of DCC - result element
representation

Novo Nordisk®

<dcc:result refType="gp measuringResultl" id="rx01">
<dcc:name>
<dcc:content
<dcc:content
</dcc:name>
<dcc:data>
<dcc:list>
<dcc:quantity re
<dcc:name>
<dcc:content
<dcc:content
</dcc:name>
<si:real>
<si:value>-6</si:value>
si:unit>\degreecelsius</zi:unit>
</si:real>
</dcc:quantity>
<dcc:quantity refType="basic_referenceValue">
<dcc:name>
<dcc:content
<dcc:content lang
</dcc:name>
<si:real>
<si:value>-6.076</si:value>
<si:unit>\degreecelsius</si:unit>
</si:real>
</dcc:quantity>
<dcc:quantity re
<dcc:name>
<dcc:content
<dcc:content
</dcc:name>
<si:real>
<si:value>-6.06</si:value>
<si:unit>\degreecelsius</si:unit>
</si:real>
</dcc:quantity>
<dcc:quantity 1
<dcc:name>
<dcc:content
<dcc:content
</dcc:name>
<si:real>
<si:value>0.016</si:value>
<si:unit>\degreecelsius</si:unit>
<si:expandedUnc>
<si:uncertainty>0.108</si:uncertainty>
<si:coverageFactor>2</si:coverageFactor>
<si:coverageProbability>0.95</si:coverageProbability>
</si:expandedUnc>
</si:real>
</dcc:quantity>
, RN v £

ate

"de">Messergebnisse</dcc:content>
'en" >Measuring results</dcc:content>

ype="basic_calibrationValue">

"de">Kalibrierpunkt</dcc:content>
'en">Point</dcc:content>

'de">Bezugswert:</dcc:content>
'en">True Value: [S]</dcc:content>

e="basic_measuredValue">

'de">Angezeigter Messwert Kalibriergegenstand</dcc
'en">Indicated: [I]</dcc:content>

Type="basic_measurementError">

'de" >Messabweichung</dcc:content>
'en">Error: [I-S]</dcc:content>

tity ncertainty -->

<dcc:quantity>
<dcc:name>
<dcc:content la
<dcc:content 1
</dcc:name>
<si:real>
<si:value>0.124</si:value>
<si:unit>\degreecelsius</zi:unit>
</si:real>

="de">Messabweichung</dcc:content>
'en">Error + Uncertainty:</dcc:content>

:content>
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Mapping of Dataflow from DCC to NN IT System

{ Transfer the data from the DCC to the inspection lot ]

Insp. Lot [14000ces3as|[H]
~|~| Qo309847 Temp-standard range (sup.. Pinc [2025

Actviy 0010

Equoment  Equipment ID015526

Functional location

01SHT25N10411

Order 70747264
General ./ Summarzed | Indicstors

Last Udstyr

U=

From manual expense to digital flow

325

7]

S EE R
| V||

FE P oo FRHOOP YO EeRRFO0BBOoOFEEREGOFR

[a] SR EB 6 row ] [ revwien |

... Short text for the inspection charac. Specifications.

Certificate aporoval

Centficate approval
-10,00 .. 10,00 °C
65C
-16,00 .. 4,00 °C
16,00 .. 4,00 °C
0,500 .. 0,500 °C
0,500 .. 0,500 °C
0,500 .. 0,500 °C

|

-10,000 .. 10,000 *C

1
1
1
1
1
1
1
1
1
1
1
1

-5,00 .. 15,00 °C 1

00..1500°C 1

0,500 ..0,500°C 1

0,500 .. 0,500°C 1

0,500 ..0,500°C 1

0375..0375°C 1

0,375..0,375°C 1

~10,000 .. 10,000 °C 1

27 °C 1

17,00..37,00°C 1

17,00 ..37,00°C 1

0,500..0,500°C 1

0,500..0,500°C 1

0,500 .. 0,500°C 1

0,375..0375°C 1

0,375..0375°C 1

Adjustment Required 1

Inspect | Inspected Result

s e s e e esle e s

5
gl\
[ [

e s e e o

.. Info... Additional Info.

- accredited
- nation lab

'Calibration performed (yes or no):

 supplier with a Quality Agreement

Certificate id no. and supplier name ]

Cricical ..

Uncertainty for the 1 calibration pomt]

=

Reading of the standard/PRT for the 1 calibration point ]

Reading of the DUT/UUT for the 1 calibration pomt]

(] Critical - o
< ] ical
<€ =]
a D Critical .
[n] Critical
n] Cricieal
&) critical G
&) Crivical
] Cricieal
10} Tricical

EEE

Critical
Critical

Critical -

Cricical

Critical ..

Critical
Cricical

Critical ..

Cricical

tical ..

Cricical

critical ..

Cricical ..

[Uncer‘tamty for the 2 calibration pomt]

Reading of the standard/PRT for the 2 calibration point ]

Reading of the DUT/UUT for the 2 calibration pomt]

Uncertainty for the 3 calibration pmnt]

Reading of the standard/PRT for the 3 calibration point ]

Reading of the DUT/UUT for the 3 calibration pmntJ

MIC in
SAP

01ECERT|

01ECERT)|

o1

01PRTO1

01uUuUT

o2u

02PRTO1

o2uuT

o3u

03PRTO1

o3uuT

Novo Nordisk®

Xpath in the DCC

Value in the DCC

HdcccalibrationLaboratoryCode

CAL+TEST Reg.No. 491

fidccadministrativeData/dec:coreData/decuniqueldentifier

StIp-230063-V1

J/dcccalibrationLaboratory/dcc:contact/dccname

medicoupport

'dec: entResult/dccresults/deciresult{@refType="gp_measuringResult1")/dcc:datasdecli
st/dcc:quantity[@refType="basic_measurementError)/sireal/si:expandedUnc/si:uncertainty

0.108

/tdccmeasurementResult/decresults/decresult{@refType="gp_measuringResult1"]/dcc:data/decilis
t/dccquantity[@refType="basic_referenceValue")si:real/si:value

-6.076

/dcemeasurementResult/decresults/decresult[@refType="gp_measuringResult1"]/dcc:datasdec:lis
t/dccquantity[@refType="basic_measuredValue"l/si:real/sivalue

-6.06

/tdcc:measurementResult/decresults/decresult{@refType="gp_measuringResult2"]/dcc:data/declis
t/dcc:quantity[@refType="basic_measurementError")/sireal/si:expandedUnc/siuncertainty

0 I I

0.108

/rdccmeasurementResult/decresults/decresult{@refType="gp_measuringResult2")/dcc:datasdecli
st/dcc:quantity[@refType="basic_referenceValue'}/si:real/si:value

5.017

//dccmeasurementResult/decresults/decresult{@refType="gp_measuringResult2")/dcc:datasdecli
st/dcc:quantity[@refType="basic_measuredValue"}/si:real/si:value

L L

'dec: 1entResult/dccresults/decresult{@refType="gp_measuringResult3"l/dcc:data/declis
t/dec:quantity[@refType="basic_measurementError”)/sireal/si:expandedUnc/si:uncertainty

0.108

Mdec:measurementResult/decresults/decresult{@refType="gp_measuringResult3")/dcc:data/declis
t/dccquantity[@refType="basic_referenceValue")/si:real/sivalue

=

27.054

/idcomeasurementResult/decresults/decresult{@refType="gp_measuringResult3")/dcc:data/decli
st/dcaquantity[@refType="basic_measuredValue}/si:real/si:value

L

27.16
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Data Management

« Novo Nordisk needs to comply with the
ALCOA++ PRINCIPLES

Secretariat of the Pharmaceutical Inspection
Convention, PIC/S GOOD PRACTICES FOR DATA
MANAGEMENT AND INTEGRITY IN REGULATED
GMP/GDP ENVIRONMENTS (PI 041-1), 2021,
Geneva, Switzerland

http://www.picscheme.org

A

Attributable to the
person generating the
data

Who performed an
action and when?

If a records is
changed, who di
and why? Link to
the source data

C+

Complete

All data including
any repeat or

reanalysis
performed on the
sample.

L

Legible & permanent

Data must be
recorded
permanently in a
durable medium
and be readable

permanent ink, we
archive documents,
we save electronic
records and have
back up systems

c+

Consistent

All elements of the
analysis such as the
sequence of events
follow on and are
date or time
stamped in the
expected sequence.

C

Contemporaneous

The data should be
recorded at the
time the work is
performed, and
data-and-time
stamps should
follow in order

we document the
activity at the time
of performance - no
matter if paper or
IT system - it
system has secure
date/time stamps
that cannot be
altered

E-l-

Enduring

Not recorded on the
back of envelopes,
cigarette packets,
sticky notes, or the
sleeves of a coat
but in notebooks or
electronic media in
the data systems of
instruments.

o

Original record or “true

copy

Is the information
the original record
or a certified true
copy?

We keep the first
data "the raw data”
- we must be able
to reconstruct the
entire sequence of
events

A+

Available

Can be accessed for
review and audit or

inspection over the
lifetime of the
record.

Novo Nordisk®

Accurate

No errors or editin
performed without
documented
amendments

data are correct and

person review

ALCOA ++

Traceable

Data should be
traceable throughout
the data life cycle,

and changes should
be recorded as part of
the metadata (i.e.,
audit trails)
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PI 041-1 -Section 5.5.3 Risk (Good Guidance)

Novo Nordisk®

5.5.3 Examples of factors which can increase risk of data failure include processes

that are complex, or inconsistent, with open ended and subjective outcomes,
Simple processes with tasks which are consistent, well defined and objective
lead to reduced risk. ]

At Novo Nordisk we prefer simplicity
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WHY

20.000 supplier calibrations a year

- In average it takes 20 minutes to transfer data from the calibration certificate to the IT system
including second person review

« In average it takes 25 minutes to transfer data from IT system to a letter to the supplier
« 5% of all revised calibration certificates are revised due to errors in NN calibration request

 Trending on calibration data

Measuring Equipment Performance EEN | T |G~ LR

ent: 018HAB-MP-0078 Trykméler, udgéetwht CRO69910 BC In ytor: Null - Funct | it GE-89-CO1APTO03 t or Rat Bar Gauge T 1:98996 M Work Center 2023‘5’: 'W ° Transparent data inSight Via
the dashboard

* Machine Learning under
development to trend on
data including metadata, and
classify between equipment

- — = exhibiting systematic drift or

e R s not

Error or Error(t)RefM PE or Error(+)Uncertainty

Timeline

——

ME Birth Current Data Now Next Calibration
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Summary

Ensuring the successful global implementation of Digital Calibration Certificates (DCC) and
Digital Calibration Requests (DCR) involves several critical factors:

 Establishing an international standard for DCC and DCR to maintain a unified
framework and ensure data integrity.

- Adopting a phased implementation approach to manage changes effectively,
allowing for thorough planning, monitoring, and adjustment.

- Partnering with collaborators who share the vision and can provide the necessary
expertise and support.

These strategies are essential for promoting smooth operations, reducing errors, and
achieving a seamless transition.
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