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Herceptin: Biomarker +

Tirapazamin: Biomarker -
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Biomarker +

Biomarker -

Protontherapy
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Our hypothesis

Protontherapy model is cost-effective under the 

strict conditions that the right patient population 

has been selected. 

… with a multilevel, multifactorial Decision 

Support System
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The Dutch aproach for protontherapy

1. The standard indications* (pediatric, 

melanoma of the eyes…): fully reimbursed

2. The trial patients: externally funded

3. The model based indications* (head & 

neck, lung, breast, prostate, 

reirradiations…): need an accredited 

Decision Support System (DSS)
* Equipoise, ALARA… Only if there is no Dose escalationCon
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Is this disease a 

standard indication?

Is this a model 

based indication?

No

No

Proton therapy reimbursement decision tree for the Netherlands

Treatment with

PROTONS

Yes

Yes

Create “state of the art” 

PHOTON and PROTON 

treatment plans

No
Evident dosimetric

benefit with protons?

No
Clinically relevant 

benefit expected?
Yes

Compare both plans 

according to protocol

Treatment with 

PHOTONS

Integrate complication 

probability modelling

ALARA 

principle
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Past: In Silico clinical trials

Roelofs et al,, 2015

Van der Laan, et al. Acta Oncol. Apr 2013

Roelofs, et al. J. Thorac. Onc., Jan 2012

Con
tac

t a
uth

or 
to 

us
e s

lid
es



Is this disease a 

standard indication?

Is this a model 

based indication?

No

No

Proton therapy reimbursement decision tree for the Netherlands

Treatment with

PROTONS

Yes

Yes

Create “state of the art” 

PHOTON and PROTON 

treatment plans

No
Evident dosimetric

benefit with protons?

No
Clinically relevant 

benefit expected?
Yes

Compare both plans 

according to protocol

Treatment with 

PHOTONS

Integrate complication 

probability modelling

Con
tac

t a
uth

or 
to 

us
e s

lid
es



Multifactorial Decision Support System

Lambin et al. Nature Rev. Clin. Oncol.Con
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Langendijk JA, et al., Radiother Oncol. 2013 Jun
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How to get

the data

To build the predictive 

models?
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Conventional 
Clinical 

Research

Rapid
Learning 

Health Care

Reality
• Unselected patients

• “Clinical grade” 
QA/Protocol

High data 
quantity

Low data 
quality

Controlled

• Selected patients

• “EORTC-RTOG grade” 
QA/Protocol

Low data 
quantity

High data 
quality

Data selection
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Courtesy of Jo DeasyModified from

Deasy et al. Con
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Open source data of publications: www.cancerdata.org
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Rapid Learning

In [..] rapid-learning [..] data 

routinely generated through 

patient care and clinical 

research feed into an ever-

growing [..] set of coordinated 

databases. 

•Abernethy, J Clin Oncol

2010;28:4268

•[..] rapid learning [..] where 

we can learn from each 

patient to guide practice, is [..] 

crucial to guide rational health 

policy and to contain costs [..].

•Lancet Oncol 2011;12:933
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Barriers

Administrative
(time to capture, 
time to curate)

Political 
(value, 

authorship)

Ethical 
(privacy)

Technical

[..] the problem is not really 

technical […]. Rather, the 

problems are ethical, political, 

and administrative. 

Lancet Oncol 2011;12:933

Solutions: Distributed learning from 
federated databases

Sharing data
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Data warehousing for research
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1. Select the local 

term in different 

languages

2. Search the 

ontology for the 

matching concept

3. Map the local 

term to the 

ontology

4. See the result 

of your mapping

Sottoglottide (Italian)Unterer kehlkopf (Ger)Sousglotte (French)

Ontology mapping
(To be done once)

Con
tac

t a
uth

or 
to 

us
e s

lid
es



Ontology is a set terms & their 

relationships. 

An ontology is more than a dictionary
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MAASTRO’s euroCAT approach

An IT 
Infrastructure

To make 
radiotherapy 

centers

Semantic 
interoperable/ 

machine 
readable

While the 
data stays 
inside the 
hospital

Under their 
full control 

T
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Update Model

Learn Model 
from Local Data

Central Server

Server Liege (BE)

Send Model
Parameters

Learn Model 
from Local Data

Learn Model 
from Local Data

Server MAASTRO (NL) Server Aachen (DE)

Send Model
Parameters

Send Model
Parameters

Send Average 
Consensus 
Model

Send Average 
Consensus 
Model

Send Average 
Consensus 
Model

Final Model Created!

Only aggregate data is exchanged between 

the central server and the local servers

Learn Model 
from Local Data

Server Hasselt (BE)

Send Model
Parameters

Send Average 
Consensus 
Model

Start Optimization
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Visualization of Distributed Learning:
Support Vector Machines

Simulated Data

Event Patient

Non-Event Patient

Distributed Learning Solution

Centralized Learning SolutionCon
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Visualization of Distributed Learning:
Support Vector Machines (worst case scenario)

Simulated Data

Event Patient

Non-Event Patient

Distributed Learning Solution

Centralized Learning SolutionCon
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Results: 
Distributed Learning vs. Centralized Learning

• Data from toxicity analysis, N = 259 (Nalbantov et al. 2015)
– Data available at www.cancerdata.org

• Endpoint: Severe dyspnea (CTCAE dyspnea score ≥2)

• Predictors
– Baseline dyspnea

– FEV1 (in %)

– Tumor location

– Sequential chemotherapy

– Cardiac comorbidity

Clinical Data

AUC

Centralized Learning 0.588

Distributed Learning 0.588Con
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http://www.cancerdata.org/
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Funded: euroCAT, duCAT, chinaCAT, VATE, ozCAT

New: ukCAT, indiaCAT

Active or funded CAT partners (17)

Prospective centers

2

7

Map from cgadvertising.com
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Can you give me

examples
of new knowldege coming from 

RLHC approaches
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Radiology:
• Implicit knowledge

• Interpretability

QUANTIFICATION

RADIOMICS

Extract quantitative features from 

images

One can extract more quantitative information from standard imaging 

The Radiomic hypothesis

Lambin et al. EJC, 2012; Aerts, Lambin et al. Nature Commun 2014Con
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Lambin et al. EJC, 2012; Aerts, Lambin et al. Nature Commun 2014

Entering the OMICS era… Radiomics
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Is this approach

ethical?
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40 Years After Tuskegee: Reuniting Medical Research and Practice

Ruth Faden (Bioethics) Jan 16 2013, 10:44 AM ET

Guidelines to protect human research subjects impede efficient generation and exchange of knowledge.

Darren Staples/Reuters
It is estimated that we lack sufficient scientific evidence about the effectiveness of over 50 percent of commonly 

used medical treatments, and that 100,000 patients die annually from healthcare acquired infections. The 

pressing need for better evidence on how to deliver medical care effectively, safely, and efficiently, however, is 

butting up against another moral imperative -- protecting patients from 

unethical research.. 

…replacing it with a new ethics framework that has been designed specifically for the integration of research 

with practice. A fundamental premise of the new framework is that every medical decision we, as patients, and 

our clinicians make, and each episode of care we receive, should generate data and evidence that improve the 

care of patients who come after us; we then, in turn, benefit from what is systematically learned from the care 

received by patients who come before us. Through continuous, real-time learning, we can provide better care to 

more people, save lives, become smarter, and wring every dollar of value from the system. This is what the 

Institute of Medicine has dubbed the "learning healthcare system."

..each episode of care we receive, should generate data 

and evidence that improve the care of patients who 

come after us; we then, in turn, benefit from what is 

systematically learned from the care received by 

patients who come before us. 

"learning healthcare system."
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http://onlinelibrary.wiley.com/doi/10.1002/hast.134/full
http://www.iom.edu/Activities/Quality/LearningHealthCare.aspx
http://www.iom.edu/Activities/Quality/LearningHealthCare.aspx


6 month mortality >> 1 month mortality

Age and comorbidity related

Rectum cancer: Mortality after surgery

Rutten et al. Lancet Oncology 2008; 9: 494Con
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What about the  

biology?

E.g. The SNP TANC1 in prostate cancer 

(Nat genetics 2014) or mitochondrial DNA signature 

(unpublished)Con
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What about the  

patient?

Con
tac

t a
uth

or 
to 

us
e s

lid
es



About the 4th « P»: Participatory

“The good physician treats the 

disease; 

the great physician treats the patient 

who has the disease”.

Dr. William Osler, the father of modern medicine
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The  5 P’s of modern medicine

(from Leroy Hood)

« P » for Personalized

« P » for Preventive

« P » for Predictive

« P » for Participatory
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Shared Decision Making with Decision aids (EL1)
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www.treatmentchoice.info
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Will this approach

increase 

the cost of care?

No, it could even decrease them if you look 

at the cost of the whole care cycle.Con
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Costs of the whole care cycle: Markov Model

during treatment, 

no acute adverse 

events ≥ grade 3
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during treatment, 

pneumonitis

≥ grade 3

during treatment, 

oesophagitis

≥ grade 3

treatment-

related death

Initial health state before treatment

After treatment, 

alive without 

dyspnoea ≥ grade 3

After treatment, 

alive with 

dyspnoea ≥ grade 3

Death
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Cost effectiveness: www.predictcancer.org 

Con
tac

t a
uth

or 
to 

us
e s

lid
es



PRODECIS: Clinical grade decision support system for 

protontherapy with three modules

Cost-efficient? Price per QALY?Con
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PRODECIS: working for head & neck cancer

Cheng Q, Roelofs E, Lambin P et al. Submitted Con
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Take home message

1. We need Decision Support Systems (DSS = a “meta TPS”) to manage 
the large quantity of data and implement Personalized medicine in 
radiotherapy in particular for protontherapy due to its costs.

2. Two complementary approaches: conventional clinical trials (+ data 
reuse) + Rapid Learning Health Care

3. Building cancer informatics tools to enable analysis, exploration, and 
rapid evaluation of novel therapies or stratification e.g. Distributed 
learning, 

4. DSS facilitate Share Decision Making and cost effective Health care 
(the 4th & 5th “P”). One key example could be protontherapy.

Lambin et al. Aug 28, Radiother Oncol 2013 (Review)Con
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Thank you for your attention

More : 

www.predictcancer.org

www.eurocat.info

www.cancerdata.org

www.mistir.info

www.predictcancer.org
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http://www.eurocat.info/
http://www.eurocat.info/
http://www.predictcancer.org/
http://www.eurocat.info/
http://www.cancerdata.org/
http://www.mistir.info/
http://www.predictcancer.org/


Take home message: Questions?

1. We need Decision Support Systems (DSS = a “meta TPS”) to manage 
the large quantity of data and implement Personalized medicine

2. Two complementary approaches: conventional clinical trials (+ data 
reuse) + Rapid Learning Health Care

3. Building cancer informatics tools to enable analysis, exploration, and 
rapid evaluation of novel therapies or stratification e.g. Distributed 
learning, Radiomics...

4. DSS facilitate Share Decision Making and Parsimonious Health care 
(the 4th & 5th “P”). One key example could be protontherapy.

5. There is a window of opportunity for Radiation Oncology.

Lambin et al. Aug 28, Radiother Oncol 2013 (Review)Con
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Open source data of publications: www.cancerdata.org
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Rapid Learning

In [..] rapid-learning [..] data 

routinely generated through 

patient care and clinical 

research feed into an ever-

growing [..] set of coordinated 

databases. 

•Abernethy, J Clin Oncol

2010;28:4268

•[..] rapid learning [..] where 

we can learn from each 

patient to guide practice, is [..] 

crucial to guide rational health 

policy and to contain costs [..].

•Lancet Oncol 2011;12:933
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Update Model

Learn Model 
from Local Data

Central Server

Model Server RTOG

Send Model
Parameters

Learn Model from Local Data

Learn Model 
from Local Data

Model Server 
MAASTRO

Model Server Roma

Send Model
Parameters

Send Model
Parameters

Send Average 
Consensus 
Model

Send Average 
Consensus 
Model

Send Average 
Consensus 
Model

Final Model Created

Only aggregate data is exchanged between 

the Central Server and the local ServersDistributed learning 

architecture
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Active or funded CAT partners (10)

Prospective centers (4)
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Network euroCAT + in 9/2013
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