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Advanced Accelerator Applications: a Pioneer in 
Molecular Nuclear Medicine Theragnostics

• Advanced Accelerator Applications (AAA) is a radiopharmaceutical company 
founded by Stefano Buono in 2002 in France and acquired by Novartis on 19th 
January 2018 for €3.9b. In this period the company: 
– Registered 8 diagnostic drugs and one therapeutic drug 
– Registered first ever radiopharmaceutical theragnostic pairing for oncology based on 

radiolabeling of single targeting molecule with different radioisotopes for diagnosis 
(Ga-68) and therapy (Lu-177)

– Established or acquired state-of-the-art manufacturing in 20 locations across 8 
countries in Europe, the US, and Israel

– Grew to over 630 employees in 13 countries (Belgium, Canada, France, Germany, 
Italy, Israel, The Netherlands, Poland, Portugal, Switzerland, Spain, UK & USA)

– Completed 13 acquisitions (out of almost 200 Business Development opportunities 
analyzed), and reached €150m in sales prior to the launch of its first therapeutic

– Listed on NASDAQ in November 2015; price appreciated over 300% from $16 IPO 
to $65 in September 2017 (prior to rumors of Novartis acquisition), with a take out 
price of $82 per ADS
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The AAA journey started in 2002 at the European Center 
for Nuclear Research (CERN)
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I was searching for applications for particle accelerators
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• This is the reason for the company name:         
“Advanced Accelerator Applications”

• This was my first project: an “Energy Amplifier”
• Energy seemed complicated to start…
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Much smaller commercial particle accelerators could produce 
short lived radioactive isotopes



The original AAA business plan: thinking about 
applications of radioactivity
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Cosmetics?



Perhaps this inspired 
Bayer’s pipeline based on 
Thorium after it’s first 
Radium drug: Xofigo ?
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Orthopedics?
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Pediatrics?
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Reproductive technology? 
Nuclear medicine’s answer to Viagra



In 2002 Positron Emission Tomography (PET) 
started to expand in Europe
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Positron Emission Tomography (PET)
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� In 2002, PET was the fastest growing state-
of-the-art diagnostic tool using 
radioisotopes as consumables.

�PET cameras use short-life isotopes to 
achieve non-invasive functional imaging 
diagnostics (i.e. PET visualises on-going 
biochemical processes in living organs 
without damaging them).

�Allows for accurate diagnosis of complex 
diseases and helps improve cost-
effective patient management.

�PET radiopharmaceuticals such as Fluoro
DeoxyGlucose (FDG) are manufactured 
using particle accelerators (cyclotrons) and 
have a shelf-life of only 10 hours ! 



Selling short lived radiopharmaceutical products: a 
complex business requiring unique know-how
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The “final” business plan of 2002

AAA, Advanced Accelerator Applications                                                                                       Stefano Buono

AAA Mission

• Advanced Accelerator Applications (AAA) mission is to
commercially exploit the fast growing demand of consumables
and services originating from the increasing number of
applications of particle accelerators in the medical, industrial
and energy sectors.

• AAA initial commercial focus will be the medical diagnostic
radioisotopes market.

• AAA R&D focus will be the medical therapy radioisotopes
market and it will be pursued through the exploitation of a
worldwide deposited patent developed at the European
Organization for Nuclear Research (CERN) by Nobel laureate
Carlo Rubbia and his team.
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AAA, Advanced Accelerator Applications                                                                                       Stefano Buono

AAA strategy: R&D

• The ARC (Adiabatic Resonance Crossing) patent allows to produce 
with particle accelerators those isotopes that it was only previously 
possible to produce in nuclear reactors. The advantages are:
– The costs are lower and the facility is easier to build and operate.
– The production is easier and products have better quality.

The method has been 
experimentally proven at CERN
between 1995 and 1997 and a 
worldwide patent has been taken 
in 1999.



Inspiring colleagues at AAA’s first office at CERN
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While we were waiting for the construction of our 
first lab to proceed...
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…and proceed
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…and proceed
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Until finally our first lab was ready!
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A GMP lab for radiopharmaceuticals required a lot of 
new technology and processes
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…and we were always working at the forefront of 
technology
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The new administrative building
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Our presence: 630 employees in 13 countries

AAA Site Recap

PET Production: 14 sites

SPECT Production: 2 sites

Therapeutic Production: 3 live sites, 
1 pending approval

177Lu Production: 1 site

Enriched water production: 1 site

R&D sites: 8 sites 
(7 sites within production facilities 
and 1 R&D only)

Offices only: 9 sites
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PET has been our unique business for many years

• PET business has been a cash cow allowing to develop a pipeline of products 
using the alternative model of an EBITDA positive biotech company

• PET was a difficult business to understand for investors: 
– Capital Intensive
– Local 
– Generic
– Declining prices
– Unclear Margins
– Logistic costs
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AAA Group Annual Revenue Growth
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Forecast

AAA has often exceeded its 
budget forecast in the past

Note: 2012 figures are unaudited. 



2002-2015: An “alternative” financial model as a  
private-public company

• Before IPO (2015), AAA Collected €150m from about 240 shareholders:
– No institutional investor signed any investment agreement other than the original 

shareholders agreement 
– No investor had significant weight: independent management
– Acquisitions:

• Paid in shares to keep management of acquired companies engaged
• Companies kept independent

– A significant turnover happened during the “private” phase (about 25-30 
shareholders exited)

– Used maximum legal amount of free shares and stock options for employees
– Executed 41 capital increases
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Outstanding data for Zevalin in 2003: the first nuclear 
medicine therapeutic to run a randomized phase III study 
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Zevalin has been a commercial failure in
non-Hodgkin's lymphoma
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Paving the way for commercial nuclear medicine 
therapeutics
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RMT: from a local to a global market 

• Therapy radiopharmaceuticals labelled with Y-90 or 
Lu-177 (produced in nuclear reactors) can be used within 
a few days from production and not a few hours.

• This allows to go from a local (regional) market to a 
global (European) market with only 1-2 similar 
production units.

• Therapy production units are smaller than FDG (no 
cyclotron), are less costly, but have the same capacity (in 
excess of 100 doses/day).

• Marketing authorisations are more difficult to obtain: 
investments can reach 10 M€ over 5 years. 

• Prices can easily overcome 10-20 k€/treatment (few 
injected doses).
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Production of new radiopharmaceuticals for 
therapy

• AAA is applying its know-how on FDG to the set up of a process 
to produce therapy radiopharmaceuticals labelled with Y-
90 or Lu-177. 

• Today such radiopharmaceuticals are sold in kits: the precursor 
and the radioisotope are sold separately and the doctor has 
to make a complex process to label it in-house. Only few 
nuclear medecine departements can do it. 

• AAA believes that if these radiopharmaceuticals are sold 
already in injectable form (like FDG), their success will be 
stronger. 

• Therapy products can be either “generics”, like FDG 
(interesting patents are expiring starting from 2007), or 
“patented” (contacts have started with Sigma-Tau, Bracco and 
Berna Biotech).

2005

2006
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Molecular Nuclear Medicine (MNM)

Molecular Nuclear Diagnostics (MND) Molecular Nuclear Therapeutics (MNT)

� Uses trace amounts of radioactive substances called 
radiopharmaceuticals to reveal specific biochemical processes 
(functional imaging) or treat disease

� Used in: oncology (65%), cardiology (33%), others (2%)
� Global market expected to reach US$26 billion by 2030

� Allows for accurate diagnosis of complex diseases and helps improve 
cost-effective patient’s management

� Patients are imaged with PET (Positron Emission Tomography) or 
SPECT (Single-Photon Emission Computed Tomography) cameras

� Accounted for 88% of total MNM market in 2016

The molecular nuclear medicine market 

� Innovative therapeutic modality that combines two approaches: 
tumor targeting and radiation

� PK, toxicity and mechanism of action are quite simple

� Accounted for 12% of total MNM market in 2016; expected to 
represent 60% of MNM market by 2030

Sources: MEDraysintell 2017 market report, World Nuclear Association 



Targeted Radiotherapy
mechanism of action
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Intravenous
infusion

Concentration 
into
neuroendocrine 
tumor (NET) 
sites

Product binds to 
receptors
overexpressed
by disease

Product is
internalized in 
the cancer cell

Product delivers
radiation within
the cancer cell

Radiation 
induces DNA 
strand breaks 
causing tumor 
cell death



The theragnostic opportunity
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Same
Targeting MoleculeGa-68 labeled Lu-177 labeled

Ga-68 PET
• Diagnosis
• Selection for PRRT / RLT or 

other treatment
• Follow-up

ELECTRONS
TREAT TUMORS
FROM WITHIN

GAMMA RAYS DETECTED 
BY PET/CT CAMERA

Lu-177 PRRT / RLT

PRRT = Peptide Receptor Radionuclide Therapy  RLT = Radio Ligand Therapy 



What is theragnostics for the pharma-biotech world?

• Theragnostics is considered a patient management strategy involving 
the integration of diagnostic kits and therapeutic drugs
– The term “diagnostic drug” is already a novelty for pharma-biotech 

stakeholders: “diagnostics” terminology is associated with lab tests, devices, 
not drugs

– The idea of using the same molecule for developing a pair of drugs (a 
diagnostic and a therapeutic drug) is then completely unknown; is a new 
concept that requires a clear explanation

– Pharma-biotech experts are astonished to discover that a company can 
develop 2 different drugs from the same molecule that will have the same 
pharmacokinetics leading to 2 completely different uses (and independent 
marketing authorizations) of this compound

• This is the unique value of nuclear medicine that will lead to a 
significant expansion of our sector



Impact of Theragnostics
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Patients

• More effective care 
through personalized 
interventions

• Reduce or eliminate 
unnecessary 
treatment

Physicians

• Better diagnose and 
stage disease

• Select optimal 
therapies

• Monitor treatment 
response and 
disease progression

Payors

• Reduce costs from 
unnecessary 
treatments

• Improve patient 
management & 
outcomes



AAA has been the first company in the world to develop 
theragnostic pairing using Ga-68 and Lu-177
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Ga-68 labeled
Diagnostic

Lu-177 labeled
Therapydotatate

NETSPOT®

First-in-class drug 
4 hour shelf-life

LUTATHERA®

First-in-class drug 
3 day shelf-life

Dotatate is an analog of Somatostatin, targeting receptors with high 
binding affinity. Somatostatin receptors are overexpressed in Neuro 
Endocrine Tumours (NET)
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NETSPOT® approved by FDA June 2016  
only 23 months from pre-IND meeting
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NETSPOT® impacts all aspects of NET management, 
from diagnosis to clinical decisions

Diagnostics

� NETSPOT® (PET) is a significant improvement vs existing diagnostic tools
- Imaging allows detection of 30% more lesions than Octreoscan™
- Improved sensitivity and accuracy
- 100 times higher affinity for SSTR2 than Octreoscan™

Management

� 71% of patients scanned with NETSPOT® (PET) had experienced an impact on their disease 
management

- Less futile surgery
- NETSPOT® helps predict clinical response to somatostatin receptor-mediated therapies 

(including PRRT)

Dose Reduction
� NETSPOT® (PET) has a lower effective dose and higher typical injected activity compared to 

Octreoscan™
- The effective dose per activity unit for Octreoscan™ is approximately 3 to 5 times higher

Convenience

� NETSPOT® is a convenient option for hospitals, with better patient acceptability
- 2 hour vs 24 to 48 hour protocol
- No bowel cleansing
- Fewer examinations, reduced hospitalization time

Cost Savings

� Ga-DOTA-peptides reduce cost and time for the institution
- Lower cost of materials vs Octreoscan™
- The higher patient throughput of NETSPOT® (PET) lowers the cost per examination vs 

Octreoscan™



NETSPOT® Image vs Octreoscan™
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*Courtesy of Ron Walker, Vanderbilt University, Nashville TN

68Ga-DOTATATE 
PET/CT image

Octreoscan™
SPECT image 

Same Patient
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Revenues (in $ thousands) 
Sites Actively Administering
Doses Sold (kits and doses)
Generator capacity*(customer 
sites and supply chain)

*Assumes 1 generator produces 60 doses/month



AAA acquired LUTATHERA® (lutetium Lu 177 
dotatate*) in 2010

• LUTATHERA® belongs to an innovative drug 

category called PRRT (Peptide Receptor 

Radionuclide Therapy). PRRT involves the 

systemic administration of a targeted 

radiopharmaceutical to deliver cytotoxic 

radiation to a tumor.

• LUTATHERA® is composed of a lutetium 
radionuclide chelated to a peptide. Lutetium 

emits high energy electrons (therapy) and 

gamma rays (imaging).

• The peptide is designed to target 
somatostatin receptors with high binding 

affinity.
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The affinity for SSTRs and the specificity of binding enables a high level of 

specificity in the delivery of radiation to the tumor

* USAN lutetium Lu 177 dotatate / INN: lutetium (177Lu) oxodotreotide



NETTER-1: Phase III Study
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• Aim: Evaluate the efficacy and safety of lutetium Lu 177 dotatate* + SSAs (symptom control) compared to Octreotide LAR 
60mg (off-label use)1 in patients with inoperable, somatostatin receptor positive, midgut NET, progressive under Octreotide 

LAR 30mg (label use) 

• Design: International, multicenter, randomized, comparator-controlled, parallel-group - 51 sites (36 in Europe and 15 in the 

US)

• Primary endpoint: Progression-Free Survival (PFS)

• Secondary endpoints: Safety, Objective Response Rate (ORR), Time to Tumor Progression (TTP), Overall Survival (OS) and 

Quality of Life (QoL)

• Phase 3 results presented for the first time at the ESMO Congress in Vienna on 27 September 2015.

1. FDA and EMA recommendation

Baseline 

and 
Randomization

n = 115

Dose 1

n = 115

Treatment and Assessments
Tumor burden assessment (RECIST criteria) every 12 weeks

5-year 

follow 
up 

Dose 2 Dose 3 Dose 4

4 administrations of 7.4 GBq of lutetium Lu 177 dotatate*

every 8 weeks + SSAs (symptoms control – label use) 

Octreotide LAR (high dose - 60mg every 4 weeks1)



NETTER-1 Final Analysis: Progression-Free Survival 
Published in The New England Journal of Medicine
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N = 229 (ITT)
Number of events: 91 
LUTATHERA® arm : 23 
Oct 60 mg LAR: 68

All progressions centrally confirmed and
independently reviewed for eligibility (SAP)

Hazard ratio: 0.21
[0.13 – 0.33]  
p < 0.001

79% reduction in the risk of
disease progression/death

* USAN lutetium Lu 177 dotatate / INN: lutetium (177Lu) oxodotreotideStrosberg J, et al. N Engl J Med. 2017;376:125-35 



NETTER-1 Results: Overall Survival 
(pre-planned interim analysis)
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All cases independently reviewed for eligibility (SAP)

N = 229 (ITT)
Number of deaths: 40

LUTATHERA® arm: 14

Oct 60 mg LAR: 26

* USAN lutetium Lu 177 dotatate / INN: lutetium (177Lu) oxodotreotideStrosberg J, et al. N Engl J Med. 2017;376:125-35 

Hazard ratio: 0.40
[0.21 – 0.77]

P = 0.004

60% reduction in 
estimated risk of death



Netter-1 presentation at ESMO 2016 presidential session



… boosted success of AAA IPO on Nasdaq, just one 
month after (November 2015)
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AAAP metrics during the period as a public company 
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IPO 11/15/15 @ 
$16, closed $25

Submitted 
LUTATHERA 

NDA to EMA/FDA Complete 
Response Letter 

from FDA

Positive 
CHMP opinion
Resubmission 

to FDA

Rumors 
re: NVS 

offer

Announcement 
of NVS cash 
offer @ $82

Follow-on Offer



AAA Culture: all about the patients

44

“Knowing that our 
daily efforts directly 
impact the lives of 

patients inspires me.” 

Olaya Argülles, 
Qualified Person (Spain)

“As a part of AAA, I feel 
strongly that I am 

empowered to take 
responsibility for 

improving the lives of 
patients on a daily 

basis.” 

Axel Gillan, 
Pharmacist and Site 
Manager (France)

“I am moved every day 
by our team’s 

dedication to serving 
our patients.” 

Kristina Maximenko, 
Director Human 
Resources (US)



LUTATHERA® compassionate use

• 1,964 EU patients / 348 US patients injected as of the end of January 2018 

• 76 centers across 10 European countries from 2012:

• Austria, Denmark, Estonia, Finland, France, Greece, Portugal, Spain, Switzerland, 
and the United Kingdom

• 42 centers across the United States from 2017: 

• Arizona, California, Colorado, Florida, Georgia, Illinois, Iowa, Louisiana, Maryland, 
Massachusetts, Michigan, Minnesota, Missouri, Nebraska, New York, North 
Carolina, Ohio, Pennsylvania, South Carolina, Texas, Utah, Virginia and Washington
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January 26, 2018: FDA decides LUTATHERA®

is ready to fly!
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LUTATHERA® U.S. Commercial Introduction

• Price per dose: US wholesale acquisition cost 
for each individually produced dose of 
Lutathera is $47,500 (cost for total 4-doses is 
$190,000) 

• 1st US commercial dose administered on 
February 22, 2018 at Excel Diagnostics in 
Houston, TX
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The manufacturing of Lutathera

United States

Russia

Italy

The Netherlands

Lu-176

Lu-176

Lu-177 �

Lumark�

Lutathera�



Proven and reliable supply chain has been 
key for our success

• PET: Proven track record in managing short shelf life of PET products (10 
hours) :
– Manufactured and sold over 40,100 batches of F-18 PET diagnostic products to 

date
– Delivered and injected over 1,079,400 doses of F-18 PET diagnostic products

• SPECT know-how founded on more than 2.2 million vials
• Therapy: Proven track record in managing short shelf life of therapeutic 

products (3 days):
– Produced over 770 batches of lutetium Lu 177 dotatate (Lutathera®)
– Delivered over 5,400 doses of lutetium Lu 177 dotatate (Lutathera®) to 1,900 

patients for compassionate/named patient use with NET across 99 centers in Europe 
and the US
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AAA opens first U.S. production and distribution site 
in  Milburn, New Jersey
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Preclinical Phase I Phase II Phase IIIProduct

Gastroenteropancreatic
Neuroendocrine tumors

(GEP-NETs)

Status

� Phase III Netter-1 study in NETs 
� Orphan Drug Designation 
� Approved in US and EU

PET diagnostics for localization �
Orphan Drug Designation �
Approved in US and EU�

Indications

LUTATHERA® (USAN lutetium Lu 177 dotatate / INN: lutetium (177Lu) 
oxodotreotide): Therapeutic

Filing

NETSPOT® (gallium Ga 68 dotatate): PET Diagnostic

Prostate cancer
� Exclusive license from John’s Hopkins for 

series of candidates in prostate cancer
� Clinical studies planned for 2018

177Lu
PSMA-R2

68Ga
PSMA-R2

Prostate cancer

Therap.

PET Diag. 

177Lu
NeoBOMB1

68Ga
NeoBOMB1

GIST
Prostate cancer
Breast cancer

PET Diagnostic

Therapeutic
GRPR antagonist�
Exclusive license from Erasmus MC and  �
Demokritos University 
Clinical studies planned for 2018�

GIST
Prostate cancer
Breast cancer

Marketed

SOMAKIT-TOC ® ( gallium ((Ga 68) edotreotide): PET Diagnostic

� Exclusive license from John’s Hopkins for 
series of candidates in prostate cancer

� Clinical studies planned for 2018

� GRPR antagonist
� Exclusive license from Erasmus MC and  

Demokritos University 
� Clinical studies planned for 2018

*

Nuclear medicine theragnostics gets a boost
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Gastroenteropancreatic
Neuroendocrine tumors

(GEP-NETs)



Peptide Radio Ligand Therapy (PRLT) targeting PSMA
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Kratochil C. (JNM 2016); Kulkarni H. (J Nucl Med 2016)



PRLT: A case study 

Ga-68 PSMA PET/CT – Restaging – EXCELLENT RESPONSE TO THERAPY
MIP – Feb-2016 MIP – Jun-2016 MIP – Sep-2016

Significant regression of liver metastases following 

3 cycles of Lu-177 PRLT (22.7 GBq) over 7 months

474858_2016_FB

56Courtesy of Prof. Richard Baum , Zentralklinik Bad Berka,



AAA’s current leadership
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Stefano Buono
AAA Advisor

Susanne Schaffert 
Chairperson and President 

of AAA

Gérard Ber
AAA Advisor



Our mission to reimagine medicine
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AAA and Novartis partnership attributes 

Unique radiopharmaceutical
experience, products and 
pipeline

Novartis resources, scale 
and expertise will help realize 
the full benefit of the AAA 
portfolio



Key priorities to continue shaping our future

59

• Successfully enter 
the theragnostic 
market with the 
launch of 
Lutathera and 
build a leadership 
position in 
theragnostics 

• Position AAA as 
a core player in 
oncology with 
another 
theragnostic 
drug pairing 
registered within 
5 years

• Develop 
Data/Digital 
strategy for all 
units and 
functions

Shape the role of •
nuclear 
medicine in the 
oncology market 

AAA remains •
distinct entity in 
Novartis
Inspired •
employees are 
the most 
productive

Culture & 
Organization 

Trust & 
Reputation

Data / Digital
Leadership

Breakthrough
Innovation

Operational
Execution



Keeping patients at the center of everything we do
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“I was given three to six 
months to survive and I’m 16 
months in remission … I’m a 
walking miracle.”
Scott McIntyre,
Patient

“They believed she had less 
than a 1-in-1,000 chance of 
surviving to the next 
morning.”

Tom Whitehead
Father of Emily Whitehead
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Thanks for your attention


