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Novo NordiskNovo Nordisk

A focused global healthcare company A focused global healthcare company 

Defensive seminar in CopenhagenDefensive seminar in Copenhagen
Focus on Drug DeliveryFocus on Drug Delivery

September 2002September 2002

Agenda

Drug delivery Drug delivery –– an introductionan introduction

Novo Nordisk and drug deliveryNovo Nordisk and drug delivery

Drug delivery in diabetes care Drug delivery in diabetes care -- insulininsulin

Selected potential future conceptsSelected potential future concepts
Gene therapy Gene therapy 
Islet replacementIslet replacement
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Novo Novo Nordisk’sNordisk’s core competenciescore competencies

Diabetes Diabetes 
expertiseexpertise

Protein expertiseProtein expertise

Drug delivery Drug delivery 
expertiseexpertise

Portfolio of Portfolio of 
nonnon--insulin insulin 
conceptsconcepts

NBE portfolioNBE portfolio
GlucagonGlucagon

PDS establishedPDS established

Growth Growth 
hormonehormone

Insulin Insulin 
portfolioportfolio
GLPGLP--11

NovoSevenNovoSeven®®

AERxAERx

TopicTopic ofof today’stoday’s eventevent

Why will new means of drug delivery be of interest?Why will new means of drug delivery be of interest?

Increasing number of proteins being approved by FDA Increasing number of proteins being approved by FDA 
Need for nNeed for novel techniques to deliver proteinsovel techniques to deliver proteins

Drug delivery technologies are increasingly being viewed by Drug delivery technologies are increasingly being viewed by 
drug developers as an attractive route to develop drug developers as an attractive route to develop 
differentiated products; also for offdifferentiated products; also for off--patent proteinspatent proteins

Increased scope for branding and (in EU) also marketingIncreased scope for branding and (in EU) also marketing

Patients demand increasingly convenient protein deliveryPatients demand increasingly convenient protein delivery

Convenient delivery drives compliance = interest of Convenient delivery drives compliance = interest of 
payers/societypayers/society
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Where is “drug delivery” useful?Where is “drug delivery” useful?

New means of drug delivery are useful for New means of drug delivery are useful for egeg the following the following 
purposes:purposes:

Frequency of dosing (ease of dosing)Frequency of dosing (ease of dosing)
Insulin, growth hormone etc.Insulin, growth hormone etc.

Short halfShort half--life (possibility of prolongation)life (possibility of prolongation)
Insulin, growth hormone etc.Insulin, growth hormone etc.

High systemic toxicity (causing side effects)High systemic toxicity (causing side effects)
Expensive drugs Expensive drugs 

Increased bioavailability leading to less wasteIncreased bioavailability leading to less waste

Home/ambulatory treatmentHome/ambulatory treatment

Medical errors can be addressed by devicesMedical errors can be addressed by devices

UK Government report from June UK Government report from June 
2000 on medical errors:2000 on medical errors:

Around 1 in 10 people admitted to Around 1 in 10 people admitted to 
hospital hospital willwill be harmed every yearbe harmed every year

US Institute of Medicine estimate:US Institute of Medicine estimate:
>100,000 deaths annually in the US due >100,000 deaths annually in the US due 
to medical errors to medical errors 
3030--50% of all prescriptions are taken 50% of all prescriptions are taken 
incorrectlyincorrectly
11% of all hospital admissions are due to 11% of all hospital admissions are due to 
improper drug administrationimproper drug administration

Can to some Can to some 
extent be extent be 
addressed addressed 
by new by new 
delivery delivery 
technologiestechnologies
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Drug delivery Drug delivery –– patient focuspatient focus

Medicine and devicesMedicine and devices

Education and informationEducation and information

Diagnosis and monitoringDiagnosis and monitoring

Intelligent systemsIntelligent systems

Scope for Scope for 
individualised individualised 
treatment and treatment and 
compliance monitoringcompliance monitoring
of patientsof patients

Factors affecting drug bioavailability

PhysiologicalPhysiological
factorsfactors

PhysicoPhysico--chemicalchemical
factorsfactors

SystemicSystemic absorptionabsorption

FormulationFormulation
factorsfactors

DepositionDeposition
factorsfactors
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Drug delivery routes

Parenteral
(s.c.+i.v.)

Pulmonary Transdermal

Implants Ocular Nasal Buccal

Miscellaneous Oral

Route of Administration

PEGylation Acylation

Engineered Pro-drug Polymer depot

Drug Modification

Drug Delivery

Delivery preference

InfusionInfusion55
InjectionInjection44
TransdermalTransdermal patch or inhaledpatch or inhaled33
LiquidLiquid22
Oral solid (tablet, capsule)Oral solid (tablet, capsule)11

Patient’s preference for Patient’s preference for 
route of deliveryroute of delivery

PriorityPriority

SourceSource: : CreditCredit SuisseSuisse FirstFirst Boston (ref. Boston (ref. ScripScrip))
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Delivery preference: Priority no. 1 vs. no. 5Delivery preference: Priority no. 1 vs. no. 5

Infusion Infusion –– no. 5:no. 5:
Fast actionFast action

No bioavailability issuesNo bioavailability issues

Cumbersome and poorer Cumbersome and poorer 
patient compliancepatient compliance

Fast clearance of drugsFast clearance of drugs

Oral (tablets, capsules) Oral (tablets, capsules) –– no. 1:no. 1:
Ease of administrationEase of administration

Patient compliancePatient compliance

Exposure to acidic pHExposure to acidic pH

Degradation by enzymesDegradation by enzymes

Poor absorption of large Poor absorption of large 
moleculesmolecules

Novo Nordisk in drug deliveryNovo Nordisk in drug delivery

Novo Novo Nordisk’sNordisk’s technological core competencies:technological core competencies:
Molecular biologyMolecular biology
Protein chemistryProtein chemistry
Biologics developmentBiologics development
LargeLarge--scale productionscale production
Drug delivery systemsDrug delivery systems

The challenge is to leverThe challenge is to leverageage these competencies to these competencies to 
the benefit of Novo Nordiskthe benefit of Novo Nordisk
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Drug delivery in diabetes care Drug delivery in diabetes care -- insulininsulin

Insulin is extracted from bovine pancreasesInsulin is extracted from bovine pancreases

Patients, however not all, are successfully treatedPatients, however not all, are successfully treated

In 1924 the ‘Novo Syringe’ for injection of insulin is developedIn 1924 the ‘Novo Syringe’ for injection of insulin is developed

Novo Nordisk enters a long search for the ideal insulin therapyNovo Nordisk enters a long search for the ideal insulin therapy

Novo Novo Nordisk’sNordisk’s drug delivery ambitiondrug delivery ambition

One new delivery system One new delivery system 
every year!every year!
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Challenges within insulin therapyChallenges within insulin therapy

Bioavailability with/without absorption enhancersBioavailability with/without absorption enhancers
AbsoluteAbsolute
VariabilityVariability

Timing and pharmacokinetic profileTiming and pharmacokinetic profile
Onset of actionOnset of action
Basal vs. bolus requirementsBasal vs. bolus requirements

Safety and specificity of absorption enhancersSafety and specificity of absorption enhancers
Tissue damageTissue damage
Influx of toxins, pathogens and other environmental Influx of toxins, pathogens and other environmental 
hazardshazards

Novo Novo Nordisk’sNordisk’s devices in diabetes caredevices in diabetes care
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Devices Important to Novo NordiskDevices Important to Novo Nordisk

facilitate facilitate 
intensification & intensification & 
initiationinitiation

total insulin total insulin 
marketmarket

market market 
shareshare

profitabilityprofitability

differentiationdifferentiation

clear comclear com--
petitivepetitive
advantageadvantage

leverage price leverage price 
premiumspremiums

more profitable more profitable 
than vialsthan vials

Part of NN VisionPart of NN Vision
(Show leadership, commitment, care, control)(Show leadership, commitment, care, control)

Modern Insulin Pen and Modern Insulin Pen and DosersDosers

ComplianceComplianceSimple & Simple & 
ConvenientConvenient Control Control 
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FlexPenFlexPen®® –– currentlycurrently beingbeing rolledrolled outout

MarketedMarketed togethertogether withwith NovoMixNovoMix®® 3030
PerfectPerfect for insulin initiation, for insulin initiation, GP’sGP’s, passive patients, passive patients
Enhanced safety Enhanced safety –– large clear scale & visual confirmation large clear scale & visual confirmation 
Enhanced simplicity Enhanced simplicity –– singlesingle--step dose setting & easy dose step dose setting & easy dose 
correctioncorrection
Discreet, penDiscreet, pen--like & portablelike & portable

InnoLetInnoLet −− TThe insulin he insulin doserdoser that enables patients that enables patients 
with complications to manage insulin therapywith complications to manage insulin therapy

Enables people with eyesight problems to manage insulin Enables people with eyesight problems to manage insulin 
therapytherapy

Most legible doseMost legible dose--selector scaleselector scale
Large clockLarge clock--like diallike dial
Enables people with manual dexterity problems to                Enables people with manual dexterity problems to                
manage insulin therapymanage insulin therapy
Compact size and large push buttonCompact size and large push button
Support shoulderSupport shoulder
Low push button resistanceLow push button resistance

Enables people with difficulty in learning new techniques to Enables people with difficulty in learning new techniques to 
manage insulin therapymanage insulin therapy

Familiar kitchen timerFamiliar kitchen timer--like interfacelike interface
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Pulmonary delivery Pulmonary delivery –– the next stepthe next step

Historical standardHistorical standard Patient friendlyPatient friendly

Single unit incrementsSingle unit increments

Precision dosingPrecision dosing

Patient friendlyPatient friendly

Single unit incrementsSingle unit increments

Precision dosingPrecision dosing

Needle freeNeedle free

1980s1980s19211921 >2005>2005

Pulmonary devices in diabetes carePulmonary devices in diabetes care

Pulmonary delivery of systemic drugs is emerging Pulmonary delivery of systemic drugs is emerging 
as a viable, rapid absorption route; also for large as a viable, rapid absorption route; also for large 
moleculesmolecules

LongLong--term safety could still be an issue for certain term safety could still be an issue for certain 
compounds, notably growth factors, but those safety compounds, notably growth factors, but those safety 
concerns may diminish as more human data is concerns may diminish as more human data is 
generatedgenerated

FDA’sFDA’s reaction to longreaction to long--term exposure of insulin to the term exposure of insulin to the 
human lung still awaitedhuman lung still awaited
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AERx NN1998 – Pulmonary Insulin
Pulmonary insulin opportunityPulmonary insulin opportunity

NonNon--invasive insulin deliveryinvasive insulin delivery
Mainly poorly controlled Type 2 diabetes patientsMainly poorly controlled Type 2 diabetes patients
Expanded insulin salesExpanded insulin sales

Product requirementsProduct requirements
Accuracy, precision, dose adjustmentAccuracy, precision, dose adjustment
Patient friendly device interfacePatient friendly device interface
Scaleable manufacturingScaleable manufacturing

AradigmAradigm is the optimal partneris the optimal partner
Liquid insulin formulation Liquid insulin formulation 
Breath controlBreath control
Increments of single insulin unitsIncrements of single insulin units
Performance monitoringPerformance monitoring

NN1998 (AERx) – How it works
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AERxAERx®® s.c.s.c.

H
bAH
bA

1c1c
(%

)
(%

)

HbAHbA1c1c mean profiles, ITT population, mean profiles, ITT population, mean mean ±± 2 SEM2 SEM

Our inhaled insulin Our inhaled insulin –– as effective as injected as effective as injected 

77

7.57.5

88

8.58.5

99

ADA2002ADA2002

--0.74%0.74% --0.74%0.74%

HbAHbA1c1c(%) reduction(%) reduction Key observations:Key observations:
Deep lung deposition of aerosolsDeep lung deposition of aerosols
“Breath Check”, one unit “Breath Check”, one unit 
increments, highly reproducible increments, highly reproducible 
deliverydelivery
RapidRapid--acting profile, one unit acting profile, one unit 
increments and patientincrements and patient--friendly friendly 
featuresfeatures
1 oral presentation and 4 posters 1 oral presentation and 4 posters 
at ADAat ADA
3 posters presented at EASD3 posters presented at EASD

NN1998 (NN1998 (AERxAERx iDMSiDMS): ): ProsPros and and conscons

AERx® iDMSAERx® iDMS Exubera™Exubera™

Dosing (per load)Dosing (per load) Insulin strip (partial Insulin strip (partial Insulin blister Insulin blister 
dosing from 2 to dosing from 2 to (3 UNIT (3 UNIT 
10 UNITS)10 UNITS) or 9 UNIT blister)or 9 UNIT blister)
liquidliquid powderpowder

Dosing (Dosing (eqeq. Units). Units) 1 UNIT1 UNIT 3 UNITS3 UNITS
Dosing regimeDosing regime “UNITS”“UNITS” “MG”“MG”
Breathing patternBreathing pattern Controlled by Controlled by No controlNo control

“Breath Check” “Breath Check” 
Mealtime deliveryMealtime delivery YESYES YESYES
Compliance monitoringCompliance monitoring YESYES NONO
Absorption enhancersAbsorption enhancers NONO NONO
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Overview, nonOverview, non--invasive concepts      invasive concepts      
(Development stage, April 2002)(Development stage, April 2002)

DiscoveryDiscovery MarketingMarketing

DelRxDelRxAlteaAltea

HelixHelix

AlzaAlza
(J&J)(J&J)

AERxAERx ExuberaExubera

AIRAIR
AeroGenAeroGen

PDCPDC
MicroDoseMicroDose

EpicEpic
GenerexGenerex

ProvalisProvalis

UnigeneUnigene

BiosanteBiosante EmisphereEmisphere

NobexNobex

= transdermal= transdermal = oral= oral = buccal = buccal = pulmonary= pulmonary = Nasal= Nasal

QUATRxQUATRx

BentleyBentley

Selected potential future conceptsSelected potential future concepts

Gene therapy andGene therapy and
replacement of beta cellsreplacement of beta cells
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A A backgrounderbackgrounder onon gene gene therapytherapy

Gene therapy involves the genetic modification of cells so that Gene therapy involves the genetic modification of cells so that they they 
produce specific therapeutic proteins using gene delivery vehiclproduce specific therapeutic proteins using gene delivery vehicles called es called 
vectorsvectors
For numerous diseases, the product of a single gene can reverse For numerous diseases, the product of a single gene can reverse or or 
improve the symptoms of the disease significantlyimprove the symptoms of the disease significantly
Gene therapy has promised much, but has so far delivered no clinGene therapy has promised much, but has so far delivered no clinical ical 
proofproof--ofof--conceptconcept
Most gene delivery systems or vectors currently in development hMost gene delivery systems or vectors currently in development have  ave  
limitations in two areas limitations in two areas 

Safety profileSafety profile
Packaging, delivery and expression of the genesPackaging, delivery and expression of the genes

The concept is improving as we now haveThe concept is improving as we now have
A decade of testing such therapiesA decade of testing such therapies
Improvements in gene delivery systems and their manufactureImprovements in gene delivery systems and their manufacture

Gene therapy in type 1 diabetes: Gene therapy in type 1 diabetes: DDefinitionsefinitions

VectorVector--based gene therapybased gene therapy
Genes are inserted in the cells of the patient Genes are inserted in the cells of the patient 
Safety and efficacy difficult to predict from animal Safety and efficacy difficult to predict from animal 
modelsmodels

Engineered endocrine cellsEngineered endocrine cells
Glucose sensitivity achieved via multiGlucose sensitivity achieved via multi--step genetic step genetic 
engineering engineering ex vivoex vivo
Cells are implanted in patients after careful testingCells are implanted in patients after careful testing

a.a. Need for encapsulationNeed for encapsulation
b.b. Patients have to receive chronic Patients have to receive chronic immunoimmuno--

suppressive medicationsuppressive medication
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Gene therapy - Clinical trials

Since 1990 approx 425 clinical protocols, involving 3,500*)

patients have been approved

*) Wood *) Wood MacKenzieMacKenzie

Ongoing clinical trials with gene therapy

Cancer

Infection (AIDS)

Cardiovascular &
haematology
Respiratory disease
(cystic fibrosis)

Gene Gene therapytherapy in diabetesin diabetes

Several animal studies suggest that delivery of insulin genes Several animal studies suggest that delivery of insulin genes 
using gene therapy may be better able to mimic the using gene therapy may be better able to mimic the 
endogenous secretion profiles of insulin from pancreatic endogenous secretion profiles of insulin from pancreatic 
betabeta--cells than conventional pharmacological approachescells than conventional pharmacological approaches

KK--cells and singlecells and single--chain insulin analogue (SIA), chain insulin analogue (SIA), 
The DNA coding for a genetically engineered insulin analogue is The DNA coding for a genetically engineered insulin analogue is 
inserted into an inserted into an adenoadeno--associated virus, and put the entire DNA associated virus, and put the entire DNA 
construct under the control of the construct under the control of the promotorpromotor region of the Lregion of the L--type type 
pyruvatepyruvate--kinasekinase gene found in liver cells.gene found in liver cells.

In general the hope is to test this therapy on humans in four In general the hope is to test this therapy on humans in four 
to seven years.to seven years.
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Gene Gene therapytherapy in diabetes (in diabetes (contcont))

If successful, gene therapy could represent a cure for Type I If successful, gene therapy could represent a cure for Type I 
diabetes and could make the use of insulin in these patients diabetes and could make the use of insulin in these patients 
unnecessary unnecessary 

Type I diabetics represent only 5Type I diabetics represent only 5--10% of all diabetics. The 10% of all diabetics. The 
gene therapy technique is therefore not for the majority of gene therapy technique is therefore not for the majority of 
diabetics and is still 10 years from the market in the best diabetics and is still 10 years from the market in the best 
case case 

It poses no threat to manufacturers for nowIt poses no threat to manufacturers for now

HoweverHowever

Gene therapy: Novo Nordisk scouts for opportunityGene therapy: Novo Nordisk scouts for opportunity

VectorVector--based gene therapy:based gene therapy:
VirallyVirally--mediated insulin expression in mediated insulin expression in 
liver cells in diabetic rats and miceliver cells in diabetic rats and mice
Transgenic mice express insulin in gut Transgenic mice express insulin in gut 
cells in a glucosecells in a glucose--dependent fashiondependent fashion

Engineered endocrine cells: Engineered endocrine cells: 
No glucoseNo glucose--dependent engineered cell dependent engineered cell 
line with sufficient insulin production line with sufficient insulin production 
Encapsulation techniques from other Encapsulation techniques from other 
areas may be used in diabetesareas may be used in diabetes
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The basic problems of gene therapy

Vector basedVector based
ReproducibilityReproducibility

SafetySafety

Proof of concept in Proof of concept in 
manman

FormulationFormulation

Cell basedCell based
ReproducibilityReproducibility

Need for Need for immunoimmuno--
suppressionsuppression

Lack of suitable cell Lack of suitable cell 
lineslines

Cell productivity Cell productivity 
insufficientinsufficient

Beta cells differentiated from stem cells

Cell type 1Cell type 1
Cell type 2Cell type 2
Cell type 3Cell type 3

Cell type 210Cell type 210

Beta Beta cellcellZygoteZygote //
ESES--cellcell

PancreaticPancreatic Stem Stem CellCell

IsletIslet Stem Stem CellCell

Goal: To mature or differentiate beta cells Goal: To mature or differentiate beta cells 
from expandable stemfrom expandable stem--cell stagescell stages
i.e unravel and exploit the red pathi.e unravel and exploit the red path



19

Goal: Mass expansion of Goal: Mass expansion of ββ--cells from stem cellscells from stem cells

zygotezygote/stem /stem cellcell

mesomeso-- endodermendodermectoecto--

lunglung stomachstomachpancreaspancreas liverliver intestinesintestines

exocrineexocrineendocrineendocrineductalductal

αα ββ δδ PPPP
insulininsulin

Stem Stem cellcell

MaturationMaturation
ExpansionExpansion

ββ--cellscells:    :    --
a a futurefuture

productproduct ??
PancreasPancreas formation formation 
DayDay E 10 (E 10 (mousemouse))

StemStem
cellscells

EndocrineEndocrine
cellscells

Transplantation of human donor islets reTransplantation of human donor islets re--establishes establishes 
euglycemiaeuglycemia in Type 1 diabetics, but only for the lucky fewin Type 1 diabetics, but only for the lucky few

Fifteen patients off insulin for more Fifteen patients off insulin for more 
than 1 yearthan 1 year

New multiNew multi--centre UScentre US--trial trial 
encompassing 40 new patients encompassing 40 new patients 
appears to continue the success, but:appears to continue the success, but:

LifeLife--long long immunoimmuno--suppression suppression 
neededneeded

Much too few organ donors Much too few organ donors 
worldwideworldwide

Need for alternative source of Need for alternative source of 
functional beta cellsfunctional beta cells

Shapiro et al. N Shapiro et al. N EnglEngl J Med 2000;343:230J Med 2000;343:230--88..
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Forward-looking statements
This presentation contains forwardThis presentation contains forward--looking statements as the term is defined looking statements as the term is defined 
in the US Private Securities Litigation Reform Act of 1995 in the US Private Securities Litigation Reform Act of 1995 

Such forwardSuch forward--looking statements are subject to risk and uncertainties that looking statements are subject to risk and uncertainties that 
may cause actual results to differ materially from expectations,may cause actual results to differ materially from expectations, including including 
unexpected developments in the international currency exchange aunexpected developments in the international currency exchange and nd 
securities markets, governmentsecurities markets, government--mandated or marketmandated or market--driven price decreases driven price decreases 
for Novo for Novo Nordisk'sNordisk's products in the company's major markets and the products in the company's major markets and the 
introduction of competing products within Novo introduction of competing products within Novo Nordisk'sNordisk's core businesses core businesses 

These and other risks and uncertainties, are further described iThese and other risks and uncertainties, are further described in reports filed n reports filed 
with the US Securities and Exchange Commission (SEC) by Novo Norwith the US Securities and Exchange Commission (SEC) by Novo Nordisk disk 
and readily available to the public, including the company's Forand readily available to the public, including the company's Form 20m 20--F, which F, which 
was filed on 2 was filed on 2 MayMay 20002000. . A Form 20A Form 20--F for 2000 F for 2000 willwill be be filedfiled by by thethe end end ofof
June 2001June 2001

Investor InformationInvestor Information
Investor Relations Investor Relations ContactsContacts::

Novo Nordisk A/S Novo Nordisk A/S 
Investor Relations Investor Relations 
Novo AllNovo Alléé
DKDK--2880 Bagsv2880 Bagsvæærdrd
Denmark Denmark 
Fax (+45) 4444 2314. Fax (+45) 4444 2314. 

Peter HaahrPeter Haahr
PhonePhone (+45) 4442 1207(+45) 4442 1207
EE--mail: mail: pehr@novonordisk.compehr@novonordisk.com

Palle Holm Olesen                                              Palle Holm Olesen                                              
PhonePhone (+45) 4442 6175(+45) 4442 6175
EE--mail: mail: phoo@novonordisk.comphoo@novonordisk.com

Rasmus HolmRasmus Holm--JJøørgensenrgensen
PhonePhone (+1) 212 867 0123 (+1) 212 867 0123 
EE--mail: mail: rrhj@novonordisk.comrrhj@novonordisk.com

ShareShare informationinformation

Novo Novo NordiskNordisk’’ss B shares are listed B shares are listed 
on the stock exchanges in on the stock exchanges in 
Copenhagen and London. Its Copenhagen and London. Its 
ADSsADSs are listed on the New York are listed on the New York 
Stock Exchange under the symbol Stock Exchange under the symbol 
"NVO". For further company "NVO". For further company 
information, visit Novo Nordisk on information, visit Novo Nordisk on 
the World Wide Web at the World Wide Web at 

http://http://www.novonordisk.comwww.novonordisk.com
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